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IEEE
AMENDMENT 4: P802.15.4g/pre-D3

6. PHY specification

6.1 General requirements and definitions
Insert the following paragraph at the end of 6.1 as indicated:

In order to support SUN applications, the following PHY's are specified: multi-rate and multi-regional
frequency shift keying (MR-FSK) (see 6.12a), multi-rate and multi-regional orthogonal frequency division
multiplexing (MR-OFDM) (see 6.12b), and multi-rate and multi-regional offset quadrature phase-shift
keying (MR-0-QPSK) (see 6.12c). A SUN device shall support the MR-FSK PHY.

6.1.1 Operating frequency range

Insert the following new rows at the end of Table 1, and add a footnote to the table title as indicated:

Table 1—Frequency bands and data rates..

Spreading parameters Data parameters
PHY Frequency
(MH2) (MH2) ((:QEI{)%[)G Modulation’ B(ilibrg;e (Skysr;/wrl;)](éloﬁltse) Symbols
450 450-470 — Filtered 2FSK 4.8 4.8 Binary
Filtered 4FSK 9.6 4.8 4-ary
470 470-510 — Filtered 2FSK 50 50 Binary
100 100
Filtered 4FSK 200 100 4-ary
— OFDM See 6.12b
100 0-QPSK 12.5 and 50 — —
(see 6.12c)
780 779-787 — OFDM See 6.12b
1000 0-QPSK 31.25-500 — —
(see 6.12c)
863 863-870 — Filtered 2FSK 50 50 Binary
100 100
Filtered 4FSK 200 100 4-ary
— OFDM See 6.12b
868 868-870 100 0-QPSK 12.5 and 50 — —
(see 6.12c)
896 896-901 — Filtered 2FSK 10 10 Binary
20 20
40 40
Copyright © 2010 IEEE. All rights reserved. 15
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Table 1—Frequency bands and data rates. (continued)

Spreading parameters

Data parameters

16

PHY Frequency
(MH2) (M2 b Tt | Modulation’ | BiLrale | SYmbO fae gymbols
901 901-902 — Filtered 2FSK 10 10 Binary
20 20
40 40
915 902-928 — Filtered 2FSK 50 50 Binary
Filtered 2FSK 150 150
Filtered 2FSK 200 200
— OFDM See 6.12b
1000 0-QPSK 31.25-500 — —
(see 6.12c¢)
917 917-923.5 — Filtered 2FSK 50 50 Binary
Filtered 2FSK 150 150
Filtered 2FSK 200 200
— OFDM See 6.12b
1000 0-QPSK 31.25-500 — —
(see 6.12c)
928 928-960* — Filtered 2FSK 10 10 Binary
20 20
40 40
950 950-958 — Filtered 2FSK 50 50 Binary
Filtered 2FSK 1008 100
Filtered 2FSK 200 200
Filtered 4FSK 400 4-ary
— OFDM See 6.12b
100 0-QPSK 12.5 and 50 — —
(see 6.12c)
1427 1427-1518% — Filtered 2FSK 10 10 Binary
20 20
40 40

Copyright © 2010 IEEE. All rights reserved.
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Table 1—Frequency bands and data rates. (continued)

Spreading parameters Data parameters
PHY Frequency
(MH2) (M2 b Tt | Modulation’ | BiLrale | SYmbO fae gymbols
2450 2400-2483.5 — Filtered 2FSK 50 50 Binary
Filtered 2FSK 150 150
Filtered 2FSK 200 200
— OFDM See 6.12b
2000 0-QPSK 31.25-500 — —
(see 6.12c)

“Data rates shown are over-the-air data rates.
TSee 6.12a.1 for more information on filtered FSK.
Non-contiguous.

6.1.2 Channel assignhments
Insert the following new paragraph after the last paragraph of 6.1.2:

The addition of the SUN PHY specifications requires an even greater channel numbering capability. To
address this issue, the definitions of channel pages seven and eight have been modified for the SUN PHYSs to
accommodate the larger number of channels, while maintaining consistency with the existing channel
assignment schemes. See 6.1.2.7 for more information.

6.1.2.1 Channel numbering
Insert the following new paragraph before the first paragraph of 6.1.2.1:

This subclause does not apply to the SUN PHY specifications. See 6.1.2.5a for an explanation of channel
numbering for the SUN PHYs.

Insert the following new subclauses (6.1.2.5a—6.1.2.5b) after 6.1.2.5:
6.1.2.5a Channel numbering for MR-FSK PHY and MR-OFDM PHY

TotalNumChan is the total number of channels for the available frequency band.

W-GL-GH

TotalNumChan = ﬂoor(chanSpaCin

(0a)

where

W is the width of the available band in MHz

GL is the guard band on the lower side of the band in MHz
GH is guard band on the higher side of the band in MHz
ChanSpacing is the channel separation in MHz

Copyright © 2010 IEEE. All rights reserved. 17
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The channel separations for the MR-FSK operating modes are listed in Table 75a and Table 75b, and the
channel separations for the MR-OFDM operating modes are listed in Table 75g. The Generic PHY
mechanism allows other channel separations to be used in all bands (6.1.2.7.2).

ChanCenterFreq is the channel center frequency.
ChanCenterFreq = BandEdge + GL + (NumChan + %) x ChanSpacing (Ob)

where

BandEdge is the start of the frequency band in MHz, as shown in Table 1
NumChan is the channel number that starts with zero, and NumChan =0, ..., TotaINumChan — 1

The values for the variables in Equation (0a) and Equation (Ob) are shown in Table 3a for various frequency
bands .

Table 3a—<work in progress. not sure yet whether we should have a table. need to get
more info and see how it looks>

Frequency band GL GH ChanSpacing
(MHz) (MHz) (MHz) (MHz)
863 0.025 0 See Figure 22d
950 0.9 0.5 0.2 0r 0.6
0.7 0.7 0.4
2450 ChanSpacing/2 5 See Figure 22k
All other SUN bands ChanSpacing/2 ChanSpacing/2 See 6.1.2.7.1

For the 950 MHz band (Japan), GL is 0.9 MHz, GH is 0.5 MHz for 0.2 MHz and 0.6 MHz Channel Spacing
and 0.7 MHz for 0.4 MHz Channel Spacing. For the 863 MHz band, GL is 0.025 MHz and GH is zero. For
the 2450 MHz band, GH is 5 MHz. For all other bands, both GL and GH are ChanSpacing/2.

6.1.2.5b Channel numbering for MR-O-QPSK PHY

Ninety-nine channels are available across the 470 MHz band. The center frequency of each of these
channels is defined as follows:

F.=470.2 + 0.4k in MHz, fork =0, ..., 98
where k is the channel number.

Four channels are available across the 780 MHz band. The center frequency of each of these channels is
defined as follows:

F.=780+ 2k in MHz, fork=0, ..., 3

where k is the channel number.

18 Copyright © 2010 IEEE. All rights reserved.
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Three channels are available across the 868 MHz band. The center frequency of each of these channels is
shown in Table 3b.

Table 3b—Center frequencies for the MR-O-QPSK PHY of the 868-870 MHz band

Channel number Center frequency (MHz)
0 868.300
1 868.950
2 869.525

Ten channels are available across the 915 MHz band. The center frequency of each of these channels is
defined as follows:

F.=904 + 2k in MHz, fork =0, ..., 9
where k is the channel number.

Three channels are available across the 917 MHz band. The center frequency of each of these channels is
defined as follows:

F.=918.1+ 2k in MHz, fork=0, 1, 2
where k is the channel number.

Sixteen channels are available across the 950 MHz band. The center frequency of each of these channels is
defined as follows:

F.=950.9 + 0.4k in MHz, fork =0, ..., 15
where k is the channel number.

Sixteen channels are available across the 2450 MHz band. The center frequency of each of these channels is
defined as follows:

F.=2405 + 5k in MHz, fork =0, ..., 15

where Kk is the channel number.
6.1.2.6 Channel pages
Insert the following new paragraph after the second paragraph of 6.1.2.6:
When phyCurrentPage is equal to seven or eight, phyCurrentSUNPageEntry shall specify the current
frequency band, modulation scheme, and PHY mode of operation. The PIB attribute
phyNumSUNPageEntriesSupported shall contain the number of SUN channel page entries supported, and

phySUNPageEntriesSupported shall contain a complete list of the SUN channel page entries supported.

Change Table 4 (the entire table is not shown) as indicated:

Copyright © 2010 IEEE. All rights reserved. 19
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Table 4—Channel page and channel number

Channel page Channel
(binary) numper(s) Channel number description
(bz17 D307 bogs bogs by7) (decimal)

Channel page
(decimal)

7 00111 — Specifies the standard-defined SUN
PHY operating modes (see 6.1.2.7.1).
The channel page is used to define the
frequency band. modulation scheme,
and PHY mode. The channels are
defined by phySUNChannelsSup-
ported.

01000 — Specifies the SUN PHY operating

modes defined using the Generic PHY
mechanism (see 6.1.2.7.2). The chan-
nel page is used to define the fre-
quency band. modulation scheme. and
PHY mode. The channels are defined
by phySUNChannelsSupported.

loo

79-31 01001-11111 Reserved Reserved

Insert the following new subclauses (6.1.2.7-6.1.2.7.2) after 6.1.2.6:

6.1.2.7 Channel pages for SUN PHYs

Channel page seven is used to specify the standard-defined PHY operating modes, and channel page eight is
used to specify the Generic PHY operating modes. A device that implements more than one PHY operating
mode described by channel page seven may have multiple channel page seven entries in the
phySUNPageEntriesSupported table.

The structures of channel pages seven and eight are shown in Figure 22a. For more detail on channel page
seven and channel page eight, see 6.1.2.7.1 and 6.1.2.7.2, respectively.

6.1.2.7.1 Channel page structure for standard-defined PHY modes

Channel page seven specifies each standard-defined SUN PHY operating mode supported by the device.

As shown in Figure 22a, channel page seven consists of the frequency band(s), modulation scheme(s), and
PHY mode(s) to specify the SUN operating modes. The values used to define the frequency bands are
shown in Table 4a. The values used to define the modulation scheme are shown in Table 4b. Each bit in the
PHY Mode field corresponds to a standard-defined PHY mode for the particular frequency band and
modulation scheme. A bit set to zero shall indicate that a particular standard-defined PHY mode is not
supported by the device. A bit set to one shall indicate that a particular standard-defined PHY mode is
supported by the device. A device may support more than one standard-defined PHY mode.

Figure 22b through Figure 22k enumerate the standard-defined PHY modes for the MR-FSK PHY.
Figure 22p through Figure 220 enumerate the standard-defined PHY modes for the MR-OFDM PHY.
Figure 22p through Figure 220 enumerate the standard-defined PHY modes for the MR-O-QPSK PHY.
Note that all values of fields not defined in the figures are reserved.

20 Copyright © 2010 IEEE. All rights reserved.
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Bits:
31-27 26-22 21-20 19-16 15-0

Channel | Frequency | Modulation | Reserved Bitmap, where each bit corresponds to a particular PHY
page band scheme = mode supported by the device
seven Filtered

FSK
Modulation Bits 19...5 Bit4 Bit3...0
scheme = Reserved Spreading (bitmap)
0-QPSK mode Rate modes
supported
Modulation Bits 19...13 Bits 12...9 Bit8...0
scheme = Reserved (integer) (bitmap)
OFDM OFDM Option MCS values supported
1,2,3,or 4 (for Option)
(range 0...3)

Channel Reserved Generic-PHY-defined PHY modes (see 6.1.2.7.2)
page Bitmap, where a set bit indicates a Generic PHY mode sup-
eight ported by the device

Each set bit position corresponds to an array in phySUNGe-
nericPHYDescriptors

Table 4a—Frequency band definitions

Frequency _band identifier Description
(binary) (MH2)
(b2g b5 b2y bog b3p)
00000 (US FOC Part 0)
00001 470-510 (China)
00010 779787 (China)
00011 863-870 (Europe)
00100 896-901 (US FCC Part 90)
00101 901-902 (US FCC Part 24)
00110 902-928 (US)
00111 917-923.5 (Korea)
01000 928-960 (US, non-contiguous)
01001 950-958 (Japan)
01010 1427-1518 (US and Canada, non-contiguous)
01011 2400-2483.5
01100-11111 Reserved

Copyright © 2010 IEEE. All rights reserved.
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Table 4b—Modulation scheme representation

AMENDMENT 4:

Modulation scheme identifier

(binary) Description

(b21 b2o)
00 Filtered FSK
01 OFDM
10 0-QPSK
11 Reserved

Channel page Fr%queancy MOd#Iatlon Standard-defined PHY modes
bits: 31-27 an sgneme
) 26-22 21-20 19-16 15-0
| 00111 00000 00 Reserved Two standard-defined
- PHY modes
Page 7 450-470 Filtered FSK (see below)

| Bit position 0: 4.8 kbps; filtered FSK; mod index = 1; channel spacing given in Table 75a (operating mode #1)

| Bit position 1: 9.6 kbps; filtered 4FSK; mod index = 1/3; channel spacing given in Table 75a

| Bit positions 2-15 are reserved

Figure 22b—Frequency band 450-470 MHz with FSK modulation

Channel page Frebquency Modulation Standard-defined PHY modes
bits: 31-27 and scheme
26-22 21-20 19-16 15-0
00111 00001 00 Reserved Three standard-defined
PHY modes
Page 7 470-510 Filtered FSK (see below)

| Bit position 0: 50 kbps; filtered FSK; mod index = 1.0; channel spacing given in Table 75a (operating mode #1)

| Bit position 1: 100 kbps; filtered FSK; mod index = 1.0; channel spacing given in Table 75a

| Bit position 2: 200 kbps; filtered 4FSK; mod index = 1/3; channel spacing given in Table 75a

