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PHY Layer Operating mode(s)
Dear Proposer: please fill in this section with your PHY operating mode(s).  You may modify this table as you see fit.



See table 73, 74 or 75 from IEEE802.15.7-2011 for an example table.
	PHY Operating Modes

	Modulation
	DCO-OFDM, eU-OFDM, RPO-OFDM

	FEC
	Convolutional Coding (131, 171)

	Code Rates
	1/2, 2/3, 3/4

	MIMO
	Up to 16x16

	Modulation
	Bandwidth
	Optical Clock Rate
	FEC
	Data Rate
(SISO)

	BPSK
	5 – 40 MHz
	10 – 80 MHz
	1/2
	0.75 – 12 Mb/s

	BPSK
	
	
	3/4
	1.375 – 18 Mb/s

	4-QAM
	
	
	1/2
	1.5 – 24 Mb/s

	4-QAM
	
	
	3/4
	2.75 – 36 Mb/s

	16-QAM
	
	
	1/2
	3 – 48 Mb/s

	16-QAM
	
	
	3/4
	4.5 – 72 Mb/s

	64-QAM
	
	
	2/3
	6 – 96 Mb/s

	64-QAM
	
	
	3/4
	6.75 – 108 Mb/s





2.0 PHY specifications
Dear Proposer: please fill in this section with your PHY specifications


See IEEE802.15.7-2011 sections 10, 11 or 12 for current specifications.

6. Low-bandwidth PHY

6.1. Adaptive OFDM Concept

OFDM in the current specification enables a highly adaptive modular implementation, which supports both a high-efficiency PHY mode designed to enable optimal utilization of the low-bandwidth resources (up to 40 MHz of single-sided bandwidth) as well as a low-complexity PHY mode designed to enable high energy efficiency in mobile applications. Furthermore, the specification enables the adaptive and modular introduction of energy-efficient waveforms such as enhanced unipolar OFDM (eU-OFDM), performance enhancing waveforms such as single-carrier FDMA (SC-FDMA) and waveforms designed for improved illumination control such as reverse polarity optical OFDM (RPO-OFDM). In addition, the specification supports the application of adaptive bit and energy loading techniques as well as multiple-input multiple-output (MIMO) techniques which can leverage the additional communication capacity of multiple light sources as well as the additional communication capacity introduced by the utilization of different optical wavelengths and light polarization for communication. The PHY specification supports relaying mechanisms for the cases when dedicated relay terminals are available. A DC-biased optical OFDM (DCO-OFDM) waveform is the basis and the foundation of all concepts, which are specified as optional features and can be applied in a non-conflicting manner.

6.3. Waveform

6.3.1. Adaptive OFDM signal generation

The adaptive OFDM concept adopted in the current PHY specification allows for adaptive adjustment of the waveform in terms of the carrier mapping as well as in terms of the application of sophisticated signal processing and dimming techniques such as single-carrier pre-coding, unipolar modulation for improved transmission rates and efficiency and reverse polarity OFDM for dimming applications. The specification supports the application of adaptive bit and energy loading techniques as well as adaptive multiple-input multiple-output (MIMO) techniques which can leverage the additional communication capacity of multiple light sources as well as the additional communication capacity introduced by the utilization of different optical wavelengths and light polarization for communication. The individual features of the adaptive signal generation approach are described as follows. 

6.3.2. Carrier mapping

The Low-bandwidth PHY mode is required to support fixed carrier mapping. All subcarriers are designated for information transfer by a single communication node in an allocated time interval. No special carrier designation for multiple access techniques exists, and no special carriers are designated for control information. Depending on whether the current PHY implementation supports adaptive bit allocation for the carrier mapping procedure (an optional feature), the mapping can be described as follows.

6.3.2.1. PHY does not support adaptive bit and power allocation

 The QAM modulation symbols to which the binary information has been mapped are divided into groups of 24 symbols, where the original order at the output of the QAM modulation encoder is preserved (the bit-stream mapping to QAM symbols is described in subclause 6.3.5). Each ordered group of 24 symbols is mapped to the ordered set of subcarrier indices [3,4,5,6,8,9,10,11,12,13,14,15,16,17,18,19,20,22,23,24,25,26,27,28], where indices 7 and 21 are assigned to fixed pilot values of 1 and -1, respectively. Zeros are assigned to subcarrier indices [0,1,2,29,30,31,32,33,34,62,63]. The Hermitian symmetric sequence of the 26 symbols assigned to indices [3–28] is assigned to subcarrier indices [35–61].

6.3.2.2. PHY supports adaptive bit and power allocation

If the PHY mode supports adaptive bit loading, the carrier mapping is determined by means of a bit allocation table negotiated and specified at the MAC layer protocol through an exchange of control and management frames.

6.3.3. IDFT

The IDFT size is fixed in the Low-bandwidth PHY mode to enable lower implementation complexity. The modulation of the different frequency-domain subcarriers is achieved through an IDFT operation, described as follows:

where S[k] is the symbol mapped to subcarrier index k, as described in 6.3.2. Conventionally, the inverse discrete Fourier transform, as shown in Equation (6.3.3.1), is implemented with an IFFT algorithm. The DFT/IDFT size in the current PHY mode is fixed to 64. The DC subcarrier (subcarrier index 0 in the IFFT operation) and the 180-degree subcarrier (subcarrier index 32 in the IFFT operation) are set to 0.  The information and pilot symbols with coefficients 1 to 26 are mapped to IFFT inputs 3 to 28, while the Hermitian symmetry symbols are mapped onto IFFT inputs 35 to 61. The high-frequency subcarriers, at inputs 29 to 34, form a guard interval and are set to zero. The low-frequency subcarriers, at inputs 0-2 and 62-63, are set to zero in order to avoid possible low-frequency distortion in the system due to baseline wandering and background light interference. The mapping is illustrated in Figure 6.3.3.1. After performing an IFFT, the output is cyclically extended to the desired length as described in 6.3.4.
[image: ]
Figure 6.3.3.1: IDFT realization by means of an IFFT algorithm.

6.3.4. Cyclic prefix

The cyclic prefix size is fixed in the Low-bandwidth PHY mode to enable lower implementation complexity. The cyclic prefix/guard interval (GI) is a cyclic extension of the IDFT result in each OFDM frame, where the cyclic prefix is formed by the last 16 samples of the IDFT result, appended in front of the 64-sample IDFT result. In the current PHY mode, the cyclic prefix size is not variable and cannot be changed.

6.3.5. Subcarrier modulation mapping

The OFDM subcarriers shall be modulated by using BPSK, QPSK, 16-QAM, or 64-QAM, depending on the RATE requested. The encoded and interleaved binary serial input data shall be divided into groups of NBPSC (1, 2, 4, or 6) bits and converted into complex numbers representing BPSK, QPSK, 16-QAM, or 64-QAM constellation points. The conversion shall be performed according to Gray-coded constellation mappings, illustrated in Figure 10, with the input bit, b0, being the earliest in the stream. The output values, d, are formed by multiplying the resulting  (I+jQ)  value by a normalization factor KMOD,  as described in Equation (6.3.5.1).

				d = (I + jQ) × KMOD 				(6.3.5.1)

The normalization factor, KMOD, depends on the base modulation mode, as prescribed in Table 6. Note that the modulation type can be different from the start to the end of the transmission, as the signal changes from SIGNAL to DATA, as shown in Figure 1. The purpose of the normalization factor is to achieve the same average power for all mappings.  In practical implementations,  an approximate value of the normalization factor can be used, as long as the device conforms with the modulation accuracy requirements.

	Table 6: Modulation-dependent normalization factor KMOD

	Modulation
	KMOD

	BPSK
	1

	QPSK
	1/√2

	16-QAM
	1/√10

	64-QAM
	1/√42



For BPSK, b0 determines the I value, as illustrated in Table 7. For QPSK, b0 determines the I value and b1 determines the Q value, as illustrated in Table 8. For 16-QAM, b0b1 determines the I value and b2b3 determines the Q value, as illustrated in Table 9. For 64-QAM, b0b1b2 determines the I value and b3b4b5 determines the Q value, as illustrated in Table 10.

	Table 7: BPSK encoding table

	Input bit (b0)
	I-out
	Q-out

	0
	-1
	0

	1
	1
	0




	Table 8: QPSK encoding table

	Input bit (b0)
	I-out
	
	Input bit (b1)
	Q-out

	0
	-1
	
	0
	-1

	1
	1
	
	1
	1




	Table 9: 16-QAM encoding table

	Input bit (b0b1 )
	I-out
	
	Input bit (b0b1)
	Q-out

	00
	-3
	
	00
	-3

	01
	-1
	
	01
	-1

	11
	1
	
	11
	1

	10
	3
	
	10
	3






	Table 10: 64-QAM encoding table

	Input bit (b0b1 b2)
	I-out
	
	Input bit (b3b4b5)
	Q-out

	000
	-7
	
	000
	-7

	001
	-5
	
	001
	-5

	011
	-3
	
	011
	-3

	010
	-1
	
	010
	-1

	110
	1
	
	110
	1

	111
	3
	
	111
	3

	101
	5
	
	101
	5

	100
	7
	
	100
	7



6.3.6. Single-carrier modulation (optional)

Optional pre-coding before the OFDM modulator can be used to reduce the probability of clipping and enhance power efficiency. As explained in subclause 6.3.2, the current specification supports loading of 24 subcarriers with unique information. Hence, N<24 M-QAM symbols are passed through an N-point DFT before mapped to subcarriers [3, 4, 5, 6, 8, …, 20, 22, …, 28] as illustrated in Fig. 6.3.3.1. The DFT is computed as:

 and the output result is mapped onto the different subcarriers in the order [12, 13, 14, …, 23, 0, 1, 2, …, 11]  → [3,..,6,8,…,20,22,…,28]. If N<24, then the result of the N-point DFT is mapped to the middle of the 24 data subcarriers using the order ['0', '0', …, '0', floor(N/2)+1, floor(N/2)+2, …, N-1 0, 1, 2, …, floor(N/2), '0', …, '0', '0'] → [3,..,6,8,…,20,22,…,28], where '0' corresponds to a zero value placed on that respective subcarrier since there are less values than subcarriers. When N<24, the spectral efficiency is reduced. If N<24, the output of the N-point DFT is replicated floor(24/N) times before mapped to the 24 data-carrying subcarriers. Any subcarriers not loaded with information are set to '0'.  For example, if N=9, then the output of the 10-point DFT is organized in the order ['0', '0', '0', 0, 1, 2, 3, 4, 5, 6, 7, 8,  0, 1, 2, 3, 4, 5, 6, 7, 8, '0', '0', '0']. If N=6, then the output of the 6-point DFT is organized in the order [0, 1, 2, 3, 4, 5, 0, 1, 2, 3, 4, 5,  0, 1, 2, 3, 4, 5, 0, 1, 2, 3, 4, 5]. If N=5, then the output of the 5-point DFT is organized in the order ['0', '0', 0, 1, 2, 3, 4, 0, 1, 2, 3, 4,  0, 1, 2, 3, 4, 0, 1, 2, 3, 4, '0', '0']. In all implementations, the DC value (value with index 0) of the DFT-precoding output should be mapped to the 13th data subcarrier (subcarrier 16 of the IDFT presented in Fig. 6.3.3.1). Figure 6.3.6.1 illustrates the concept, where for the presented examples in this subclause, A=[0, 1, 2, …, 11] B=[12, 13, 14, …, 23], A=[0, 1, 2, 3, 4] B=[5, 6, 7, 8],  A=[0, 1, 2] B=[3, 4, 5], and A=[0, 1, 2] B=[3, 4], respectively. If more than one copy of the N-DFT output is mapped onto the OFDM subcarriers, a pulse shaping filter such as a root-raised cosine filter can be used to shape the signal spectrum centred around subcarrier 16. The filter should not be applied to the pilot subcarriers (at positions 7 and 21 of the 64-point IDFT operation described in 6.3.2.1 and 6.3.3) as this might lead to significant attenuation of the pilot values, which are necessary for phase correction at the receiver. The use of the RRC filter is indicated with the value SC bits specified in subclause 6.2.3.2.5. [image: ]
Figure 6.3.6.1: SC-OFDMA subcarrier mapping.


6.3.7. Unipolar modulation (optional)

The real time-domain OFDM signal, generated at the PHY layer, is used to modulate the light emitting device (a light emitting diode (LED) or a laser diode (LD)), which serves as the transmitter front-end. The modulation is conducted only within the active operational range of the device. In this range, the electrical signal and the light output signal can only be positive at all times. The conventional approach for modulating the LED active range with an OFDM signal shall be to set a positive operating point, around which the bipolar OFDM signal can be realized. Figure 6.3.7.1(a) illustrates this principle. The positive bias can be introduced as part of the analog front-end (in the case of AC-coupled LED drivers) or as part of the information signal (in case of DC-coupled drivers). This approach is known as DC-biased optical OFDM (DCO-OFDM).[image: ]
(a) DC-biased optical OFDM (DCO-OFDM).
[image: ]
(b) Enhanced Unipolar OFDM (eU-OFDM).
Figure 6.3.7.1: LED active range modulation.


An optional alternative modulation approach termed enhanced unipolar OFDM (eU-OFDM) is introduced in this subclause. It constitutes a digital processing algorithm, which can turn the bipolar OFDM signal into a strictly unipolar information signal without the addition of an energy intensive DC component that carries no additional information. 

The transmitter signals to the receiver the new transmission PHY mode using the eU and STR bits in the advanced modulation PHY header. For compliance purposes, the PLCP preamble and the PHY headers are encoded in a DCO-OFDM fashion as described in 3.3 – 3.5. Following the four BPSK OFDM symbols containing the PHY header, as well as the NMIMO reference symbols when applicable, the data field is encoded in an eU-OFDM fashion (see Fig. 6.3.7.1(b)). The eU-OFDM algorithm works as follows.

	TX algorithm

STR = '00'

Two consecutive copies of every OFDM symbol are generated. The polarity of the samples in the second copy is inverted, and finally, all negative samples in the resulting time-domain signal are set to zero. Any time-domain oversampling and pulse shaping should be done after the removal of the negative samples. The resulting positive signal can be used to modulate the transmitter. The concept is illustrated in Fig. 6.3.7.2.

STR = '10'

Every three OFDM symbols are grouped into an eU-OFDM block, where the first two symbols are assigned to data stream 1 (St1) and the remaining one symbol is assigned to data stream 2 (St2). The two symbols in St1 are modulated using the algorithm described for STR='00' and presented in Fig. 6.3.7.2. The symbol in St2 is modulated in a similar manner, but instead of two copies, four consecutive copies are created for the OFDM symbol in St2, where the first two copies are kept unchanged, while the polarity of the samples in the next two copies is inverted. Following this procedure, all negative samples in both St1 and St2 are removed, and the two signals are summed. Any time-domain oversampling and pulse shaping should be done after the removal of the negative samples. If done before the negative samples are removed, the oversampling and 

pulse shaping should also be performed at the receiver side during the signal re-modulation process required for the data recovery as explained in the RX algorithm. The resulting positive signal can be used to modulate the transmitter.  The concept is presented in Fig. 6.3.7.3.

STR = '01'

Every seven OFDM symbols are grouped into an eU-OFDM block, where the first four symbols are assigned to data stream 1 (St1), the next 2 symbols are assigned to data stream 2 (St2) and the last symbol is assigned to data stream 3 (St3). The four symbols in St1 and the two streams in St2 are modulated using the algorithm described for STR='10' and presented in Fig. 6.3.7.3. The symbol in St3 is modulated in a similar manner, however, eight consecutive copies of that symbol are generated, where the first four copies are left unchanged, while the polarity of the samples in the following four copies is reversed. Following this procedure, all negative samples in St1, St2 and St3 are removed. Any time-domain oversampling and pulse shaping should be done after the removal of the negative samples. If done before the negative samples are removed, the oversampling and pulse shaping should also be performed at the receiver side during the signal re-modulation process required for the data recovery as explained in the RX algorithm. The signals in the three streams are summed and the resulting positive signal can be used to modulate the transmitter. The concept is presented in Fig. 6.3.7.4.[image: ]
Figure 6.3.7.2: Unipolar OFDM generation (one stream).


STR = '11'

Every fifteen OFDM symbols are grouped into an eU-OFDM block, where the first eight symbols are assigned to data stream 1 (St1), the next four symbols are assigned to data stream 2 (St2), the following two symbols are assigned to data stream 3 (St3) and the last symbol is assigned to data stream 4 (St4). In the first stream, two consecutive copies of every OFDM symbol are transmitted, where the second copy is multiplied by -1 (the signs of all samples are inverted in the time-domain) as described in the cases for STR = '00', STR = '10' and STR = '01'. In the second stream, four consecutive copies of every OFDM symbol are transmitted, where the 

 (
Figure 6.3.7.3: Unipolar OFDM generation (two streams).
)[image: ]first two copies of the symbol are transmitted in their original format, while the signs of the time-domain samples  of the third and the fourth copy are inverted, i.e., the samples are multiplied
 (
Figure 6.3.7.4: Unipolar OFDM generation (three streams).
 
