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17.1 Introduction

Insert the following paragraph at the end of the clause 17.1:

The OFDM system also provides a “eighth-clocked” operation using 2.5 MHz channel spacing with data communication capabilities of .75, 1.1, 1.5, 2.25, 3, 4.5, 6, and 6.7 Mbit/s. The support of transmitting and receiving at data rates of .75, 1.5, and 3 Mbit/s is mandatory when using 2.5 MHz channel spacing. The eighth-clocked operation multiplies symbol times and clear channel assessment (CCA) times by a factor of eight when using 2.5 MHz channel spacing. The regulatory requirements and information regarding use of this OFDM system are in Annex I and Annex J.
17.2.2 TXVECTOR parameters

 Change the following row in Table 17-1 in clause 17.2.2:
Table 17-1—TXVECTOR parameters
	Parameter 
	Associate primitive 
	Value 

	DATATRATE 
	PHY-TXSTART.request (TXVECTOR) 
	6, 9, 12, 18, 24, 36, 48, and 54 Mbit/s for 20 MHz channel spacing (Support of 6, 12, and 24 data rates is mandatory.) 


	
	
	3, 4.5, 6, 9, 12, 18, 24, and 27 Mbit/s for 10 MHz channel spacing (Support of 3, 6, and 12 data rates is mandatory.) 


	
	
	1.5, 2.25, 3, 4.5, 6, 9, 12, and 13.5 Mbit/s for 5 MHz channel spacing (Support of 1.5, 3, and 6 Mbit/s is mandatory)  



	
	
	.75, 1.1, 1.5, 2.25, 3, 4.5, 6, and 6.7 Mbit/s for 2.5 MHz channel spacing (Support of .75, 1.5, and 3 Mbit/s is mandatory)


17.2.2.2 TXVECTOR DATARATE

Insert in clause 17.2.2.2 as shown:

The DATARATE parameter describes the bit rate at which the PLCP shall transmit the PSDU. Its value can be any of the rates defined in Table 97. Data rates of 6, 12, and 24 Mbit/s shall be supported for 20 MHz channel spacing, data rates of 3, 6, and 12 Mbit/s shall be supported for 10 MHz channel spacing, and data rates of 1.5, 3, and 6 Mbit/s shall be supported for 5 MHz channel spacing, and data rates of .75, 1.5, and 3 Mbit/s shall be supported for 2.5 MHz channel spacing; other rates may also be supported.

17.2.3 RXVECTOR parameters
 Change the following row in Table 17-2 in clause 17.2.3:
Table 17-2—RXVECTOR parameters
	Parameter 
	Associate primitive 
	Value 

	DATARATE 
	PHY-RXSTART.request 

(RXVECTOR) 
	6, 9, 12, 18, 24, 36, 

48, and 54 Mbit/s for 20 MHz channel spacing (Support of 6, 12, and 24 data rates is mandatory.) 

	
	
	3, 4.5, 6, 9, 12, 18, 24, 

and 27 Mbit/s for 10 MHz channel spacing (Support of 3, 6, and 12 data rates is mandatory.) 


	
	
	1.5, 2.25, 3, 4.5, 6, 9, 12, and 13.5 Mbit/s for 5 MHz channel spacing (Support of 1.5, 3, and 6 Mbit/s is mandatory)  



	
	
	.75, 1.1, 1.5, 2.25, 3, 4.5, 6, and 6.7 Mbit/s for 2.5 MHz channel spacing (Support of .75, 1.5, and 3 Mbit/s is mandatory)


17.2.3.3 DATARATE

Insert in clause 17.2.3.3 as shown:

DATARATE shall represent the data rate at which the current PPDU was received. The allowed values of the DATARATE are 6, 9, 12, 18, 24, 36, 48, or 54 Mbit/s for 20 MHz channel spacing,; 3, 4.5, 6, 9, 12, 18, 24, or 27 Mbit/s for 10 MHz channel spacing; and 1.5, 2.25, 3, 4.5, 6, 9, 12, or 13.5 Mbit/s for 5 MHz channel spacing; and  .75, 1.1, 1.5, 2.25, 3, 4.5, 6, and 6.7 Mbit/s for 2.5 MHz channel spacing.