Bit positions 3-15 are reserved

Figure 22c—Frequency band 470-510 MHz with FSK modulation

22 Copyright © 2010 IEEE. All rights reserved.
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Channel Frequency Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-16 15-0
00111 00011 00 Reserved Three standard-defined
PHY modes
Page 7 863-870 Filtered FSK (see below)

Bit position 0: 50 kbps; filtered FSK; mod index = 1.0; channel spacing given in Table 75a (operating mode #1)

Bit position 1: 100 kbps; filtered FSK; mod index = 1.0; channel spacing given in Table 75a

Bit position 2: 200 kbps; filtered 4FSK; mod index = 1/3; channel spacing given in Table 75a

Bit positions 3-15 are reserved

Figure 22d—Frequency band 863-870 MHz with FSK modulation

Frequency Modulation Standard-defined PHY modes
Channel page band h
bits: 31-27 an scheme
26-22 21-20 19-16 15-0
00111 00100 00 Reserved Three standard-defined
: PHY modes
Page 7 896-901 Filtered FSK (see below)

Bit position 0: 10 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a (operating mode #1)

Bit position 1: 20 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit position 2: 40 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit positions 3-15 are reserved

Figure 22e—Frequency band 896-901 MHz with FSK modulation

Channel page Frebquedncy Mod#laﬂon Standard-defined PHY modes
bits: 3127 an scneme
: 26-22 21-20 19-16 15-0
00111 00101 00 Reserved Three standard-defined
- PHY modes
Page 7 901-902 Filtered FSK (see below)

Bit position 0: 10 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a (operating mode #1)

Bit position 1: 20 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit position 2: 40 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit positions 3-15 are reserved

Figure 22f—Frequency band 901-902 MHz with FSK modulation

Copyright © 2010 IEEE. All rights reserved.
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Channel Frequency Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-16 15-0
00111 00110 00 Reserved Three standard-defined
PHY modes
Page 7 902-928 Filtered FSK (see below)

Bit position 0: 50 kbps; filtered FSK; mod index = 1.0; channel spacing given in Table 75a (operating mode #1)

Bit position 1: 150 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit position 2: 200 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit positions 3-15 are reserved

Figure 22g—Frequency band 902-928 (917-923.5) MHz with FSK modulation

Frequency Modulation Standard-defined PHY modes
Channel page band h
bits: 31-27 an scheme
26-22 21-20 19-16 15-0
00111 01000 00 Reserved Three standard-defined
- PHY modes
Page 7 928-960 Filtered FSK (see below)

Bit position 0: 10 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a (operating mode #1)

Bit position 1: 20 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit position 2: 40 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit positions 3-15 are reserved

Figure 22h—Frequency band 928-960 MHz with FSK modulation

Channel Frequency | Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-16 15-0
00111 01001 00 Reserved Four standard-defined
PHY modes
Page 7 950-958 Filtered FSK (see below)

Bit position 0: 50 kbps; filtered FSK; mod index = 1.0; channel spacing given in Table 75a (operating mode #1)

Bit position 1: 100 kbps; filtered FSK; mod index = 1.0; channel spacing given in Table 75a

Bit position 2: 200 kbps; filtered FSK; mod index = 1.0; channel spacing given in Table 75a

Bit position 3: 400 kbps; filtered 4FSK; mod index = 0.33; channel spacing given in Table 75a

Bit positions 4-15 are reserved

Figure 22i—Frequency band 950-958 MHz with FSK modulation
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i ndard-defined PHY m
Channel page Fri)quedncy Modr:j|at|0n Standard-defined odes
bits: 31-27 an sgnerne
) 26-22 21-20 19-16 15-0
00111 01010 00 Reserved Three standard-defined

PHY modes

Page 7 1427-1518 Filtered FSK (see below)

Bit position 0: 10 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a (operating mode #1)

Bit position 1: 20 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit position 2: 40 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit positions 3-15 are reserved

Figure 22j—Frequency band 1427-1518 MHz with FSK modulation

Frequency Modulation Standard-defined PHY modes
Channel page band h
bits: 31-27 an scheme
26-22 21-20 19-16 15-0
00111 01011 00 Reserved Three standard-defined
PHY modes

| Page 7 2400-2483.5 Filtered FSK (see below)
| Bit position 0: 50 kbps; FSK; mod index = 1.0; channel spacing given in Table 75a (operating mode #1)
| Bit position 1: 150 kbps; FSK; mod index = 0.5; channel spacing given in Table 75a
| Bit position 2: 200 kbps; filtered FSK; mod index = 0.5; channel spacing given in Table 75a

Bit positions 3-15 are reserved

Figure 22k—Frequency band 2400-2483.5 MHz with FSK modulation

6.1.2.7.2 Channel page structure for Generic PHY modes

As shown in Figure 22a, the channel page eight structure uses the least significant 16 bits to represent the
available Generic PHY operating modes. Each bit corresponds to the Generic PHY ID, and the ID is the
index (0-15) in the phySUNGenericPHYDescriptors array (see Table 31). In channel page eight, the bit
fields used to represent frequency band and modulation scheme in channel page seven are unused and the
frequency band and modulation scheme are defined by the Generic PHY descriptor (see Table 31a).

Copyright © 2010 IEEE. All rights reserved. 25
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the coding of frequency
bands in this field.

Channel Frequency band Modulation Standard-defined PHY modes
_ page 2622 scheme
bits: 31-27 21-20 19-13 12-9 8-0
00111 Any frequency band 01 Reserved 0000 Four standard-defined
identified in Table 1 for PHY modes
Page 7 OFDM. See Table 4a for OFDM Option 1 (see below)

Bit position 0: MCSO0; 100 kbps

Bit position 1: MCS1; 200 kbps

Bit position 2: MCS2; 400 kbps

Bit position 3: MCS3; 800 kbps

Bit positions 4-8 are reserved

Figure 22|—OFDM bandwidth Option 1

the coding of frequency
bands in this field.

Channel Frequency band Modulation Standard-defined PHY modes
_ page 2622 scheme
bits: 31-27 21-20 19-13 12-9 8-0
00111 Any frequency band 01 Reserved 0001 Six standard-defined
identified in Table 1 for PHY modes
Page 7 OFDM. See Table 4a for OFDM Option 2 (see below)

Bit position 0: MCSO0; 50 kbps

Bit position 1: MCS1; 100 kbps

Bit position 2: MCS2; 200 kbps

Bit position 3: MCS3; 400 kbps

Bit position 4: MCS4; 600 kbps

Bit position 5: MCS5; 800 kbps

Bit positions 6-8 are reserved

26

Figure 22m—OFDM bandwidth Option 2
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Channel Frequency band Modulation Standard-defined PHY modes
~ page 2692 scheme
bits: 31-27 21-20 19-13 12-9 8-0
00111 Any frequency band 01 Reserved 0010 Six standard-defined
identified in Table 1 for PHY modes
Page 7 OFDM. See Table 4a OFDM Option 3 (see below)
for the coding of fre-
quency bands in this
field.

Bit position 0: MCS1; 50 kbps

Bit position 1: MCS2; 100 kbps

Bit position 2: MCS3; 200 kbps

Bit position 3: MCS4; 300 kbps

Bit position 4: MCS5; 400 kbps

Bit position 5: MCS6; 600 kbps

Bit positions 6-8 are reserved

Figure 22n—OFDM bandwidth Option 3

for the coding of fre-
quency bands in this
field.

Channel E band Modulation Standard-defined PHY modes
page rqu%rl% an scheme
bits: 31-27 21-20 19-13 12-9 8-0
00111 Any frequency band 01 Reserved 0011 Five standard-defined
identified in Table 1 for PHY modes
Page 7 OFDM. See Table 4a OFDM Option 4 (see below)

Bit position 0: MCS2; 50 kbps

Bit position 1: MCS3; 100 kbps

Bit position 2: MCS4; 150 kbps

Bit position 3 MCS5; 200 kbps

Bit position 4: MCS6; 300 kbps

Bit positions 5-8 are reserved

Figure 220—OFDM bandwidth Option 4

Copyright © 2010 IEEE. All rights reserved.
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Channel Frequency | Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 00001 10 Reserved 0 Two standard-defined
PHY modes
Page 7 470-510 0-QPSK Spreading inode (see below)
DSSS

Bit position 0: chip rate = 100 kchip/s; (4,1) spreading; rate 1/2 FEC; data rate = 12.5 kbps

Bit position 1: chip rate = 100 kchip/s; no spreading; rate 1/2 FEC; data rate = 50 kbps

Bit positions 2—3 are reserved

Figure 22p—Frequency band 470-510 MHz with O-QPSK modulation and DSSS spreading

mode

*See 6.12¢.1.4 for more information on the use of DSSS.

Channel Frequency Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 00010 10 Reserved 0 Four standard-defined
PHY modes
Page 7 779-787 O-QPSK Spreading inode (see below)
DSSS

Bit position 0: chip rate = 1000 kchip/s; (16,1) spreading; rate 1/2 FEC; data rate = 31.25 kbps

Bit position 1: chip rate = 1000 kchip/s; (16,4) spreading; rate 1/2 FEC; data rate = 125 kbps

Bit position 2: chip rate = 1000 kchip/s; (8,4) spreading; rate 1/2 FEC; data rate = 250 kbps

Bit position 3: chip rate = 1000 kchip/s; no spreading; rate 1/2 FEC; data rate = 500 kbps

Figure 22g—Frequency band 779-787 MHz with O-QPSK modulation and DSSS spreading

*See 6.12¢.1.4 for more information on the use of direct sequence spread spectrum (DSSS).
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Channel Frequency | Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 00010 10 Reserved 1 Four standard-defined
PHY modes
Page 7 779-787 0O-QPSK Spreading rr}kode (see below)
MDSSS

Bit position 0: chip rate = 1000 kchip/s; (64,8) spreading; rate 1/2 FEC; data rate = 62.5 kbps

Bit position 1: chip rate = 1000 kchip/s; (32,8) spreading; rate 1/2 FEC; data rate = 125 kbps

Bit position 2: chip rate = 1000 kchip/s; (32,8) spreading; data rate = 250 kbps

Bit position 3: chip rate = 1000 kchip/s; (16,8) spreading; data rate = 500 kbps

Figure 22r—Frequency band 779-787 MHz with O-QPSK modulation and MDSSS spreading

mode

*See 6.12¢.1.5 for more information on the use of multiplexed direct sequence spread spectrum (MDSSS).

Channel Frequency | Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 00011 10 Reserved 0 Two standard-defined
PHY modes
Page 7 868-870 0-QPSK Spreading mode (see below)
DSSS

Bit position 0: chip rate = 100 kchip/s; (4,1) spreading; rate 1/2 FEC; data rate = 12.5 kbps

Bit position 1: chip rate = 100 kchip/s; no spreading; rate 1/2 FEC; data rate = 50 kbps

Bit positions 2-3 are reserved

Figure 22s—Frequency band 868-870 MHz with O-QPSK modulation and DSSS spreading

mode

*See 6.12¢.1.4 for more information on the use of DSSS.

Copyright © 2010 IEEE. All rights reserved.
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P802.15.4g/pre-D3 AMENDMENT 4:
Channel Frequency Modulatio Standard-defined PHY modes
page band n scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 00110 10 Reserved 0 Four standard-defined
PHY modes
Page 7 902-928 0O-QPSK Spreading {knode (see below)
DSSS

Bit position 0: chip rate = 1000 kchip/s; (16,1) spreading; rate 1/2 FEC; data rate = 31.25 kbps

Bit position 1: chip rate = 1000 kchip/s; (16,4) spreading; rate 1/2 FEC; data rate = 125 kbps

Bit position 2: chip rate = 1000 kchip/s; (8,4) spreading; rate 1/2 FEC; data rate = 250 kbps

Bit position 3: chip rate = 1000 kchip/s; no spreading; rate 1/2 FEC; data rate = 500 kbps

Figure 22t—Frequency band 902-928 MHz with O-QPSK modulation and DSSS spreading

mode

*See 6.12¢.1.4 for more information on the use of DSSS.

Channel Frequency | Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 00110 10 Reserved 1 Four standard-defined
PHY modes
Page 7 902-928 O-QPSK Spreading mode (see below)
MDSSS

Bit position 0: chip rate = 1000 kchip/s; (64,8) spreading; rate 1/2 FEC; data rate = 62.5 kbps

Bit position 1: chip rate = 1000 kchip/s; (32,8) spreading; rate 1/2 FEC; data rate = 125 kbps

Bit position 2: chip rate = 1000 kchip/s; (32,8) spreading; data rate = 250 kbps

Bit position 3: chip rate = 1000 kchip/s; (16,8) spreading; data rate = 500 kbps

Figure 22u—Frequency band 902-928 MHz with O-QPSK modulation and MDSSS spreading

mode

*See 6.12¢.1.5 for more information on the use of multiplexed direct sequence spread spectrum (MDSSS).
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Channel Frequency | Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 00111 10 Reserved 1 Four standard-defined
PHY modes
Page 7 917-923.5 0O-QPSK Spreading rr}kode (see below)
MDSSS

Bit position 0: chip rate = 1000 kchip/s; (64,8) spreading; rate 1/2 FEC; data rate = 62.5 kbps

Bit position 1: chip rate = 1000 kchip/s; (32,8) spreading; rate 1/2 FEC; data rate = 125 kbps

Bit position 2: chip rate = 1000 kchip/s; (32,8) spreading; data rate = 250 kbps

Bit position 3: chip rate = 1000 kchip/s; (16,8) spreading; data rate = 500 kbps

Figure 22v—Frequency band 917-923.5 MHz with O-QPSK modulation and MDSSS spread-
ing mode

*See 6.12¢.1.5 for more information on the use of multiplexed direct sequence spread spectrum (MDSSS).