)[image: ]
by -1 as described in the cases for STR='10' and STR = '01'. In the third stream, eight consecutive copies of every OFDM symbol are transmitted, where the first four copies are conveyed in their original format, while the signs of the time-domain samples of the fifth, sixth, seventh and eighth copy are inverted, i.e., the samples are multiplied by -1 as described in the case for STR = '01'. In the fourth stream, sixteen consecutive copies of every OFDM symbol are transmitted, where the first eight copies are conveyed in their original format, while the signs of the time-domain samples of the ninth, tenth, eleventh and twelfth, thirteenth, fourteenth, fifteenth and sixteenth copy are inverted, i.e., the samples are multiplied by -1 At this point, all negative samples in the four streams are removed and the signals from the three streams are added together. Any oversampling and pulse shaping should be done after the removal of the negative samples. If done before the negative samples are removed, the oversampling and pulse shaping should also be performed at the receiver side during the signal re-modulation process required for the data recovery as explained in the RX algorithm.  The resulting positive signal can be used to modulate the transmitter.

RX algorithm

In order to demodulate the data encoded in the first stream (St1), the samples in every even OFDM symbol interval are subtracted from the samples in every odd OFDM symbol interval. For example, the samples in the second interval are subtracted from the samples in the first interval, the samples in the fourth interval are subtracted from the samples in the third interval, etc. Note that due to the structure of the other data streams (St2 up to St4), the subtraction operation completely removes interference from these streams. After the subtraction operation, the resulting data at St1 can be demodulated using the conventional OFDM demodulator algorithm. After the data at St1 is demodulated, the stream is re-modulated again and subtracted from the overall received signal. If time-domain oversampling and pulse shaping has been conducted in the time-domain before the negative samples have been removed in the signal generation procedure, then the same procedure (including the subsequent matched filtering at the receiver) should be applied to the re-modulated signal before it is subtracted from the overall received stream. Following the subtraction of the re-modulated St1 signal, all symbol copies at St2 which were originally identical (the symbols in question are the symbols that have identical polarity) should be summed. For example, in Fig. 6.3.7.3, the first and the second symbols should be summed, the third and the fourth symbols should be summed, the fifth and the sixth symbols should be summed, etc. The resulting signal at St2, then, has the same format as the signal at St1. Hence, it can be demodulated after each even symbol is subtracted from each odd symbol. Upon demodulation, the resulting bits can be re-modulated and the resulting waveform can be subtracted from the overall received waveform as in the case for St1. The procedure is re-iterated for the remaining streams up to St4 (depending on the configuration) until all data bits are recovered.




6.3.8. Dimming

Reverse polarity optical OFDM (RPO-OFDM) is defined as an optional feature in this specification to facilitate dimming capabilities. This modulation scheme is expected to work in conjunction with eU-OFDM, but it can also be realized using DCO-OFDM. The eU-OFDM specification should be used for the generation of a unipolar signal, which would be indicated with the 'eU' bit defined in subclause 6.2.3.2. The current subclause provides the means for generating a RPO-OFDM signal using the DCO-OFDM waveform or the eU-OFDM waveform generated using the eU-OFDM specification. Note that RPO-OFDM modulation does not prevent the use of SC-OFDMA precoding and/or adaptive bit loading and/or MIMO encoding. [image: ]
Figure 6.3.8.1: RPO-OFDM signal.


[bookmark: _GoBack11]The RPO-OFDM modulation incorporates dimming while maintaining the average power per time-domain OFDM symbol and eliminating energy-intensive and adaptive DC component that carries no additional information. Accordingly, a constant signal-to-noise ratio (SNR) for a wide dimming range is achieved, the full active operational range of the device is utilized and high energy efficiency is realized. Here, the time-domain samples polarity of individual OFDM symbols is properly set to generate an OFDM waveform that has similar characteristics of a pulse-width modulation (PWM) signal in controlling the dimming percentage. Such OFDM waveform also has two periods equivalent to the “on-time” and “off-time” periods of a PWM signal. Over an equivalent PWM period, the average forward current through the device is equivalent to the target dimming percentage. Assuming a 1W maximum optical power, the RPO-OFDM signal for two different dimming ratios of 70% and 20% duty-cycles (D) are shown in Fig. 6.3.8.1. The method of deriving the RPO-OFDM is detailed in H. Elgala and T.D.C. Little, “Reverse polarity optical OFDM (RPO-OFDM): dimming compatible OFDM for gigabit VLC links”, Optics Express, vol. 21, issue 20, pp. 24288 – 24299, 2013.
The PHY header information and MIMO reference symbols are transmitted using the default DCO-OFDM format. The OFDM symbols encoded in a DCO-OFDM/SC-OFDMA/eU-OFDM format are modified as follows. The first max(min(NOFDM,127) – NRPO , 0) symbols are transmitted as GRPOSOFDM/32 + Smin, where SOFDM is the time-domain DCO-OFDM/SC-OFDMA/eU-OFDM signal,  Smin is the minimum possible signal bias level and NOFDM is the number of OFDM data symbols remaining until the end of the packet. The following min(NOFDM , NRPO) symbols are transmitted as  Smax – GRPOSOFDM/32, where Smax is the maximum possible signal bias level. The scaling factor GRPO enables the data-carrying part of the signal to be scaled independently from the part of the signal which contains the control information in the PHY headers, which enables more robust transmission of the control information. The time-domain modulation signal generated using this approach is illustrated in Fig. 6.3.8.1. The value of NRPO is specified in subclause 6.2.3.2.7 and the value of GRPO is specified in sublcause 6.2.3.2.8. [image: ]
(a) Enhanced Unipolar OFDM (eU-OFDM).
[image: ]
(b) Reverse Polarity Optical OFDM (RPO-OFDM).
Figure 6.3.8.1: RPO-OFDM modulation signal.

[image: ]
Figure 6.4.2.1.1: MIMO reference symbols format I.

6.4. MIMO

6.4.1. Modified frame structure

In MIMO mode, the PHY layer frame structure is modified with the addition of the MIMO reference symbols (see Fig. 6.2.1) described in the following subclause 6.4.2.

6.4.2. Reference symbols for MIMO channel estimation
6.4.2.1. MIMO Reference Symbols Format I

The MIMO reference symbols consist of NMIMO OFDM frame intervals. For each MIMO transmitter, only one OFDM frame interval is set to the desired channel estimation sequence (CES). All other intervals are set to zero. At the same time, the CES transmission intervals never coincide for any two transmitters. Hence, the MIMO reference symbols for the different transmitters are orthogonal to each other. The format is presented in Fig. 6.4.2.1.1.[image: ]
Figure 6.4.2.2.1: MIMO reference symbols format II.


6.4.2.2. MIMO Reference Symbols Format II

The MIMO reference symbols consist of NMIMO OFDM frame intervals. Every frame interval is set to the desired channel estimation sequence (CES). In addition, the CESs for each transmitter are modified by adjusting the polarity of the individual CES sequences according to a pre-determined set of Walsh sequences, where a value of '1' in the Walsh sequence corresponds to an unmodified CES sequence while a value of '-1' corresponds to a CES sequence with reverse polarity. The format is presented in Fig. 6.4.2.2.1. The CES sequences in white are left unmodified, while the CES sequences in gray are multiplied by -1. 

The Walsh sequences for a MIMO configuration with two transmitters (NMIMO = 2) correspond to the rows of the matrix W2MIMO:

	1
	1

	1
	-1



The Walsh sequences for four transmitters (NMIMO = 4) correspond to the rows of the matrix W4MIMO:

	1
	1
	1
	1

	1
	-1
	1
	-1

	1
	1
	-1
	-1

	1
	-1
	-1
	1



The Walsh sequences for four transmitters (NMIMO = 8) correspond to the rows of the matrix W8MIMO:

	1
	1
	1
	1
	1
	1
	1
	1

	1
	-1
	1
	-1
	1
	-1
	1
	-1

	1
	1
	-1
	-1
	1
	1
	-1
	-1

	1
	-1
	-1
	1
	1
	-1
	-1
	1

	1
	1
	1
	1
	-1
	-1
	-1
	-1

	1
	-1
	1
	-1
	-1
	1
	-1
	1

	1
	1
	-1
	-1
	-1
	-1
	1
	1

	1
	-1
	-1
	1
	-1
	1
	1
	-1



As a general rule, 
						     W2^kMIMO = 

	W2^(k-1)MIMO
	W2^(k-1)MIMO

	W2^(k-1)MIMO
	– W2^(k-1)MIMO




6.4.3. MIMO transmission modes

The system supports up to MMIMO=8 transmitters and NMIMO=8 receivers. MIMO operation mode refers to the combination of selected transmission type and configuration. MIMO configuration refers to the active number of transmitters and receivers. Based on the communication channel conditions, a MIMO system with MMIMO transmitters and NMIMO receivers (denoted as MMIMO × NMIMO MIMO) may operate using only Mactive < MMIMO transmitters and Nactive < NMIMO receivers. For example, an 8×8 MIMO system may operate as a 4×4 MIMO system keeping only a subset of their transmitters and receivers active.[image: ]
Figure: 6.4.3.1.1: Repetition coding for MIMO communication.
[image: ]
Figure: 6.4.3.2.1: Repetition coding for MIMO communication.

Supported transmission types are repetition coding and spatial multiplexing. The transmission type for the individual transmitter elements and the subcarrier loading is negotiated at the MAC layer. The receiver monitors the MIMO operation modes using the MIMO reference symbols and signals the mode as well as the subcarrier loading using control frames in the MAC layer.

6.4.3.1. Spatial Repetition Coding:
In the repetition coding (RC), the same information is transmitted from more than one transmit elements. The concept is illustrated in Fig. 6.4.3.1.1 for a 2×2 MIMO system.
6.4.3.2. Spatial Multiplexing:
In the spatial multiplexing (SMUX) more than one transmit element sends independent information. The concept is illustrated in Fig. 6.4.3.2.1 for a 2×2 MIMO system.[image: ]
Figure 6.4.3.1: MIMO mode selection algorithm.

The MIMO mode selection and adaptive bit loading routine is expected to follow the algorithm described in Fig. 6.4.3.1. In the figure, the constraint metric denotes quality of service requirements that must be satisfied in a given application, for example the level of maximum bit error rate. The performance metric denotes a quality of service metric which the system attempts to optimize, such as the Phy_SAP data rate. Valid data rates for spatial multiplexing MIMO communication with different number of transmitted streams are shown in Table 6.4.3.2.1 to 6.4.3.2.5.

Table 6.4.3.2.1: Valid rate values for MIMO Spatial Multiplexing for 5 MHz Bandwidth
	Modulation
	FEC 
rate
	Data rate
(Mb/s)
(1 Tx)
	Data rate (Mb/s) 
(2Tx)
	Data rate (Mb/s) 
(3Tx)
	Data rate (Mb/s) 
(4Tx)
	Data rate (Mb/s) 
(5Tx)
	Data rate (Mb/s) 
(6Tx)
	Data rate (Mb/s) 
(7Tx)
	Data rate (Mb/s) 
(8Tx)

	BPSK
	1/2
	1.5
	3
	4.5
	6
	7.5
	9
	10.5
	12

	
	3/4
	2.25
	4.5
	6.75
	9
	11.25
	13.5
	15.75
	18

	4-QAM
	1/2
	3
	6
	9
	12
	15
	18
	21
	24

	
	3/4
	4.5
	9
	13.5
	18
	22.5
	27
	31.5
	36

	16-QAM
	1/2
	6
	12
	18
	24
	30
	36
	42
	48

	
	3/4
	9
	18
	27
	36
	45
	54
	63
	72

	64-QAM
	2/3
	12
	24
	36
	48
	60
	72
	84
	96

	
	3/4
	13.5
	27
	40.5
	54
	67.5
	81
	94.5
	108






Table 6.4.3.2.2: Valid rate values for MIMO Spatial Multiplexing for 10 MHz Bandwidth
	Modulation
	FEC 
rate
	Data rate
(Mb/s)
(1 Tx)
	Data rate (Mb/s) 
(2Tx)
	Data rate (Mb/s) 
(3Tx)
	Data rate (Mb/s) 
(4Tx)
	Data rate (Mb/s) 
(5Tx)
	Data rate (Mb/s) 
(6Tx)
	Data rate (Mb/s) 
(7Tx)
	Data rate (Mb/s) 
(8Tx)

	BPSK
	1/2
	3
	6
	9
	12
	15
	18
	21
	24

	
	3/4
	4.5
	9
	13.5
	18
	22.5
	27
	31.5
	36

	4-QAM
	1/2
	6
	12
	18
	24
	30
	36
	42
	48

	
	3/4
	9
	18
	27
	36
	45
	54
	63
	72

	16-QAM
	1/2
	12
	24
	36
	48
	60
	72
	84
	96

	
	3/4
	18
	36
	54
	72
	90
	108
	126
	144

	64-QAM
	2/3
	24
	48
	72
	96
	120
	144
	168
	192

	
	3/4
	27
	54
	81
	108
	135
	162
	189
	216







Table 6.4.3.2.3: Valid ratevalues for MIMO Spatial Multiplexing for 15 MHz Bandwidth
	Modulation
	FEC 
rate
	Data rate
(Mb/s)
(1 Tx)
	Data rate (Mb/s) 
(2Tx)
	Data rate (Mb/s) 
(3Tx)
	Data rate (Mb/s) 
(4Tx)
	Data rate (Mb/s) 
(5Tx)
	Data rate (Mb/s) 
(6Tx)
	Data rate (Mb/s) 
(7Tx)
	Data rate (Mb/s) 
(8Tx)

	BPSK
	1/2
	4.5
	9
	13.5
	18
	22.5
	27
	31.5
	36

	
	3/4
	6.75
	13.5
	20.25
	27
	33.75
	40.5
	47.25
	54

	4-QAM
	1/2
	9
	18
	27
	36
	45
	54
	63
	72

	
	3/4
	13.5
	27
	40.5
	54
	67.5
	81
	94.5
	108

	16-QAM
	1/2
	18
	36
	54
	72
	90
	108
	126
	144

	
	3/4
	27
	54
	81
	108
	135
	162
	189
	216

	64-QAM
	2/3
	36
	72
	96
	144
	180
	216
	252
	288

	
	3/4
	40.5
	81
	121.5
	162
	202.5
	243
	283.5
	324






Table 6.4.3.2.4: Valid rate values for MIMO Spatial Multiplexing for 20 MHz Bandwidth
	Modulation
	FEC 
rate
	Data rate
(Mb/s)
(1 Tx)
	Data rate (Mb/s) 
(2Tx)
	Data rate (Mb/s) 
(3Tx)
	Data rate (Mb/s) 
(4Tx)
	Data rate (Mb/s) 
(5Tx)
	Data rate (Mb/s) 
(6Tx)
	Data rate (Mb/s) 
(7Tx)
	Data rate (Mb/s) 
(8Tx)

	BPSK
	1/2
	6
	12
	18
	24
	30
	36
	42
	48

	
	3/4
	9
	18
	27
	36
	45
	54
	63
	72

	4-QAM
	1/2
	12
	24
	36
	48
	60
	72
	84
	96

	
	3/4
	18
	36
	54
	72
	90
	108
	126
	144

	16-QAM
	1/2
	24
	48
	72
	96
	120
	144
	168
	192

	
	3/4
	36
	72
	96
	144
	180
	216
	252
	288

	64-QAM
	2/3
	48
	96
	144
	192
	240
	288
	336
	384

	
	3/4
	54
	108
	162
	216
	270
	324
	378
	432







Table 6.4.3.2.5: Valid rate values for MIMO Spatial Multiplexing for 40 MHz Bandwidth
	Modulation
	FEC 
rate
	Data rate
(Mb/s)
(1 Tx)
	Data rate (Mb/s) 
(2Tx)
	Data rate (Mb/s) 
(3Tx)
	Data rate (Mb/s) 
(4Tx)
	Data rate (Mb/s) 
(5Tx)
	Data rate (Mb/s) 
(6Tx)
	Data rate (Mb/s) 
(7Tx)
	Data rate (Mb/s) 
(8Tx)

	BPSK
	1/2
	12
	24
	36
	48
	60
	72
	84
	96

	
	3/4
	18
	36
	54
	72
	90
	108
	126
	144

	4-QAM
	1/2
	24
	48
	72
	96
	120
	144
	168
	192

	
	3/4
	36
	72
	108
	144
	180
	216
	252
	288

	16-QAM
	1/2
	48
	96
	144
	192
	240
	288
	336
	384

	
	3/4
	72
	144
	216
	288
	360
	432
	504
	576

	64-QAM
	2/3
	96
	192
	288
	384
	480
	576
	672
	768

	
	3/4
	108
	216
	324
	432
	540
	648
	756
	864




6.5. Channel coding

The PPDU is coded with a convolutional encoder of coding rate R = 1/2, 2/3, or 3/4, corresponding to the desired data rate. The convolutional encoder shall use the industry-standard generator polynomials, g0 = 1338 and g1 = 1718, of rate R = 1/2, as shown in Figure 6.5.1. The bit denoted as “A” is output from the encoder before the bit denoted as “B”. The summation operation presented in Fig. 6.5.1 is a modulo-2 summation, i.e., an XOR operation. Higher rates are derived from this encoding mechanism by employing “puncturing.” Puncturing is a procedure for omitting some of the encoded bits in the transmitter (thus reducing the number of transmitted bits and increasing the coding rate) and inserting a dummy “zero” metric into the convolutional decoder on the receive side in place of the omitted bits. The puncturing patterns are illustrated in Figure 6.5.2. Decoding by the Viterbi algorithm is recommended.

