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Comment 23: Specify the base rate

Resolution: The HSI-OFDM base rate shall be 59 Mbps (MCS #0)

The following s MCSs are mandatory: 
0, 1, 2, 3, and 4.
Table 1 – Data field rate-dependent parameters

	M

C
S
	Data Rate (Mbps)
	Modulation scheme
	Coding mode
	Outer FEC rate
(RO)
	Inner FEC rate (RI)
	Spreading factor
(Lf)
	Spread & coded bits/sym.
(NSCBPS)
	Coded bits/sym.
(NCBPS)
	Data info* bits/sym. (NIBPS)

	
	
	
	
	
	MSB

	LSB

	
	
	
	MSB

	LSB


	0
	59
	QPSK
	EEP
	0.94
	1/2
	24
	672
	28
	14

	1
	708
	QPSK
	
	0.94
	1/2
	2
	672
	336
	168

	2
	1416
	QPSK
	
	0.94
	1/2
	1
	672
	672
	336

	3
	2124
	QPSK
	
	0.94
	3/4
	1
	672
	672
	504

	4
	2478
	QPSK
	
	0.94
	7/8
	1
	672
	672
	588

	5
	2832
	16-QAM
	
	0.94
	1/2
	1
	1344
	1344
	672

	6
	4248
	16-QAM
	
	0.94
	3/4
	1
	1344
	1344
	1008

	7
	4956
	16-QAM
	
	0.94
	7/8
	1
	1344
	1344
	1176

	8
	6372
	64-QAM
	
	0.94
	3/4
	1
	2016
	2016
	1512

	9
	1512
	QPSK
	EEP
	1
	1/2
	1
	672
	672
	336

	10
	2664
	QPSK
	
	1
	7/8
	1
	672
	672
	588

	11
	4536
	16-QAM
	
	1
	3/4
	1
	1344
	1344
	1008

	12
	1770
	QPSK
	UEP
	0.94
	1/2
	3/4
	1
	672
	672
	336
	504

	13
	2301
	QPSK
	
	0.94
	3/4
	7/8
	1
	672
	672
	504
	588

	14
	3540
	16QAM
	
	0.94
	1/2
	3/4
	1
	1344
	1344
	672
	1008

	15
	4602
	16QAM
	
	0.94
	3/4
	7/8
	1
	1344
	1344
	1008
	1176


* Reed Solomon encoded bits when RS is used.
Comment 71: Tables 142, 143 & 144 contain the same value.
Resolution: correct Tables are provided below:

Table 142– Length 128 Golay codes a128 in hexadecimal format

	Re[a128,1]
	FA3663AF5063C9FA05C99C505063C9FA

	Im[a128,1]
	509CC90505369CAFAF6336FA05369CAF

	Re[a128,2]
	C60A5F93390AA093C60A5F93C6F55F6C

	Im[a128,2]
	F5396CA00A3993A0F5396CA0F5C66C5F

	Re[a128,3]
	6CF55F39C65F0A6C930AA0C6C65F0A6C

	Im[a128,3]
	C6A00A9393F5A039395FF56C93F5A039

	Re[a128,4]
	F066960055C333A5553C335AF09996FF

	Im[a128,4]
	AAC3CCA5F09996FFF0669600AA3CCC5A


Table 143 – Length 512 Golay complementary codes a512 in hexadecimal format

	Re[a512,1]
	5F6CF5C6A06C0AC693A0C6F5935FC60A5F6CF5C6A06C0AC66C5F390A6CA039F55F6CF5C6A06C0AC693A0C6F5935FC60AA0930A395F93F53993A0C6F5935FC60A

	Im[a512,1]
	6C5F390A935FC60A5F6CF5C65F93F5396C5F390A935FC60AA0930A39A06C0AC66C5F390A935FC60A5F6CF5C65F93F53993A0C6F56CA039F55F6CF5C65F93F539