Channel Frequency | Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 01001 10 Reserved 0 Two standard-defined
PHY modes
Page 7 950-958 0-QPSK Spreading *mode (see below)
DSSS

Bit position O: chip rate = 100 kchip/s; (4,1) spreading; rate 1/2 FEC; data rate = 12.5 kbps

Bit position 1: chip rate = 100 kchip/s; no spreading; rate 1/2 FEC; data rate = 50 kbps

Bit positions 2-3 are reserved

Figure 22w—Frequency band 950-958 MHz with O-QPSK modulation and DSSS spreading

mode

*See 6.12¢.1.4 for more information on the use of DSSS.

Copyright © 2010 IEEE. All rights reserved.
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P802.15.4g/pre-D3 AMENDMENT 4:
Channel Frequency Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 01011 10 Reserved 0 Four standard-defined
PHY modes
Page 7 2400-2483.5 0O-QPSK Spreading inode (see below)
DSSS

Bit position O: chip rate = 2000 kchip/s; (32,1) spreading; rate 1/2 FEC; data rate = 31.25 kbps

Bit position 1: chip rate = 2000 kchip/s; (32,4) spreading; rate 1/2 FEC; data rate = 125 kbps

Bit position 2: chip rate = 2000 kchip/s; (16,4) spreading; rate 1/2 FEC; data rate = 250 kbps

Bit position 3: chip rate = 2000 kchip/s; (8,4) spreading; rate 1/2 FEC; data rate = 500 kbps

Figure 22x—Frequency band 2400-2483.5 MHz with O-QPSK modulation and DSSS spread-

*See 6.12¢.1.4 for more information on the use of DSSS.

ing mode

Channel Frequency | Modulation Standard-defined PHY modes
page band scheme
bits: 31-27 26-22 21-20 19-5 4 3-0
00111 01011 10 Reserved 1 Four standard-defined
PHY modes
Page 7 2400-2483.5 O-QPSK Spreading mode (see below)
MDSSS

Bit position 0: chip rate = 2000 kchip/s; (128,8) spreading; rate 1/2 FEC; data rate = 62.5 kbps

Bit position 1: chip rate = 2000 kchip/s; (64,8) spreading, rate 1/2 FEC; data rate = 125 kbps

Bit position 2: chip rate = 2000 kchip/s; (64,8) spreading; data rate = 250 kbps

Bit position 3: chip rate = 2000 kchip/s; (32,8) spreading; data rate = 500 kbps

Figure 22y—Frequency band 2400-2483.5 MHz with O-QPSK modulation and MDSSS
spreading mode

*See 6.12¢.1.5 for more information on the use of MDSSS.
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The structure of the Generic PHY descriptor is shown in Figure 22z. A Generic PHY descriptor consists of
fields to define a specific frequency band (Channel Descriptor), a particular modulation scheme, and para-
metric descriptors specific to the modulation scheme. The phySUNGenericPHYDescriptors array consists of
up to 16 Generic PHY descriptors. For an example of the use of the Generic PHY mechanism, refer to
Annex M.

ID

First Channel Frequency

Number of Channels Channel Descriptor

Channel Spacing

Modulation Scheme
FSK Modulation Order

ESK Modulation Index Parametric PHY Descriptor
Parameters that specify the FSK
FSKBT Modulation Scheme
Data Rate

Figure 22z—Generic PHY descriptor

The Generic PHY Channel Descriptor consists of the following fields:
— First Channel Frequency is the center frequency, in hertz, of the lowest channel.
— Number of Channels is the number of contiguous channels starting at the first channel frequency.
— Channel Spacing is the spacing between adjacent channels in hertz.

The Modulation Scheme specifies the modulation method for Generic PHY. FSK is the only specified

modulation scheme for Generic PHY. The Parametric PHY Descriptor fields associated with FSK are listed
as follows:

— ModulationScheme indicates if it is FSK or Gaussian frequency shift keying (GFSK).
— FSK BT is used only if the ModulationScheme value is set to GFSK.

— Symbol Rate is the number of symbols per second transmitted over the air. The data rate can be
derived from modulation order and symbol rate. The bit to symbol mapping follows SUN PHY
convention.

6.1.3 Minimum long interframe spacing (LIFS) and short interframe spacing (SIFS) periods

Insert the following new rows at the end of Table 5:

Table 5—Minimum LIFS and SIFS period

PHY macMinLIFSPeriod macMinSIFSPeriod Units
MR-FSK 40 12 Symbols
MR-OFDM 40 12 Symbols
MR-0-QPSK 40 12 Symbols
Copyright © 2010 IEEE. All rights reserved. 33
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6.1.7 Receiver sensitivity definitions

Change the first paragraph of 6.1.7 as indicated:

The receiver sensitivity definitions used threugheut-thisstandard for every PHY except the MR-OFDM
PHY are defined in Table 6. The receiver sensitivity definition for the MR-OFDM PHY is defined in

6.12b.3.2.

AMENDMENT 4:

Change Table 6 (the entire table is not shown) as indicated:

Table 6—Receiver sensitivity definitions

Term

Definition of term

Conditions

Receiver sensitivity

Threshold input signal power that yields
a specified PER.

—PSDU length = 250 octets for MR-FSK

PHY with data rates 50 kbps and greater,

25 octets for MR-FSK PHY with data
rates less than 50 kbps, 20 octets for all
other PHYs.

- PER < 1%.

— Power measured at antenna terminals.
— Interference not present.
— For the MR-FSK PHY, forward error
correction (FEC) disabled.

Insert the following new subclause (6.1a) after 6.1.7:

6.1a Common signaling mode (CSM)

To facilitate the multi-PHY management (MPM) scheme described in 7.5.8a, a common PHY mode, CSM,
is specified. A SUN device acting as a coordinator and with a duty cycle greater than 1% shall support CSM.
The specification of CSM is given in Table 6a. The modulation and channel specification of CSM are given

in 6.12a.

Table 6a—PHY Specification of the CSM for MPM scheme

Band (MHz) | Modulation | Modulation index Chan?lgl_'szp;acmg D?&%E}‘te
2400-2483.5

902-928

863-870 Filtered FSK 1 200 50
470-510

950-958

The value of the SFD field (see 6.3a.1.2) for CSM shall be that associated with a value of zero for the PIB
attribute phyMRFSKSFD (see Table 31).

34 Copyright © 2010 IEEE. All rights reserved.
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6.2 PHY service specifications

6.2.1 PHY data service

6.2.1.1 PD-DATA.request

6.2.1.1.1 Semantics of the service primitive

Insert the following new parameters at the end of the list in 6.2.1.1.1 as indicated:

PD-DATA.request (

psdulLength,

psdu,

UWBPREF,

Ranging,
UWBPreambleSymbolRepetitions,
DataRate,

TxChannel

PPDUCoding,

FCSLength
ModeSwitch

NewModeSUNPage,
ModeSwitchParameterEntry,
MROQPSKRateMode,
MROQPSKSpreadingMode

Insert the following new rows at the end of Table 8:

6.2.1.1.3 Effect on receipt

Change the first paragraph of 6.2.1.1.3 as indicated:

The receipt of the PD-DATA.request primitive by the PHY entity will cause the transmission of the supplied
PSDU to be attempted on the channel specified by the TxChannel parameter. Provided the transmitter is
enabled (TX_ON state) and the transmit channel specified by the TxChannel parameter is supported, if
ModeSwitch is FALSE the PHY will first construct a PPDU, that containsirg the supplied PSDU, and then
attempt to transmit the PPDU. When-the PHY-entity-has-completed-the-transmisston—itwitHssue the PD-

BATAcenfirmprimitive-with—astatus—eF SUECESS: If ModeSwitch is TRUE, the receipt of the PD-
DATA . request primitive by the PHY entity will cause the transmission of two PPDUs. The first PPDU will

be the mode switch PPDU and the second PPDU will be the PPDU that contains the PSDU. The second
PPDU will be transmitted in the new PHY mode.

Delete the second and third paragraph of 6.2.1.1.3:

Copyright © 2010 IEEE. All rights reserved. 35
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Table 8—PD-DATA.request parameters
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Name

Type

Valid range

Description

TxChannel

Integer

0-65535

The channel on which to send the PPDU.

PPDUCod-
ing

Boolean

TRUE or FALSE

A value of FALSE indicates that the
(PHR+PSDU) is uncoded, and a value of TRUE
indicates that the (PHR+PSDU) is coded as a
single block of data.

FCSLength

Enumeration

SHORT_FCS, LONG_FCS

The length of the FCS contained in the PSDU to
be transmitted. A value of SHORT_FCS indicates
a 2-octet FCS, and a value of LONG_FCS
indicates a 4-octet FCS.

ModeSwitch

Boolean

TRUE or FALSE

A value of TRUE instructs the PHY entity to send
a mode switch PPDU first then a new mode PPDU
that contains the PSDU using the associated mode
switch parameters. The mode switch PPDU is
transmitted using the PHY mode specified by
phyCurrentSUNPageEntry. The PPDU containing
the PSDU is transmitted using the PHY mode
specified by NewModeSUNPageEntry.

A value of FALSE instructs the PHY to send the
PSDU in a single PPDU using the PHY mode
specified by phyCurrentSUNPageEntry on
phyCurrentChannel.

This parameter is only valid for SUN PHYSs.

NewMode-
SUNPageEn-

try

Bitmap

0x00000000-0xffffffff

The modulation scheme and particular PHY mode
for the new mode as defined by the channel page
structure. The type and valid range are the same as
defined for phyCurrentSUNPageEntry. This
parameter is only valid if ModeSwitch = TRUE.

ModeSwitch-
Parame-
terEntry

Integer

0x00-0x03

The mode switch parameter entry specifies the
index in the phyModeSwitchParameterEntries
array for the ModeSwitchDescriptor to be used for
this PHY mode switch. This parameter is only
valid if ModeSwitch = TRUE.

MROQPSK-
RATEMode

Integer

0x00-0x03

Parameter of PSDU data rate for MR-O-QPSK
PHY (see 6.12c.1.4 and 6.12c.1.5).

MROQPSK-
Spreading-
Mode

Integer

0x00-0x01

Parameter of PSDU spreading mode for MR-O-
QPSK PHY (see 6.12c.1.4 and 6.12¢.1.5). This
parameter can take one of the following values:

0x00=DSSS
0x01=MDSSS
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6.2.1.2 PD-DATA.confirm
6.2.1.2.1 Semantics of the service primitive

Change Table 9 (the entire table is not shown) as indicated:

Table 9—PD-DATA.confirm parameters

Name Type Valid range Description
status Enumera- SUCCESS, RX_ON, TRX_OFF, BUSY_TX, The result of the request
tion ofUNSUPPORTED_PRF, UNSUPPORTED_RANGING, | to transmit a packet.
UNSUPPORTED_TX_ CHANNEL,
UNSUPPORTED_PPDU_FEC, A-valueof
UNSUPPORTED_MODE_SWITCH, or UNSUPPORTEDPRF
UNSUPPORTED_MR_OQPSK_SPREADING_MODE ndicates-that-the PHY-is-
not-capable-of transmit-
ting-attherequested PR
A-vatieof
UNSUPPORTED-RAN
GING-isreturned-ifthe-
PHY-does-netimple-
menta-ranging-counter:

6.2.1.2.2 When generated
Change the paragraph as indicated:

The PD-DATA . .confirm primitive is generated by the PHY entity and issued to its MAC sublayer entity in
response to a PD-DATA.request primitive. The PD-DATA.confirm primitive will return a status of either
SUCCESS, indicating that the request to transmit was successful, or an error code of RX_ON, TRX_OFF, ef
BUSY_TX, UNSUPPORTED_TX_ CHANNEL, UNSUPPORTED_PPDU_FEC,
UNSUPPORTED_MODE_SWITCH, or UNSUPPORTED_MR_OQPSK_SPREADING_MODE. Fhe

6.2.1.2.3 Appropriate usage
Insert the following seven new paragraphs after the first paragraph of 6.2.1.2.3:

If the PD-DATA.request primitive is received while the receiver is enabled (RX_ON state), the PHY entity
will discard the PSDU and issue the PD-DATA.confirm primitive with a status of RX_ON. If the PD-
DATA . request primitive is received while the transceiver is disabled (TRX_OFF state), the PHY entity will
discard the PSDU and issue the PD-DATA.confirm primitive with a status of TRX_OFF.

If the PD-DATA.request primitive is received while the transmitter is already busy transmitting (BUSY_TX
state), the PHY entity will discard the PSDU and issue the PD-DATA.confirm primitive with a status of
BUSY_TX.