6.5.1. Channel coding for the header

The PHY headers (both the basic header and the advanced modulation header) are encoded using 1/2 rate FEC coding (no puncturing is used). The encoded bits are also mapped to a BPSK symbol constellation.

6.5.2. Channel coding for the data

The DATA field, composed of SERVICE, PSDU, tail, and pad parts, is coded using the rate specified by the MAC layer protocol.

6.5.3. Data interleaving

All encoded data bits shall be interleaved by a block interleaver with a block size corresponding to the number of bits in two OFDM symbols, 2NCBPS. The interleaver is defined by a two-step permutation. The first permutation ensures that adjacent coded bits are mapped onto nonadjacent subcarriers. The second ensures that adjacent coded bits are mapped alternately onto less and more significant bits of the constellation and, thereby, long runs of low reliability (LSB) bits are avoided. The index of the coded bit before the first permutation shall be denoted by k; i shall be the index after the first and before the second permutation; and j shall be the index after the second permutation, just prior to modulation mapping.[image: ]
Figure 6.5.1: Convolution encoder (133,171).


The first permutation is defined by the rule:

                 i = (2NCBPS/16) (k mod 16) + floor(k/16)  k = 0, 1, …, 2NCBPS – 1                    (5)

The function floor (.) denotes the largest integer not exceeding the parameter.
The second permutation is defined by the rule 

        j = s × floor(i/s) + (i + 2NCBPS – floor(16 × i/2NCBPS)) mod s i = 0, 1, … 2NCBPS – 1    (6)

The value of s is determined by the number of coded bits per subcarrier, NBPSC, according to 

                                                          s = max(NBPSC/2,1)                                                (7)

The deinterleaver, which performs the inverse relation, is also defined by two permutations.


Here the index of the original received bit before the first permutation shall be denoted by j; i shall be the index after the first and before the second permutation; and k shall be the index after the second permutation, just prior to delivering the coded bits to the convolutional (Viterbi) decoder.
The first permutation is defined by the rule 

              i = s × floor(j/s) + (j + floor(16 × j/(2NCBPS))) mod s j = 0, 1, … 2NCBPS – 1          (8)

where s is defined in Equation (7). 

This permutation is the inverse of the permutation described in Equation (6). The second permutation is defined by the rule:

              k = 16 × i – (2NCBPS – 1)floor(16 × i/(2NCBPS))  i = 0, 1, … 2NCBPS – 1                      (9)

This permutation is the inverse of the permutation described in Equation (5).

6.6. Relaying

6.6.1. Amplify and forward

The PPDU is buffered at the receiving node and upon successful demodulation of the advanced modulation header and identification of the amplify and forward specification described in subclauses 6.2.3.2.8 and 6.2.3.2.9, the PPDU is retransmitted without any further processing at the PHY layer. In FD relaying mode, the relay STA simultaneously receives the information on the downlink and transmits it on the uplink. The method is proprietary. In HD relaying mode, the relay STA shall store the data packets in order to retransmit them to the STA during its designated transmission period. The relay STA can erase the stored packet after it receives the ACK. The method is proprietary. In both configurations, the PHY header is demodulated before a decision for relaying can be made.

6.6.2. Decode and forward

The PPDU is completely demodulated and upon successful identification of the decoded and forward specification described in subclauses 6.2.3.2.8 and 6.2.3.2.9, the PPDU is re-modulated and re-transmitted. The relay STA can erase the stored packet after it receives the ACK. The method is proprietary.



[image: ]
Figure 6.5.2: Puncturing (bit stealing) algorithm.

6.7. PHY Service Specifications

6.7.1 Overview

The PHY services provided to the IEEE 802.15.7r1 WLAN MAC are described in this clause. These services are described in an abstract way and do not imply any particular implementation or exposed interface.

6.7.2 PHY Management Service

6.7.2.1 PHY Management Service Primitives

Table 6.7.2.1.1. presents the PHY management service primitives.


	Table 6.7.2.1.1: PHY management service 

	Primitive
	Request
	Indicate
	Confirm

	PHY-TXSTART
	X
	
	X

	PHY-TXEND
	X
	
	X

	PHY-RXSTART
	
	X
	

	PHY-RXEND
	
	X
	

	PHY-SET-LOADING
	X
	
	X

	PHY-PROVIDE-CSI
	
	X
	



Table 6.7.2.1.2. presents the parameters used by the management service primitives. 

	Table 6.7.2.1.2: PHY management service primitive parameters

	Parameter
	Associated Primitive
	Value

	TXVECTOR
	PHY-TXSTART.request
	A set of parameters

	RXVECTOR
	PHY-RXSTART.indicate
	A set of parameters

	RXERROR
	PHY-RXEND.indicate
	NoError, FormatViolation, Unsupported Rate

	BIT_LOADING_VECTOR
	PHY-SET-LOADING.request
	A set of parameters

	CSI_VECTOR
	PHY-PROVIDE-CSI.request
	A set of parameters



Table 6.7.2.1.3. presents the scalar parameters associated with the vector parameters in Table 6.7.2.1.2. 


	Table 6.7.2.1.3: PHY management service primitive parameter vector descriptions

	Parameter
	Associated Vector
	Value

	DATARATE
	TXVECTOR
RXVECTOR
	A 3-bit value setting the data rate according to the specification in Table  6.2.3.1.1.1

	LENGTH
	TXVECTOR
RXVECTOR
	The length of the data to be transmitted in octets as indicated by the LENGTH parameter described in subclause 6.2.3.1.3.

	BIT_LOADING
	TXVECTOR
	Indicates whether adaptive bit and energy loading should be used at the PHY to encode the data. The possible values are 'YES' or 'NO'.

	CHANNEL_ESTIMATION
	TXVECTOR
	Indicates whether the channel state information should be estimated along with the current transmission.

	EU_OFDM
	TXVECTOR
	Indicates whether eU-OFDM encoding should be used with the current transmission. The possible values of this parameter are 'YES' or 'NO'.

	EU_OFDM_STREAMS
	TXVECTOR
	Indicates the number of eU-OFDM streams that should be used for the encoding in the current transmission.

	SC_FDMA
	TXVECTOR
	Indicates whether SC-FDMA precoding should be used at the PHY layer for the current transmission.

	DFT_SIZE
	TXVECTOR
	The size of the DFT that should be used in the SC-FDMA precoding.

	RPO_FRAMES
	TXVECTOR
	The number of OFDM frames transmitted with reversed polarity. Possible values are integers between 0 and 127.

	RPO_GAIN
	TXVECTOR
	A gain factor for the RPO-OFDM data transmission. Possible values are between 0 and 63.

	RELAYING
	TXVECTOR
	Indicates whether relaying should be used for the current transmission. Possible values are 'YES' or 'NO'.

	RELAYING_TYPE
	TXVECTOR
	The type of relaying operation that should be used. Possible values are 'FD-AF', 'HD-AF', 'FD-DF' or 'HD-DF' as specified in Table 6.2.3.2.10.

	MIMO_ENABLED
	TXVECTOR
BIT_LOADING_VECTOR
CSI_VECTOR
	Indicates whether MIMO is used in the current transmission. Possible values are 'YES' or 'NO'.

	REFERENCE_SYMBOLS
	TXVECTOR
	The type of reference symbols used for channel estimation in the MIMO transmission. Possible values are   'Type I' or 'Type II'.

	MIMO_CHANNELS
	BIT_LOADING_VECTOR
	The number of MIMO Channels. Possible values are between 0 and 16.

	BIT_LOADING
	BIT_LOADING_VECTOR
	A set of 24 values, corresponding to the bit loading on each of the 24 information-bearing subcarriers. Possible values are any one of the constellation sizes presented in subclause 6.3.5. If MIMO_ENABLED is equal to 'YES', then this parameter is a vector containting MIMO_CHANNELS vectors each with 24 values corresponding to the bit loading on each of the 24 subcarriers for the respective MIMO channel out of MIMO_CHANNELS channels.

	ENERGY_LOADING
	BIT_LOADING_VECTOR
	A set of 24 values, corresponding to the scaling of the energy on each of the 24 information-bearing subcarriers. A value of 1 corresponds to the energy being scaled by 1 or, i.e., unchnaged. If MIMO_ENABLED is equal to 'YES', then this parameter is a vector containting MIMO_CHANNELS vectors each with 24 values corresponding to the energy scaling on each of the 24 subcarriers for the respective MIMO channel out of MIMO_CHANNELS channels.

	CSI
	CSI_VECTOR
	A set of 24 values, corresponding to the channel state information on each of the 24 information-bearing subcarriers. If MIMO_ENABLED is equal to 'YES', then this parameter is a vector containting MIMO_CHANNELS vectors each with 24 values corresponding to the energy scaling on each of the 24 subcarriers for the respective MIMO channel out of MIMO_CHANNELS channels.




6.7.2.2 Detailed PHY Management Service Specification

6.7.2.2.1 PHY-TXSTART.request

6.7.2.2.1.1 Function

This primitive is a request by the MAC sublayer to the local PHY entity to start the transmission of an MPDU.

6.7.2.2.1.2 Semantics of the service primitive

The primitive provides the following parameters: 
	PHY-TXSTART.request(TXVECTOR)

The TXVECTOR represents a list of parameters that the MAC sublayer provides to the local PHY entity in order to transmit an MPDU.  This vector contains PHY management parameters.  The required PHY parameters are listed in Table 6.7.2.1.3.

6.7.2.2.1.3 When generated

This primitive will be issued by the MAC sublayer to the PHY entity when the MAC sublayer needs to begin the transmission of an MPDU. 

6.7.2.2.1.4 Effect of receipt

The effect of receipt of this primitive by the PHY entity will be to start the transmission process.


6.7.2.2.2 PHY-TXSTART.confirm

6.7.2.2.2.1 Function

This primitive is issued by the PHY to the local MAC entity to confirm the start of a transmission. The PHY will issue this primitive in response to every PHY-TXSTART.request primitive issued by the MAC sublayer.


6.7.2.2.2.2 Semantics of the service primitive

The semantics of the primitive are as follows:
	PHY-TXSTART.confirm

This primitive has no parameters.

6.7.2.2.2.3 When generated

This primitive will be issued by the PHY to the MAC entity when the PHY has received a PHY-TXSTART.request from the MAC entity and is ready to begin accepting outgoing data octets from the MAC.

6.7.2.2.2.4 Effect of receipt

The receipt of this primitive by the MAC entity will cause the MAC to start the transfer of data octets.


6.7.2.2.3 PHY-TXEND.request

6.7.2.2.3.1 Function

This primitive is a request by the MAC sublayer to the local PHY entity that the current transmission of the MPDU be completed. 

6.7.2.2.3.2 Semantics of the service primitive

The semantics of the primitive are as follows:
	PHY-TXEND.request 

This primitive has no parameters.

6.7.2.2.3.3 When generated

This primitive will be generated when the MAC sublayer has received the last PHY-DATA.confirm from the local PHY entity for the MPDU currently being transferred.

6.7.2.2.3.4 Effect of receipt

The effect of receipt of this primitive by the local PHY entity will be to stop the transmission process upon transmission of the last octet transferred from the MAC layer.


6.7.2.2.4 PHY-TXEND.confirm

6.7.2.2.4.1 Function

This primitive is issued by the PHY to the local MAC entity to confirm the completion of a transmission. The PHY issues this primitive in response to every PHY-TXEND.request primitive issued by the MAC sublayer.

6.7.2.2.4.2 Semantics of the service primitive

The semantics of the primitive are as follows:
	PHY-TXEND.confirm 

This primitive has no parameters.

6.7.2.2.4.3 When generated

This primitive will be issued by the PHY to the MAC entity when the PHY has received a PHY-TXEND.request immediately after transmitting the end of the last bit of the last data octet indicating that the symbol containing the last data octet has been transferred.

6.7.2.2.4.4 Effect of receipt

The receipt of this primitive by the MAC entity provides a possible time reference for a contention backoff protocol.


6.7.2.2.5 PHY-RXSTART.indicate

6.7.2.2.5.1 Function

This primitive is an indication by the PHY to the local MAC entity that the PHY layer has received a valid packet synchronization sequence and PHY header.

6.7.2.2.5.2 Semantics of the service primitive

The primitive provides the following parameter:
	PHY-RXSTART.indicate (RXVECTOR)

The RXVECTOR represents a list of parameters that the PHY provides the local MAC entity upon receipt of a valid PHY header. This vector may contain both MAC and MAC management parameters. The required parameters are listed in Table 6.7.2.1.3.

6.7.2.2.5.3 When generated

This primitive is generated by the local PHY entity to the MAC sublayer when the PHY has successfully validated the PHY header at the start of a new PPDU.

6.7.2.2.5.4 Effect of receipt

The effect of receipt of this primitive by the MAC is unspecified.


6.7.2.2.6 PHY-RXEND.indicate

6.7.2.2.6.1 Function

This primitive is an indication by the PHY to the local MAC entity that the MPDU currently being received is complete.

6.7.2.2.6.2 Semantics of the service primitive

The primitive provides the following parameter:
	PHY-RXEND.indicate (RXERROR)

The RXERROR parameter can convey one or more of the following values:  NoError,  FormatViolation, or UnsupportedRate. A number of error conditions may occur after the PHY layer protocol has detected what appears to be a valid preamble and header. The following describes the parameter returned for each of those error conditions.
	- NoError.  This value is used to indicate that no error occurred during the receive process at the PHY layer.
	- FormatViolation. This value is used to indicate that the format of the received PPDU was in error.
	- UnsupportedRate. This value is used to indicate that during the reception of the incoming PPDU, a nonsupported date rate was detected.

6.7.2.2.6.3 When generated

This primitive is generated by the PHY for the local MAC entity to indicate that the receive state machine has completed a reception with or without errors. In the case of an RXERROR value of NoError, the MAC can use the PHY-RXEND.indicate as reference for channel access timing.

6.7.2.2.6.4 Effect of receipt

The effect of receipt of this primitive is for the MAC to begin inter-frame space processing if applicable.


6.7.2.2.7 PHY-SET-LOADING.request

6.7.2.2.7.1 Function

This primitive is a request by the MAC sublayer to the local PHY entity to update the bit loading scheme used for adaptive bit and energy loading.

6.7.2.2.7.2 Semantics of the service primitive

The primitive provides the following parameters: 
	PHY-SET-LOADING.request(BIT_LOADING_VECTOR)

The BIT_LOADING_VECTOR represents a list of parameters that the MAC sublayer provides to the local PHY entity in order to set the energy and the constellation size on each data-bearing subcarrier in a SISO or MIMO configuration.  This vector contains PHY management parameters.  The required PHY parameters are listed in Table 6.7.2.1.3.

6.7.2.2.7.3 When generated

This primitive will be issued by the MAC sublayer to the PHY entity when the MAC sublayer needs to update the bit and energy allocation scheme. 

6.7.2.2.7.4 Effect of receipt

The effect of receipt of this primitive by the PHY entity will be to update the bit and energy allocation scheme accordingly.

6.7.2.2.8 PHY-SET-LOADING.confirm

6.7.2.2.8.1 Function

This primitive is issued by the PHY to the local MAC entity to confirm the update of the bit and energy allocation scheme.

6.7.2.2.8.2 Semantics of the service primitive

The semantics of the primitive are as follows:
	PHY-SET-LOADING.confirm

This primitive has no parameters.

6.7.2.2.8.3 When generated

This primitive will be issued by the PHY to the MAC entity when the PHY has updated the bit and energy allocation scheme following the PHY-SET-LOADING.request by the MAC.

