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Editor’s instructions:  replace Sections 21.3.6 and 21.3.6.1 with the following text:

21.3.6  A Common Preamble

The preamble is the part of the PPDU that is used for packet detection, AGC, frequency offset estimation, synchronization, indication of modulation (SC or OFDM) and channel estimation. The format of the preamble is common to both OFDM packets and SC packets.

The preamble is composed of two parts (Figure XX): the Short Training field and the Channel Estimation field.
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Figure XX – The SC preamble 
21.3.6.1 The Short Training field 
The Short Training field is composed of 16 repetitions of sequences Ga128(n) of length 128 defined in 21.9, followed by a single repetition of –Ga128(n). 
The waveform for the Short Training field is: 
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Where mod is the modulus operation.

Editor’s Instructions.  Replace Section 21.6.3.2.3.3 with the following text.

21.6.3.2.3.3 π/2-16 QAM Modulation

In π/2-16QAM modulation, the input bit stream is grouped into sets of 4 bits and mapped according to the following equation: 
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where k is the output symbol index, k =0, 1, …. Each output symbol is then rotated according to the following equation: 
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. The constellation bit encoding is depicted on Figure 133.
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Figure xxx - 16-QAM constellation bit encoding”

Increase all subsequent numbering of figures by 1.
Editor’s instructions:  replace Sections 21.4.4.1.1, 21.5.4.1.1, and 21.6.4.1.1 with the following text:

21.4.4.1.1 Transmit EVM

The transmit EVM accuracy test shall be performed by instrumentation capable of converting the transmitted signal into a stream of complex samples, with sufficient accuracy in terms of I/Q arm amplitude and phase balance, dc offsets, phase noise, etc.  The instrumentation shall perform carrier lock, symbol timing recovery and amplitude adjustment while making the measurements. The instrumentation shall incorporate a rake receiver to minimize error resulting from multipath. For the CP PHY EVM, the signal is first de-spread using [image: image7.png]Gas,



.  The EVM will then be calculated on the resulting symbols according to the formula below:
· 
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Where 
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 is the number of symbols to be measured and Ns should be greater than 511, 
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is the average power of the constellation, 
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is the complex coordinates of the ith measured symbol, and 
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is the complex coordinates of the ideal constellation point for the ith measured symbol.

The test equipment should use a root-raised cosine filter with roll-off factor of 0.25 for the pulse shaping filter when conducting EVM measurement.

The transmit pulse shaping used is left to the implementer.

The EVM shall not exceed a data-rate dependent value according to Table 58.

Table 58 – EVM requirement for control PHY
	MCS Index
	Description
	EVM Value [dB]

	0
	CP Modulation
	-22 


21.5.4.1.1 Transmit EVM 

The transmit EVM accuracy test shall be performed by instrumentation capable of converting the transmitted signal into a stream of complex samples, with sufficient accuracy in terms of I/Q arm amplitude and phase balance, dc offsets, phase noise, etc. 

The sampled signal shall be processed in a manner similar to an actual receiver, according to the following steps, or an equivalent procedure:

a) 
Start of frame shall be detected.

b) 
Transition from short sequences to channel estimation sequences shall be detected, and fine timing (with one sample resolution) shall be established.

c) 
frequency offsets shall be estimated and corrected.

d)
The frame shall be de-rotated according to estimated frequency offset.

e) 
The complex channel response coefficients shall be estimated for each of the subcarriers using information contained in the preamble (STF and/or CEF)
f)
For each of the data OFDM symbols: transform the symbol into subcarrier received values, estimate the phase from the pilot subcarriers, derotate the subcarrier values according to estimated phase, and divide each subcarrier value with a complex estimated channel response coefficient.

g)
For each data-carrying subcarrier, find the closest constellation point and compute the Euclidean distance from it.

h)
Compute the RMS average of all errors in a packet. It is given by:
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N

 Total number of subcarriers. 
I0,Q0- the ideal constellation point, for I and Q respectively.
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) computed over the ith frame 
The measurements shall occur only on the OFDM symbols, the measurement shall be performed on at least 10 frames with 16 symbols at least in each of them. Random data shall be used.