A value of UNSUPPORTED_PRF indicates that the PHY is not capable of transmitting at the requested
PRF. A value of UNSUPPORTED_RANGING is returned if the PHY does not implement a ranging
counter.
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If the TxChannel parameter of the PD-DATA.request primitive specifies a channel that is not supported by
the current PHY configuration, the PHY entity will issue the PD-DATA.confirm primitive with a status of
UNSUPPORTED_TX_CHANNEL.

If the PPDUCoding parameter of the PD-DATA.request primitive specifies that FEC coding is to be applied
to the (PHR+PSDU) but the feature is either disabled or not supported, the PHY entity will issue the PD-
DATA.confirm primitive with a status of UNSUPPORTED_PPDU_FEC.

If the ModeSwitch parameter of the PD-DATA.request primitive is TRUE but the feature is not supported,
the PHY entity will issue the PD-DATA.confirm primitive with a status of
UNSUPPORTED_MODE_SWITCH.

If the MROQPSKSpreadingMode parameter of the PD-DATA.request primitive is not supported, the PHY
entity will issue the PD-DATA. .confirm primitive with a status of
UNSUPPORTED_MR_OQPSK_SPREADING_MODE.

6.2.1.3 PD-DATA.indication
6.2.1.3.1 Semantics of the service primitive

Insert the following new parameter at the end of the list in 6.2.1.3.1 as indicated:

PD-DATA.indication (
psdulLength,
psdu,
psduLinkQuality,
UWBPRF,
UWBPreambleSymbolRepetitions,
DataRate,
RangingReceived,
RangingCounterStart,
RangingCounterStop,
RangingTrackinginterval,
RangingOffset,
RangingFOM,
FCSLength,
MROQPSKRateMode,
MROQPSKSpreadingMode

)

Insert the following new row at the end of Table 10:

6.2.3 PHY enumerations description

Insert the following new rows at the end of Table 25:

6.3 PPDU format

Delete the third paragraph in 6.3 as indicated:
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Table 10—PD-DATA.indication parameters
Name Type Valid range Description

FCSLength Enumeration SHORT_FCS, LONG_FCS | The length of the FCS contained in the PSDU to
be transmitted. A value of SHORT_FCS indicates
a 2-octet FCS, and a value of LONG_FCS
indicates a 4-octet FCS.

MROQPSK- | Integer 0x00-0x03 Parameter of PSDU data rate for MR-O-QPSK

RATEMode PHY (see 6.12c.1.4 and 6.12c.1.5).

MROQPSK- | Integer 0x00-0x01 Parameter of PSDU spreading mode for MR-O-

Spreading- QPSK PHY (see 6.12c.1.4 and 6.12¢.1.5). This

Mode parameter can take one of the following values:
0x00=DSSS
0x01=MDSSS

Table 25—PHY enumerations description

Enumeration Value Description
UNSUPPORTED_MODE_SWITCH 0x22 A mode switch was requested before the transmission of
the PPDU, but it is not a supported feature.
UNSUPPORTED_PPDU_FEC 0x23 FEC coding was requested to be applied to the PPDU (i.e.,
PHR+PSDU), but the feature is either disabled or not sup-
ported.
UNSUPPORTED_TX_CHANNEL 0x24 The requested transmit channel is not supported by the

current PHY configuration.

UNSUPPORTED_MR_OQPSK_SPREA | 0x25
DING_MODE

For the MR-O-QPSK PHY, a spreading mode out of
{DSSS,MDSSS} was requested, but it is not a supported
feature.

Change the fourth paragraph of 6.3 as indicated:

The PPDU packet structure shall be formatted as illustrated in Figure 24, Figure 25, or Figure 26 for all

PHY's except the SUN PHYs. The PPDU format for SUN PHYSs is given in 6.3a.

Insert the following new paragraph after the fourth paragraph of 6.3:

All reserved fields shall be set to zero upon transmission and shall be ignored upon reception.

6.3.1 Preamble field

Change the last paragraph of 6.3.1 as indicated:

Copyright © 2010 IEEE. All rights reserved.
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Preamble lengths for ASK are expressed in equivalent octet times as the preamble for ASK is defined using
a special symbol. For all PHYs except the ASK, CSS, UWB,-and 950 MHz GFSK, MR-FSK, and MR-
OFDM PHYs, the bits in the Preamble field shall be binary zeros. The ASK preamble format is described in
6.9.4.1. The bits in the preamble field for the 950MHz GFSK PHY shall be
"01010101010101010101010101010101."

6.3.2 SFD field

Change the second paragraph of 6.3.2 as indicated:

For all PHY's that transmit an SFD, except for the ASK, CSS, ard UWB, MR-FSK and MR-O-QPSK PHYs,
the SFD is an 8-bit field. For the ASK PHY, the SFD is defined using a special symbol. The lengths of the
SFD for the ASK PHY are expressed in equivalent octet times. The SFD for all PHYs, except the ASK, MR-
FSK, and MR-O-QPSK PHYs, shall be formatted as illustrated in Figure 27. The SFD for the ASK PHY is
defined in 6.9.4.2.

Replace Figure 27 with the following new figure:

Bits: 0 1 2 3 4 5 6 7

1 1 1 0 0 1 0 1

Figure 27—Format of the SFD field (except for ASK, UWB, ard CSS_MR-FSK. and MR-O-
OPSK PHYs)

6.3.3 Frame Length field

Change the first paragraph of 6.3.3 as indicated:

The Frame Length field is 7 bits in length for all PHYs except the SUN PHYs, and it specifies the total
number of octets contained in the PSDU (i.e., PHY payload). # The Frame Length field is a value between 0
and aMaxPHYPacketSize (see 6.4). Table 29 summarizes the type of payload versus the frame length value.

Change Table 29 as indicated:

Table 29—Frame length values

Frame length values Payload
0-4 Reserved
5.7 MPDU (Acknowledgment)
6,8-8 Reserved
9 to aMaxPHYPacketSize MPDU

Insert the following new subclauses after 6.3 (6.3a—6.3a.3.4):
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6.3a PPDU format for SUN PHYs

The following subclauses describe the PPDU formats for the MR-FSK, MR-O-QPSK, and MR-OFDM
PHYs.

The SHR, PHY header (PHR), and PHY payload components are treated as bit strings of length n, numbered
bg on the left and b,,_; on the right. When transmitted, they are processed by first to by, ; last, without regard
to their content or structure.

All reserved fields shall be set to zero upon transmission and shall be ignored upon reception.

6.3a.1 PPDU format for MR-FSK

The MR-FSK PPDU shall support the format shown in Figure 27a and may support the format shown in
Figure 27b if mode switching is enabled.

Octets
2 variable
Preamble SFD (see 6.3a.1.3) PSDU
SHR PHR PHY payload

Figure 27a—Format of the MR-FSK PPDU (without mode switching)

Octets

2

Preamble SFD (see 6.3a.1.4)

SHR PHR

Figure 27b—Format of the MR-FSK mode switch PPDU

6.3a.1.1 Preamble field
The Preamble field shall contain phyFSKPreambleRepetitions multiples of the 8-bit sequence “01010101.”
6.3a.1.2 SFD

The SFD shall be a 2-octet sequence selected from the list of values shown in Table 29a. Devices which do
not support FEC shall support the SFD associated with uncoded (PHR+PSDU) and a value of zero for the
PIB attribute phyMRFSKSFD; these devices may also support the SFD associated with uncoded
(PHR+PSDU) and a value of one for the PIB attribute phyMRFSKSFD. Devices which support FEC shall
support both of the SFDs associated with a value of zero for the PIB attribute phyMRFSKSFD; these devices
may additionally support both of the SFDs associated with a value of one for the PIB attribute
phyMRFSKSFD.

The SFD is transmitted starting from the leftmost bit (i.e., starting with bg).
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Table 29a—MR-FSK PHY SFD values

SFD value for coded SFD value for uncoded
(PHR+PSDU) (PHR+PSDU)
(bits 0-15) (bits 0-15)
phyMRFSKSFD =0 0110111101001110 1001000001001110
phyMRFSKSFD =1 0110001100101101 0111101000001110

6.3a.1.3 PHR (without mode switching)

The format of the PHR is shown in Figure 27c. All multi-bit fields are unsigned integers and shall be
processed MSB first.

Bit string 0 1 2 3 4 5 15
index
Bit mapp|ng MS R] RO FCS DW LlOLO
Field name Mode Switch Reserved FCS Length | Data Whitening Frame Length

Figure 27c—Format of the PHR (without mode switching) for MR-FSK

The Mode Switch field (MS) shall be set to zero, indicating that the entire packet shall be transmitted at a
single data rate and using a single modulation scheme.

The FCS Length field (FCS) indicates the length of the FCS field described in 7.2.1.9 that is included in the
MPDU. The FCS Length field shall be set to zero upon transmission when a 32-bit FCS is indicated in the
PD-DATA request primitive; the FCS Length field shall be set to one on transmission when a 16-bit FCS is
indicated in the PD-DATA.request primitive. Upon reception, the PD-DATA.indication primitive parameter
for FCS length shall be set according to the value of this field.

The Data Whitening field (DW) indicates if data whitening of the PSDU is used upon transmission. A value
of one indicates the PSDU is whitened; a value of zero indicates the PSDU is not whitened. Data whitening
shall not be applied to the SHR or PHR.

The Frame Length field (Lg—-Lg) specifies the total number of octets contained in the PSDU (i.e., PHY
payload). It is a value between 0 and aMaxPHYPacketSize (see 6.4). The most significant bit (Ieftmost) shall
be transmitted first. Table 29 summarizes the type of payload versus the frame length value.

6.3a.1.4 PHR for mode switch packet

The format of the PHR is shown in Figure 27d. All multi-bit fields are unsigned integers and shall be
processed MSB first.

The Mode Switch field (MS) shall be set to one, indicating that a mode switch shall occur. The mode of the
next PPDU transmitted (i.e., the new mode PPDU) shall be as described by the remaining fields contained in
the PHR in Figure 27d. If the new mode is MR-FSK, the new mode PPDU is the same as Figure 27a except
that the preamble and SFD are optional. If the new mode is MR-O-QPSK, the new mode PPDU is the same
as Figure 26f. For MR-OFDM, the new mode PPDU has the same format as Figure 26i.
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Bit string 0 1 2 3 4-10 11-14 15
index
Bit mapping MS M, M, FEC See Figure 27e B;-By PC
Mode Mode Switch New New Mode Checksum Parity
Field name Switch Parameter Entry Mode Check
FEC

Figure 27d—Format of the PHR for MR-FSK mode switching

The Mode Switch Parameter Entry field (M;-Mg) is the index of the entry in the
phyModeSwitchParameterEntries array (see Table 31) that defines the mode switch parameters (see
Table 31b) to be used.

The New Mode FEC field (FEC) specifies whether the packet following the mode switch PPDU is
transmitted using FEC. A value of zero indicates that the new mode packet is transmitted without FEC, and
a value of one indicates that it is transmitted with FEC. If the new mode packet has an SFD (and, therefore,
packet coding information) (see 6.12a.1.3), that SFD shall override this value of the New Mode FEC field.

The New Mode field is formatted as shown in Figure 27e. The format of the new mode PPDU is determined
by the New Mode field. The Page bit (PAGE) shall be set to zero to indicate channel page seven or set to one
to indicate channel page eight. The Modulation Scheme bits (MOD;-MODy) indicate the modulation
scheme (see Table 4b) when phyCurrentChannel equals seven; when phyCurrentChannel equals eight, the
Modulation Scheme bits shall be set to zero upon transmission and ignored upon reception. The Mode bits
(MD3-MDy) specify the new mode of operation. When the PAGE field is zero (channel page seven), the
interpretation of the MODE field (MD3-MDy) is based on the modulation scheme:

— I the modulation scheme is filtered FSK, the integer value of MD3-MDy corresponds to the bit
position in the PHY mode bitmap, and selects the particular PHY mode.

— I the modulation scheme is not filtered FSK, the bits (MD3-MDy) are set to zero by the transmitter
and ignored by the receiver. The corresponding data rates are specified in the PHR of the new mode
PPDU

When the PAGE field is one (channel page eight), the MODE field selects one element (0-15) in the
phySUNGenericPHYDescriptors, and the new PHY mode is defined by the Generic PHY mechanism..

Bit string index 4 5 6 7-10
Bit mapp"’]g PAGE MODl MODO MD3—MDO
Subfield name Page Modulation Scheme Mode

Figure 27e—Format of the New Mode field

The Checksum field (B3-By) is the checksum for the BCH(15,11) code. The generator polynomial for the
BCH (Bose Chaudhuri Hocquenghem) code is as follows:

G(x) = T+x+x".
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The Parity Check (PC) field provides error detection for the mode switch PPDU. The value of PC is
calculated from the following equation:

PC = MS®M,®M, ® FEC ® PAGE ® MOD,® MOD, ® MD, ® MD, ® MD, ® MD,

where @ is modulo-2 addition (addition over GF(2)). The combination of the BCH(15,11) code and one
parity bit allows for the achievement of single error correction and double error detection over the 11 bits of
information in the mode switch PPDU.

The receiving device validates the BCH(15,11) codeword and then the Parity Check field. If either
validation fails, the receiver terminates the receive procedure; otherwise the receiver continues processing
received symbols to decode the subsequent PPDU.

6.3a.1.5 PSDU field
The PSDU field carries the data of the PPDU for PHY packets not employing mode switching.
6.3a.2 PPDU format for MR-O-QPSK

The MR-O-QPSK PPDU shall be formatted as illustrated in Figure 26f.