6.7.2.2.8.4 Effect of receipt

The receipt of this primitive by the MAC will cause the MAC to start the next MAC entity request.


6.7.2.2.9 PHY-PROVIDE-CSI.indicate

6.7.2.2.9.1 Function

This primitive is an indication by the PHY to the local MAC entity that the PHY layer has received a request to estimate the channel state information and has successfully completed the task.

6.7.2.2.9.2 Semantics of the service primitive
The primitive provides the following parameter:
	PHY-PROVIDE-CSI.indicate (CSI_VECTOR)

The CSI_VECTOR represents a list of parameters that the PHY provides the local MAC entity upon receipt of a valid PHY header and successful estimation of the CSI. The required parameters are listed in Table 6.7.2.1.3.

6.7.2.2.9.3 When generated

This primitive is generated by the local PHY entity to the MAC sublayer when the PHY has successfully validated the PHY header at the start of a new PPDU and estimated the CSI.

6.7.2.2.9.4 Effect of receipt

The effect of receipt of this primitive by the MAC is unspecified.


6.7.3 PHY Data Service

6.7.3.1 PHY Data Service Primitives

Table 6.7.3.1.1. presents the PHY data service primitives.


	Table 6.7.3.1.1: PHY data service primitives.

	Primitive
	Request
	Indicate
	Confirm

	PHY-DATA
	X
	X
	X

	PHY-MAC-HEADER
	X
	X
	X



Table 6.7.3.1.1. presents the PHY data service primitive parameters.

	Table 6.7.3.1.2: PHY data service primitive parameters.

	Parameter
	Associated Primitive
	Value

	DATA
	PHY-DATA.request
PHY-DATA.indicate
	One Octet taking values in the interval X'00' – X'FF'

	MAC_HEADER
	PHY-MAC-HEADER.request
PHY-MAC-HEADER.indicate
	Six octets containing the information for the high-reliability MAC header described in subclause 6.2.5.1.


6.7.3.2. Detailed PHY Data Service Specification

6.7.3.2.1 PHY-DATA.request

6.7.3.2.1.1 Function

This primitive defines the transfer of an octet of data from the MAC sublayer to the local PHY entity.

6.7.3.2.1.2 Semantics of the service primitive

The primitive provides the following parameters:
	PHY-DATA.request(DATA)

The DATA parameter is an octet of value X'00' through X'FF'.

6.7.3.2.1.3 When generated

This primitive is generated by the MAC sublayer to transfer an octet of data to the PHY entity.  This
primitive can only be issued following a transmit initialization response (PHY-TXSTART.confirm) from the PHY.

6.7.3.2.1.4 Effect of receipt

The receipt of this primitive by the PHY entity causes the PHY to transmit an octet of data. When the PHY entity receives the octet, it will issue a PHY-DATA.confirm to the MAC sublayer.


6.7.3.2.2 PHY-DATA.indicate

6.7.3.2.2.1 Function

This primitive indicates the transfer of data from the PHY to the local MAC entity. 

6.7.3.2.2.2 Semantics of the service primitive

The primitive provides the following parameters:
	PHY-DATA.indicate (DATA)

The DATA parameter is an octet of value X'00' through X'FF'.

6.7.3.2.2.3 When generated

The PHY-DATA.indication is generated by a receiving PHY entity to transfer the received octet of data to the local MAC entity.

6.7.3.2.2.4 Effect of receipt

The effect of receipt of this primitive by the MAC is unspecified.


6.7.3.2.3 PHY-DATA.confirm

6.7.3.2.3.1 Function

This primitive is issued by the PHY to the local MAC entity to confirm the transfer of data from the MAC entity to the PHY.

6.7.3.2.3.2 Semantics of the service primitive

The semantics of the primitive are as follows:
	PHY-DATA.confirm 

This primitive has no parameters.

6.7.3.2.3.3 When generated

This primitive will be issued by the PHY to the MAC entity when the PHY has completed the transfer of data from the MAC entity.  The PHY will issue this primitive in response to every PHY-DATA.request primitive issued by the MAC sublayer.

6.7.3.2.3.4 Effect of receipt

The receipt of this primitive by the MAC will cause the MAC to start the next MAC entity request.


6.7.3.2.4 PHY-MAC-HEADER.request

6.7.3.2.4.1 Function

This primitive defines the transfer of the high-reliability MAC header information from the MAC sublayer to the local PHY entity.


6.7.3.2.4.2 Semantics of the service primitive

The primitive provides the following parameters:
	PHY-MAC-HEADER.request(MAC_HEADER)

The MAC_HEADER parameter is six octets containing the information described in subclause 6.2.5.1.

6.7.3.2.4.3 When generated

This primitive is generated by the MAC sublayer to transfer an octet of data to the PHY entity.  This
primitive can only be issued following a transmit initialization response (PHY-TXSTART.confirm) from the PHY.

6.7.3.2.4.4 Effect of receipt

The receipt of this primitive by the PHY entity causes the PHY to transmit the high-reliability MAC header data. When the PHY entity receives these six octets, it will issue a PHY-MAC-HEADER.confirm to the MAC sublayer.


6.7.3.2.5 PHY-MAC-HEADER.indicate

6.7.3.2.5.1 Function

This primitive indicates the transfer of the high-reliability MAC header information from the PHY to the local MAC entity. 

6.7.3.2.5.2 Semantics of the service primitive

The primitive provides the following parameters:
	PHY-MAC-HEADER.indicate (MAC_HEADER)

The MAC_HEADER parameter is six octets containing the information described in subclause 6.2.5.1.

6.7.3.2.5.3 When generated

The PHY-MAC-HEADER.indication is generated by a receiving PHY entity to transfer the received six octets of the high-reliability MAC header to the local MAC entity.



6.7.3.2.5.4 Effect of receipt

The effect of receipt of this primitive by the MAC is unspecified.


6.7.3.2.6 PHY-MAC-HEADER.confirm

6.7.3.2.6.1 Function

This primitive is issued by the PHY to the local MAC entity to confirm the transfer of the high-reliability MAC header information from the MAC entity to the PHY.

6.7.3.2.6.2 Semantics of the service primitive

The semantics of the primitive are as follows:
	PHY-MAC-HEADER.confirm 

This primitive has no parameters.

6.7.3.2.6.3 When generated

This primitive will be issued by the PHY to the MAC entity when the PHY has completed the transfer of the high-reliability MAC header information from the MAC entity.  The PHY will issue this primitive in response to every PHY-MAC-HEADER.request primitive issued by the MAC sublayer.

6.7.3.2.6.4 Effect of receipt

The receipt of this primitive by the MAC will cause the MAC to start the next MAC entity request.





3.0 PHY Layer Dimming Method
Dear Proposer: in this section we need you to describe your dimming method.  If you proposed one or more OCC PHY modes that support dimming than please write a paragraph to describe how the dimming works.  You may include figures and drawings as needed.





< Enter paragraph here >


Two dimming methods are envisioned in this PHY specification. The reverse polarity optical OFDM method is described in sublcause 6.3.8 (see previous section of this document). The second dimming method is analog dimming which comprises adjusting the bias level of the analog signal modulating the light source, i.e., adjusting the operating point of the emitter. The level is set using the service primitives in subclause 6.7 which interface the PHY layer and the MAC layer. 

4.0 PPDU format
[bookmark: __UnoMark__7491_263338114]Dear Proposer: for each of the PHY modes of interest, please describe to the best of your ability your envisioned PPDU format.  You can take the present PPDU and modify it accordingly.  If possible, describe what you envision for each of the PPDU fields.


Current IEEE802.15.7-2011 PPDU

[image: ]
< Enter PPDU format here >

6.2. Frame Structure

The fields of the presented PHY frame are specified in terms of the functionality they are expected to provide. The different parts of the PHY frame structure in Fig. 6.2.1. are envisioned to occupy different OFDM frames in order to achieve a modular PHY frame design, which can be augmented easily based on the functionality which the specific PHY implementation supports.
[image: ]
Figure 6.2.1: PHY frame structure.


[image: ]
Figure 6.2.2: Timing parameters for the PHY control information (specification for 20 MHz).

6.2.1.Preamble

The function of the preamble is to enable the PHY to identify the existence of a packet and its beginning. The preamble sequence can also be used for signal detection and automatic gain control (AGC). It is specified as the following 160-sample time domain sequence (having the duration equivalent of two OFDM frames). The sequence has been normalized by the factor 1/√66 in order to ensure an average energy level of 1 in the information signal. Four sequences have been defined, where different nodes communicating to each other can adopt different sequences in order to eliminate the possibility for false packet detection due to any cross talk caused by crosstalk between the transmissions in each direction:

S1160 = {0 0 2 -7 -8 4 9 15 9 -4 -1 -9 -9 4 9 15 9 -4 -2 -10 -8 4 10 14 8 -4 -6 5 6 -4 -10 -15 -8 4 6 	-5 -6 4 9 15 9 -4 -1 -9 -9 4 8 15 9 -4 -1 -9 -9 4 9 14 8 -5 -6 4 6 -4 -9 -15 -9 3 1 9 8 -4 -9 	-15 -9 3 1 9 8 -4 -9 -15 -9 4 2 9 8 -5 -8 -15 -9 4 1 9 8 -4 -10 -14 -8 4 6 -5 -6 4 8 15 9 -4 -2 	-10 -9 4 10 14 8 -4 -7 5 6 -4 -10 -15 -8 4 6 -5 -6 4 10 14 8 -4 -6 4 6 -5 -9 -15 -9 3 1 9 8 -5 	-9 -14 -9 4 6 -5 -6 4 10 14 8 -5 -6 5 6 -4 -10 -15}/√66

S2160 = {0 0 -2 7 7 -4 -10 -15 -9 4 6 -5 -6 4 10 14 8 -4 -6 4 6 -4 -9 -15 -9 4 1 9 8 -5 -10 -15 -8 5 6 	-5 -6 4 10 14 8 -4 -7 4 6 -4 -10 -15 -8 4 6 -5 -6 4 8 15 9 -3 -2 -9 -9 4 10 14 8 -5 -6 5 6 -4 	-9 -15 -9 4 1 9 8 -5 -9 -15 -9 4 1 9 8 -5 -8 -15 -9 3 1 9 8 -4 -9 -15 -9 3 2 9 9 -4 -10 -14 -8 	4 6 -5 -6 4 9 15 9 -4 -2 -9 -8 4 9 15 9 -4 -2 -10 -8 5 9 15 8 -4 -7 5 6 -4 -10 -15 -8 4 6 -5 -6 	4 9 15 9 -3 -2 -9 -9 4 9 15 9 -4 -2 -10 -8 4 9 15}/√66

S3160 = {0 0 -2 7 7 -5 -9 -15 -10 4 1 9 8 -5 -9 -15 -9 4 1 8 8 -4 -8 -15 -9 4 1 9 8 -4 -10 -14 -8 4 6 -5 	-6 4 9 14 8 -5 -6 5 6 -4 -10 -15 -9 4 6 -5 -7 4 10 15 8 -5 -7 5 6 -4 -10 -15 -8 4 6 -5 -7 4 8 	15 10 -4 -1 -9 -8 4 8 15 9 -3 -1 -9 -9 4 9 15 9 -3 -2 -9 -8 4 9 14 8 -4 -6 4 6 -4 -9 -15 -9 3 1 	9 8 -5 -9 -15 -8 4 6 -4 -6 4 9 15 10 -4 -1 -10 -8 5 10 14 8 -4 -6 4 6 -5 -10 -15 -8 4 6 -5 -7 4 	9 15 9 -4 -1 -9 -8 4 10 14 8 -5 -6 5 6 -4 -10 -15}/√66

S4160 = {0 0 -2 7 7 -4 -9 -15 -8 4 6 -5 -6 4 9 15 9 -4 -2 -10 -9 4 10 15 8 -4 -6 4 6 -4 -10 -14 -8 4 6 	-5 -6 4 9 15 9 -4 -2 -10 -9 4 9 14 8 -4 -6 4 6 -5 -9 -15 -9 4 1 9 8 -4 -9 -14 -8 4 6 -5 -6 4 9 	15 9 -3 -2 -9 -8 4 9 15 9 -4 -2 -9 -9 4 9 15 9 -4 -2 -9 -9 4 9 14 8 -5 -6 4 6 -4 -10 -14 -8 4 6 	-5 -6 4 10 14 8 -4 -7 5 6 -4 -10 -15 -9 4 6 -5 -6 4 9 14 7 -4 -6 5 6 -4 -9 -15 -9 3 1 9 8 -5 -8 	-15 -9 4 1 9 8 -5 -9 -15 -9 3 1 9 8 -5 -10 -15}/√66

The time-domain cross-correlation of the specified preamble delivers an easily-identifiable sharp peak value which is expected to be used for packet detection and synchronization.

6.2.2. Channel Estimation

A sequence of two identical OFDM training symbols is used to estimate the channel impulse response. The sequence can also be used for additional fine-timing synchronization. The channel estimation sequence contains the following values modulated on the subcarriers of two identical OFDM frames (index 0 corresponds to the DC subcarrier modulation value):

E0 to 63 = {0 0 0 -1 -1 1 -1 1 -1 -1 1 1 1 -1 -1 -1 1 -1 1 1 1 1 1 -1 -1 1 1 -1 1 0 0 0 0 0 0 0 1 -1 1 1 -1 	   -1 1 1 1 1 1 -1 1 -1 -1 -1 1 1 1 -1 -1 1 -1 1 -1 -1 0 0}

The sequence is Hermitian symmetric in order to satisfy the requirement for a real time-domain signal after the IDFT and has very good auto-correlation properties. In Fig. 6.2.2, the channel estimation OFDM symbol is transmitted twice in two identical copies of the time-equivalent signal of the frequency-domain modulation sequence E0 to 63. The time-domain signal is obtained after an IDFT operation on E0 to 63. The guard interval GI2 is a cyclic extension of this same time-domain signal and has a duration of 32 samples (twice the length of the typical cyclic extension for this PHY mode specification).

6.2.3. Header

The Header contains all information necessary for demodulating the subsequent frame payload. It is always encoded in 1/2 FEC rate BPSK modulation using DCO-OFDM. The header is logically split into three sections, which are encoded in separate OFDM frames (each part may be encoded in more than one OFDM frame) in order to achieve a modular PHY frame design.

The two components of the header in the current PHY take the following form.



6.2.3.1. Basic Header

The basic header contains the minimum information required for demodulating the subsequent payload. In the low-bandwidth PHY mode, this header includes information such as the constellation size, the FEC rate and the payload size. The Basic Header also indicates whether an Advanced Modulation Header (containing further information regarding the modulation format) is used. If no advanced modulation header is used, then the DATA portion of the PHY frame is expected to appear after the basic header. The basic header contains 24 bits and fits within 2 OFDM frames of the current PHY mode. The field contains the information and is structured as depicted in Fig. 6.2.3.1.1.

[image: ]
Figure 6.2.3.1.1: Structure of the Basic Header.

The individual fields of the basic header are described as follows.

6.2.3.1.1. RATE

The RATE field consists of three bits and indicates the QAM constellation size and the FEC rate (achieved with the use of a convolutional encoder and puncturing) used for the subsequent payload. The values specified in Table 5 are valid for the RATE field.

	Table 6.2.3.1.1.1: Valid RATE values

	R0-R2
	Modulation
	FEC rate
	Data rate
(Mb/s)
(40 MHz)
	Data rate (Mb/s) 
(20 MHz)
	Data rate (Mb/s) 
(15 MHz)
	Data rate (Mb/s) 
(10 MHz)
	Data rate (Mb/s) 
(5 MHz)

	110
	BPSK
	1/2
	12
	6
	4.5
	3
	1.5

	111
	
	3/4
	18
	9
	6.75
	4.5
	2.25

	010
	4-QAM
	1/2
	24
	12
	9
	6
	3

	011
	
	3/4
	36
	18
	13.5
	9
	4.5

	100
	16-QAM
	1/2
	48
	24
	18
	12
	6

	101
	
	3/4
	72
	36
	27
	18
	9

	000
	64-QAM
	2/3
	96
	48
	36
	24
	12

	001
	
	3/4
	108
	54
	40.5
	27
	13.5



6.2.3.1.2. Reserved bits (R)

One bit is reserved for introducing additional transmission rates in future modifications of the standard.

6.2.3.1.3. LENGTH

An 11-bit field which indicates the size of the payload in octets. Hence, the size of the payload is between 0 and 2048 octets.

6.2.3.1.4. Advanced Modulation Header Bit (A)

One bit indicating whether an Advanced Modulation Header is included in the next OFDM frame:

1 → The next OFDM frame is an Advanced Modulation Header.
0 → The next OFDM frame is part of the DATA portion (payload) of the PHY frame.