	Re[a512,2]
	0096C3AA5ACC660F5A3366F00069C3550096C3AA5ACC660FA5CC990FFF963CAAFF693C55A53399F0A5CC990FFF963CAA0096C3AA5ACC660FA5CC990FFF963CAA

	Im[a512,2]
	A5CC990F0069C3550096C3AAA53399F0A5CC990F0069C355FF693C555ACC660F5A3366F0FF963CAAFF693C555ACC660FA5CC990F0069C355FF693C555ACC660F

	Re[a512,3]
	39F5AF6336055F6C39F5AF63C9FAA093C60A509CC9FAA09339F5AF63C9FAA09339F5AF6336055F6C39F5AF63C9FAA09339F5AF6336055F6CC60A509C36055F6C

	Im[a512,3]
	C905A06C390AAF9CC905A06CC6F5506336FA5F93C6F55063C905A06CC6F55063C905A06C390AAF9CC905A06CC6F55063C905A06C390AAF9C36FA5F93390AAF9C

	Re[a512,4]
	AF9CC9FAAF63C905AF9CC9FA509C36FA9CAFFAC99C50FA36635005369C50FA36AF9CC9FAAF63C905AF9CC9FA509C36FA6350053663AF05C99CAFFAC963AF05C9

	Im[a512,4]
	6350053663AF05C9635005369C50FA36AF9CC9FAAF63C90550633605AF63C9056350053663AF05C9635005369C50FA3650633605509C36FAAF9CC9FA509C36FA


Table 144 – Length 512 Golay complementary codes b512 in hexadecimal format

	Re[b512,1]
	AF9C0536509CFA366350360563AF36FAAF9C0536509CFA369CAFC9FA9C50C905AF9C0536509CFA366350360563AF36FA5063FAC9AF6305C96350360563AF36FA

	Im[b512,1]
	9CAFC9FA63AF36FAAF9C0536AF6305C99CAFC9FA63AF36FA5063FAC9509CFA369CAFC9FA63AF36FAAF9C0536AF6305C9635036059C50C905AF9C0536AF6305C9

	Re[b512,2]
	F066335AAA3C96FFAAC39600F09933A5F066335AAA3C96FF553C69FF0F66CC5A0F99CCA555C36900553C69FF0F66CC5AF066335AAA3C96FF553C69FF0F66CC5A

	Im[b512,2]
	553C69FFF09933A5F066335A55C36900553C69FFF09933A50F99CCA5AA3C96FFAAC396000F66CC5A0F99CCA5AA3C96FF553C69FFF09933A50F99CCA5AA3C96FF

	Re[b512,3]
	C9055F93C6F5AF9CC9055F93390A506336FAA06C390A5063C9055F93390A5063C9055F93C6F5AF9CC9055F93390A5063C9055F93C6F5AF9C36FAA06CC6F5AF9C

	Im[b512,3]
	39F5509CC9FA5F6C39F5509C3605A093C60AAF633605A09339F5509C3605A09339F5509CC9FA5F6C39F5509C3605A09339F5509CC9FA5F6CC60AAF63C9FA5F6C

	Re[b512,4]
	5F6C390A5F9339F55F6C390AA06CC60A6C5F0A396CA00AC693A0F5C66CA00AC65F6C390A5F9339F55F6C390AA06CC60A93A0F5C6935FF5396C5F0A39935FF539

	Im[b512,4]
	93A0F5C6935FF53993A0F5C66CA00AC65F6C390A5F9339F5A093C6F55F9339F593A0F5C6935FF53993A0F5C66CA00AC6A093C6F5A06CC60A5F6C390AA06CC60A


Comment 62: SFD figure 146 is wrong (remove) and table 145 has the wrong description
Resolution: Remove figure 146 and replace table 145 by the following table.