Octets
3 variable
Preamble SFD (see 6.3a.2.3) PSDU
SHR PHR PHY payload

Figure 26f—Format of the MR-O-QPSK PHY PPDU

6.3a.2.1 Preamble field

The Preamble field shall contain a sequence of seven, zero octets for the 780 MHz, 915 MHz, 917 MHz, and
2450 MHz frequency bands. It shall contain a sequence of four, zero octets for the 470 MHz, 868 MHz, and
950 MHz frequency bands.

6.3a.2.2 SFD

The SFD shall be the sequence described in Table 29b.

Table 29b—Format of the SFD field for the MR-O-QPSK PHY

SFD value
(bits 0-15)

1110101101100010
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6.3a.2.3 PHR

The format of the PHR is shown in Figure 26g. All multi-bit fields are unsigned integers and shall be
processed MSB first.

Bit string index 0 1 2 3 4 5-15 16-23
Bit mapping SM RM; | RM, | Ry Rg Lio-Lo H7-Hy
Field name Spreading Mode Rate Mode Reserved Frame Length HCS

Figure 26g—Format of the PHR for MR-O-QPSK

For the 915 MHz and 2450 MHz frequency bands, the Spreading Mode (SM) field shall be set to one if
multiplexed direct sequence spread spectrum (MDSSS) is used for spreading the PSDU (variable
SpreadingMode is “MDSSS”; see 6.12¢.1.5). Otherwise, the SM field shall be set to zero (direct sequence
spread spectrum [DSSS] is used for spreading the PSDU; variable SpreadingMode is “DSSS”; see
6.12c.1.4). For the 470 MHz, 868 MHz, and 950 MHz frequency bands, the SM field shall be set to zero
(MDSSS is not supported).

The MR-O-QPSK PHY supports up to four different PSDU rate modes within each frequency band, and the
rate mode is given by the Rate Mode field (RM,—RMj). Table 29¢ shows the mapping of the bit values to
the variable RateMode (see 6.12¢.1.4 and 6.12¢.1.5).

Table 29c—Rate mode mapping of the MR-O-QPSK PHY

(RM1 RMy) RateMode
0,0) 0
0,1) 1
(1,0) 2
(1,1 3

The Reserved field (R;—Rg) can be used for future usage and its bit entries shall be set to zero if not used.

The Frame Length field (L,g—Lg) specifies the total number of octets contained in the PSDU (i.e., PHY
payload). It is a value between 0 and aMaxPHYPacketSize (see 6.4). Table 29 summarizes the type of
payload versus the frame length value.

The Header Check Sequence (HCS) field is 8 bits in length and contains an 8-bit ITU-T CRC. The HCS is
calculated over the first 16 PHR bits (b, by, ..., b;5), where by is the PHR bit at bit string index 0 and b,

is the PHR bit at bit string index 15 (see Figure 26g). The HCS field is defined as
(H7, H6’ ceey Hl’ Ho) = (r7, r6, ceny rl, ro) (Ob)

for certain coefficients rg, ry, ..., rg, r, . The computation of the those coefficients is shown by the following
algorithm.
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The HCS shall be calculated using the following standard generator polynomial of degree 8:
Gg(x) = e +x+1.

The HCS shall be calculated as follows:

— Let M(x) = boxk’1 + blxk’2 + ... + by _,x+ b, _, be the polynomial representing the sequence of
bits for which the checksum is to be computed.

—  Multiply M(x) by x®, giving the polynomial x® x M(x)..
— Divide modulo 2 by the generator polynomial, Gg(x), to obtain the remainder polynomial,

7 6
R(X) = IgX’ + X + ... +TrgX+17.

The HCS field is given by the coefficients of the remainder polynomial as shown in Equation (Ob). An
example HCS is shown Figure 27h.

Bit string index 0 1 2 3 4 5-15 16-23
Bit mapping SM | RM; | RMy | Ry | Ry LigLo H7-Hy
Example value 0 0 1 0 0 00000101010 00011110

Figure 27h—Example HCS for MR-O-QPSK

6.3a.2.4 PSDU field

The PSDU field carries the payload data of the PHY packet.

6.3a.3 PPDU format for MR-OFDM

The MR-OFDM PPDU shall be formatted as illustrated in Figure 26i. Definitions are provided in the
frequency domain for the Short Training field (STF) and Long Training field (LTF). In each case, a
normative set of operations is specified to transform the frequency domain fields to the time domain and to
insert prescribed repetitions or cyclic prefixes of these time domain sequences.

The DATA field is composed of the PSDU, tail bits, and pad bits. The PPDU Tail Bit field (TAIL) is
described in 6.12b.2.9. The method for adding pad bits (PAD) is described in 6.12b.2.10.

Number of OFDM Symbols
variable variable 6 bits variable
STF LTF (see 6.3a.3.3) PSDU TAIL PAD
SHR PHR PHY payload

Figure 26i—Format of the MR-OFDM PPDU
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6.3a.3.1 Short Training field (STF)
The following subclauses describe the STF.
6.3a.3.1.1 Frequency domain STF

The STF for the four scalable bandwidth OFDM options are defined by the following four tables. Table 29d

shows the frequency domain representation of the STF for Option 1. The scaling factor used in the table is

sqrt(104/12).

Table 29d— Frequency domain representation of Option 1 STF_freq(0)
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Tone# Value Tone# Value Tone# Value Tone# Value
—-64 0 -32 -2.9439 0 0 32 2.9439
-63 0 =31 0 1 0 33 0
-62 0 -30 0 2 0 34 0
—-61 0 -29 0 3 0 35 0
-60 0 -28 0 4 0 36 0
-59 0 27 0 5 0 37 0
-58 0 -26 0 6 0 38 0
=57 0 -25 0 7 0 39 0
-56 0 24 2.9439 8 2.9439 40 —2.9439
=55 0 -23 0 9 0 41 0
54 0 22 0 10 0 42 0
-53 0 21 0 11 0 43 0
52 0 20 0 12 0 44 0
51 0 -19 0 13 0 45 0
=50 0 -18 0 14 0 46 0
-49 0 -17 0 15 0 47 0
—48 —2.9439 -16 2.9439 16 —-2.9439 48 2.9439
47 0 -15 0 17 0 49 0
46 0 -14 0 18 0 50 0
—45 0 -13 0 19 0 51 0
—44 0 -12 0 20 0 52 0
—43 0 -11 0 21 0 53 0
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Table 29d— Frequency domain representation of Option 1 STF_freq(0) (continued)

O 00O NO Ul WN -

O o1 oo b BEBAEADDDEDLEDREDEDWWWWWWWWWWNDNNDNNNMNNNNNRERPRRPERPRPERPERRRPRE
P ONPODOONOUURAARWNPOOO~NOOPRRWNPOOONOUIARWNPOOO~NOOLWNEO

Tone# Value Tone# Value Tone# Value Tone# Value
42 0 -10 0 22 0 54 0
41 0 -9 0 23 0 55 0
—40 —-2.9439 -8 2.9439 24 2.9439 56 0
-39 0 -7 0 25 0 57 0
-38 0 -6 0 26 0 58 0
=37 0 -5 0 27 0 59 0
-36 0 —4 0 28 0 60 0
=35 0 -3 0 29 0 61 0
-34 0 -2 0 30 0 62 0
-33 0 -1 0 31 0 63 0

Table 29e shows the frequency domain representation of the STF for Option 2. The scaling factor used in the

table is sqrt(52/12).

Table 29e— Frequency domain representation of Option 2 STF_freq(1)

Tone# Value Tone# Value Tone# Value Tone# Value
-32 0 -16 -2.0817 0 0 16 2.0817
-31 0 -15 0 1 0 17 0
=30 0 -14 0 2 0 18 0
-29 0 -13 0 3 0 19 0
-28 0 -12 2.0817 4 2.0817 20 -2.0817
27 0 -11 0 5 0 21 0
-26 0 -10 0 6 0 22 0
=25 0 -9 0 7 0 23 0
24 -2.0817 -8 2.0817 8 -2.0817 24 2.0817
-23 0 -7 0 9 0 25 0
=22 0 -6 0 10 0 26 0
-21 0 -5 0 11 0 27 0
-20 -2.0817 —4 2.0817 12 2.0817 28 0
-19 0 -3 0 13 0 29 0
-18 0 -2 0 14 0 30 0
-17 0 -1 0 15 0 31 0
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Table 29f shows the frequency domain representation of the STF for Option 3. The scaling factor used in the

table is sqrt(26/6).

Table 29f— Frequency domain representation of Option 3 STF_freq(2)

Tone# Value Tone# Value Tone# Value Tone# Value
-16 0 -8 2.0817 0 0 8 2.0817
-15 0 -7 0 1 0 9 0
-14 0 -6 0 2 0 10 0
-13 0 -5 0 3 0 11 0
-12 2.0817 -4 2.0817 4 -2.0817 12 -2.0817
-11 0 -3 0 5 0 13 0
-10 0 -2 0 6 0 14 0

-9 0 -1 0 7 0 15 0

Table 29g shows the frequency domain representation of the STF for Option 4. The scaling factor used in
the table is sqrt(14/6).

Table 29g— Frequency domain representation of Option 4 STF_freq(3)

Tone# Value Tone# Value Tone# Value Tone# Value
-8 0 -4 1.5275 0 0 4 1.5275
-7 0 -3 0 1 0 5 0
-6 1.5275 -2 1.5275 2 —-1.5275 6 -1.5275
=5 0 -1 0 3 0 7 0

6.3a.3.1.2 Time domain STF generation

The time domain STF for Option-n (n=1,2,3,4) is obtained as follows:

STF_time(Option-n) = IFFT(STF_freq(Option-n))

The cyclic prefix is then prepended to the OFDM symbol.

6.3a.3.1.3 Time domain STF repetition

There are four STF OFDM symbols, and the last 1/2 of the fourth OFDM symbol is negated in the time
domain. For Options 2, 3, and 4, the cyclic prefix is 1/4 of the OFDM symbol. Therefore, there are 18
repetitions of the 1/4 STF symbol followed by the last 1/2 of the fourth OFDM symbol, which is negated in

the time domain.
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For Option 1, the cyclic prefix is also 1/4 symbol, and the STF repetition is eight times per STF symbol.
Therefore, there are 36 repetitions of 1/8 STF symbol in the four STF symbols followed by the last 1/2 of the
fourth OFDM symbol, which is negated in the time domain.

Figure 27j shows the STF structure for all four options.

STF STF STF STF

Option 1
1/8 Cycle

Option 2& 3
1/4 Cycle

Option 4
12 Cycle

Figure 27j—Structure of STF for MR-OFDM for Options 1, 2, 3, and 4

6.3a.3.1.4 STF normalization

The STF uses a lesser number of tones than the data portion. Hence, normalization of the frequency domain
STF is required to ensure that the STF power is the same as the rest of the data frame. In order to have the
same power as the data, the normalization value is as follows:

SArt(Nactive/ (2*Nstf))

where
Nactive i the number of used subcarriers in rest of the OFDM frame for the particular FFT option
Nt IS the number of subcarriers used in the STF.

Power boosting shall be applied to the STF symbols in order to aid preamble detection. The power boosting
factors for each of the four options shall be 1.94 dB.

6.3a.3.2 Long Training field (LTF)
The following subclauses describe the LTF.
6.3a.3.2.1 Frequency domain LTF

The LTF for the four scalable bandwidth OFDM options are defined by the following four tables. Table 29h
shows the frequency domain representation of the LTF for Option 1.

Table 29i shows the frequency domain representation of the LTF for Option 2.
Table 29j shows the frequency domain representation of the LTF for Option 3.

Table 29k shows the frequency domain representation of the LTF for Option 4.
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Table 29h— Frequency domain representation of Option 1 LTF_freq(0)

Tone# Value Tone# Value Tone# Value Tone# Value
—-64 0 -32 -1 0 0 32 -1
-63 0 -31 -1 1 1 33 -1
—62 0 =30 -1 2 -1 34 -1
—-61 0 -29 1 3 1 35 1
-60 0 28 1 4 -1 36 1
-59 0 27 -1 5 1 37 1
-58 0 26 -1 6 1 38 1
=57 0 -25 -1 7 -1 39 1
=56 0 24 -1 8 -1 40 1
=55 0 =23 -1 9 1 41 -1
=54 0 =22 1 10 -1 42 -1
=53 0 =21 1 11 1 43 -1
=52 -1 =20 -1 12 1 44 -1
=51 1 -19 1 13 1 45 -1
=50 1 -18 -1 14 1 46 -1
-49 -1 -17 -1 15 -1 47 1
-48 -1 -16 1 16 1 48 -1
47 -1 -15 -1 17 1 49 1
-46 -1 -14 1 18 1 50 1
45 1 -13 1 19 1 51 -1
—44 1 -12 1 20 1 52 1
-43 -1 -11 1 21 -1 53 0
-42 -1 -10 -1 22 1 54 0
41 1 -9 -1 23 -1 55 0
-40 1 -8 1 24 1 56 0
-39 1 -7 1 25 -1 57 0
-38 -1 -6 -1 26 1 58 0
=37 -1 -5 1 27 -1 59 0
-36 1 -4 1 28 1 60 0
=35 1 -3 -1 29 1 61 0
-34 -1 -2 1 30 -1 62 0
-33 -1 -1 1 31 1 63 0
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Table 29i— Frequency domain representation of Option 2 LTF_freq(1)

Tone# Value Tone# Value Tone# Value Tone# Value
-32 0 -16 1 0 0 16 1
=31 0 -15 -1 1 1 17 -1
=30 0 -14 1 2 -1 18 -1
-29 0 -13 1 3 1 19 -1
-28 0 -12 -1 4 1 20 -1
=27 0 -11 -1 5 -1 21 -1
—26 -1 -10 -1 6 1 22 1
-25 -1 -9 1 7 -1 23 -1
24 -1 -8 1 8 -1 24 -1
-23 -1 -7 -1 9 1 25 -1
22 1 -6 1 10 -1 26 1
=21 1 -5 1 11 1 27 0
-20 1 -4 1 12 1 28 0
-19 -1 -3 -1 13 -1 29 0
-18 1 -2 -1 14 -1 30 0
-17 -1 -1 -1 15 1 31 0

Table 29j— Frequency domain representation of Option 3 LTF_freq(2)

Tone# Value Tone# Value Tone# Value Tone# Value
-16 0 -8 1 0 0 8 -1
-15 0 =7 1 1 -1 9 1
-14 0 -6 1 2 -1 10 1
-13 1 =5 1 3 1 11 -1
-12 -1 -4 1 4 -1 12 -1
-11 1 -3 1 5 1 13 1
-10 -1 -2 1 6 1 14 0
-9 1 -1 -1 7 -1 15 0

6.3a.3.2.2 Time domain LTF generation

The time domain LTF for Option-n (n=1,2,3,4) is obtained as follows:

LTF_time(Option-n) = IFFT(LTF_freq(Option-n)).
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Table 29k— Frequency domain representation of Option 4 LTF_freq(3)

Tone# Value Tone# Value Tone# Value Tone# Value
-8 0 —4 1 0 0 4 1
-7 1 -3 -1 1 -1 5 -1
-6 -1 -2 1 2 1 6 -1
=5 1 -1 1 3 1 7 -1

Then a 1/2 symbol cyclic prefix is inserted followed by two copies of the useful part of the LTF OFDM
symbol.