6.2.3.1.5. High-reliability MAC Header Bit (M)

One bit indicating whether a high-reliability MAC header encoding is used. If the advanced modulation header is not enabled, then the next OFDM frame encodes the high-reliability MAC header described in subclause 6.2.5.1.

1 → The OFDM frame following the advanced modulation header is part of the high-reliability    
        MAC header encoding.
0 → The OFDM frame following the advanced modulation header is part of the conventional DATA 
        portion (payload) of the PHY frame encoding using the RATE specified in subclause  
        6.2.3.3.1.1.

6.2.3.1.6. Parity Check Bit (P)

An even parity check bit for the information in bits 0 – 16.

6.2.3.1.7. SIGNAL TAIL

Six bits set to zero complete the Basic Header. These bits re-set the state machine of the convolutional encoder used in the current PHY mode.

6.2.3.2. Advanced Modulation Header

The advanced modulation header is encoded in separate OFDM frames from the Basic Header, so that the overall structure is modular, i.e., when the advanced modulation header is not required, it can be easily excluded.  Like the basic header, the advanced modulation header is encoded using 1/2 FEC rate BPSK. The advanced modulation header is an optional field which contains the information necessary for demodulating the subsequent waveform. It contains information necessary to identify if adaptive bit and energy allocation is used. It also contains commands for the PHY necessary for estimating the channel quality indicators (CQIs), necessary for enabling adaptive bit and energy loading during the real-time operation of the system. The format is presented in Fig. 6.2.3.2.1.

[image: ]
Figure 6.2.3.2.1: Advanced Modulation Header format.


6.2.3.2.1. Adaptive Bit Loading Use (B)

One bit indicating whether adaptive bit loading is used to encode the subsequent payload:

1 →  Adaptive bit loading is used. In this case, the subsequent payload is encoded with the loading 
         scheme which the receiving station has estimated and suggested to the transmitter using the  
         feedback channels and negotiation procedures in the MAC layer.
0 →  Adaptive bit loading is not used. In this case, the subsequent payload is encoded with the 
         default loading scheme and the rate specified in the Basic Header.

The low-bandwidth PHY mode is not required to support adaptive bit loading. If a PHY which does not support bit loading encounters a packet which has this bit set to 1, it will ignore the packet, as it will no be able to demodulate it.



6.2.3.2.2. Estimate CQIs (C)

One bit indicating whether the CQIs should be calculated in the PHY for the current transmission frame. The channel estimation symbols preceding the PHY header are used for the estimation of the CQIs if the MIMO mode is not enabled. If the MIMO mode is enabled, the MIMO reference symbols described in 6.2.4.

1 → the CQIs should be estimated
0 → the CQIs should not be estimated

Upon estimation of the CQIs, the PHY conveys the results to the MAC using a predefined PHY service primitive. The calculation of the bit and power allocation scheme as well as the necessary exchange for updating the bit and power allocation scheme at the transmitter and receiver are handled at the MAC layer.

6.2.3.2.3. Use of eU-OFDM (eU)

Indicates whether the PHY DATA (payload) field is encoded using eU-OFDM. 

1 → the DATA (payload) is encoded using eU-OFDM.
0 → the DATA (payload) is not encoded using eU-OFDM.

 Note that the use of this alternative waveform can be negotiated in advance using control/management frames. Furthermore, the use of eU-OFDM encoding does not prohibit the use of any additional advanced waveforms such as SC-FDMA or RPO-OFDM.

6.2.3.2.4. Number of Streams in eU-OFDM (STR)

Two bits indicating the number of U-OFDM streams superimposed in the signal encoding procedure. The valid values for this field are:


	Table 6.2.3.2.5.1: Valid STR values

	STR
	Number of Streams

	00
	1

	10
	2

	01
	3

	11
	4





6.2.3.2.5. Use of Single-carrier FDMA

Indicates whether the PHY DATA (payload) field is encoded using SC-FDMA. 

1 → the DATA (payload) is encoded using SC-FDMA.
0 → the DATA (payload) is not encoded using SC-FDMA.

 Note that the use of this alternative waveform can be negotiated in advance using control/management frames. Furthermore, the use of SC-FDMA encoding does not prohibit the use of any additional advanced waveforms such as eU-OFDM or RPO-OFDM.

6.2.3.2.6. SC-FDMA pre-coder DFT Size (DFT)

A number specifiying the DFT size used in the SC-FDMA pre-coding procedure. As only 24 subcarriers are modulated with unique data, the DFT size is a number between 1 and 24.

6.2.3.2.7. Number of Reverse Polarity Optical OFDM frames (NRPO)

Indicates the number of OFDM data frames which are encoded using RPO-OFDM as described in subclause 6.3.8. By convention, the LSB of this number is transmitted first. A value of NRPO='000000' indicates that RPO-OFDM is not used.

 Note that the use of this alternative waveform can be negotiated in advance using control/management frames. Furthermore, the use of RPO-OFDM encoding does not prohibit the use of any additional advanced waveforms such as eU-OFDM or SC-FDMA.

6.2.3.2.8. Signal scaling factor in Reverse Polarity Optical OFDM frames (GRPO)

Indicates the factor by which the OFDM data signal is scaled as described in subclause 6.3.8. If NRPO='000000', this field is not relevant for the signal transmission.

6.2.3.2.9. Relaying Operation Enabled (RE)

1 → Relaying should be performed for the current PHY frame.
0 → Relaying should not be performed for the current PHY frame.

6.2.3.2.10. Relaying Operation Type (RT)

Two bits which specify the type of relaying operation that should be performed. The valid values for this field are specified as:



	Table 6.2.3.2.10: Valid RT values

	RT
	Relaying and 
Duplexing Mode

	00
	FD – AF

	01
	FD – DF

	10
	HD – AF

	11
	HD – DF



6.2.3.2.11. MIMO Enable Bit (M)

One bit indicating whether a MIMO mode is enabled for the current PHY frame:

1 → MIMO mode is enabled and the subsequent payload is encoded using the MIMO scheme       
        already negotiated by the transmitter and the receiver.
0 → MIMO mode is not enabled and the subsequent payload is encoded using the SISO scheme       
        specified by the parameters in the basic header and the advanced modulation header.

6.2.3.2.12. MIMO Reference Symbols Format (RS)

One bit which indicates the format of the reference symbols used for CQI estimation. 

1 → MIMO Reference Symbols Format I is used.
0 → MIMO Reference Symbols Format II is used.

The two MIMO reference symbols formats are specified in 6.2.4.

6.2.3.2.13. Parity Check Bit (P)

An even parity check bit for the information in bits 0 – 16.

6.2.3.2.14. SIGNAL TAIL

Six bits set to zero complete the advanced modulation header. These bits re-set the state machine of the convolutional encoder used in the current PHY mode. 

6.2.4. MIMO Reference Symbols (RSs)

The MIMO reference symbols constitute NMIMO OFDM frames (or the time-frame equivalent of NMIMO OFDM frames), where NMIMO = number of MIMO channels. Depending on the reference symbol format in use, the bit RS is set to '0' for reference symbols format I and set to '1' for reference symbols format II. The symbol formats are described as follows.
[image: ]
Figure 6.2.5.1.1: High-reliability MAC header structure.

6.2.5. Data

The Data field contains the MPDU transferred from the higher layer. The size of this field is specified in the basic PHY header. The MPDU is encoded according to the modulation format specified in the PHY header. The Data field contains a Service field, a MAC header portion of 

the MPDU encoded in the most robust modulation format, as well as the remaining portion of the MPDU complemented with a TAIL field and padding bits, which extend the length of the field to an integer number of OFDM frames. 

6.2.5.1. High-reliability MAC Header

Robust transmission of the polling and acknowledgement information ensures avoiding a lot of unnecessary retransmissions. Furthermore, when this information is encoded separately from the rest of the payload, errors in the payload (especially for long payloads) which cause the packet to be discarded (and retransmitted) do not influence the polling and acknowledgement mechanism. As a result, the MAC header (the part of the header required for polling and acknowledgments) is encoded in a special high-reliability header using the lowest data-rate (most robust) modulation format 1/2 FEC rate BPSK separately from the data payload. The high-reliability MAC header has the structure described in Fig. 6.2.5.2.1.

6.2.5.1.1. Protocol Version

The first two bits of the MAC frame indicating the MAC protocol version. If an incompatible MAC frame version is encountered in this frame, the PHY will drop the rest of the packet and signal an incompatible MAC protocol version to the MAC layer management entity.


6.2.5.1.2. Polled station number

In the downlink transmission, this field specified the number of the station which is being polled by the access point. On the uplink, these bits are left unspecified. 

6.2.5.1.3. Packet sequence number

A twelve-bit number which specifies the sequence number of the packet that is being acknowledged.

6.2.5.1.5. Acknowledgement (ACK)

A two-bit field which enables the AP and the stations to acknowledge packet reception as well as beacon reception. Bit 30 is set to '1', when a transmitting node (station or access point) is acknowledging the reception of the packet with the sequence number specified by the field described in 6.2.5.1.3. Bit 31 is set to '1', when a station is acknowledging the reception of a beacon frame, indicating it is still active and connected to the AP.  

6.2.5.1.6. Reserved bits (R)

Nine bits (at positions 32–40) are reserved for future use. Hence, they have not been specified.

6.2.5.1.7. Parity check bit (P)

An even parity check bit for the information in bits 0 – 40.

6.2.5.1.8. SIGNAL TAIL

Six bits set to zero complete the high-reliability MAC header. These bits re-set the state machine of the convolutional encoder used in the current PHY mode.

6.2.5.2. Service Field

The Service field has 16 bits,  which shall be denoted as bits 0–15.  The bit 0 shall be transmitted first in time. The bits from 0–6 of the SERVICE field, which are transmitted first, are set to zeros and are used estimate the initial state of the transmitter scrambler and to synchronize the descrambler in the receiver. The remaining 9 bits (7–15) of the SERVICE field shall be reserved for future use. All reserved bits shall be set to 0. Refer to Figure 6.2.5.2.1.

[image: ]
Figure 6.2.5.2.1: SERVICE field bit assignment.


6.2.5.3. General Payload Data

The general payload is encoded according to the modulation format specified in the PHY header. This field contains the MPDU transferred from the higher layer except for the parts of the MAC Header already encoded in the high-reliability MAC header as described in 6.2.5.2. followed by a tail field of six zero bits necessary to reset the convolutional encoder and a four-byte frame check sequence. In case the DATA field does not fit within an exact number of OFDM frames, padding bits are introduced.


6.2.5.3.1. Tail Field

The PPDU TAIL field shall be six zero bits, which are required to return the convolutional encoder to the zero state. This procedure improves the error probability of the convolutional decoder, which relies on future bits when decoding and which may not be available past the end of the message. The PLCP tail bit field shall be produced by replacing six scrambled zero bits following the message end with six nonscrambled zero bits.

6.2.5.3.2. Padding Bits

The number of bits in the DATA field shall be a multiple of NCBPS, the number of coded bits in an OFDM symbol (24, 48, 96, or 144 bits). To achieve this, the length of the message is extended so that it becomes a multiple of NDBPS, the number of data bits per OFDM symbol. At least 6 bits are appended to the message, in order to accommodate the TAIL bits, as described in 3.5.2. The number of OFDM symbols, NSYM; the number of bits in the DATA field, NDATA; and the number of pad bits, NPAD, are computed from the length of the PSDU (LENGTH) as follows:

	NSYM = Ceiling ((16 + 8 × LENGTH + 6)/NDBPS)                                                          (1)
	NDATA = NSYM  × NDBPS                                                                                                    (2)
	NPAD = NDATA – (16 + 8 × LENGTH + 6)                                                                       (3)

The function Ceiling (.)  is a function that returns the smallest integer value greater than or equal to its argument value. The appended bits (“pad bits”) are set to zeros and are subsequently scrambled with the rest of the bits in the DATA field.[image: ]
Figure 6.2.5.3.3.1: Data Scrambler / Descrambler.


6.2.5.3.3. Data scrambler and descrambler

The DATA field, composed of SERVICE, PSDU, tail, and pad parts, shall be scrambled with a length-127 frame-synchronous scrambler. The octets of the PSDU are placed in the transmit serial bit stream, bit 0 first and bit 7 last. The frame synchronous scrambler uses the generator polynomial S(x) as follows, and is illustrated in Figure 6.2.5.3.3.1:

                                            S(x) = x7 + x4 + 1                                                            (4)

The 127-bit sequence generated repeatedly by the scrambler shall be  (leftmost used first),  00001110 11110010 11001001 00000010 00100110 00101110 10110110 00001100 11010100 11100111 10110100 00101010 11111010 01010001 10111000 1111111,  when the all ones initial state is used.  The same scrambler is used to scramble transmit data and to descramble receive data. When transmitting, the initial state of the scrambler will be set to a pseudo-random nonzero state. The seven LSBs of the SERVICE field will be set to all zeros prior to scrambling to enable estimation of the initial state of the scrambler in the receiver.

5.0 PHY PIB attributes
Dear Proposer: add any anticipated PHY PIB attributes here





See IEEE802.15.7-2011 Table 100 for the current PHY PIB Table

	PHY PIB Table 100 Additions

	Attribute
	Identifier
	Type
	Range
	Description

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




6.0 Superframe Structure
[bookmark: __UnoMark__9513_263338114]Dear Proposer: if you have an opinion as to the superframe structure then please express your opinion below; otherwise, you can leave this section blank.

Current 802.15.7-2011 superframe is shown below.


[image: ]

5. MAC

5.1 Duplex Mode

5.2. Network Topologies

The current specification supports three basic network topologies as described in Fig. 5.2.1. The peer-to-peer topology constitutes two communication nodes exchanging information only between each other. This topology is equivalent to a single-user star topology. The star topology constitutes a networking configuration of an AP with multiple user STAs connected and served simultaneously. It is enabled by the subsequent protocol description. The broadcast topology constitutes a star topology in which transmission is unidirectional. Information is broadcasted only by the coordinator node. Reception acknowledgments are not expected in this configuration, but can be enabled in accordance with the multiple access mechanism described in the subsequent specification.

5.3 Superframe

The specification employs a superframe structure similar to the 802.15.7 superframe specification. The description provided in this subclause is illustrated in Fig. 5.3.1. The start of a transmission period is marked by the transmission of a beacon frame, which carriers the information required for new STAs to initiate an association procedure. Following the beacon frame transmission, a contention-based transmission period is enabled. The duration of the period is measured in terms of transmission slots, which the coordinator node enables via its polling mechanism. Each frame transmission (other than the Beacon frame transmission) by the coordinator can be used to poll a STA. During the contention-based period, all STAs are effectively polled by the coordinator and, as soon as they recognize the beginning of the polling frame (polling information is contained in the frame header at the beginning of the frame), they have the possibility to transmit. Collisions result in failed frame reception, which results in lack of acknowledgments and retransmission of the respective frames. Acknowledgments and retransmissions are described in subsection 5.4.7. A STA which does not take the opportunity to transmit when polled during the CP needs to wait for the next valid frame transmitted by the coordinator, which marks the beginning of the next contention slot, in order to have the opportunity to transmit again. The polling mechanism enables very low-complexity synchronization of the transmission slots and also enables the coordinator to dynamically adapt and assign the slots for transmission. The duration of the CP is measured in terms of transmission slots and can be configured at the coordinator node. Following the CP, a CFP is enabled, during which the coordinator node polls each STA individually and allows it to transmit without any interference from other STAs. The specific polling algorithm and order is outside the scope of this specification and is left as a system designer's choice. STA association and disassociation begins in the CP, but can be completed during the subsequent CFP.[image: ]
Figure 5.2.1: Network topologies: (a) peer-to-peer; (b) star; (c) broadcast.


5.4. VPAN Establishment

5.4.2. Association and Disassociation

A Beacon frame is broadcasted from the AP to the STAs, after which a contention period is enabled for new stations to request to join the AP via a poll request. Poll acknowledgments are 

also used by already connected STAs for Beacon acknowledgment, which indicates to the AP that the respective STA is still within range and able to communicate.[image: ]
Figure 5.3.1: Superframe structure example with four STAs.