Table 145 – SFD patterns

	Piconet number
	1
	2
	3
	4

	Header rate of 39 Mbps & short CES
	[-1 -1 -1 -1]
	[-1 –j +1 +j]
	[-1 +1 -1 +1]
	[-1 +j +1 –j]

	Header rate of 936 Mbps & short CES
	[-1 -1 +1 +1]
	[-1 –j -1 –j]
	[-1 +1 +1 -1]
	[-1 +j -1 +j]

	Header rate of 39 Mbps & long CES
	[-1 -1 +1 -1]
	[-1 –j -1 +j]
	[-1 +1 +1 +1]
	[-1 +j -1 -j]

	Header rate of 936 Mbps & long CES
	[-1 -1 -1 +1]
	[-1 –j +1 –j]
	[-1 +1 -1 -1]
	[-1 +j +1 +j]


Comment 61: Spreading Step is missing from HSI-OFDM
Resolution: Add the following step to the data field (step 6) and the Text shown below for the spreader description:
1. Compute the FCS (4 octets) over frame payload,

2. Form the unscrambled data field by appending the frame payload with 4-octet FCS and a sufficient number of pad bits (see 12.4.1) to ensure that the frame payload is aligned on the OFDM symbol boundary,

3. Scramble the resulting combination according to 12.5,

4. Encode and interleave the scrambled data field as specified in 12.6,
5. Map the data field onto the appropriate constellation as described in 12.7,

6. Spread the QPSK and QAM modulated signal according to 12.8,

7. Interleave the spread data with the tone interleaver as described in 12.9,

8. Modulate the resulting complex values with the OFDM modulator described in 12.10,
9. Insert PCES periodically as described in 12.11.

12.8 The spreader

The spreading factor in relationship to the data rate in the data field, base frame header field and optional frame header field is specified in Tables 1, 2, and 3 specifically. The spreading rules shall be the same for all three fields.

12.8.1 Spreader for spreading factor of 1

For a spreading factor of 1, the modulated QPSK and QAM complex values a(k), where k = 0, 1, 2, … at the output of the constellation mapper shall be grouped into sets of 336 complex numbers. Each group shall be assigned to an OFDM symbol. We shall denote this by writing the complex number bk,n, as
[image: image1.png]335.n
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where n is the OFDM symbol number. Each group shall be passed to the tone interleaver before being modulated by the OFDM modulator into an OFDM symbol.

12.8.2 Spreader for spreading factor of 2

For a spreading factor of 2, the modulated QPSK complex values a(k), where k = 0, 1, 2, … at the output of the constellation mapper shall be grouped into sets of 168 complex numbers. We shall denote this by writing the complex number ak,n, as
[image: image2.png]for
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where n is the group number. Each group shall be spread by a factor of two to generate a block of 336 complex numbers as follows:

[image: image3.png]



Each spread group shall be passed to the tone interleaver before being modulated by the OFDM modulator into an OFDM symbol.

12.8.3 Spreader for spreading factor of 24

For a spreading factor of 24, the modulated QPSK complex values a(k), where k = 0, 1, 2, … at the output of the constellation mapper shall be grouped into sets of 14 complex numbers. We shall denote this by writing the complex number ak,n, as
[image: image4.png]



where n is the group number. Each group shall be spread by a factor of 24 to generate a block of 336 complex numbers as follows:
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where q is a length 12 sequence given by:
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and the function floor() rounds its argument to the nearest integer toward minus infinity. Each spread group shall be passed to the tone interleaver before being modulated into an OFDM symbol.

Comment 65: Constellation normalization factor is wrong incorrect in Table 153.

Resolution: Replace Table 153 by the following:
Table 153 - Modulation-dependent normalization factor

	Modulation
	KMOD

	QPSK
	1/√1+d2

	16-QAM
	1/√5(1+d2)

	64-QAM
	1/√21(1+d2)


Comments 64 & 66: Data field change and FFT figure
Resolution: Replace the OFDM modulator text by the following

12.10 The OFDM modulator

The stream of interleaved complex numbers is divided into groups of ND = 336 data complex numbers. We shall denote this by writing the complex number dk,n, which corresponds to data subcarrier k of OFDM symbol n, as
[image: image7.png]Nagr + Nrvame —
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Where [image: image9.png]Niugr + Nevame



 is the number of OFDM symbols occupied by the header and data field.