17.3.2.2 Modulation-dependent parameters

Change Table 17-3 in clause 17.3.2.2 as shown:
Table 17-3—Modulation-dependent parameters
	Modulation 
	Coding rate (R) 
	Coded bits per subcarrier (NBPSC) 
	Coded bits per OFDM symbol (NCBPS) 
	Data bits per OFDM symbol (NDBPS) 
	Data rate (Mbit/s) (20 MHz channel spacing) 
	Data rate (Mbit/s) (10 MHz channel spacing) 
	Data rate (Mbit/s) (5 MHz channel spacing)
	Data rate (Mbit/s) (2.5 MHz channel spacing)

	BPSK 
	1/2 
	1 
	48 
	24 
	6 
	3 
	1.5
	.75

	BPSK 
	3/4 
	1 
	48 
	36 
	9 
	4.5 
	2.25
	1.1

	QPSK 
	1/2 
	2 
	96 
	48 
	12 
	6 
	3
	1.5

	QPSK 
	3/4 
	2 
	96 
	72 
	18 
	9 
	4.5
	2.25

	16-QAM 
	1/2 
	4 
	192 
	96 
	24 
	12 
	6
	3

	16-QAM 
	3/4 
	4 
	192 
	144 
	36 
	18 
	9
	4.5

	64-QAM 
	2/3 
	6 
	288 
	192 
	48 
	24 
	12
	6

	64-QAM 
	3/4 
	6 
	288 
	216 
	54 
	27 
	13.5
	6.7


17.3.2.3 Timing related parameters

Change Table 17-4 in clause 17.3.2.3 as shown:

Table 17-4—Timing-related parameters
	Parameter 
	Value (20 MHz channel spacing) 
	Value (10 MHz channel spacing) 
	Value (5 MHz channel spacing)
	Value (2.5 MHz channel spacing)

	NSD: Number of data subcarriers 
	48 
	48 
	48 
	48 

	NSP: Number of pilot subcarriers 
	4 
	4 
	4 
	4 

	NST: Number of subcarriers, total 
	52 (NSD+ NSP) 
	52 (NSD+ NSP) 
	52 (NSD+ NSP) 
	52 (NSD+ NSP) 

	ΔF: Subcarrier frequency spacing 
	0.3125 MHz (=20 MHz/64) 
	0.15625 MHz (= 10 MHz/64) 
	0.078125 MHz (= 5 MHz/64) 
	0.0390625 MHz (= 2.5 MHz/64) 

	TFFT: Inverse Fast Fourier Transform (IFFT) / Fast Fourier Transform (FFT) period 
	3.2 μs (1/ΔF) 
	6.4 µs (1/ΔF) 
	12.8 µs (1/ΔF) 
	25.6 µs (1/ΔF) 

	TPREAMBLE: PLCP preamble duration 
	16 μs (TSHORT + TLONG) 
	32 µs (TSHORT+ TLONG) 
	64 µs (TSHORT+ TLONG) 
	128 µs (TSHORT+ TLONG) 

	TSIGNAL: Duration of the SIGNAL BPSK-OFDM symbol 
	4.0 μs (TGI+ TFFT) 
	8.0 µs (TGI+ TFFT) 
	16.0 µs (TGI+ TFFT) 
	32.0 µs (TGI+ TFFT) 

	TGI: GI duration 
	0.8 μs (TFFT/4) 
	1.6 µs (TFFT/4) 
	3.2 µs (TFFT/4) 
	6.4 µs (TFFT/4) 

	TGI2: Training symbol GI duration 
	1.6 μs (TFFT/2) 
	3.2 µs (TFFT/2) 
	6.4 µs (TFFT/2) 
	12.8 µs (TFFT/2) 

