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Basically the structure of this clause has been based on DCN 10/351/r0.
6.9.6 Dimming and flicker mitigation
6.9.6.1 Dimming on data transmission time 
The dimming technologies on data transmission time depend on PHY types. They shall not cause the flicker. 
6.9.6.1.1 OOK-mode dimming
Rick, please help me. We need the text for this subclause which describes the dimming method shown in the doc. 10/159/r2. This text for PHY specifications has to be written so that it differs from the introductory text in 5.5.3.2.1 of DCN 10/485/r2.
6.9.6.1.2 VPPM-mode dimming
The VPM PHY will have basic dimming level support at 10% duty cycle resolution (note: for ease of implementation). To support higher resolution for dimming, the VPM PHY shall use the same algorithm as that mentioned for the in-band visibility pattern mentioned below. For example, for supporting 25% dimming, the VPM PHY shall alternately send 20% and 30% duty cycle symbols.
6.9.6.1.3 CSK-mode dimming 
Jason or Sridhar, please help me. We need the text for this subclause which describes CSK dimming method. Please keep in mind that this text is for PHY specifications.
In CSK, total power of multiple light sources is constant. For dimming control, the total power of the multiple light sources is changed. CSK keeps the center color of the color constellation with required intensity instead of the idle pattern shown in subclause 5.5.4. (Note: incorrect current biasing can result in LED color shift).
[image: image1.emf]
6.9.6.2 Dimming on idle time 
Basically, the dimming on idle time is achieved by the technologies described in 5.5.3.2. The technologies for the dimming on idle time shall not cause the flicker.
6.9.6.2.1 Idle pattern and adjustment time dimming
An idle pattern whose duty cycle variation results in brightness variation can be inserted between the data frames for light dimming. The adjustment time (which means "ON" and "OFF" time of a light source) can be also inserted into either the idle pattern or into the data frame to reduce or increase the average brightness of a light source. 
6.9.6.2.2 Visibility pattern dimming 
We need to fix this title. Sridhar, please help me. We need to modify the text of this subclause so that they are suitable for IEEE standard style. This text is for PHY specifications.
The possible Visible Pattern codes that can be used in the Visible Pattern field are shown in Figure 8 The code used in the Visible Pattern field is the code specified in the Visible Frame Pattern field of the Control Header field repeated throughout the Visible Pattern field.

We define a set of 11 base visibility patterns based on the 8B10B code to ensure there is no conflict between the visibility pattern and the data transmission at the receiver. We use these base patterns in order to generate high resolution patterns.

In order to generate high resolution visibility patterns, there are certain constraints that need to be used in the design criteria.

x) The number of transitions between 0's and 1's can be maximized to provide high frequency switching in order to avoid flicker and to help the CDR circuit at receiver for synchronization purposes, if used.

xi) Current visibility patterns proposed can have certain properties (visible pattern does not match any existing data pattern out of the 8B10B code). These properties can be preserved with new high resolution patterns.

xii) Designing a thousand patterns to support low resolutions (as low as 0.1% resolution) is not practical and makes visibility pattern generation and use very complex.

xiii) Visibility patterns should be transmitted in order to minimize flicker and meet regulatory requirements in the presence or absence of dimming. If visibility patterns are transmitted without changing the clock frequency (in-band), the patterns used shall avoid conflicts with existing RLL codewords.

We use existing low resolution patterns to develop high resolution visibility patterns by combining them in multiple ways to generate the required high resolution pattern. For example, if visibility patterns are available at 10% resolution, then a 25% visibility pattern can be attained for example, by alternately sending a 20% visibility pattern followed by a 30% visibility pattern. This method guarantees all frames will retain the same properties as existing visibility frames However, there are multiple ways in which this can be achieved. We provide an algorithm to use at the transmitter to attain the desired visibility. This provides the duty cycle for the visibility required in the shortest amount of time while maximizing the number of transitions and minimizing flicker.
[image: image2.emf]
Figure 46 – Visibility Patterns

[image: image3.emf]
Figure 47 – Generating High Resolution Visibility Patterns

6.9.6.3 Flicker mitigation
This text has been copied from DCN 10/497/r0.

Flicker mitigation applies to both data transmission and idle periods. First, idle periods are discussed and how to avoid inter-frame flicker between both periods and during the idle period itself.

For OOK (PHY I-III) visibility patterns as described in Subclause 6.9.6.2.2 are used to ensure light emission by the VLC transmitters that has the same average brightness of adjacent MFTPs as during data transmission, unless the dimmer setting is changed above the MAC sublayer. These patterns shall be sent out of band. . It is preferable that the idle patterns do not conflict with the code words generated by the line code for the data.

For VPPM (PHY I-II) no particular visibility patterns are needed. Here, flicker between data transmission states is avoided by sending freely chosen visibility patterns at the same dimmer setting of adjacent MFTPs as during data transmission, unless the dimmer setting is changed above the MAC sublayer. . It is preferable that the idle patterns do not conflict with the code words generated by the line code for the data.

For CSK (PHY III) freely chosen visibility patterns shall sent at the same amplitude-dimming during adjacent MFTPS as during data transmission, unless the dimmer setting is changed above the MAC sublayer.  . It is preferable that the idle patterns do not conflict with the code words generated by the line code for the data.

During data transmission with VPPM flicker shall be avoided by sending freely chosen visibility patterns and modulating consecutive data frames with the duty-cycles specified according to the current dimmer setting. For particularities of VPPM dimming see Subclause 6.9.6.1.2.
When using OOK (PHY I-III) flicker can be avoided by the following procedures. 

An adjustment time is inserted into either the idle pattern or into the data frame, as shown in Figure 48, in order to adjust the average intensity of the light. Idle patterns are modulated out of band. 
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Figure 48 – Flicker Mitigation (Figure 48 is the same as Figure 6 in DCN 10/485/r2. So it also depends on CID 110. and it can be modified a little bit.)
To mitigate inter-frame flicker, after each data frame one sends an idle pattern, whose average brightness is equal to that of the data frame; that is, the adjustment pattern is chosen so, that the emitted optical energy of the data and the adjacent idle frame together are independent of the content of the data frame and equal from one transmission cycle to the next.  The idle pattern has the same duty cycle as the modulated frame, but the pulse repetition rate may be set lower so as not to cause "in-band" modulation interference with any VLC modulation. For example, one can send a constant signal.  Any types of idle pattern can be used for compensation. It is preferable that the idle patterns do not conflict with the code words generated by the line code for the data.
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