The discrete-time signal during the nth OFDM symbol is given by:

[image: image10.png]



Where [image: image12.png]ke 0:Nzzr — 1]



, ND is the number of data subcarriers, NP is the number of pilot subcarriers, NR is the number of reserved subcarriers, NG is the number of guard subcarriers, NFFT is the number of total subcarriers, and dm,n, pm,n, gm,n are the complex numbers placed on the mth data, pilot, and guard subcarriers of the nth OFDM symbol, respectively.

The functions MD(m), MP(m), and MG(m) define a mapping between the indices [0:ND-1], [0:NP-1], and [0:NG-1] into logical frequency offset index [-NFFT/2:NFFT/2-1]. The exact definition for the mapping functions are given below:
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where the function round, rounds the input argument to the nearest integer.

The mapping of data and pilot subcarriers within an OFDM symbol is illustrated in Figure 15. The mapping is further summarized in Table 25. As shown in Figure 15, there are 16 groups of subcarriers where each group is constituted of 21 data subcarriers and one pilot subcarrier.
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Figure 13 – Subcarrier frequency allocation

Table 22 – Subcarrier frequency allocation

	Subcarriers type
	Number of subcarriers
	Logical subcarriers indices

	Null subcarriers
	141
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	DC subcarriers
	3
	-1, 0, 1

	Pilot subcarriers
	16
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	Guard subcarriers
	16
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	Data subcarriers
	336
	All others


The common way to implement the inverse Fourier transform, as shown in Equation (3), is by an inverse Fast Fourier Transform (IFFT) algorithm. If, for example, a 512-point IFFT is used, the logical subcarriers 2 to 185 are mapped to the same numbered IFFT inputs, while the logical frequency subcarriers –185 to –2 are copied into IFFT inputs 327 to 510. The rest of the inputs, 186 to 326 and the 0 (dc) input, 1, and 511 are set to zero. The subcarriers 0, 1, and 511 are set to zero to avoid difficulties in D/A and A/D converter offsets and carrier feedthrough in the RF system. This mapping is illustrated in Figure 16. After performing an IFFT, the output is cyclically extended to the desired length.
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Figure 14 – Inputs and outputs relationship of the IFFT

In the following subclauses, the pilot, and guard subcarriers are detailed.
12.10.1 Pilot subcarriers

In all OFDM symbols following the packet preamble, sixteen of the subcarriers shall be dedicated to pilot signals in order to allow for coherent detection and to provide robustness against frequency offsets and phase noise. These pilot signals shall be placed into logical frequency subcarriers -166, -144, -122, -100, -78, -56, -34, -12, 12, 34, 56, 78, 100, 122, 144, and 166.  The information for the mth pilot subcarrier of the nth OFDM symbol shall be defined as follows:

[image: image19.png]{(l +)/V2 m=0,3570913.15
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The polarity of the pilot subcarriers is controlled by the sequence, xn, generated by the linear feedback shift register (LFSR) illustrated in Figure 17.  The LFSR operates in the same way as described in section 1.2.2.

The 15 bit seed value chosen is as follows: [image: image21.png][1101 0000 1010 0000]




. The first 16 output values should be: [image: image23.png]¥z = (0001 1110 0011 1010]



.
12.10.2 Guard subcarriers

In all OFDM symbols following the packet preamble, there shall be 16 guard subcarriers, 8 on each edge of the occupied frequency band, at logical frequency subcarriers -185, -184, …, -178 and 178, 179, …, 185. The data on these subcarriers shall be left to the implementer. Individual implementations may exploit these guard subcarriers for various purposes, including relaxing the specifications on analog transmit and analog receive filters, and possibly peak to average power ratio reduction. 

Comment: PMD operation specifications, Tx specifications & Rx specifications are missing

Resolution: Add the following at the end of the HSI-PHY clause:

12.12 PMD operating specifications

12.12.1 Operating frequency bands

The set of operating channels is defined in Table x. A compliant 802.15.3c implementation that implements the HSI PHY shall support at least channel number 2 or channel number 3.

