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17. PHY VIII specifications
17.1. HOOK-OFDM
The Hybrid Orthogonal Frequency Division Multiplexing- On-Off Keying (HOOK-OFDM) Modulation for high-speed OCC system uses the PHY VIII – Singular Point Source.  
The PHY VIII Operating Modes system specifications are given in Table xx. The additional PHY Operating Modes by HOOK-OFDM for Smart Device is presented the Table xx – PHY VIII Operating Modes.
Table xx – PHY VIII Operating Modes
	[bookmark: _Hlk93502313]PHY Operating Modes
	

	Modulation
	
Mode
	Optical Clock rate
	Modulation 
	RLL Code
	FEC
(Convolution code)
	Packet length
	
Total data rate

	[bookmark: _Hlk82442961][bookmark: _Hlk82442823]HOOK-OFDM
	
Mode 1
	16 kHz
	ACO-OFDM
	None
	CC (3/4)
	32
	

20.16 kbps

	
	
	
	OOK
	Manchester
	CC (3/4)
	20
	

	
	
Mode 2
	32 kHz
	DCO-OFDM
	None
	CC (3/4)
	32
	

38.40 kbps

	
	
	
	OOK
	Manchester
	CC (3/4)
	40
	

	
	
Mode 3
	16 kHz
	ACO-OFDM
	None
	CC (3/4)
	64
	

48.00 kbps

	
	
	
	OOK
	4B6B
	CC (3/4)
	24
	

	
	
Mode 4
	32 kHz
	DCO-OFDM
	None
	CC (3/4)
	64
	

94.08 kbps


	
	
	
	OOK
	4B6B
	CC (3/4)
	48
	


17.1.1. Reference architecture
A reference architecture to implement HOOK-OFDM is shown in Figure xx.
[image: ]
Figure xx. HOOK-OFDM block diagram
17.1.2. Encoder configuration
A packet of data is modulated using OFDM modulation. The optical clock rate is at 16 kHz or 32 kHz. The configuration of the mode of HOOK-OFDM scheme shall be implemented via the PHY PIB attribute phyHookOfdmMode
[image: ]
Figure xx. Data frame structure of hybrid OFDM-OOK scheme. (a) OOK packet. (b) OOK data (c) hybrid signal (d) OFDM signal.
In each ‘high’ and ‘low’ period of C-OOK waveform, we can embed the high-frequency OFDM waveform to increase data rate of the system. 
In the low data rate stream, we apply the C-OOK frame as the above figure. With high data rate stream, each period of C-OOK waveform will be put one OFDM frame to generate hybrid waveform.
17.1.3. Hermitian mapping
Unlike the conventional OFDM in Radio Frequency, instead of feeding the data symbol directly into the IDFT block, each symbol must pass through the Hermitian block. The signal is then fed into the IFFT. The special purpose of the Hermitian block is that it ensures the output of the IDFT is entirely real.
17.1.4. Sequence Number inserting
The data sub-packet payload shall consist of two subparts: SN data, payload. The SN Data consists of asynchronous information, which helps the receiver side decode data.
[bookmark: OLE_LINK27]SN shall be implemented over the PHY PIB attribute phyHookOfdmSn
17.1.5. Forward error correction (FEC)
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]The data sub-packet payload may be coded by FEC to protect the payload from error. Convolution code (CC) may be used as an FEC.
The configuration of error correction for HOOK-OFDM, including FEC for OOK scheme and FEC for OFDM scheme, shall be implemented via the PHY PIB attribute phyHookOfdmFec

	Attribute
	Type
	Range
	Description

	phyHookOfdmMode
	Integer
	0-7
	The mode
applied for HOOK-OFDM.
0: Mode 1
1: Mode 2
2: Mode 3
3: Mode 4
Others: Reserved

	[bookmark: OLE_LINK28][bookmark: OLE_LINK29]phyHookOfdmSn
	Integer
	0-3
	This attribute specifies the length of Sequence Number per packet of HOOK-OFDM
0: 2 bits
1: 3 bits 
2-3: reserved

	phyHookOfdmFec
	Integer
	0-7
	This attribute specifies FEC for HOOK-OFDM modulation.
0: None
1: Hamming (8/4)
2: Hamming (15/11)
3: RS(15,11)
Other values: Reserved



17.2. HS2PSK-OFDM
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]The Hybrid Orthogonal Frequency Division Multiplexing- Spatial-2 Phase Shift Keying (HS2-PSK-OFDM) Modulation for high-speed OCC system uses the PHY VIII – Multiple Point Source. The output waveforms are a hybrid modulation of S2-PSK and OFDM.
The PHY VIII Operating Modes system specifications are given in Table xx. The additional PHY Operating Modes by HS2PSK-OFDM for Smart Device is presented the Table xx – PHY VIII Operating Modes.
	[bookmark: _Hlk93502335]PHY Operating Modes
	

	Modulation
	
Mode
	Optical Clock rate
	Modulation 
	RLL Code
	FEC
(Convolution code)
	Packet length
	
Total data rate

	HOOK-OFDM
	
Mode 1
	16 kHz
	OFDM
	None
	CC (3/4)
	32
	20.16 kbps

	
	