The EVM RMS error shall not exceed an MCS dependent value as found in the table below:

	MCS Index
	Modulation
	Coding Rate
	EVM Value [dB]

	13
	SQPSK
	½
	-7

	14
	SQPSK 
	5/8
	-9

	15
	QPSK
	½
	-10

	16
	QPSK
	5/8
	-11

	17
	QPSK
	¾
	-13

	18
	16QAM
	½
	-15

	19
	16QAM
	5/8
	-17

	20
	16QAM
	¾
	-19

	21
	16QAM
	13/16
	-20

	22
	64QAM
	5/8
	-24

	23
	64QAM
	¾
	-24

	24
	64QAM
	13/16
	-25


21.6.4.1.1 Transmit EVM 

The transmit EVM accuracy test shall be performed by instrumentation capable of converting the transmitted signal into a stream of complex samples, with sufficient accuracy in terms of I/Q arm amplitude and phase balance, dc offsets, phase noise, etc.   The instrumentation shall perform carrier lock, symbol timing recovery and amplitude adjustment and equalization while making the measurements.  The equalizer shall be trained using information in the SC Preamble (STF and/or CEF).   For the SC PHY EVM, measuring Ns samples at the sample rate, the measured symbols should not contain the first and the last hundred symbols of a given packet (ramp up/down) the EVM will be calculated according to the formula below:
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Where Ns is the number of samples to be measured Ns should be bigger than 8000.

where [image: image24.png]avg



is the average power of the constellation, 
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 is the complex coordinates of the ideal constellation point for the i’th measured symbols .
The test equipment should use a root-raised cosine filter with roll-off factor of 0.25 for the pulse shaping filter when conducting EVM measurement.

The transmit pulse shaping used is left to the implementer.

The relative constellation error (EVM) shall not exceed a MCS dependent value according to the Table below: 
	MCS Indexes
	Modulation
	Coding Rate
	EVM Value [dB]

	1
	π/2-BPSK
	½ with repetition
	-6

	2
	π/2-BPSK
	1/2
	-9

	3
	π/2-BPSK
	5/8
	-10

	4
	π/2-BPSK
	3/4
	-11

	5
	π/2-BPSK
	13/16
	-12

	6
	π/2-QPSK
	1/2
	-14

	7
	π/2-QPSK
	5/8
	-15

	8
	π/2-QPSK
	3/4
	-16

	9
	π/2-QPSK
	13/16
	-17

	10
	π/2-16QAM
	1/2
	-20

	11
	π/2-16QAM
	5/8
	-21

	12
	π/2-16QAM
	3/4
	-22


Editor’s instructions:  replace the text in 21.8.2.2.3 and 21.8.2.2.5 with the following text:

21 Beam Refinement AGC field 

The beam refinement AGC fields are composed of 4N repetitions of the sequence [Ga64 Ga64 Ga64 Ga64 Ga64 ] when the packet is transmitted using the OFDM or SC PHY and [Gb64 Gb64 Gb64 Gb64 Gb64 ] when the packet is transmitted using the Control PHY. The sequences Ga64 and Gb64 are defined in 21.9. The sequences are transmitted using rotated π/2-BPSK modulation. 
In a BRP-TX packet, the transmitter may change the TX AWV configuration at the beginning of each AGC field. Any transmit signal transients that occur due to this TX AWV configuration change shall completely settle by the end of the first Ga64 or Gb64 sub-sequence. 

In a BRP-RX packet, the transmitter shall use the same TX AWV as in the preamble and data fields of the packet.

21.8.2.2.5 Beam Refinement TRN-T field 

The TRN-T field enables transmitter AWV training. The TRN-T field has the form:

	CE
	T1
	T2
	T3
	T4
	CE
	T5
	T6
	T7
	T8
	…


Each subfield CE matches the Channel Estimation field that is transmitted in the packet preamble. The 4N fields T1 through T4N each consist of the sequence [Ga128 -Gb128 Ga128 Gb128 Ga128]. The sequences Ga128 and Gb128 are defined in Table 67 and Table 68, respectively, in subclause 21.9. The sequences are transmitted using rotated π/2-BPSK modulation. When transmitting the CE subfield, the transmitter shall use the same AWV as in the preamble and data fields of the packet. Any transmit signal transients that occur due to TX AWV configuration changes between subfields shall completely settle by the end of the first 64 samples of the subfield. 

Editor’s instructions:  replace Table 74 in section 21.10.4 with the following text:

Table 74 – mmWave PHY Characteristics

	PHY Parameter
	Value

	aRIFSTime
	1usec

	aSIFSTime
	3usec

	aDataPreambleLength
	1745ns

	aControlPHYPreambleLength
	3564ns

	aSBIFSTime
	1usec

	aAirPropagationTime
	<< 1usec

	aMmWaveDetectionThres
	-48 dBm

	aBRPIFS
	40 usec

	aSlotTime
	3usec
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