5.4.2.1. Association

 The AP sends a Beacon frame periodically at the beginning of a polling cycle. In a short contention period after receiving the Beacon frame, the STA can reply with a "connection request", which is a poll request frame (a Data Null frame) transmitted by the STA. The first valid downlink frame after the beacon marks the beginning and the end of the contention period, i.e., the first valid frame after the beacon is interpreted as a poll to all stations that have not been connected to transmit their poll request in the form of a Data Null frame.  All stations that have already been associated with the AP may ignore any polling during the contention period. If no stations have been connected to the AP, the first valid frame would be the subsequent beacon frame (see Fig. 5.4.2.1. for a description of this procedure). The AP starts polling a station in the next polling round after receiving the Data Null frame (polling request). In case several STAs want to connect at the same time, a collision occurs. As a solution, a random backoff is introduced, for example, one STA retries to establish a connection after 2 beacons, another STA retries after 5 beacons, etc. If it is not polled during the next polling round, a STA assumes a collision has occurred and proceeds accordingly with a back-off and an attempt to reconnect. A STA transmits a poll request frame immediately after it decodes a valid MAC frame header. Hence, as depicted in Fig. 7, it will not wait for the entire frame on the downlink from the AP to be transmitted. Upon a successful polling request (the AP has successfully received the station's request to be polled and has indicated this by polling the station within the next transmission 

round), a station exchanges the necessary association and authentication information with the AP via association and authentication control frames. Upon successful authentication and association, the STA is assigned a unique 8-bit address which will identify the STA among all other devices connected to the same AP via the VLC link.[image: ]
(a) Case 1: No STAs are connected to the AP.
[image: ]
(b) Case 2: At least one STA is connected to the AP 
Figure 5.4.2.1: A STA sending a connection request to the AP.


5.4.2.2. Disassociation

Stations are expected to acknowledge every Beacon frame with the transmission of a Data or Management frame using the designated bit in the MAC frame header as described in subclause 5.8. In case a Beacon is not acknowledged within the time interval between the transmission of the Beacon to be acknowledged and the transmission of the subsequent Beacon frame, the STA is assumed to have been disconnected and is removed from the polling algorithm at the AP. If a station does not receive a poll (any valid downlink frame with its address number in the field for the polled station address as described in 5.8) within a polling period, it assumes to have been disconnected and begins attempting to reconnect again after detecting a Beacon frame.

5.4.3. Link Maintenance

Once a link is established it is maintained using any available CSI and the respective control / management mechanisms defined in the current MAC specification. 

5.4.4. CSI Feedback and Link Adaptation

The CSI can be obtained using the respective service primitives at the PHY layer and control / management mechanisms defined in the current MAC layer specification.

5.4.4.1. Setup and Link Adaptation for MIMO Communication

To setup the MIMO communication, it is assumed that the association is realized in SISO mode. At any point in time after a VLC communication node has been successfully associated to a network (for APs, this occurs after an AP has associated a given mobile STA), the VLC communication node sends a MIMO information request in order to start a MIMO setup procedure using a MIMO control frame. The node that receives the request provides the number of MIMO channels it can support and its relevant MIMO capability parameters using a MIMO control frame. The initiating node acknowledges the reception of the MIMO information parameters and transmits a packet in MIMO mode in order to perform the channel estimation process. The packet is a Data Null packet, which the transmitting node does not expect to be acknowledged. However, the transmitting node does expect MIMO control frame in return containing the estimated communication channel parameters. Similarly, the second node also transmits a Data Null frame in MIMO mode, so that the initiating node can estimated the MIMO communication channel conditions in the other direction. Upon estimation of the channel state information (CSI), each node transmits a MIMO control frame containing the bit loading for every OFDM subcarrier on each communication channel. The channel state information (i.e., channel coefficients, channel correlation, signal-to-noise ratio etc.) is estimated by the receiving node in each direction. Based on the channel conditions, the receiver selects the optimal transmission mode, which includes modulation type, modulation order, MIMO configuration and MIMO type. The selected transmission mode is provided to the transmitter via MIMO control frames. The concept is illustrated in Fig. 5.4.4.1.1.

5.4.5. Interference Coordination

The CSI obtained using the respective service primitives at the PHY layer and control / management mechanisms at the MAC layer can be optionally used for interference coordination within the network. The coordinated optical wireless (COW) network concept is described in 5.7. 

5.4.6. Multiple Access

The multiple access in the presented MAC protocol is based on the function of a PCF which provides CF frame transfer. The PC shall reside in the AP. It is also a requirement for a STA to be able to respond to a poll request received from a PC. A STA should also be able to request to be polled by an active PC as described in subclause 5.4.2. When polled by the PC, a STA may transmit only one MPDU, which can be sent to the PC but may have any destination. The acknowledgments for any data packet “piggyback” on the transmission of any management or data frame (including Null frames) except for Beacon frames. If a frame is not acknowledged, the STA shall not retransmit the frame unless it is polled again by the PC. If a polled STA does not have any data to transmit, it simply ignores the polling request. The request times out after a 
specified period of time, which indicates to the PC that the polled station might either be out of range or will not take advantage of the possibility to transmit.
[image: ]
Figure 5.4.4.1.1: MIMO communication setup.

Any frames transmitted from the AP to the STA are treated as polling frames, except for the Beacon frame. This can be assumed because every packet transmission contains a polled STA number, which enables the stations to keep track of the polling order. A newly connected STA is made aware of its queue number with the first valid packet it receives from the AP, which contains both its queue number and its MAC address. Furthermore, the AP will never transmit a frame before the uplink from a STA due to a previous poll has been completed. Hence, no collisions in the uplink are possible and each donwlink packet transmission can function as a polling frame. In case the response to a poll request is not detected by the AP, the AP will attempt to poll the next STA in the queue. Upon detection of a subsequent downlink packet by the STA whose response was not detected, the STA will stop transmission immediately in order to avoid any collisions in the uplink as illustrated in Fig. 5.4.6.1. This functionality is necessary because the AP does not expect to always receive a response to its poll. If a STA has no acknowledgment or information to transmit, it will simply ignore its possibility to transmit. An AP always sends polling frames in order. In case there is no information to be transmitted to a STA, which is next in the queue, a Data Null frame is used as a polling frame. 
[image: ]
Figure 5.4.6.1: Consequences of the AP failing to recognize a poll response.

5.4.7. Acknowledgement and Retransmission

The reception of every packet at the MAC layer level has to be acknowledged by the receiving side (AP or STA). If a packet is not acknowledged by the STA or the AP at the following polling round, then it is retransmitted during the subsequent polling cycle. Packets may arrive out of order. Hence, even if a STA or an AP does not receive the expected acknowledgment during a given polling round, it can proceed with the transmission of the next packet. If packets are not acknowledged in the course of a predetermined time period equal to four transmission opportunities for the acknowledging device, they are considered lost and are dropped from the transmission. Figure 5.4.7.1 illustrates the acknowledgment procedure.
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The principle of operation is illustrated in Fig. 5.4.7.1 for transmission on the downlink. The principle of operation is analogous for the uplink direction. Two STAs are already connected to the AP. The AP sends a data frame to the first STA, which also polls the STA. The STA responds to the poll with a payload frame or a management frame as soon as it manages to decode the MAC header of the received frame. Note that if the high-reliability MAC header encoding at the PHY layer is implemented, then the STA responds as soon as this information is decoded at the PHY layer and the MLME is notified even before the entire DATA portion of the PHY packet is received and decoded. After both the downlink and the uplink packet transmissions are complete, the AP sends a data frame to the second STA, which also replies to the poll with a payload frame as soon as the PHY header is decoded. After completion of the transmission in both directions, the AP attempts to send a second data frame to the first STA. This time a CRC error is detected at the PHY layer, but the packet transmission is correctly detected by the STA, which interprets this as an invitation to transmit and responds with an acknowledgment to the first data packet in the downlink (note that if the high-reliability MAC header encoding at the PHY layer is not used, the entire packet would be dropped without the STA being polled, so uplink transmission would not be possible). The acknowledgment in this case is part of a Null frame, but can also be transmitted with a data frame if the STA had any data to upload. After transmission is complete in both directions, the AP sends a second data packet to the second STA. The STA detects this and after decoding the header, transmits an acknowledgment for the reception of the first data packet. Upon completion of both transmissions, the AP sends a third data packet to the first STA. The STA responds with a management frame, but does not provide any acknowledgments as the second data packet was not successfully received during the previous transmission cycle. In this case, the STA could simply ignore the possibility to transmit if no management information or data is available for transmission. In both cases, the AP would recognize the lack of an acknowledgment for the second data packet which failed to successfully reach the first STA. Upon completion of transmission in both directions, the AP sends a third data packet to the second STA. This time an error at the PHY layer causes the packet to not get detected at the PHY layer. As a result, the STA does not recognize the poll and does not transmit any data. After completing transmission, the AP transmits another data frame to the first STA. In this case, the second packet is retransmitted since no acknowledgment was received at the AP during the previous transmission cycle. At this point, the AP will keep transmitting the second data packet at each polling cycle, until an acknowledgment is received from the STA or until enough unsuccessful attempts are made so that the AP decides to drop the packet. The STA correctly identifies the packet header and transmits a response with an acknowledgment for the third data packet, which was received during the previous transmission round. Upon completion of both transmissions, the AP sends the fourth data packet to the second STA. The STA recognizes the header and sends a response in a management frame. In this case, again, the STA could simply ignore the possibility to transmit if no management information or data is available for transmission. In both cases, the AP would recognize the lack of an acknowledgment for the third data packet which failed to successfully reach the second STA. Upon completion of the bidirectional transmission, the AP transmits the fourth data packet to the first STA. The STA recognizes the header and transmits an acknowledgment for the second data packet, which was successfully retransmitted during the previous round. After completion of the bidirectional transmission, the AP retransmits the third data packet to the second STA for which it did not receive an acknowledgment in the previous round. The STA recognizes the header and attempts to transmit an acknowledgment for the fourth data packet which was successfully received during the previous round. The transmission, however, contains at least one error, which causes the PHY layer algorithm at the AP to drop the data, and, hence, the MAC layer algorithm does not receive the acknowledgment for the fourth data packet. Upon completion of both data transmissions, the AP continues with transmission of the fifth data packet to the first STA. It should be noted that if for any reason the AP failed to recognize the end of the uplink transmission from the second STA, which could be due to the fact that the packet was not detected at all or due to the fact that because of a PHY layer error the packet length was not correctly interpreted, and began transmitting the next packet to the first STA prematurely, the second STA would have discontinued its transmission immediately upon detecting the next donwlink packet transmission. This example was explained in subclause 5.4.6 and illustrated in Fig. 5.4.6.1. All subsequent packet transmissions in Fig. 5.4.7.1 are successful and analogous to the already explained examples. It is interesting to note that since the acknowledgment for the fourth data packet to the second STA was unsuccessful, the AP transmits this packet a second time (in the last illustrated frame), so the STA receives the packet successfully twice. The MAC layer protocol is able to handle the packet redundancy as well as reordering based on the packet sequence numbers described in subclause 5.8 – the MAC Frame Description part of the document.
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(a) No packet loss. 
(b) Various packet loss and retransmission scenarios.
Figure 5.4.7.1: Downlink transmission with two STAs.
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5.5. Relaying[image: ]
Figure 5.5.1.1.: Protocol for establishing STA relay capabilities.


5.5.1 Relay Discovery Procedure

The MAC protocol supports optional relaying mechanism for the cases when dedicated relay terminals are available. The relay terminals are named as “relay STAs”. The AP keeps track of the relay STAs in the environment. At any given point in time, the AP can send an Advanced Modulation Control frame to a STA, which contains the APs capabilities, but alos serves as a signal to the STA to transmit its own capabilities using an Advanced Modulation Control frame. All the STAs in the environment, that have received an Advanced Modulation Control frame including the relay STAs, reply with their capabilities. The AP collects the relaying capabilities of the STAs along with the full set of capabilities included in the Advanced Modulation Control frame. Subclause 5.8.4.3.1.5 describes the signalling mechanism for the relaying capabilities using the Advanced Modulation control frame. Note that this procedure can occur at different points in time for the different STAs.

The PHY layer protocol at each STA measures the signal to interference and noise (SINR) on each subcarrier for each link and signals it to the AP through a CSI control frame. The AP obtains CQI reports, which can also be used for the additional advanced modulation capabilities. Subclause 5.8.4.3.2 describes the structure of the CSI control frame. Note that this procedure can occur at different points in time for the different STAs and also is not obligatory before every relaying instruction, given that the CSI available to the AP is still applicable. The relay discovery procedure is illustrated in Fig. 5.5.1.1.[image: ]
Figure 5.5.2.1: Relay selection procedure.


5.5.2 Relay Selection Procedure

The relay selection procedure defines selection of the best relay STA and relaying mode among multiple relay STAs. The relay selection procedure is based on the capabilities for each relay STA and the CSI available at the AP. Figure 5.5.2.1 shows the best relay selection algorithm based on the predefined constraints and performance metrics. The AP calculates the constraint metric for each relay with HD/FD and AF/DF relaying modes. Then, the transmitter decides the best relay together with a relaying mode that satisfies the constraint. 

5.5.3 Relay Link Setup (RLS) Procedure

Following the selection of the relay to be used between the AP and STA, a RLS request frame is sent to the selected relay. The RLS Request frame includes the capabilities and the IDs of the AP, the STA and the relay transfer parameter set. Upon receiving the RLS Request frame, the relay STA shall transmit a RLS Request frame to the destination containing the same information as received within the frame body of the source RLS Request frame. RLS response frame indicates whether the STA can participate in the RLS. Finally, the AP transmits the RLS announcement that indicates the RLS procedure was successfully completed.

5.5.4 Frame Exchange Rules
Figure 5.5.4.1 pictures the packet loss and retransmission scenarios for HD relaying. In Fig. 5.5.4.1, there is a single user in the network. The AP transmits the first data packet to the STA. The packet is received by both the STA and the relay STA. The STA responds as soon as it decodes the header. The response is received by both the AP and the relay STA. The AP is aware of the relay STA and waits for its response. The response from the relay STA is also received by the AP. The relay STA stores the first data packet until it receives its acknowledgement. 
Then in the second transmission cycle, the AP sends the second data packet which is received by both the STA and the relay STA. The relay STA starts to store the second data packet. First, the STA responds with the ACK for the first packet. Then, the relay STA sends its response with the ACK of the first packet and deletes the first package from its memory. In the next transmission cycle, the AP transmits the third data packet which is this time received by the relay STA only. The STA does not respond to this packet. The relay STA waits for the response from the STA over a predetermined amount of time and then sends its response to the AP. The response from the relay STA includes the information that it did not receive a response from the STA and will retransmit the third packet to the STA. The AP starts to wait for the next response from the relay STA. The relay STA retransmits the third packet. The STA responds with the ACK for the second data packet. The relay STA also sends its response with ACK from STA. Then, the relay STA deletes the second data packet.

5.5.5 RLS Teardown Procedure

The RLS Teardown procedure is to terminate the relay operation. The RLS teardown frame is sent by the AP and received by the relay STA. Then, the relay STA terminates the relaying operation for any subsequent packets.





[image: ]
Figure 5.5.3.1: RLS procedure.
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Figure 5.5.4.1: Packet loss and retransmission scenario in HD relaying.



5.6. Mobility and Handover

Mobility and handover techniques is envisioned to be adopted from the protocols described in the IEEE 802.11k and IEEE 802.11r specifications.

5.7. Coordinated Wireless Network

In the COW topology, multiple STAs are served by multiple APs, which are in turn coordinated by a network controller (NC). The NC is a device that has a fixed network link to the APs. The NC reroutes the traffic paths between NC and APs in case of handover and controls the transmission of all APs and STAs to manage interference. APs are time-synchronized, what can be achieved e.g. by the IEEE 1588 precision time protocol (PTP). The NC aggregates the wireless traffic of STAs and APs. However, its functionality is not part of 802.15.7r1. Only the specific data transport and control signaling needed in the COW topology are defined. Based on cell-specific reference signals, STAs and APs estimate the interference channel in down- and uplink directions, respectively. The corresponding metrics reports are conveyed in the downlink over the wireless uplink and via the APs to the NC and ii) in the uplink via the APs to the NC where it is used for interference coordination and handover.

5.9. Heterogeneous VLC and RF communication

Optional techniques for combined VLC and RF communication will be introduced, where a STA is simultaneously connected to an AP using RF communication as well as VLC. MAC layer service primitives enable control information and data to be conveyed between the MAC layer and the upper network layers so the control information and the data can be conveyed to the destination using either one of the two wireless communication media.

5.10. Encryption and Security

The MAC layer protocol is expected to provide encryption and security features using the following set of protocols:

1) Wired Equivalent Privacy (WEP)
	2) Temporal Key Integrity Protocol (TKIP)
	3) Counter Mode Cipher Block Chaining Message Authentication Code Protocol 
    (CCMP)

5.11. MAC Layer Service Primitives

The MAC layer service primitives enable the transfer of data and control information between the MAC layer and the higher networking layers. The following service primitives are defined.

5.11.1 MAC Layer DATA Services

5.11.1.1 MAC-DATA.request

5.11.1.1.1 Function

This primitive requests a transfer of an MSDU from a local LLC sublayer entity to a single peer LLC sublayer entity, or multiple peer LLC sublayer entities in the case of group addresses or broadcasting.