	TSYM: Symbol interval 
	4 μs (TGI+ TFFT) 
	8 µs (TGI+ TFFT) 
	16 µs (TGI+ TFFT) 
	32 µs (TGI+ TFFT) 

	TSHORT: Short training sequence duration 
	8 μs (10 × TFFT /4) 
	16 µs (10 × TFFT/4) 
	32 µs (10 × TFFT/4) 
	64 µs (10 × TFFT/4) 

	TLONG: Long training sequence duration 
	8 μs (TGI2+ 2 × TFFT) 
	16 µs (TGI2+ 2 × TFFT) 
	32 µs (TGI2+ 2 × TFFT) 
	64 µs (TGI2+ 2 × TFFT) 


17.3.2.4 Mathematical conventions in the signal descriptions

Change the third paragraph of clause 17.3.2.4 as shown:

 The subframes of which Equation (7) are composed are described in 17.3.3, 17.3.4, and 17.3.5.9. The time offsets tSUBFRAME determine the starting time of the corresponding subframe; tSIGNAL is equal to 16 µs for

20 MHz channel spacing, 32 µs for 10 MHz channel spacing, and 64 µs for 5 MHz channel spacing, and 128 µs for 2.5 MHz channel spacing, and tDATA is equal to 20 µs for 20 MHz channel spacing, 40 µs for 10 MHz channel spacing, and 80 µs for 5 MHz channel spacing, and 160 µs for 2.5 MHz channel spacing.

17.3.3 PLCP preamble (SYNC)

Change the first paragraph of clause 17.3.3 as shown:

The PLCP Preamble field is used for synchronization. It consists of 10 short symbols and two long symbols that are shown in Figure 17-4 and described in this subclause. The timings described in this subclause and shown in Figure 17-4 are for 20 MHz channel spacing, are doubled for half-clocked (i.e., 10 MHz) channel spacing, and are quadrupled for quarter-clocked (i.e., 5 MHz) channel spacing, and are multiplied by 8 for eighth-clocked (i.e., 2.5 MHz) channel spacing.

17.3.4.1 RATE field

Change Table 17.5 in clause 17.3.4.1 as shown:

Table 17-5—Contents of the SIGNAL field
	R1–R4 
	Rate (Mbit/s) (20 MHz channel spacing) 
	Rate (Mbit/s) (10 MHz channel spacing) 
	Rate (Mbit/s) (5 MHz channel spacing)
	Rate (Mbit/s) (2.5 MHz channel spacing)

	1101 
	6 
	3 
	1.5
	.75

	1111 
	9 
	4.5 
	2.25
	1.1

	0101 
	12 
	6 
	3
	1.5

	0111 
	18 
	9 
	4.5
	2.25

	1001 
	24 
	12 
	6
	3

	1011 
	36 
	18 
	9
	4.5

	0001 
	48 
	24 
	12
	6

	0011 
	54 
	27 
	13.5
	6.7


17.3.8.1 Outline description

Change Table 17-11 in clause 17.3.8.1 as shown:

Table 17-11—Major parameters of the OFDM PHY

	Information data rate 
	6, 9, 12, 18, 24, 36, 48 and 54 Mbit/s (6, 12 and 24 Mbit/s are mandatory) (20 MHz channel spacing) 
	3, 4.5, 6, 9, 12, 18, 24, and 27 Mbit/s (3, 6, and 12 Mbit/s are mandatory) (10 MHz channel spacing) 
	1.5, 2.25, 3, 4.5, 6, 9, 12, and 13.5 Mb/s (1.5, 3, and 6 Mbit/s are mandatory) (5 MHz channel spacing)
	.75, 1.1, 1.5, 2.25, 3, 4.5, 6, and 6.7 Mbit/s (.75, 1.5, and 3 Mbit/s are mandatory) (2.5 MHz channel spacing) 