Table 23 – PHY channel allocation

	Channel index
	Start frequency
	Center frequency
	Stop frequency
	Chip rate

	1
	57.240 GHz
	58.320 GHz
	59.400 GHz
	2592 MHz

	2
	59.400 GHz
	64.480 GHz
	61.560 GHz
	2592 MHz

	3
	61.560 GHz
	62.640 GHz
	63.720 GHz
	2592 MHz

	4
	63.720 GHz
	64.800 GHz
	65.880 GHz
	2592 MHz


12.12.2 Channel assignments
A total of 16 logical channels are assigned for operation, 4 logical channels in each of the 4 defined operating frequency channels. A compliant implementation shall support at least one logical channel for channel number 2 or channel number 3.
12.12.3 Regulatory compliance

Please comply.

12.12.4 Operating temperature range

A conformant implementation shall meet all of the specifications in this standard for ambient temperatures from 0 to 40 C. 
12.13 Transmitter Specifications

12.13.1 Transmit PSD mask

The transmitted spectrum shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not exceeding 1.88 GHz, –20 dBr at 1.1 GHz frequency offset, –28 dBr at 1.6 GHz frequency offset and –40 dBr at 2.2 GHz frequency offset and above. The transmit spectrum mask is shown in Figure 16. The measurements shall be made according to the FCC rules as specified in part 15.
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Figure 16 – Transmit spectral mask
12.13.2 Constellation error

The relative constellation RMS error, averaged over all data and pilot subcarriers of the OFDM symbols and over all of the frames, shall not exceed the values given in Table 24.
Table 24 – Allowed relative constellation error versus data rate

	Data rate
	Relative constellation RMS error

	59 Mbps to 1.5Gbps
	-7 dB

	2.1 Gbps to 2.7 Gbps
	-14 dB

	2.8 Gbps to 5 Gbps
	-21 dB

	Above 6Gbps
	-25 dB


The relative constellation RMS error calculation shall be performed using a device capable of converting the transmitted signal into a stream of complex samples at 2592 Msamples/s or more, with sufficient accuracy in the I/Q imbalance, DC offset, phase noise, etc. The sampled signal shall then be processed in a manner similar to that of an ideal receiver including adding the 64 samples of the cyclic prefix to the received OFDM symbol. 
12.13.3 Chip rate and clock alignment
The transmitted center frequency and chip clock frequency tolerances shall be (20 ppm maximum.
12.14 Receiver specifications

12.14.1 Receiver sensitivity

For a bit error rate (BER) of 10-6, the minimum receiver sensitivity shall be -50 dBm for MCS index 2. The BER shall be measured at the MAC/PHY interface after PHY level FEC. A PN sequence defined by x55 + x24 + 1 shall be used for the BER measurement.
12.14.2 Receiver CCA performance

The start of a valid transmission at a receiver level equal to or greater than the minimum sensitivity of -50 dBm for MCS number 2 shall cause CCA to indicate busy with a probability > 90% within 2.5 microseconds. If the preamble portion was missed, the receiver shall hold the carrier sense (CS) signal busy for any signal 20 dB above the minimum sensitivity of -50 dBm.
12.14.3 Receiver maximum input level

The receiver maximum input level is the maximum power level of the incoming signal, in dBm, present at the input of the receiver for which the error rate criterion is met. A compliant receiver shall have a receiver maximum input level of at least -25 dBm for each of the modulation formats that the device supports.

12.14.4 PHY layer timing

The default values for the PHY layer timing parameters are defined in Table 25

 REF _Ref123668491 \h 
..

