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Descriptive part of Pulsed Modulation PHY

Goes into Section 4.4.1

b) Pulsed Modulation PHY: This PHY type is intended for applications requiring moderate data rate from 1 Mbit/s up to few 100 Mbit/s. The main target here is to achieve higher data rates by increasing the optical clock rate. Also it includes techniques to adapt the data rate to varying channel conditions while using a constant optical clock rate. Therefore it uses modulation schemes like PPM, OOK and PAM and variable code rates as defined in Table 107.

4.4.3 Dimming support 

Dimming in general is an optional feature and designed so that it is independent of the communication functionality. The receiver is not required to know what dimming level is used while communication is ongoing.  

4.4.3.1 Dimming support using constant bias current 

Dimming can be controlled via a bias current which is constant over time and orthogonal to the modulator output signal used for the data transmission (denoted as modulation signal). This property of the modulation signal can be realized using several techniques, e.g. by using line coding (e.g. Manchester coding, 4B6B or 8B10B) or Hadamard Coded Modulation (HCM)) as described in section 10.x. 	Comment by Jungnickel, Volker: Note for Technical Editor: see doc. 15-17-0450r0

The OWC system is responsible for the modulation while the lighting system provides a dimming level which is processed in a control unit being independent of the OWC system. The control unit can set both, the bias and the modulation index to achieve the required dimming level and to avoid clipping. Finally, the bias and the modulation are added, as shown in Figure XXX. 
  
[image: C:\Users\jungnickel\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\20170719_113205.jpg]
Figure XXX 

In this way, the receiver does not even need to know the dimming level in order to decode the data from the compound signal received after the PD, and if needed, the transmitter is free to set the dimming level independent of the receiver. Accordingly, there is no need for signalling fields telling the receiver the dimming level used at the transmitter, or an accordingly used parameter setting of the modulation scheme.

4.4.3.2 Dimming support by using the pulse width

[image: C:\Users\jungnickel\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\20170719_112819.jpg]

Figure XXX+1 Dimming for VPPM

This method is using the pulse width in the pulse-shaping filter following the modulation part of the system, as e.g. in combination with the VPPM modulation described in section 10.x. Instead of changing the bias current, here the pulse width is adapted according to the dimming level, yielding shorter pulse width for lower light level, for instance.  
 
Updated text will be provided by Mohammad Noshad (vlncomm) and Sang-Kyu Lim (ETRI)
in a revised version of this document.

Normative part 

10	Pulsed Modulation PHY

10.1 	Transmitter architecture
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Figure YYY – Pulsed Amplitude Transmitter  

10.2 	Forward error correction

The Pulsed Amplitude Transmitter is using Reed-Solomon Coding denoted as RS(n, k) where n denotes the number of input bits and k the number of output bits. In particular, there are short and long block lengths n for control and data, accordingly. Moreover, the code rate is adaptable in several steps. 
 
10.3	Line encoder 

The line coder uses simple formats such as the Manchester code, or more complex schemes such as 4b6b or 8b10b for OOK and 5S6S in case of 4-PAM. Note that, for maintaining a constant average light output, both the systematic output of the FEC (n bits) and the redundant part (k-n bits) have to be passed through the line encoder. 

10.4. 	Symbol mapper

10.4.1	OOK mapper

The OOK mapper is transparent, it maps {0, 1} to {0, 1}.  

10.4.2 PAM mapper

The PAM mapper is using 4-PAM only. It puts two consecutive bits into a symbol and maps them as {00, 01, 10, 11} to {0, . , 1}.     

10.4.3 HCM mapper
 
Text will be provided by Mohammad Noshad (vlncomm).

Current parameter settings

(to be discussed and finally included in new Table 107).
 
	Mode
	FEC
	Line code
	Modulation
	Clock Rate/MHz
	Data Rate/Mb/s

	OOK
	RS(n,k) with
(550, 524) 
	8B10B
	OOK
	n*1 MHz
(n1=2...9)
N10*10 MHz
(n=1…10)
	1.52 Mb/s…
76.1 Mb/s

	
	RS with 
(36, 24)
	8B10B
	OOK
		Comment by Jungnickel, Volker: HHI Implementers prefer a scalable approach based on 1 and 10 MHz.  
	1.06 kb/s… 53.3 Mb/s

	
	RS(n,k) with 
(160, 128)
	Manchester
	VPPM
	4, 8, 16 MHz
	1.6 Mb/s, 3.2 Mb/s, 6.4 Mb/s

	PAM
	RS(n,k) with
(550, 524)
	5S6S
	4-PAM
	2, 4, 8, 16, 32, 64 MHz
	3.14 Mb/s…
100.5 Mb/s

	HCM
	RS(n,k) with 
(255, 248)
	none
	OOK + (7,8) HCM…
4-PAM + (31, 32) HCM 
	3.125, 6.25, 12.5, 25, 50, 100 MHz
	2.66 Mb/s…
188.4 Mb/s
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