	Modulation 
	BPSK OFDM 

QPSK OFDM 

16-QAM OFDM 

64-QAM OFDM 
	BPSK OFDM 

QPSK OFDM 

16-QAM OFDM 

64-QAM OFDM 
	BPSK OFDM 

QPSK OFDM 

16-QAM OFDM 

64-QAM OFDM 
	BPSK OFDM 

QPSK OFDM 

16-QAM OFDM 

64-QAM OFDM 

	Error correcting code 
	K = 7 (64 states) convolutional code 
	K = 7 (64 states) convolutional code 
	K = 7 (64 states) convolutional code 
	K = 7 (64 states) convolutional code 

	Coding rate 
	1/2, 2/3, 3/4 
	1/2, 2/3, 3/4 
	1/2, 2/3, 3/4 
	1/2, 2/3, 3/4 

	Number of subcarriers 
	52 
	52 
	52 
	52 

	OFDM symbol duration 
	4.0 µs 
	8.0 µs 
	16.0 µs 
	32.0 µs 

	GI 
	0.8 µsa (TGI) 
	1.6 µs (TGI) 
	3.2 µs (TGI) 
	6.4 µs (TGI) 

	Occupied bandwidth 
	16.6 MHz 
	8.3 MHz 
	4.15 MHz 
	2.075 MHz 


17.3.8.6 Slot time

Change the first paragraph of clause 17.3.8.6 as shown:

The slot time for the OFDM PHY shall be 9 µs for 20 MHz channel spacing,  shall be 13 µs for 10 MHz channel spacing, and shall be 21 µs for 5 MHz channel spacing, and shall be 37 µs for 2.5 MHz channel spacing.
17.3.9.2 Transmit spectrum mask

Create Figure 17-12d by copying Figure 17-12c and changing the Frequency axis entries to -3.75, -2.5, -1.375, -1.125, 1.125, 1.375, 2.5 and 3.75. Also change the label to, “Figure 17-12d—Transmit spectrum mask for 2.5 MHz transmission”.
17.3.9.4 Transmit center frequency tolerance

Change clause 17.3.9.4 as shown:

The transmitted center frequency tolerance shall be ±20 ppm maximum for 20 MHz and 10 MHz channels, and shall be ±10 ppm maximum for 5 MHz and 2.5 MHz channels. The transmit center frequency and the symbol clock frequency shall be derived from the same reference oscillator.

17.3.9.5 Symbol clock frequency tolerance

Change clause 17.3.9.5 as shown:
The symbol clock frequency tolerance shall be ±20 ppm maximum for 20 MHz and 10 MHz channels, and shall be ±10 ppm maximum for 5 MHz and 2.5 MHz channels. The transmit center frequency and the symbol clock frequency shall be derived from the same reference oscillator.
17.3.10.1 Receiver minimum input sensitivity

Change Table 17-13 in clause 17.3.10.1 as shown:

Table 17-13—Receiver performance requirements

	Modulation 
	Coding rate (R) 
	Adjacent channel rejection (dB) 
	Alternate adjacent channel rejection (dB) 
	Minimum sensitivity (dBm) (20 MHz channel spacing) 
	Minimum sensitivity (dBm) (10 MHz channel spacing) 
	Minimum sensitivity (dBm) (5 MHz channel spacing
	Minimum sensitivity (dBm) (2.5 MHz channel spacing