Table 25 – PHY layer timing parameters

	PHY parameter
	Value
	Definition

	pPHYMIFSTime
	0.0 s
	11.2.7.4

	pPHYSIFSTime
	2.5 s
	11.2.7.2

	pCCADetectTime
	2.5 s
	11.6.5

	pPHYChannelSwitchTime
	100 s
	11.2.7.5


12.14.4 Interframe spacing
The interframe spacing parameters are given in Table 26.

Table 26 – Interframe spacing parameters

	802.15.3 MAC parameter
	PHY parameter
	Definition

	MIFS
	pPHYMIFSTime
	11.2.7.4

	SIFS
	pPHYSIFSTime
	11.2.7.2

	pBackoffSlot
	pPHYSIFSTime + pCCADetectTime
	11.2.7.1

	BIFS
	pPHYSIFSTime + pCCADetectTime
	11.2.7.1

	RIFS
	2×pPHYSIFSTime + pCCADetectTime
	11.2.7.1


12.14.5 Receive-to-transmit turnaround time

The RX-to-TX turnaround time shall be less than pPHYSIFSTime. The RX-to-TX turnaround time shall be measured at the air interface from the trailing edge of the last symbol received until the first symbol of the PHY preamble is present at the air interface.
12.14.6 Transmit-to-receive turnaround time

The TX-to-RX turnaround time shall be less than pPHYSIFSTime. The TX-to-RX turnaround time shall be measured at the air interface from the trailing edge of the last transmitted symbol until the receiver is ready to begin the reception of the next PHY packet.


12.15.7 Time between successive transmissions

The time between successive transmissions shall be pPHYMIFSTime, including the power-up ramp specified in 11.5.7. The pPHYMIFSTime shall be measured at the air interface from the trailing edge of the last symbol transmitted until the first symbol of the PHY preamble is present at the air interface.

12.15.8 Channel switch time

The channel switch time is defined as the time from when the last valid bit is received at the antenna on one channel until the DEV is ready to transmit or receive on a new channel. The channel switch time shall be less than pPHYChannelSwitchTime.

12.16 HSI PHY management

The PHY PIB comprises the managed objects, attributes and notifications required to manage the PHY layer of a DEV. 

12.16.1 PHY supported data rate encoding

The encoding of the PHY data rates used in the Supported Data Rates field in the Capability IE, as described in 7.4.11, is given in Table 27.

Table 27 – PHY supported data rates encoding

	Supported MCSs
	b0
	b1
	b2
	b3

	0:4
	0
	0
	0
	0

	0:4 and 9:10
	0
	0
	0
	1

	0:7
	0
	0
	1
	0

	0:7 and 9:11
	0
	0
	1
	1

	0:4 &12:13
	0
	1
	0
	0

	0:7 & 12:15
	0
	1
	0
	1

	0:7 and 9:15
	0
	1
	1
	0

	All
	0
	1
	1
	1

	All
	1
	0
	0
	0


12.16.2 HSI PHY fragment size encoding

The encoding of the preferred fragment size used in the Capability IE, as described in 7.4.11, is given in Table 28.
The PHY definitions create restrictions on the maximum frame size, maximum transfer unit size and minimum fragmentation size that will be supported. These parameters are defined in this subclause.

Table 28 – HIS PHY preferred fragment size encoding

	Field value
	Preferred fragment size (Octets)

	0
	pMaxFrameBodySize

	1
	TBD

	2
	TBD

	3
	TBD

	4
	TBD

	5
	TBD

	6
	TBD

	7
	pMinFragmentSize


12.16.3 Maximum frame length

The maximum frame length allowed, pMaxFrameBodySize, shall be 16232 octets. This total includes the frame body and FCS but not the PHY preamble, PHY header or MAC header.

12.16.4 Maximum transfer unit size

The maximum size data frame passed from the upper layers, pMaxTransferUnitSize, shall be 16232 octets. If security is enabled for the data connection, the upper layers should limit data frames to 16232 octets minus the security overhead.

12.16.5 Minimum fragment size

The minimum fragment size, pMinFragmentSize, shall be xxx octets.

12.16.6 HSI PHY PIB 
The PHY dependent PIB values are given in Table 29
Table 29 - HSI PHY supported modes
	Bits 
	Content
	Description
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