	
	S2-PSK
	Manchester
	CC (3/4)
	20
	20 bps

	
	
Mode 2
	32 kHz
	OFDM
	None
	CC (3/4)
	32
	38.40 kbps

	
	
	
	[bookmark: OLE_LINK37][bookmark: OLE_LINK38]S2-PSK
	Manchester
	CC (3/4)
	30
	30 bps

	
	
Mode 3

	16 kHz
	OFDM
	None
	CC (3/4)
	64
	48.00 kbps

	
	
	
	S2-PSK
	[bookmark: OLE_LINK39][bookmark: OLE_LINK40]4B6B
	CC (3/4)
	12
	12 bps

	
	
Mode 4
	32 kHz
	OFDM
	None
	CC (3/4)
	64
	94.08 kbps

	
	
	
	S2-PSK
	4B6B
	CC (3/4)
	24
	24 ps



17.2.1. Reference architecture
A reference architecture to implement HS2PSK-OFDM is shown in Figure xxx
[image: ]
Figure xx. HS2PSK-OFDM block diagram
A packet of data is modulated using OFDM modulation. The optical clock rate is at 16 kHz or 32 kHz. The configuration of the mode of HS2PSK-OFDM scheme shall be implemented via the PHY PIB attribute phyHs2pskOfdmMode
[image: ]
Figure xx. Hybrid S2PSK OFDM waveform
17.2.2. Sequence Number inserting
The data sub-packet payload shall consist of two subparts: SN data, payload. The SN Data consists of asynchronous information, which helps the receiver side decode data.
SN shall be implemented over the PHY PIB attribute phyHs2pskOfdmSn
17.2.3. Forward error correction (FEC)
The data sub-packet payload may be coded by FEC to protect the payload from error. Convolution code (CC) may be used as an FEC.
The configuration of error correction for HS2PSK-OFDM, including FEC for S2-PSK scheme and FEC for OFDM scheme, shall be implemented via the PHY PIB attribute phyHs2pskOfdmFec

[image: ]
S2-PSK waveform
In each ‘high’ and ‘low’ period of S2-PSK waveform, we can embed the high-frequency OFDM waveform to increase data rate of the system. 
In the low data rate stream, we apply the S2-PSK frame as the above figure. With high data rate stream, each period of S2-PSK waveform will be put one OFDM frame to generate hybrid waveform.
[image: ]
Figure xxx. Data frame structure for Rolling-OFDM system in high speed stream


	[bookmark: _Hlk93502916]Attribute
	Type
	Range
	Description

	phyHs2pskOfdmMode
	Integer
	0-7
	The mode
applied for HS2PSK-OFDM.
0: Mode 1
1: Mode 2
2: Mode 3
3: Mode 4
Others: Reserved

	phyHs2pskOfdmSn
	Integer
	0-3
	This attribute specifies the length of Sequence Number per packet of HS2PSK -OFDM
0: 2 bits
1: 3 bits 
2-3: reserved

	phyHs2pskOfdmFec
	Integer
	0-7
	This attribute specifies FEC for HS2PSK-OFDM modulation.
0: None
1: Hamming (8/4)
2: Hamming (15/11)
3: RS(15,11)
Other values: Reserved



17.3. BPPM
The bi-level pulse position modulation (BPPM) Modulation for vehicular OCC system uses the PHY VIII – Multiple Point Source. High-speed data streams are modulated with a PPM scheme and low-speed data streams are transmitted by modulating the pulse amplitudes of the high-speed streams at two different intensity levels.

17.3.1. Reference architecture
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50]The reference architecture of bi-level pulse position modulation (BPPM) is shown in Figure xxx. Each of the rear LEDs transmits the same information concurrently. High-speed data streams are modulated with a PPM scheme and low-speed data streams are transmitted by modulating the pulse amplitudes of the high-speed streams at two different intensity levels.
[image: ]
Figure xxx. Block diagram of BPPM transmitter.

17.3.2. Encoder configuration

[image: ]
Figure xxx. Proposed BPPM packet
The PSDU field carries the data of the PHY frame and it can contain an arbitrary number of payload bits. The end of the PSDU field is indicated by the presence of another SFD, i.e., the preamble frame. The overall structure of the proposed BPPM data packet format is shown in Figure xxx. 
[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]The optical clock rate is at 8 kHz or 10 kHz. The optical clock rate at which BPPM symbols are clocked out is configurable over PHY PIB attribute phyBppmOpticalClockRate.
17.3.3. Forward error correction (FEC)
The data sub-packet payload may be coded by FEC to protect the payload from error. Convolution code (CC) may be used as an FEC.
The configuration of error correction for BPPM, shall be implemented via the PHY PIB attribute phyBppmFec

	Attribute
	Type
	Range
	Description

	phyBppmOpticalClockRate
	Integer
	0-7
	The optical clock rate (or symbol rate)
applied for BPPM.
0: 8 kHz
1: 10 kHz
Others: Reserved

	phyBppmFec
	Integer
	0-7
	This attribute specifies FEC for BPPM scheme.
0: None
1: Hamming (8/4)
2: Hamming (15/11)
3: RS(15,11)
Other values: Reserved
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