	BPSK 
	1/2 
	16 
	32 
	–82 
	–85 
	-88
	-91

	BPSK 
	3/4 
	15 
	31 
	–81 
	–84 
	-87
	-90

	QPSK 
	1/2 
	13 
	29 
	–79 
	–82 
	-85
	-88

	QPSK 
	3/4 
	11 
	27
	–77 
	–80 
	-83
	-86

	16-QAM 
	1/2 
	8
	24 
	–74 
	–77 
	-80
	-83

	16-QAM 
	3/4 
	4
	20 
	–70 
	–73 
	-77
	-80

	64-QAM 
	2/3 
	0
	16 
	–66 
	–69 
	-72
	-75

	64-QAM 
	3/4 
	–1 
	15 
	–65 
	–68 
	-71
	-74


17.3.10.5 CCA sensitivity
Change clause 17.3.10.5 as shown:

The start of a valid OFDM transmission at a receive level equal to or greater than the minimum modulation

and coding rate sensitivity (–82 dBm for 20 MHz channel spacing,  –85 dBm for 10 MHz channel spacing, and -88 dBm for 5 MHz channel spacing, and -91 dBm for 2.5 MHz channel spacing) shall cause CCA to indicate busy with a probability > 90% within 4 µs for 20 MHz channel spacing, 8 µs for 10 MHz channel spacing, and 16 µs for 5 MHz channel spacing, and 32 µs for 2.5 MHz channel spacing. If the preamble portion was missed, the receiver shall hold the CS signal busy for any signal 20 dB above the minimum modulation and coding rate sensitivity (–62 dBm for 20 MHz channel spacing, –65 dBm for 10 MHz channel spacing, and –68 dBm for 5 MHz channel spacing, and –71 dBm for 2.5 MHz channel spacing).

NOTE—CCA detect time is based on finding the short sequences in the preamble, so when TSYM  doubles, so does CCA detect time.
17.4.2 OFDM PHY MIB

Change the following rows in Table 17-14 in clause 17.4.2: 

Table 17-14—MIB attribute default values/ranges
	Managed object 
	Default value/range 
	Operational semantics 

	dot11SupportedDataRatesTxTable 

	dot11 Supported data rates Tx value 
	6, 9, 12, 18, 24, 36, 48, and 54 Mbit/s for 20 MHz channel spacing (Mandatory rates: 6, 12, and 24) 

3, 4.5, 6, 9, 12, 18, 24, and 27 Mbit/s for 10 MHz channel spacing (Mandatory rates: 3, 6, and 12) 

1.5, 2.25, 3, 4.5, 6, 9, 12, and 13.5 Mb/s for 5 MHz channel spacing (Mandatory rates: 1.5, 3, and 6)
.75, 1.1, 1.5, 2.25, 3, 4.5, 6, and 6.7 Mbit/s for 2.5 MHz channel spacing (Support of .75, 1.5, and 3 Mbit/s is mandatory)
	Static 

	dot11SupportedDataRatesRxTable 

	dot11 Supported data rates Rx value 
	6, 9, 12, 18, 24, 36, 48, and 54 Mbit/s for 20 MHz channel spacing (Mandatory rates: 6, 12, and 24) 

3, 4.5, 6, 9, 12, 18, 24, and 27 Mbit/s for 10 MHz channel spacing (Mandatory rates: 3, 6, and 12) 

1.5, 2.25, 3, 4.5, 6, 9, 12, and 13.5 Mb/s for 5 MHz channel spacing (Mandatory rates: 1.5, 3, and 6)
.75, 1.1, 1.5, 2.25, 3, 4.5, 6, and 6.7 Mbit/s for 2.5 MHz channel spacing (Support of .75, 1.5, and 3 Mbit/s is mandatory)
	Static 


17.4.4 OFDM PHY characteristics

Change Table 111 in clause 17.4.4 as shown:

Table 111—OFDM PHY characteristics

	Characteristics 
	Value (20 MHz channel spacing) 
	Value (10 MHz channel spacing) 
	Value (5 MHz channel spacing)
	Value (2.5 MHz channel spacing)

	aSlotTime 
	9 µs 
	13 µs 
	21 µs 
	37 µs 

	aSIFSTime 
	16 µs 
	32 µs 
	64 µs
	128 µs

	aCCATime 
	< 4 µs 
	< 8 µs 
	<16 µs
	<32 µs

	aPHY-RX-START-Delay 
	24 µs 
	48 µs 
	96 µs
	192 µs

	aRxTxTurnaroundTime 
	< 2 µs 
	< 2 µs 
	<2 µs
	<2 µs

	aTxPLCPDelay 
	Implementation dependent 
	Implementation dependent 
	Implementation dependent
	Implementation dependent