5.11.1.1.2 Semantics of the service primitive

MAC-DATA.request (source address, 
			destination address, 
			data)

The source address (SA) parameter specifies an individual MAC sublayer address of the sublayer entity from which the MSDU is being transferred.

The destination address  (DA)  parameter specifies either an individual or a group MAC sublayer  entity address.

The data parameter specifies the MSDU to be transmitted by the MAC sublayer entity. The length of the MSDU must be less than or equal to 2304 octets.

5.11.1.1.3 When Generated

This primitive is generated by the LLC sublayer entity when an MSDU is to be transferred to a peer LLC sublayer entity or entities.

5.11.1.1.4 Effect of Receipt

On receipt of this primitive,  the MAC sublayer entity determines whether the request can be fulfilled.  A request that cannot be fulfilled is discarded,  and this action is indicated to the LLC sublayer entity using an MAC-DATA.confirm primitive that describes why the MAC was unable to fulfill the request. If the request can be fulfilled, the MAC sublayer entity appends all MAC specified fields, passes the properly formatted frame to the lower layers for transfer to a peer MAC sublayer entity or entities, and indicates this action to the LLC sublayer entity using an MAC-DATA.confirm primitive with transmission status set to Successful.


5.11.1.2 MAC-DATA.indication

5.11.1.2.1 Function

This primitive defines the transfer of an MSDU from the MAC sublayer entity to the LLC sublayer entity, or entities in the case of broadcast transmission.  In the absence of error,  the contents of the data parameter are logically complete and unchanged relative to the data parameter in the associated MAC-DATA.request primitive.

5.11.1.2.2 Semantics of the service primitive

MAC-DATA.indication (source address, 
			   destination address,
			   reception status, 
			   data)

The source address (SA) parameter specifies an individual MAC sublayer address of the sublayer entity from which the MSDU is being transferred.

The destination address  (DA)  parameter specifies either an individual or a group MAC sublayer  entity address.

The data parameter specifies the MSDU as received by the local MAC entity.

The reception status parameter indicates “success” or “failure” of the received frame for those frames that the MAC layer reports using the MAC-DATA.indication primitive.

5.11.1.2.3 When Generated

The MAC-DATA.indication primitive is passed from the MAC sublayer entity to the LLC sublayer entity or entities to indicate the arrival of a frame at the local MAC sublayer entity. Frames are reported only if they are validly formatted at the MAC sublayer,  received without error,  received with valid  (or null) security and integrity information, and their destination address designates the local MAC sublayer entity.

5.11.1.2.4 Effect of Receipt

The effect of receipt of this primitive by the LLC sublayer is dependent on the content of the MSDU.

5.11.1.3 MAC-DATA.confirm

5.11.1.3.1 Function

This primitive has local significance and provides the LLC sublayer with status information for the corresponding preceding MA-UNITDATA.request primitive.

5.11.1.3.2 Semantics of the service primitive

MAC-DATA.indication (source address, 
			   destination address,
			   transmission status)

The SA parameter is an individual MAC sublayer entity address as specified in the associated MAC-DATA.request primitive.

The DA parameter is either an individual or group MAC sublayer entity address as specified in the associated MAC-DATA.request primitive.

The transmission status parameter is used to pass status information back to the local requesting LLC sublayer entity. IEEE Std 802.11 specifies the following values for transmission status:
	
	a) Successful.
	b) Undeliverable (excessive data length).
	c) Undeliverable (no BSS available).
	d) Undeliverable (cannot encrypt with a null key).

5.11.1.3.3 When Generated

The MAC-DATA.confirm primitive is passed from the MAC sublayer entity to the LLC sublayer entity to indicate the status of the service provided for the corresponding MAC-DATA.request primitive.

5.11.1.3.4 Effect of Receipt

The effect of receipt of this primitive by the LLC sublayer is dependent upon the type of operation employed by the LLC sublayer entity.

7.0 MAC frame formats
Dear Proposer: in the section below you can express your opinion as to the MAC frame format.  If you have no opinion then you can leave this section blank.



Current 802.15.7-2011 MAC frame format.
[image: ]
< Enter MAC frame format here >

5.8. MAC Frame Formats

The format of the MAC frames is specified in this clause. A STA shall be able to properly construct a subset of the frames specified in this clause for transmission and to decode a subset of the frames specified in this clause upon validation following reception. All STAs shall be able to validate every received frame using the frame check sequence (FCS) and to interpret certain fields from the MAC headers of all frames.

Each frame consists of the following basic components:

a) A MAC header,  which comprises frame control,  acknowledgment information,  address,  and sequence control information;

b) A variable length frame body, which contains information specific to the frame type and subtype;

c) A FCS, which contains an IEEE 32-bit CRC.

5.8.1 Conventions

The MPDUs or frames in the MAC sublayer are described as a sequence of fields in specific order. Each figure in this clause depicts the fields/subfields as they appear in the MAC frame and in the order in which they are passed to the physical layer convergence procedure (PLCP), from left to right. 

In figures, all bits within fields are numbered, from 0 to k, where the length of the field is k + 1 bits. The octet boundaries within a field can be obtained by taking the bit numbers of the field modulo 8. Octets within numeric fields that are longer than a single octet are depicted in increasing order of significance, from lowest numbered bit to highest numbered bit. The octets in fields longer than a single octet are sent to the PLCP in order from the octet containing the lowest numbered bits to the octet containing the highest numbered bits.

Any field containing a CRC is an exception to this convention and is transmitted commencing with the coefficient of the highest-order term. 

MAC addresses are assigned as ordered sequences of bits. The Individual/Group bit is always transferred first and is bit 0 of the first octet.

Values specified in decimal are coded in natural binary unless otherwise stated. The values in Table 1 are in binary, with the bit assignments shown in the table. Values in other tables may be shown in decimal notation.

Reception,  in references to frames or fields within frames  (e.g.,  received Beacon frames or a received Duration/ID field), applies to MPDUs or MAC management protocol data units (MMPDUs) indicated from the PHY layer without error and validated by FCS within the MAC sublayer. Without further qualification, reception by the MAC sublayer implies that the frame contents are valid, and that the protocol version is supported, with no implication regarding frame addressing or regarding whether the frame type or other fields in the MAC header are meaningful to the MAC entity that has received the frame.

5.8.2 General frame format

The MAC frame format comprises a set of fields that occur in a fixed order in all frames. Figure 5.8.2.1 depicts the general MAC frame format. All fields, except for the Frame Body (used for delivering payload information and data), are present in all types of MAC frames. Each field is defined in 5.8.3. The format of each of the individual subtypes of each frame type is defined in 5.8.4.

The Frame Body field is of variable size. The maximum frame body size is determined by the maximum MSDU size (2304 octets) plus any overhead from security encapsulation.
[image: ]
Figure 5.8.2.1: General MAC frame format.

5.8.3 Frame fields 

5.8.3.1 Frame Control field

The Frame Control field consists of the following subfields: Protocol Version, Type, Subtype, and a Reserved subfield. The format of the Frame Control field is illustrated in Fig. 5.8.3.1.1.
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Figure 5.8.3.1.1: Frame control field format.

5.8.3.1.1 Protocol Version

Two-bit field indicating the MAC protocol frame version. The 802.15.7 protocol version is indicated with the value of '00' for this field, while the current 802.15.7r1 protocol version is indicated with the value '10'.

5.8.3.1.2 Type and Subtype fields

The Type field is 2 bits in length, and the Subtype field is 4 bits in length. The Type and Subtype fields together identify the function of the frame. There are two frame types in the current MAC layer protocol description: data, and management. Each of the frame types has several defined subtypes. Table 5.8.3.1.2.1 defines the valid combinations of type and subtype. (The numeric values in Table 1 are shown in binary.)



	Table 5.8.3.1.2.1: Type and Subtype field values for different frame types

	Type value
b3 b2
	Type 
description
	Subtype value
b7 b6 b5 b4
	Subtype description

	00
	Management
	0000
	Association request

	00
	Management
	0001
	Association response

	00
	Management
	0010
	Reassociation request

	00
	Management
	0011
	Reassociation response

	00
	Management
	0100
	Probe request

	00
	Management
	0101
	Probe response

	00
	Management
	0110 – 0111
	Reserved

	00
	Management
	1000
	Beacon

	00
	Management
	1001
	ATIM

	00
	Management
	1010
	Disassociation

	00
	Management
	1011
	Authentication

	00
	Management
	1100
	Deauthentication

	00
	Management
	1101
	Action

	00
	Management
	1110 – 1111
	Reserved

	10
	Data
	0000
	Data

	10
	Data
	0001 – 0011
	Reserved

	10
	Data
	0100
	Null (no data)

	10
	Data
	0101 – 1111
	Reserved

	01
	Reserved
	0000–1111
	Reserved

	11
	Control
	0000
	Waveform Control

	11
	Control
	0001
	Advanced Modulation Control

	11
	Control
	0010
	CSI Control

	11
	Control
	0011
	Dimming Control

	11
	Reserved
	0100–1111
	Reserved




5.8.3.1.3 Reserved field

The Reserved field constitutes the rest of the Frame Control field and has been introduced for possible extension of the frame control field.

5.8.3.2. Reserved field

Two octets reserved for possible protocol frame extension.

5.8.3.3 Acknowledgment Information (Ack Info) field

In all existing frame types and subtypes (except for the Beacon frame), the Ack Info field contains the information necessary to identify the MSDU or MMPDU sequence number and the station which transmitted the acknowledged packet. The information in this field has the format depicted in Fig. 5.8.3.3.1. 

[image: ]
Figure 5.8.3.3.1: Ack Info field format.


5.8.3.3.1. Sequence #

Bits 0 to 7 contain the address of the STA which transmitted the packet which is being acknowledged. In the uplink transmission, these bits identify the STA transmitting the current packet as the acknowledgment can be only for packets transmitted by the AP.

5.8.3.3.2. Reserved

Bits 8 to 11 are reserved for possible frame extension or functionality extension for packet fragmentation support.

5.8.3.3.3. Sequence Number

Bits 12 to 23 identify the number of the packet which is being acknowledged.

5.8.3.3.4. ACK

Bit 24 is set to '1' when a packet is being acknowledged with the current frame, and set to '0' otherwise.

Bit 25 is set to '1' when the last Beacon frame reception is being acknowledged, and set to '0' otherwise.

5.8.3.3.5. Reserved

Bits 26 to 31 are reserved for possible future extension of the functionality specification.

5.8.3.4 Receiver Address field

The Receiver Address field is a 48-bit field indicating the network address of the STA for which the transmitted packet is intended.

5.8.3.5 Transmitter Address field

The Transmitter Address field is a 48-bit field indicating the network address of the STA transmitting the packet.

5.8.3.6 Reserved field

This field contains 48 bits which are reserved for future references in an extension of the MAC protocol.

5.8.3.7 Sequence Control field

In data frames, the Sequence Control field contains the information necessary to identify the MSDU or MMPDU sequence number. The information in this field has the format depicted in Fig. 5.8.3.7.1. Bits 4 to 15 identify the packet sequence number, while bits 0 to 3 are reserved for possible future extensions of the protocol functionality such as packet fragmentation support. This same information is used by the receiving station and placed in the Ack Info field of a subsequent frame used for package acknowledgment.

[image: ]
Figure 5.8.3.7.1: Sequence Control field format.

  






5.8.3.8 Reserved field

This field contains 16 bits which are reserved for future references in an extension of the MAC protocol.

5.8.3.9 Frame Body field

The Frame Body is a variable length field that contains information specific to individual frame types and subtypes as defined in subclause 5.8.4.  The minimum frame body is 0 octets.  The maximum length frame body is defined by the maximum length (MSDU + ICV + higher layer overhead), where ICV stands for integrity check value.

5.8.3.10 Frame check sequence (FCS) field

The FCS field is a 32-bit field containing a 32-bit CRC. The FCS is calculated over all the fields of the MAC header and the Frame Body field. These are referred to as the calculation fields.

The FCS is calculated using the following standard generator polynomial of degree 32:

G(x) = x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + x4 + x2 + x + 1

The FCS is the ones complement of the sum (modulo 2) of the following:

a) The remainder of xk × (x31 + x30 + x29 + …+ x2 + x + 1) divided (modulo 2) by G(x), where k is the number of bits in the calculation fields, and

b) The remainder after multiplication of the contents (treated as a polynomial) of the calculation fields by x32 and then division by G(x).

The FCS field is transmitted commencing with the coefficient of the highest-order term.

As a typical implementation, at the transmitter, the initial remainder of the division is preset to all ones and is then modified by division of the calculation fields by the generator polynomial G(x).  The ones complement of this remainder is transmitted, with the highest-order bit first, as the FCS field. 

At the receiver, the initial remainder is preset to all ones and the serial incoming bits of the calculation fields and FCS, when divided by G(x), results in the absence of transmission errors, in a unique nonzero remainder value. The unique remainder value is the polynomial:

x31 + x30 + x26 + x25 + x24 + x18 + x15 + x14 + x12 + x11 + x10 + x8 + x6 + x5 + x4 + x3 + x + 1

5.8.4 Specific Frame Formats

5.8.4.1. Management Frames Format

5.8.4.1.1. Management Frames Information Components

5.8.4.1.1.1 Beacon Frame Format

The Beacon frame body contains the following information in the presented order:

	Table 5.8.4.1.1.1.1: Beacon Frame Body

	Order
	Information

	1
	Timestamp

	2
	Beacon Interval

	3
	Capability

	4
	Service Set Identifier (SSID)

	5
	Supported Rates

	6
	DS Parameter Set

	7
	Traffic Indication Map

	8
	Country

	9
	Extended Support Rates

	10
	Vendor Specific Information




5.8.4.1.1.2 IBSS ATIM Frame Format

The body of an IBSS ATIM management frame is null.

5.8.4.1.1.3 Disassociation Frame Format

The Disassociation frame body contains the following information in the presented order:

	Table 5.8.4.1.1.3.1: Disassociation Frame Body

	Order
	Information

	1
	Reason Code

	2
	Vendor Specific Information



5.8.4.1.1.4 Association Request Frame Format

The Association Request frame body contains the following information in the presented order:




	Table 5.8.4.1.1.4.1: Association Request Frame Body

	Order
	Information

	1
	Capability

	2
	Listen Interval

	3
	SSID

	4
	Supported Rates

	5
	Extended Supported Rates

	6
	Vendor Specific Information



5.8.4.1.1.5 Association Response Frame Format

The Association Response frame body contains the following information in the presented order:

	Table 5.8.4.1.1.5.1: Association Response Frame Body

	Order
	Information

	1
	Capability

	2
	Status Code

	3
	AID

	4
	Supported Rates

	5
	Extended Supported Rates

	6
	Vendor Specific Information




5.8.4.1.1.6 Reassociation Request Frame Format

The Reassociation Request frame body contains the following information in the presented order:

	Table 5.8.4.1.1.6.1: Reassociation Request Frame Body

	Order
	Information

	1
	Capability

	2
	Listen Interval

	3
	Current AP address

	4
	SSID

	5
	Supported Rates

	6
	Extended Supported Rates

	7
	Vendor Specific Information



5.8.4.1.1.7 Reassociation Response Frame Format

The Reassociation Response frame body contains the following information in the presented order:

	Table 5.8.4.1.1.7.1: Reassociation Response Frame Body

	Order
	Information

	1
	Capability

	2
	Status Code

	3
	AID

	4
	Supported Rates

	5
	Extended Supported Rates

	6
	Vendor Specific Information



5.8.4.1.1.8 Probe Request Frame Format

The Probe Request frame body contains the following information in the presented order:

	Table 5.8.4.1.1.8.1: Probe Request Frame Body

	Order
	Information

	1
	SSID

	2
	Supported Rates

	3
	Request Information

	4
	Extended Supported Rates

	5
	Vendor Specific Information



5.8.4.1.1.9 Probe Response Frame Format

The Probe Response frame body contains the following information in the presented order:



	Table 5.8.4.1.1.9.1: Probe Response Frame Body

	Order
	Information

	1
	Timestamp

	2
	Beacon Interval

	3
	Capability

	4
	Service Set Identifier (SSID)

	5
	Supported Rates

	6
	Country

	7
	Extended Supported Rates

	8
	Vendor Specific Information

	9
	Requested information elements



5.8.4.1.1.10 Authentication Frame Format

The Probe Request frame body contains the following information in the presented order:

	Table 5.8.4.1.1.10.1: Authentication Frame Body

	Order
	Information

	1
	Authentication Algorithm Number

	2
	Authentication Transaction Sequence Number

	3
	Status Code

	4
	Challenge Text

	5
	Vendor Specific










	Table 5.8.4.1.1.10.2: Challenge text information

	Authentication Algorithm
	Authentication Transaction Sequence No.
	Status Code
	Challenge Text

	Open System
	1
	Reserved
	Not present

	Open System
	2
	Status
	Not present

	Shared Key
	3
	Reserved
	Not present

	Shared Key
	4
	Status
	Present

	Shared Key
	5
	Reserved
	Present

	Shared Key
	6
	Status
	Not present



5.8.4.1.1.11 Deauthentication Frame Format

The Deauthentication frame body contains the following information in the presented order:

	Table 5.8.4.1.1.11.1: Deauthentication Frame Body

	Order
	Information

	1
	Reason Code

	2
	Vendor Specific Information




5.8.4.1.1.12 Action Frame Format

The Action frame body contains the following information in the presented order:

	Table 5.8.4.1.1.12.1: Action Frame Body

	Order
	Information

	1
	Action

	2
	Vendor Specific Information




5.8.4.1.2 Management Frame Body Fields

5.8.4.1.2.1 Authentication Algorithm Number Field

The Authentication algorithm number is a 16-bit field, which indicates a single algorithm used for authentication (see Fig. 5.8.4.1.2.1.1). Two values have been defined:

'0' → Open System
'1' → Shared Key
'2-65536' → Reserved for future use
[image: ]
Figure 5.8.4.1.2.1.1: Authentication algorithm number field.