6.3a.3.2.3 LTF normalization
Power boosting is not used by the LTF.
6.3a.3.3 PHR

The PHR consists of the Frame Length field and frame control bits. The list of data rates for each OFDM
bandwidth option can be found in 6.12b.1. The PHR structure shall be formatted as illustrated in Figure 27k.
All multi-bit fields are unsigned integers and shall be processed MSB first.

Bit string 0-4 5 6-16 17-18 19-20 21 22-29 | 30-35
index
RA4RA, R Lio-Lo R|-R, S1-So R H,-H, | Ts-T,
Field Rate Reserved Frame Reserved | Scrambler | Reserved HCS Tail
name Length

Figure 27k—PHY header fields for MR-OFDM

The PHR occupies three OFDM symbols for Option 1 and six OFDM symbols for Options 2, 3, and 4. It
shall be transmitted using the lowest supported modulation and coding scheme (MCS) level for the option
being used. The PHR is sent to the convolutional encoder starting from left-most bit in Figure 27k to the
right-most bit.

The Rate field (RA4;—RA) specifies the data rate of the payload frame and is equal to the number of the
MCS (e.g., the Rate field is 0 0 0 0 0 for MCSO0).

The Frame Length field (Lg—Lg) specifies the total number of octets contained in the PSDU (i.e., PHY
payload). It is a value between 0 and aMaxPHYPacketSize (see 6.4). Table 29 summarizes the type of
payload versus the frame length value.

The Scrambler field (S;-Sg) specifies the scrambling seed (see 6.12b.2.11).

The Header Check Sequence (HCS) field (H;—Hy) is an 8-bit CRC taken over the PHY header (PHR) fields.
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The HCS shall be computed using the first 22 bits of the PHR. The HCS shall be calculated using the
polynomial Gg(x) = x8 + x? + x + 1.
The HCS is the one's complement of the modulo 2 sum of the two remainders in a) and b):

a) The remainder resulting from [x8(x21+x20+x1%+x18+x17+x16+x15+x14)] divided (modulo 2) by
Gg(x).

b)  The remainder resulting from the calculation field contents, treated as a polynomial, multiplied by
x8 and then divided (modulo 2) by Gg(x).

At the transmitter, the initial remainder of the division shall be preset to all ones and then modified via
division of the calculation field by the generator polynomial Gg(x). The one’s complement of this remainder
is the HCS field. An example of HCS generation is given in N.3.1.

The Tail bit field (T5—Tg), which consists of all zeros, is for Viterbi decoder flushing (see 6.12b.2.9).
6.3a.3.4 PSDU field

The PSDU field carries the data of the PHY packet.

6.4 PHY constants and PIB attributes

6.4.1 PHY constants

Change Table 30 (the entire table is not shown) as indicated:
6.4.2 PHY PIB attributes

The first paragraph of 6.4.2 is reproduced here to assist the reader in understanding the notation used in
Table 31. No changes are made to this paragraph.

The PHY PIB comprises the attributes required to manage the PHY of a device. The attributes contained in
the PHY PIB are presented in Table 31. Attributes marked with a dagger (1) are read-only attributes (i.e.,
attribute can only be set by the PHY), which can be read by the next higher layer using the PLME-
GET.request primitive. Attributes marked with an asterisk (*) have specific bits that are read-only attributes
(i.e., attribute can only be set by the PHY), which can be read by the next higher layer using the PLME-
GET.request primitive and other bits that can be read or written by the next higher layer using the PLME-
GET.request or PLME-SET.request primitives, respectively. All other attributes can be read or written by
the next higher layer using the PLME-GET.request or PLME-SET.request primitives, respectively.

Change Table 31 (the entire table is not shown) as indicated. The entries for phyChannelsSupported and
phyCurrentPage are reproduced here to assist the reader in understanding this draft standard. No
changes are made to these entries:

Insert the following new tables (Table 31a, Table 31b) after Table 31:

Insert after 6.12.15.3 the following new subclauses (6.12a through 6.12¢.3.4):
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Table 30—PHY constants
Constant Description Value
aMaxPHYPacketSize The maximum PSDU size (in octets) the PHY 2047 for SUN PHYs
shall be able to receive.
127 for all other PHYs
aTurnaroundTime RX-to-TX or TX-to-RX maximum turnaround 1 ms for the SUN PHYSs.
time {in-symbelperiods) (see 6.13.1 and 6.13.2) The duration of 12 sym-
bol periods for all other
PHYs.
aCCATime The time required to perform CCA detection For the SUN PHY's other
than MR-O-QPSK,8
symbol periods at the
lowest mandatory sym-
bol rate for that channel
page.
For the MR-O-QPSK
PHY, this value is
defined in Table 75a0.
For all other PHYs, the
duration of 8 symbol
periods.
aMRFSKSFEDLength The length of the SFD, in octets, for the MR-FSK 2
PHY. =
aMRFSKPHRL ength The length of the PHR, in octets, for the MR-FSK 5
PHY. =
aMROQPSKSFDLength The length of the SFD, in octets, for the MR-O- 2
QPSK PHY. =
aMROQPSKPHRLength The length of the PHR, in octets, for the MR-O- 3
QPSK PHY. =
Table 31—PHY PIB attributes
Attribute Identifier Type Valid Rrange Description
phyCurrentChannel 0x00 Integer 0-2665535 The RFlogical channel to use for all
following transmissions and recep-
tions (see 6.1.2).
phyChannelsSupportedT 0x01 Array AnR x 32 The array is Composed of R rows,
bit array, each of which is a bit string with the
where R . .
ranges from following pro_perFles. The 5 MSBs
1to 32 (b27, ..., ba1) indicate the channel

Copyright © 2010 IEEE. All rights reserved.
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page, and the 27 LSBs (bo, by, ...,
b26) indicate the status (1=available,
O=unavailable) for each of the up to
27 valid channels (bk shall indicate
the status of channel k as in 6.1.2)
supported by that channel page. The
device only needs to add the rows
(channel pages) for the PHY(s) it
supports.
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Table 31—PHY PIB attributes (continued)

Attribute

Identifier

Type

Valid Rrange

Description

phyCurrentPage

0x04

Integer

0-31

This is the current PHY channel
page. This is used in conjunction
with phyCurrentChannel to
uniquely identify the channel cur-
rently being used.

phyCurrentSUNPageEntry 0x22

Bitmap

0x00000000—

OxFFFFff

Defines the current frequency band.,
modulation scheme, and particular
PHY mode when phyCurrentPage =
7or8.

It is a 32-bit field per the channel
page seven or channel page eight
definitions. If it is a channel page
seven entry, the set bits specify a
standard-defined PHY mode that
consists of the frequency band, mod-
ulation scheme, and PHY operating
mode. If it is a channel page eight
entry, the set bit indicates the index
or ID in the phySUNGenericPHY-
Descriptors array used to define the
current PHY mode.

phyFSKFECScheme

0x23

Integer

0x00-0x01

A value of 0x00 indicates that a non-
recursive and non-systematic code
(NRNSC) is employed. A value of
0x01 indicates that a recursive and
systematic code (RSC) is employed.
See 6.12a.1.4 for more information
on FEC.

This attribute is only valid for the
MR-FSK PHY.

phyFSKFECInterleaving 0x24

Integer

0x00-0x01

A value of 0x00 indicates that inter-
leaving is disabled. A value of 0x01
indicates that interleaving is
enabled.

This attribute is only valid for the
MR-FSK PHY.

phySUNGenericPHYDe- 0x25

Array

An array sized

A table of GenericPHY Descriptor

scriptors

56

by phySUNNum-

entries, where each entry is used to

GenericPHYDe-

define a channel page eight PHY

scriptors. The

mode.

size of each ele-
ment is per the
GenericPHYDe-
scriptor entry_
(see Table 31a).
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Table 31—PHY PIB attributes (continued)
Attribute Identifier Type Valid Rrange Description
phyMaxFrameDuration’r 0x05 Integer 55, 212, The maximum number of symbols
266, 1064 in
except a frame, except for UWB, and CSS,
UWSB, and and SUN PHYs: = phySHRDuration
CSS, SUN PHYs | +

ceiling([aMaxPHYPacketSize + 1] x

phySymbolsPerOctet)

For UWB PHYsS, see 6.4.2.1.

For CSS PHYs, one of two values

depending on data rate. See 6.4.2.2.

For MR-FSK PHY (uncoded

frames): = phySHRDuration +

(aMRFSKPHRLength + aMaxPHY-

PacketSize) x

phySymbolsPerOctet.

For MR-OFDM PHY: = phySHRDu-

ration + phyPHRDuration + ceil-

ing[(aMaxPHYPacketSize + 1) x

phySymbolsPerQctet].

For MR-O-QPSK PHY, see
phyMaxSUNChannelSup- 0x26 Integer 0-65535 The maximum channel number sup-
portedI ported by the device. It, therefore,

defines the number of bits in phy-

SUNChannelsSupported.

This attribute is only valid if phyC-

urrentPage equals 7 or 8.
phyModeSwitchParame- 0x27 Array RxS array of An array of up to four rows, where
terEntries ModeSwitchDe- | each row consists of a set of

scriptor entries. ModeSwitchDescriptor entries.
R ranges from 1
to 4. S contains This attribute is only valid for the
the elements of MR-FSK PHY.
ModeSwitchDe-
scriptor entry in
Table 31b.
phyMRESKSED 0x28 Integer 0-1 Determines which group of SEDs is
used (see Table 29a).

This attribute is only valid for the

MR-FSK PHY.
phySUNNumGenericPHY- 0x29 Integer 0-16 The number of GenericPHYDe-
Descriptors scriptor entries supported by the

device (see Table 31a).
phyNumSUNPageEntries- 0x2A Integer 0-63 The number of SUN channel page

Supported

Copyright © 2010 IEEE. All rights reserved.
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Table 31—PHY PIB attributes (continued)
Attribute Identifier Type Valid Rrange Description
phySHRDuration’ 0x06 Integer 3,7,10,40 The duration of the synchronization
except header (SHR) in symbols for the
UWB, and current PHY.
CSS, and SUN
PHYs. For CSS PHY, a value of 12 corre-
For UWB sponds to 1 Mb/s and 24 corre-
PHYs see sponds to 250 kb/s.
6.4.2.1
For CSS For MR-FSK PHY:= phySymbols-
PHY, 12, PerQctet x (phyFSKPreambleRepe-
24, titions +
aMRFSKSFDLength).
For MR-O-QPSK PHY, see
6.12c.1.14.
For MR-OFDM PHY, the value is 6.
phySUNChannelsSupported! | 0x2B Bitmap phyMaxSUN- The channel bitmap identifying
ChannelSup- which channels may be used when
ported+1 bits phyCurrentPage = 7 or 8.
Bit zero in the first octet corre-
sponds to channel 0, and bit seven in
the first octet corresponds to channel
7. Bit zero in the second octet corre-
sponds to channel 8, and bit seven in
the second octet corresponds to
channel 15, etc.
A bit is set (=1) to indicate the chan-
nel is available, and a bit is cleared
(=0) to indicate the channel is
unavailable.
phySUNPageEntriesSup- 0x2C Array An R x 32-bit Each row is a 32-bit element defin-
ported array, where R ing a supported SUN channel page
ranges from0to | seven or eight entry. The 32 bits are
phyNumSUNPa- | per the channel page seven and
geEntriesSup- channel page eight “channel page”
ported definitions (see 6.1.2.7).
phySymbolsPerOctet 0x07 Float 04,13,16,2, The number of symbols per octet for
4,5.3,8 the current PHY.
For UWB PHYsS, see 6.4.2.1.
For CSS PHYs, 4/3 corresponds to 1
Mb/s and 32/6 corresponds to 250
kb/s.
This attribute is not used by the MR-
0O-QPSK PHY.
For MR-OFDM PHY, see 6.12b.2.3.
phyFSKPreambleRepetitions | 0x2D Integer 4-1000 The number of times the 1-octet pre-

58

amble pattern (see 6.3a.1.1) is
repeated.

