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·  Visual Link Establishment with Color Packet Scheme
·  Supply of Additional Information using Color Packet Scheme

Color packet is a packet to provide the additional information, such as device state or channel quality, to the user intuitively without using an indicator. Color packet can be visualized by the various colors in VLC applications. It allows use of visibility which is one of VLC's advantages. 
A VLC device can use color packet to transfer the information messages to a peer device. Color packet scheme needs an interface between Upper layer and MAC layer configuration.

Examples of VLC applications to which color packet can be applied are mobile to mobile VLC, toys using VLC, remote controller, and application of asymmetric data transfer.

When color packet can be used in VLC, a device need to check the current state of the device and then send the appropriate color packet corresponding to the current state so that the information can be supplied to user intuitively and some messages can be transferred to a peer device. Various states of a device and the corresponding colors are described in table xx and the colors mapped for each state of devices are based on the bandplan ID. 
Table xx. Connection State and Color Band Choice for Indication

	State
	Color band ID chosen

	Connection request
	Color ‘A’

	Device information exchange
	Color ‘B’

	Data transfer
	Color ‘C’ ~ Color ’E’

	Disconnection
	Color ‘F’

	Misalignment
	Color ‘G’
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Figure 110. Step 1 - Color Packet Usage on Connection Procedure

There may be some basic communication procedures for a color packet usage in VLC. There are three states, such as idle state, connection state, and data exchange state, in MAC States. In the basic communication procedures, the first step begins when device 1 transmits "Connection Request Packet" to device 2. It finishes when device 1 receives "Connection Response Packet" from device 2.  Device 1 can transmit color ‘A’ packet to device 2 while device 1 sends "Connection Request Packet" to device 2 and device 1 receives "Connection Response Packet" from device 2. User can know intuitively the current communication state of device 1 through color ‘A’.
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Figure 111. Step 2 - Color Packet Usage on Information Exchange Procedure

At the second step, device 1 shifts from connection state to data exchange state. Device 1 can transmit color ‘B’ packet to device 2 during the state transition. User can know intuitively the current communication state through color ‘B’.
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Figure 112. Step 3 - Color Packet Usage on Data Transfer Procedure

At the third step, device 2 receives data packet from device 1. Device 1 continues in the data exchange state while device 2 receives data packet from device 1. Device 1 can transmit color ‘C’ packet to device 2 during the data exchange state. Likewise, device 1 can receive data packet from device 2. Device 2 continues in the data exchange state while device 1 receives data packet from device 2. Device 2 can transmit color ‘C’ or another color packet to device 1 during the data exchange state. In other words, color packet can be applied to both directions. But actually color packet will be applied to the only one path on which the application data is not transferred because the other path on which the application data is transferred is too busy to send the color packet.
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Figure 113. Step 4 - Color Packet Usage on Disconnection Procedure

At the last step, device 1 shifts from data exchange state to idle state. Device 1 can transmit color ‘F’ packet to device 2 during the state transition. User can know the current step of communication procedure through the color packet during these communication procedures.
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Figure 114. Communication State Diagram describing the Usage of Color Packet in VLC – Device 1
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Figure 115. Communication State Diagram describing the Usage of Color Packet in VLC – Device 2
Figure 114 and 115 show the communication state diagram describing the previous basic communication procedures. Each color packet according to the bandplan can be transmitted during each state transition in Figure 114 and 115. In case of asymmetric data transfer, device 2 may not transmit some color packets to device 1 for the transmission of data packet.
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Figure 116. Color Packet Usage on File Transfer Applications
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Figure 117. Color Packet Usage for Visualization of Data Transmission Quality
Figure 116 and 117 show other usages of color packet in VLC applications. Figure 116 describes that user can know the remained or transferred file size through the color packet in VLC file transfer applications. Figure 117 describes that user can know the quality of data transmission or communication quality, such as PER, through the color packet. PER statistics need to be averaged over a long time frame in order to choose the color packet. This can help provide misalignment indication to the user. Different colors can be used to indicate different states of misalignment. For example, green, blue, and red color packets can be used to visualize low, middle, and high PER values, respectively.
Table 82. Color Packet Table to visualize Link Adaptation Status
	Color of Color packet
	Data transmission quality
	Action item

	Color ‘A’
	Current PER < PER #1
	Increase the data rate

	Color ‘B’
	PER #1 ≤ Current PER ≤ PER #2
	Hold the current data rate

	Color ‘C’
	Current PER ≥ PER #2
	Decrease the data rate


Table 82 describes a color packet usage to visualize the link adaptation status between two devices. A device can transmit the link adaptation information to a peer device through the color packet. User can also know PER status based on table 82. The device receiving color packet can change the data rate based on a color packet table, such as table 82 because the device as well as the user can also detect the transmitted color packet.
· Color Packet Structure

Color Packet Header can include the indicators as follows. There can be an indicator representing what the transmitted packet is a color packet, just itself, not including some messages. It is also possible to have an indicator representing whether color packet include some messages for peer device or not.
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Figure 118. Color Packet Structure
�We would like to change the title of clause 7.7.4 from “Visual Link Establishment with Color Packet Scheme” to “Supply of Additional Information using Color Packet Scheme” because the latter is more suitable for the concept and usage of color packet.
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