	aRxPLCPDelay 
	Implementation dependent 
	Implementation dependent 
	Implementation dependent
	Implementation dependent

	aRxTxSwitchTime 
	<< 1 µs 
	<< 1 µs 
	<< 1 µs
	<< 1 µs

	aTxRampOnTime 
	Implementation dependent 
	Implementation dependent 
	Implementation dependent
	Implementation dependent

	aTxRampOffTime 
	Implementation dependent 
	Implementation dependent 
	Implementation dependent
	Implementation dependent

	aTxRFDelay 
	Implementation dependent 
	Implementation dependent 
	Implementation dependent
	Implementation dependent

	aRxRFDelay 
	Implementation dependent 
	Implementation dependent 
	Implementation dependent
	Implementation dependent

	aAirPropagationTime 
	<< 1 µs 
	<< 1 µs 
	<< 1 µs
	<< 1 µs

	aMACProcessingDelay 
	< 2 µs 
	< 2 µs 
	< 2 µs
	< 2 µs

	aPreambleLength 
	16 µs 
	32 µs 
	64 µs
	128 µs

	aPLCPHeaderLength 
	4 µs 
	8 µs 
	16 µs
	32 µs

	aMPDUMaxLength 
	4095 
	4095 
	4095
	4095

	aCWmin 
	15 
	15 
	15
	15

	aCWmax 
	1023 
	1023 
	1023
	1023


17.5.4.3 PMD_SAP service primitive parameters

Change Table 17-18 in clause 17.5.4.3 as shown: 
Table 17-18—List of parameters for the PMD primitives

	Parameter 
	Associate primitive 
	Value (20 MHz channel spacing) 
	Value (10 MHz channel spacing) 
	Value (5 MHz channel spacing)
	Value (2.5 MHz channel spacing)

	TXD_UNIT 
	PMD_DATA.request 
	One(1), Zero(0): one OFDM symbol value 
	One(1),Zero(0): one OFDM symbol value 
	One(1),Zero(0): one OFDM symbol value 
	One(1),Zero(0): one OFDM symbol value 

	RXD_UNIT 
	PMD_DATA.indicate 
	One(1), Zero(0): one OFDM symbol value 
	One(1),Zero(0): one OFDM symbol value 
	One(1),Zero(0): one OFDM symbol value 
	One(1),Zero(0): one OFDM symbol value 

	TXPWR_LEVEL 
	PMD_TXPWRLVL.request 
	1–8 (max of 8 levels) 
	1–8 (max of 8 levels) 
	1–8 (max of 8 levels) 
	1–8 (max of 8 levels) 

	RATE 
	PMD_RATE.request 
	12 Mbit/s (for BPSK) 24 Mbit/s (for QPSK) 48 Mbit/s (for 16-QAM) 

72 Mbit/s (for 64-QAM) 
	6 Mbit/s (for BPSK) 

12 Mbit/s (for QPSK) 

24 Mbit/s (for 16-QAM) 

36 Mbit/s (for 64-QAM) 
	3 Mbit/s (for BPSK)

6 Mbit/s (for QPSK)

12 Mbit/s (for 16-QAM)

18 Mbit/s (for 64-QAM)
	1.5 Mbit/s (for BPSK)

3 Mbit/s (for QPSK)

6 Mbit/s (for 16-QAM)

9 Mbit/s (for 64-QAM)

	RSSI 
	PMD_RSSI.indicate 
	0–8 bits of RSSI 
	0–8 bits of RSSI 
	0–8 bits of RSSI
	0–8 bits of RSSI





Abstract


This document contains modifications for the use of 2.5 MHz channels widths (1/8 clock).
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