This attribute is only valid for the
MR-FSK PHY.
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Table 31—PHY PIB attributes (continued)

Attribute Identifier Type Valid Rrange Description

phyFSKScramblePSDU 0x2E Boolean TRUE or FALSE | A value of FALSE indicates that
data whitening of the PSDU s dis-
abled. A value of TRUE indicates
that data whitening of the PSDU is
enabled.

This attribute is only valid for the
MR-FSK PHY.

phyOFDMInterleaving 0x2F Integer 0-1 A value of zero indicates an inter-
leaving depth of one symbol. A
value of one indicates an interleav-
ing depth of the number of symbols
equal to the frequency domain

spreading factor.

This attribute is only valid for the

MR-OFDM PHY.

phyPHRDuration 0x30 Integer 3or6 A value of three for OFDM Option
1. A value of six for OFDM Options
2,3, and 4.

This attribute is only valid for the
MR-OFDM PHY.

6.12a MR-FSK PHY specification
6.12a.1 Modulation and coding

The modulation for the MR-FSK PHY s either 2 or 4 level filtered FSK that meets the transmit spectral
mask, as defined in 6.12a.4.1. GFSK with a BT value of 0.5 should be used in the 950 MHz band.

Table 75a shows the modulation and channel parameters for the operating modes for the 450 MHz,
470 MHz, 863 MHz, 896 MHz, 901 MHz, 915 MHz, 928 MHz, 1427 MHz, and 2450 MHz bands. For the
470 MHz band, a device shall support operating mode #1 and operating mode #2. For all other bands, a
device shall support operating mode #1 and may additionally support operating modes #2 and #3.

Table 75b shows the modulation and channel parameters for the operating modes for the 950 MHz Japanese
band. For this band, a device shall support both operating modes #1 and #2 and may additionally support
operating modes #3 and #4.

In addition to the standard-defined PHY modes, the MR-FSK PHY may support a Generic PHY mechanism,
which enables the use of a broader set of data rates and PHY parameters to describe a PHY mode. The set of
PHY operating mode parameters is defined by the Generic PHY Descriptor (see 6.1.2.7.2 and Table 31a). A
SUN device may operate in a PHY mode either defined in this specification or via the Generic PHY
mechanism. An example of the Generic PHY mechanism is given in Annex M.

6.12a.1.1 Reference modulator diagram
The functional block diagram in Figure 65l is provided as a reference for specifying the MR-FSK PHY data

flow processing functions. The subclause number in each block refers to the subclause that describes that
function. Each bit shall be processed using the bit order rules defined in 6.3a.
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Table 3la—Elements of GenericPHYDescriptor

Name

Type

Valid range

Description

GenericPHYID

Integer

0-15

An identifier of the Generic PHY mode.
This ID corresponds to a bit position (0—
15) in the channel page eight channel
page definition (see 6.1.2.7.2).

FirstChannelFrequency

Integer

All bands

Specifies the center frequency, in hertz,
of the first channel in the list.

NumChannels

Integer

0-65535

The number of channels defined for the
particular PHY mode. The actual chan-

nels supported by the device are defined
by phySUNChannelsSupported.

ChannelSpacing

Integer

1-4,000,000

The distance between adjacent channel
center frequencies in hertz.

DataRate

Integer

1-1,000,000

The data rate in bps.

ModulationScheme

Integer

0x00-0x03

The modulation scheme of the Generic
PHY entry. This parameter can take one
of the following values:

0x00 = FSK
0x01 = GFSK
0x02-0x03 = reserved

The remaining Generic PHY parameters
are determined based on the modulation
scheme.

FSKModulationOrder

Integer

0x00-0x03

The modulation order if the value of the
ModulationScheme parameter is 0x00 or
0x01. This parameter can take one of the
following values:

0x00 = 2-level
0x01 = 4-level
0x02-0x03 = reserved

This parameter is not valid for other val-
ues of the ModulationScheme parameter.

FSKModulationIndex

Float

0.25-2.50
(step size of 0.05)

The modulation index if the value of the
ModulationScheme parameter is 0x00 or
0x01.

This parameter is not valid for other val-
ues of the ModulationScheme parameter.

FSKBT

Float

0.3-1.0

The BT value if the value of the Modula-
tionScheme parameter is 0x01.

This parameter is not valid for other val-
ues of the ModulationScheme parameter.

When FEC is enabled, PHR and PSDU shall be processed for coding as a single block of data (see
6.12a.1.3). When data whitening is enabled, the scrambling shall be only applied over the PSDU (see

6.12a.2).
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Table 31b—Elements of ModeSwitchDescriptor

Name

Type

Valid range

Description

settlingDelay

Integer

0-255

The settling delay, in us, between the
end of the final symbol of the mode
switch packet and the start of the first
symbol of the following PPDU trans-
mitted using the new PHY mode.

secondaryFSKPream-
bleLength

Integer

0-16

If the new mode is MR-FSK, the
number of preamble repetitions, in
octets, for the secondary preamble.
This parameter does not apply if the
new mode is MR-OFDM or MF-O-
QPSK

secondaryFSKSFD

Boolean

TRUE or
FALSE

If the new mode is MR-FSK, a value
of TRUE indicates a secondary SFD
is transmitted. A value of FALSE
indicates that a secondary SFD is not
transmitted. This parameter does not
apply if the new mode is MR-OFDM
or MF-O-QPSK

Table 75a—MR-FSK modulation and channel parameters”

Copyright © 2010 IEEE. All rights reserved.

Frequency band Operating mode | Operatingmode | Operatingmode

(MHz) Parameter #1 4 43
Data rate (kb/s) 4.8 9.6 —
450-470" Modulation Filtered 2FSK Filtered 4FSK —
(FCC Part 22/90) Modulation index 1.0 1/3 —
Channel spacing (kHz) 12.5 12.5 —
Data rate (kb/s) 50 100 200

470-510 Modulation Filtered 2FSK Filtered 2FSK Filtered 4FSK
(China) Modulation index 1.0 1.0 1/3
Channel spacing (kHz) 200 400 400
Data rate (kb/s) 50 100 200

863-870 Modulation Filtered 2FSK Filtered 2FSK Filtered 4FSK
(Europe) Modulation index 1.0 1.0 1/3
Channel spacing (kHz) 200 400* 400%

This is a an unapproved IEEE Standards Draft, subject to change.
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Table 75a—MR-FSK modulation and channel parameters* (continued)

Frequency band Operating mode | Operatingmode | Operatingmode

Parameter

OO oo b BEBREADMDEDLEDEDWWWWWWWWWWNDNNDNNNMNNNNNNERERLPRE
P ONPOOONOUOUPRRWNPOOONOUOUORRWNPFPOOO~NOUPRARWNEPOOOLONO O

(FCC Part 90)

(US FCC Part 90)/
(Canada SRSP 301.4)

(MHz) #1 #2 #3
Data rate (kb/s) 50 150 200

002-928 Modulation Filtered 2FSK Filtered 2FSK Filtered 2FSK
(ISM) Modulation index 1.0 0.5 0.5
Channel spacing (kHz) 200 400 400
Data rate (kb/s) 50 150 200

2400-2483.5 Modulation Filtered 2FSK Filtered 2FSK Filtered 2FSK
(Worldwide) Modulation index 1.0 0.5 0.5
Channel spacing (kHz) 200 400 400
896-901 Data rate (kb/s) 10 20 40

Modulation Filtered 2FSK Filtered 2FSK Filtered 2FSK
(Fgglgggzm) Modulation index 0.5 0.5 0.5
928-960°%
(FCC Part
22/24/90/101) .
Channel spacing (kHz) 25 25 25
1427-15188

“Data rates shown are over-the-air data rates.
TOperating mode #1 is allowed per FCC 90.203(j)(8). Operating mode #2 will be used when necessary to meet FCC

90.203(j)(3).

Channel spacing shows bundling of 200 kHz channels.

§Non-contiguous.

Table 75b—MR-FSK modulation and channel parameters for Japanese band”

Frequency Operating Operating Operating Operating
band Parameter de #1 de #2 de #3 de #4
(MHz2) mode mode mode mode

Data rate (kb/s) 50 100 200 400
Modulation Filtered 2FSK Filtered 2FSK Filtered 2FSK Filtered 4FSK

950-958

(Japan) Modulation index 1.0 1.0 1.0 0.33
Channel spacing 200, 400 400 600 600
(kHz)" '

“Data rates shown are over-the-air data rates.
TChannel separation of 200 kHz is used. Channel spacing shows bundling of 200 kHz channels.

All fields in the PPDU use the same symbol rate and modulation order, unless otherwise specified elsewhere

in this standard.
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Controlled by
phyFSKFEC

Controlled by
phyScramblePSDU

4_____--------___________.

Binary {PSDU, PHR}

| ad

Forward Error
Correction
Coding Block
(6.12a.1.4)

PSDU ;/
v

PHR

~—

Data
Whitening Block
(6.12a.2)
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v

SHR Generation Block
(6.3a.1.2)

Concatenator

v

»
L

Bit-to-symbol mapping Block
(6.12a.1.2)

Filtered FSK Modulation Block
(6.12a.1)

Modulated Signal
odulated Signal RE

Figure 65I—MR-FSK FEC, data whitening, and modulator functions

6.12a.1.2 Bit-to-symbol mapping

The nominal frequency deviation, Af, shall be the (symbol rate) x (modulation index) / 2. The symbol
encoding for both filtered 2-level and 4-level FSK modulation is shown in Table 75c.

Table 75c—MR-FSK symbol encoding

2-level

Symbol (binary)

Frequency deviation (Af)

0 -1
1 +1
4-level
Symbol (binary) Frequency deviation (Af)
01 -3
00 -1
10 +1
11 +3

For filtered 4FSK modulation, two bits shall be mapped to four frequency deviation levels for the PHR and

PSDU. For the SHR, bit 0 and bit 1 shall be mapped to the lowest (-3*Af) and the highest (+3*Af) frequency

Copyright © 2010 IEEE. All rights reserved.
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deviations respectively. The symbol rate shall be the same for the entire PPDU. PPDU encoding for filtered
4FSK is shown in Figure 65m.

*

SHR PHRT pspu’

Figure 65m—PPDU encoding for filtered 4FSK

*Two outermost frequency deviation levels
Four frequency deviation levels

6.12a.1.3 Modulation quality

Modulation quality shall be measured by observing the frequency deviation tolerance and the zero crossing
tolerance of the eye diagram caused by a PN9 sequence of length 512 bits.

6.12a.1.3.1 Frequency deviation tolerance

Modulation frequency tolerance is measured as a percentage of the maximum frequency deviation, fyey,
dictated by the modulation index. In the case of filtered 2FSK the measured frequency deviation, f, at T¢/2
shall be constrained to the range 70% fge, < |f| < 130% fy4e, as shown in Figure 65n. In the case of filtered
4FSK the measured frequency deviation, f, at T4/2 shall be constrained to the range 12% fge, < |f] < 50% fgey
for the inner levels, and 75% fge, < |f| < 125% fg4e, for the outer levels as shown in Figure 650.

Eye Diagram

-1 -0.5 0 0.5 1

Time

Figure 65n—Eye diagram for filtered 2FSK
6.12a.1.3.2 Zero crossing tolerance

In the case of filtered 2FSK the excursions for the zero crossings for all trajectories of the eye diagram shall
be constrained to within +-12.5% of the symbol time T as shown in Figure 65n. In the case of filtered 4FSK
the excursions for the zero crossings for all trajectories of the eye diagram shall be constrained to within +-
30% of the symbol time T as shown in Figure 650.
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Eye Diagram

fdev

Figure 650—Eye Diagram for filtered 4FSK
6.12a.1.4 Forward error correction (FEC)

Forward error correction (FEC) is optional. If the SFD indicates that FEC is used (see Table 29a), then the
FEC is applied to the PHR and PSDU as a single block of data.

Two types of FEC may be applied: a recursive and systematic code (RSC) or a non-recursive and non-
systematic code (NRNSC). The use of RSC or NRNSC coding shall be controlled by the PIB attribute
phyFSKFECScheme (see Table 31).

Interleaving of code-bits can be employed in conjunction with either RSC or NRNSC coding, in order to
improve robustness against burst errors and to break correlation of consecutive bits (see 6.12a.1.5). The use
of interleaver is controlled by the PIB attribute phyFSKFECInterleaving. No interleaving shall be employed
if FEC is not used.

When the SFD value indicates a coded packet, FEC shall be employed on the PHR and PSDU bits, applying
either a 2 rate systematic or non-systematic convolution coding with constraint length K = 4 and using the
generator polynomials shown in Equation (21a) and Equation (21b).

Go(X) = 1+x+ X+ X (21a)

Gy(x) = 1+X°+%° (21b)
The RSC encoder is shown in Figure 65p, and the NRNSC encoder is shown in Figure 65q.