5.8.4.1.2.2 Authentication Transaction Sequence Number Field

The authentication transaction sequence number is a 16-bit field, which indicates the current step in a multi-step authentication procedure (see Fig. 5.8.4.1.2.2.1). 
[image: ]
Figure 5.8.4.1.2.2.1: Authentication transaction sequence number field.

5.8.4.1.2.3 Beacon Interval Field

The beacon interval field is a 16-bit field, which indicates the interval in time units between two consecutive beacon frames (see Fig. 5.8.4.1.2.3.1). 
[image: ]
Figure 5.8.4.1.2.3.1: Beacon interval field.

5.8.4.1.2.4 Capability Information Field

The beacon interval field is a 16-bit field, which indicates the AP capabilities with regards to optional services (see Fig. 5.8.4.1.2.4.1). The field is left unspecified and reserved for future use. 

[image: ]
Figure 5.8.4.1.2.4.1: Capability Information field.

5.8.4.1.2.5 Current AP Address Field

The current AP address field is a 48-bit field, which indicates the address of the AP with which the STA is currently associated. The field is illustrated in Fig. 5.8.4.1.2.5.1. 
[image: ]
Figure 5.8.4.1.2.5.1: Current AP address field.


5.8.4.1.2.6 Listen Interval Field

The listen interval field is a 16-bit field, which indicates to the AP how often the STA wakes up to listen for Beacon management frames. The field is illustrated in Fig. 5.8.4.1.2.6.1. The value of the field is expressed in units of Beacon Intervals.
[image: ]
Figure 5.8.4.1.2.6.1: Listen interval field.

5.8.4.1.2.7 Reason Code Field

The Reason Code is a 16-bit field, which indicates the reason a notification management frame of type Disassociation or Deauthentication has been generated. The field is illustrated in Fig. 5.8.4.1.2.7.1. The values of the field are specified in Table 5.8.4.1.2.7.1.

[image: ]
Figure 5.8.4.1.2.7.1: Reason Code field.



	Table 5.8.4.1.2.7.1: Reason codes

	Reason Code
	Meaning

	0
	Reserved

	1
	Unspecified reason

	2
	Previous authentication no longer valid

	3
	Deauthenticated because sending STA is leaving (or has left) IBSS or ESS

	4
	Disassociated due to inactivity

	5
	Disassociated because AP is unable to handle all currently associated STAs

	6
	Class 2 frame received from nonauthenticated STA

	7
	Class 3 frame received from nonassociated STA

	8
	Diasassociated because sending STA is leaving (or has left) BSS

	9
	STA requesting (re)association is not authenticated with responding STA

	10 – 12
	Reserved

	13
	Invalid information element

	14
	Message integrity code (MIC) failure

	15
	4-Way Handshake timeout

	16
	Group Key Handshake timeout

	17
	Information element in 4-Way Handshake different from (Re)Association Request / Probe Response / Beacon frame

	18
	Invalid group cipher

	19
	Invalid pairwise cipher

	20
	Invalid AKMP

	21
	Unsupported RSN information element version

	22
	Invalid RSN information element capabilities

	23
	IEEE 802.1X authentication failed

	24
	Cipher suite rejected because of the security policy

	25-35
	Reserved

	36
	Requested from peer STA as the STA is leaving the BSS (or resetting)

	37
	Requested from peer STA as it does not want to use the mechanism

	38
	Requested from peer STA as the STA using wrong mechanism

	39
	Requested from peer STA due to timeout

	40-44
	Reserved

	45
	Peer STA does not support the requested cipher suite

	46 – 65535
	Reserved



5.8.4.1.2.8 Association ID (AID) Field

The AID field is a 16-bit field, which is a station ID assigned by an AP during association. The field is illustrated in Fig. 5.8.4.1.2.8.1. The value of the field is in the range 1 – 2007 and is placed in the 14 LSBs of the AID field, with the two MSBs of the field set to '11'.

[image: ]
Figure 5.8.4.1.2.8.1: Association ID field.

5.8.4.1.2.9 Status Code Field

The Status Code field is a 16-bit field used in response to a management frame in order to indicate the success or the failure of the operation. The field is illustrated in Fig. 5.8.4.1.2.9.1. The possible values of this field are presented in Table 5.8.4.1.2.9.1.

[image: ]
Figure 5.8.4.1.2.9.1: Status Code field.



	Table 5.8.4.1.2.9.1: Status codes

	Reason Code
	Meaning

	0
	Successful

	1
	Unspecified failure

	2-9
	Reserved

	10
	Cannot support all requested capabilities in the Capability Information field

	11
	Reassociation denied due to inability to confirm that association exists

	12
	Association denied due to reasons outside the scope of this standard

	13
	Responding STA does not support the specified authentication algorithm

	14
	Received an unexpected authentication transaction sequence number

	15
	Authentication rejected because of challenge failure

	16
	Authentication rejected due to timeout waiting for next frame in sequence

	17
	Association denied because AP is unable to handle additional associated STAs

	18
	Association denied due to requesting STA not supporting all basic data rates

	19 – 33
	Reserved

	34
	Association denied due to excessive frame loss rate / poor channel conditions

	35 – 36
	Reserved

	37
	The request has been declined

	38
	The request has not been successful due to invalid parameter values

	39
	Reserved

	40
	Invalid information element (content is invalid)

	41
	Invalid group cipher

	42
	Invalid pairwise cipher

	43
	Invalid AKMP

	44 – 45
	Reserved

	46
	Cipher suite rejected because of security policy

	47 – 48
	Reserved

	49
	The destination STA is not within this BSS

	50
	Reserved

	51
	Association denied because the Listen Interval is too large

	52 – 65535
	Reserved





5.8.4.1.2.10 Timestamp Field

The Timestamp field is a 64-bit field representing the value of a timing synchronization function. The field is illustrated in Fig. 5.8.4.1.2.10.1.
[image: ]
Figure 5.8.4.1.2.10.1: Timestamp field.

5.8.4.1.3. Management Frame Information Elements

The information elements are defined to have a common general format which consists of 1 octet specifying the element ID, 1 octet specifying the length of the element field in octets, and a variable-length element field with the information contained in the respective element. The overall structure is presented in Fig. 5.8.4.1.3.1. The set of valid information elements is defined in Table 5.8.4.1.3.1.
[image: ]
Figure 5.8.4.1.3.1: Information element format.

	Table 5.8.4.1.3.1: Valid set of information elements

	Information Element
	Element ID
	Length (in octets)

	SSID
	0
	2 to 34

	Supported rates
	1
	3 to 10

	Reserved
	2 – 6
	

	Country
	7
	8 to 256

	Reserved
	8 – 9
	

	Request
	10
	2-256

	BSS Load
	11
	7

	Reserved
	12 – 15
	Reserved

	Challenge Text
	16
	3 to 255

	Reserved
	17 – 43
	

	TCLAS Processing
	44
	3

	Reserved
	45 – 49
	

	Extended Supported Rates
	50
	3 to 257

	Reserved
	51 – 126
	

	Extended Capabilities
	127
	2 to 257

	Reserved
	128 – 220
	

	Vendor Specific
	221
	3 to 257

	Reserved
	222 – 255
	




5.8.4.2. Data Frames Format

5.8.4.3. Control Frames Format

5.8.4.3.1 Advanced Modulation Control Frame

A control frame indicating the advanced modulation capabilities of a communication node. The frame is structured as described in Fig. 5.8.4.3.1.1.

[image: ]
Figure 5.8.4.3.1.1: Format of the advanced modulation control frame.

5.8.4.3.1.1 Adaptive Loading

A single bit indicating whether the communication node transmitting the advanced modulation control frame supports adaptive bit and energy loading:

1 → Adaptive bit and energy loading is supported.
0 → Adaptive bit and energy loading is not supported.

5.8.4.3.1.2 eU

Four bits indicating if the node supports eU-OFDM. The bit value at a given position out of the four positions indicates whether eU-OFDM implementation with the same number of streams as the bit position is supported. Positions are counted from left to right. For example:

1000 → eU-OFDM with one stream only is supported.
1100 → eU-OFDM with one and two streams only is supported
1010 → eU-OFDM with one and three streams only is supported
1111 → eU-OFDM with all possible streams is supported
0000 → eU-OFDM is not supported

5.8.4.3.1.3 RPO

A single bit indicating whether the communication node transmitting the advanced modulation control frame supports RPO-OFDM:

'1' → RPO-OFDM is supported.
'0' → RPO-OFDM is not supported.

5.8.4.3.1.4 Analog Dimming

A single bit indicating whether the communication node transmitting the advanced modulation control frame supports analog dimming (adjusting the analog signal bias level):

'1' → Analog dimming is supported.
'0' → Analog dimming is not supported.

5.8.4.3.1.5 Relaying

Four bits indicating types of relaying operations the communication node transmitting the advanced modulation control frame supports. The first bit (B7) indicates whether relaying in FD is supported:

'1' → Relaying in FD is supported.
'0' → Relaying in FD is not supported.

The second bit (B8) indicates whether relaying in HD is supported:

'1' → Relaying in HD is supported.
'0' → Relaying in HD is not supported.

The third bit (B9) indicates whether AF relaying is supported:

'1' → AF relaying is supported.
'0' → AF relaying is not supported.

The fourth bit (B10) indicates whether DF relaying is supported:

'1' → DF relaying is supported.
'0' → DF relaying is not supported.

5.8.4.3.1.6 MIMO

A single bit indicating whether the communication node transmitting the advanced modulation control frame supports MIMO communication:

'1' → MIMO is supported.
'0' → MIMO is not supported.

5.8.4.3.1.7 # of MIMO Channels

Four bits indicating the maximum number of MIMO communication channels which the communication node transmitting the advanced modulation control frame supports. A value of '0000' corresponds to 1 channel, and a value of '1111' corresponds to 16 channels.

5.8.4.3.1.7 SC-FDMA

An IDFT_SIZE of bits, where IDFT_SIZE is the size of the IDFT operation used for OFDM time-domain signal generation. The bit at position k indicates whether a DFT transform of size k is supported for SC-FDMA pre-coding. For example, if IDFT_SIZE = 16, then:

'10000000000000000' – A DFT of size 1 is supported.
'00100000000000000' – A DFT of size 3 is supported.
'10100100000000000' – A DFT of size 1, 3 and 6 is supported.
'00000000000000000' – No DFT size is supported, so SC-FDMA is not supported.

5.8.4.3.2 CSI Control Frame

The CSI control frame contains the standard MAC header information defined in subclause 5.8.2. The frame body described in this clause is the only specific field. It is structured as described in Fig. 5.8.4.3.2.1.
[image: ]
Figure 5.8.4.3.2.1: Format of the CSI control frame.


5.8.4.3.2.1 MIMO Mode

A one bit value indicating whether the current CSI frame contains information relevant for the SISO or MIMO mode of operation:

1 → MIMO mode of operation.
0 → SISO mode of operation.

5.8.4.3.2.2 Adaptive Loading

A one-bit field which indicates whether the CSI in the current frame refers to the adaptive bit loading mode. 

1 → The CSI is relevant for the adaptive bit loading scheme
0 → The CSI is relevant for the fixed bit loading scheme

5.8.4.3.2.3 Frame Info

A one-bit field indicating the type of information carried by the current frame:

'0' → The frame carries CQIs
'1' → The frame carrier bit loading (RATE) information

5.8.4.3.2.4 # of MIMO Channels TX

The number of MIMO channels of the transmitting node in the MIMO configuration. Values range between 0 and 15 corresponding to 1 and 16 channels, respectively. If the current CSI frame carries CQIs, then this field contains the number of the MIMO channels for the node receiving the frame. If the frame carriers bit loading (RATE) information, this field contains the number of the MIMO channels for the node transmitting the frame. This information is expected to have been exchanged via the advanced modulation control frame prior to any node issuing a CSI control frame.

5.8.4.3.2.5 # of MIMO Channels RX

The number of MIMO channels of the receiving node in the MIMO configuration. Values range between 0 and 15 corresponding to 1 and 16 channels, respectively. If the current CSI frame carries CQIs, then this field contains the number of the MIMO channels for the node transmitting the frame. If the frame carriers bit loading (RATE) information, the this field contains the number of the MIMO channels for the node receiving the frame. This information is expected to have been exchanged via the advanced modulation control frame prior to any node issuing a CSI control frame.

5.8.4.3.2.6 Channel #

The MIMO channel to which the subsequent RATE/CSI information refers. In a SISO mode, this field is set to '0000'. If the Adaptive Loading field is set to '1', then this field occurs only once and is followed by the CQI / RATE information for every subcarrier of the respective MIMO channel. If the Adaptive Loading field is set to '0', then this field occurs as many times as there are MIMO channels for which relevant information needs to be exchanged followed by the relevant information as CQI / RATE values. If the Frame Info is set to '0', then this field occurs 
# of MIMO Channels TX ∙ # of MIMO Channels RX times where the 6-bit CQI following each occurrence corresponds to the average SNR achieved for the respective combination between the corresponding MIMO transmitter and MIMO receiver. The order in which the information is arranged is | TX1 → RX | TX1 → RX2 |…| TX1 → RXNMIMO| TX2 → RX1 | TX2 → RX2 | … |TX2 → RXNMIMO| … | TXMMIMO → RX1 | TXMMIMO → RX2 | … |TXMMIMO → RXNMIMO |. If the Frame Info is set to '1', then this field occurs #_of_MIMO_Channels_TX times where the information is arranged in the order | TX1 | TX2 | TX3 | … | TXMMIMO|. In each case, the occurrence of the Channel # is followed by the respective 4-bit RATE value for that TX channel.

5.8.4.3.2.6 RATE / CSI

The RATE / CSI values for the MIMO channel specified in Channel #. If the Adaptive Loading field is set to '1', then this field occurs once for every subcarrier modulated with information on the respective MIMO channel. If the Adaptive Loading field is set to '0', then this field occurs as many times as there are MIMO channels for which relevant information needs to be exchanged and is preceded by the relevant MIMO Channel # field. If the Frame Info is set to '0', then this field occurs #_of_MIMO_Channels_TX ∙ #_of_MIMO_Channels_RX times where a 6-bit CQI value is specified corresponding to the average SNR achieved for the respective combination between the corresponding MIMO transmitter and MIMO receiver. The order in which the information is arranged is | TX1 → RX | TX1 → RX2 |…| TX1 → RXNMIMO| TX2 → RX1 | TX2 → RX2 | … |TX2 → RXNMIMO | … | TXMMIMO → RX1 | TXMMIMO → RX2 | … |TXMMIMO → RXNMIMO |. If the Frame Info is set to '1', then this field occurs # of MIMO Channels TX times where the 4-bit RATE information is arranged in the order | TX1 | TX2 | TX3 | … | TXMMIMO |. In each case, the occurrence of the RATE field is preceded by the respective Channel # value for that TX channel.

5.8.4.3.2 Dimming Control Frame

The frame contains control information which needs to be exchanged for the purposes of realizing dimming techniques such as RPO-OFDM and/or analog dimming.





8.0 MAC PIB attributes
Dear Proposer: add any anticipated MAC PIB attributes here


See table 60 in IEEE802.15.7-2011 for the current MAC PIB Table.
	MAC PIB Table 60 Additions

	Attribute
	Identifier
	Type
	Range
	Description
	Default
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Figure 118—Format of the PPDU
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Figure 44—General MAC frame format





image40.wmf

image41.wmf

image42.wmf

image43.wmf

image44.wmf

image45.wmf

image46.wmf

image47.wmf

image48.wmf

image49.wmf

image50.wmf

image51.wmf

image52.wmf

image53.wmf

image54.wmf

image55.wmf

image56.wmf

image1.wmf