For an input sequence of bits with length N, B = {b;,i € [0,1,2,...,N-1]}, the ith input bit shall be
represented as b;. The output sequence S also comprises N code symbols.
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Figure 65g—Non-recursive and non-systematic code (NRNSC) encoder

1 0 1 0 1 0 1 0
S = {S(O),S(l),S(Z), ceey S(N—l)} = {UO ,UO 9 seey UI ,Ul ,Ui+1 ’ui+l 9 seey UN_l ’UN—l }

Each code symbol is denoted by s(li) = {ud-l, uio}, Vi =0,...,N-1, where s(i) is the ith output code
symbol due to the ith input bitand u;” and u; indicate the first and second output bits of the convolutional
encoder, respectively. The code symbol s(i) shall precede the code symbol s(i+1) and the code bit ui1 shall
precede the code bit uiO .

For the RSC encoder, the first and the second output bits of the encoder shall be generated according to
Equation (21c):

1 0
U =bi®(bi_1®b;_,®bi_3)®b;_,®b;_3, U =D (21c)
where @ stands for modulo-2 addition.

For the NRNSC encoder, the first and the second output bits of the encoder shall be generated according to
Equation (21d)

u' =b,&b,_,®b, 5, u’=b®b,_, &b _,®b,_, (21d)
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where the “overline” indicates the complement of the modulo-2 addition.
The total size of bits to be encoded, N, is obtained by summing up the size of the PHR, Lpyg, the length of

the PSDU, Lpgpy (FCS included), the number of tail bits, L1, , and the number of padding bits, Lpap. N
shall be computed according to Equation (21e):

N = Lpur+Lpspu + Lrai + Lpan- (21e)
Note that Lpgpy is zero in the case of a mode switching frame.
Immediately after encoding the PHR and PSDU, a termination sequence with length Ly, = 3 bits (the tail

bits) shall be inserted into the encoder, as shown in Figure 65r. The “so-called tail bits” are required to return
the encoder to the zero state.

Tail bits

PHR PSDU (TOTLT2)

Figure 65r—Data block extension with tail bits prior to coding

The value of the tail bits are dependent on the coding scheme and shall be set as shown in Table 75d.

Table 75d—Tail bit pattern for the RSC and NRNSC encoders

Tail bits
Memory state
(M0-M1) RSC NRNSC
(TOT1T2) (TOT1T2)
000 000 000
100 100 000
010 110 000
110 010 000
001 111 000
101 011 000
011 001 000
111 101 000

When interleaving is used in conjunction with convolutional coding, a padding sequence of Lppp bits shall
be further inserted into the encoder immediately after the tails bits. The padding bits are required to
completely fill up the last interleaver buffer (see 6.12a.1.5). Lpap shall be computed as follows:

Loyr+L Lpyr+L
Lpap = 5, Whenw isodd. Lpap = 13,Whenw is even.

It is strongly recommended to use padding bit patterns that do not contain a long series of '1's or '0's.
Figure 65s and Figure 65t illustrate examples of such patterns.

Copyright © 2010 IEEE. All rights reserved. 67
This is a an unapproved IEEE Standards Draft, subject to change.

CoO~NO O WNPE



coO~NO O WN B

IEEE
P802.15.4g/pre-D3 AMENDMENT 4:

PHR PSDU Tail bits 5-bit padding pattern
(TOT1T2) 01011

Figure 65s—An example of extension with padding bits prior to encoding, when
(Lpyr + Lpspy)/8 is odd

PHR PSDU Tail bits 13-bit padding pattern
(TO T1 T2) 01011 00001011

Figure 65t—An example of extension with padding bits prior to encoding, when
(Lpyr + Lpspy)/8 is even

6.12a.1.5 Code-symbol interleaving

The interleaver is optional. The interleaver is defined by a permutation of code symbols, where each
permuted element contains exactly one code symbol, i.e., a pair of two bits (see 6.12a.1.3). The process of
interleaving is illustrated in Figure 65u.

Y al
'54' INTERLEAVER 4'5'
-—————————————————————————————————————;‘
a a
To[e[e]elel 1 [qle e[e]

4

{e/e[efe] e|e[e]| 0]
START
WRITE READ

Figure 65u—The interleaving block

The sequence S = {s(0), s(1), ..., s(N-1)} exiting the encoder shall be passed to the interleaver in the
following way. The first sample of code symbols shall be passed to the interleaver first in time, and the last
sample of code symbols shall be passed to the interleaver last in time. Additionally, the complete sequence
of code symbols S = {s(0), s(1), ..., s(N-1)} is passed to the interleaver as Ng ock consecutive
subsequences, where each subsequence has a size equal to N\nterLEAV/2 COde-symbols. All subsequences
shall be structured according to Equation (21f) and Equation (21g).

(NgLock—1)

s={s?sY s ) (21f)

i N N N
g {S(j),j —iix INTEZRLEAV, i x INTEZRLEA\/ +1, ., (i +1) % INTEZRLEA\/_ l}, i = [0, Naock—11 (219)
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NgLock and NynTerLeay Values shall be computed according to Equation (21h) and Equation (21i).

NinTERLEAV = 32 (21h)

N/r) 2xN _ N .
N = _( - - N 21
BLock NINTERLEAV 32 16 ( )
N is a non-zero integer multiple of 8, with N > 16 (see Equation (21e)).

For each sequence

st = {s(i), J = ii x N\yrerLeav/ 2, 11 % Nyyrerieav/2 + 1, oo, (11 + 1) x Nyyrepieav/2 - 1}
passed to the interleaver, the index of code-symbols before the interleaver process shall be denoted by j,
where the sample j = ii x Nyyrerieav/2 shall be passed to the interleaving block first in time and the sample
j = (ii+1) x N\yrerieav/2 — 1 shall be passed to the interleaving block last in time. The index k shall be the

index after the interleaving process. The subsequence exiting the interleaving block shall be computed
according to Equation (21j).

s {s(k), k= [(ii +1)x N”“%RLEAV—Q —4xmod(j, 4) - HJ} Vii = [0, Ng_ock — 1] (21j)

The function | x| = floor(x) returns the largest integer value not greater than x.

The deinterleaver, which achieves the inverse operation, uses the same rules as the interleaver. For an input
interleaved subsequence

s = {s(K), k =11 x Njyrepieav/ 2, 11 x Niyrepieav/2 + 1, oo (i1 4+ 1) X Nyyrepieav/2 - 1}
passed to the deinterleaver, the subsequence exiting the deinterleaving block shall be generated according to

Equation (21k). The index k shall denote the index of code-symbols before deinterleaving, and index j shall
denote the index of code-symbols after deinterleaving.

s - {s(j),j - [(ii+1)x'\"“‘%w—1}4xmod(k, 4)-&”}, Vii = [0, Ng ock — 11 (21k)

6.12a.2 Data whitening
Support for data whitening is optional.
When data whitening is enabled at the transmitter, the Data Whitening field of the PHR shall be set to one

(see 6.3a.1.3), and the scrambled data shall be the exclusive or (XOR) of the PSDU with the PN9 sequence,
as described by Equation (211).

E, = R,®PN9, (211
where

E, isthe whitened bit
R,  isthe data bit being whitened
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PN9,, is the PN9 sequence bit

For each packet transmitted with data whitening enabled, Ry is the first bit of the PSDU and the index n
increments for subsequent bits of the PSDU.

For packets received with the Data Whitening field of the PHR set to one, the receiver decodes the scram-
bled data, as described by Equation (21m).

R, = RE, ®PN9, (21m)
where

RE, isthe PSDU bit at the output of the filtered FSK demodulator
R,  isthe PSDU bit after de-whitening

= PN9

Figure 65v—Schematic of the PN9 sequence generator

The seed in the PN9 shall be all ones: "111111111." The PN9 shall be reinitialized to the seed after each
packet (either transmit or receive).

The PN9 generator is clocked starting from the seed. For example, the first 30 bits out of the PN9, once it is
enabled, would be as follows:

PN9,= 09, 01, 05, 03, 14, 15, 1¢, 17, Og, 19, 110, 141, 012, 013, 014, 015, 116, 017, 118, 119, 020, 021, 122, 123, 024,
125, 126, 027, 128, 129

6.12a.3 Mode switch mechanism
The mode switch mechanism is optional.

The mode switch mechanism is enabled by setting the Mode Switch subfield to one. The MR-FSK mode
switch PPDU is transmitted on phyCurrentChannel, and the PPDU containing the PSDU is transmitted on
the channel that corresponds to the same center frequency used for the MR-FSK mode switch PPDU. When
a valid MR-FSK mode switch PPDU (see Figure 27b) is received, a device that supports mode switching
shall change its mode of operation to the new mode defined in the MR-FSK mode switch PPDU, in order to
receive the following frame.

When changing from the current operating mode to the new mode, a settling delay may exist. The settling
delay shall ensure that the receiver maintains correct timing and is ready to receive the new mode PPDU.
Also, the data rate for switching from FSK to FSK is within the data rate range of SUN PHY. The settling
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delay is part of a ModeSwitchDescriptor (see Table 31b). The value specified in the Mode Switch Parameter
Entry field of the PHR (see Figure27d) is the index of the PIB attribute array
phyModeSwitchParameterEntries, which contains the elements of the ModeSwitchDescriptor. How the
Mode Switch Parameter Entry field maps to ModeSwitchDescriptor is exemplified in Table 75e. For the
mode switch operation of FSK->FSK, the symbol rate is changed. For the mode switch operation of FSK-
>4FSK, the modulation order and/or the symbol rate is changed. The Mode Switch Parameter Entry table is
defined by the next higher layer.

Table 75e—An example of mapping between phyModeSwitchParameterEntries[ ] and

ModeSwitchDescriptor
ModeSwitchDescriptor
. . Mode Switch
phyModeSwitchParameterEntries] ] Operation Settling | SecondaryFSK | Secondary
Delay Preamble Length FSKSFD
0 FSK->FSK 20 0 FALSE
1 FSK->4FSK 40 0 FALSE
2 FSK->OFDM 160 n/a n/a
3 FSK->0-QPSK 80 n/a n/a

Reception of the new mode PPDU starts settlingDelay microseconds after the end of the mode switch
PPDU. The reception and rejection of the following frame follows the same mechanism described in 7.5.6.2.
When the new mode PPDU has been received, the receiver shall return to the mode specified by
phyCurrentSUNPageEntry within the SIFS or LIFS period, depending on the received frame length (see
7.5.1.3). If the transmission of an ACK is requested by the transmitter, the ACK is transmitted using the
PHY mode specified by phyCurrentSUNPageEntry.

The sequence of the MR-FSK mode switch PPDU, the optional settling delay, and the PPDU transmitted in
the new PHY mode is shown in Figure 65w.

Settling Delay

(0~256s)
MR-FSK Mode . :
Switch PPDU PPDU Transmitted in the New Mode
Initiate Mode Switch PPDU with payload that is transmitted in new mode

Figure 65w—Transmitting sequence between MR-FSK mode switch PPDU and the new
mode PPDU

Devices employing the mode switch mechanism shall meet the MAC timing requirements of 7.5.1.1.1 and
7.5.1.1.2, using the symbol duration of the default PHY mode.
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The frequency band is not changed by the PHY mode switch mechanism. The center frequency of the
channel is also not changed by a PHY mode switch and channel center frequencies for the various
modulation schemes are aligned as shown in Table 75f.

Table 75f—Channel alignment for 915 MHz band

O~NO O~ WN P

72

FSK (200 kHz) FSK (400 kHz) 0-QPSK OFDM
902.2
902.4 902.4 902.4
902.6
902.8 902.8 902.8
903.0
903.2 903.2 903.2
903.4
903.6 903.6 903.6
903.8
904.0 904.0 904.0 904.0
904.2
904.4 904.4 904.4
904.6
904.8 904.8 904.8
905.0
905.2 905.2 905.2
905.4
905.6 905.6 905.6
905.8
906.0 906.0 906.0 906.0
906.2
906.4 906.4 906.4
906.6
906.8 906.8 906.8
907.0
907.2 907.2 907.2
907.4
907.6 907.6 907.6
907.8
908.0 908.0 908.0 908.0
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Table 75f—Channel alignment for 915 MHz band (continued)

FSK (200 kHz) FSK (400 kHz) 0-QPSK OFDM
908.2
908.4 908.4 908.4
908.6
908.8 908.8 908.8
909.0
909.2 909.2 909.2
909.4
909.6 909.6 909.6
909.8
910.0 910.0 910.0 910.0

| | | :
etc. etc. etc. etc.

6.12a.4 Radio specification

The single-sided clock frequency tolerance T, in ppm, shall be set as follows:

ToxRxhxF,

o
T-m'“( Ryx o x F

50ppm),

where

R is the symbol rate in ksps

h is the modulation index

F is the carrier frequency in MHz

R is 50 ksps

hgis1

Fgis 915 MHz

Tg is 30 ppm for modes in all bands, except at 2450 MHz for which the value of Ty is 40 ppm

In addition, a SUN device shall also satisfy regulatory requirements applicable to frequency tolerance.

Channel switch time is a transmitter parameter defined as the time taken for a transmitter on channel A to
exit that channel, enter channel B, and be ready to transmit on that channel; both channels are co-resident in
a single band defined in Table 1. The channel switching time shall be < 500 ps.

The adjacent channels are those on either side of the desired channel that is closest in frequency to the
desired channel. The adjacent channel rejection shall be greater than or equal to 10 dB.

The alternate channel is more than one removed from the desired channel in the operational bandwidth. The
alternate channel rejection shall be greater than or equal to 30 dB.
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