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1. [bookmark: _Toc66472816][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Definitions

	OCC
	Optical Camera Communication

	
	

	
	

	
	

	
	

	
	

	
	



2. [bookmark: _Toc66472817]General Guidelines

[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK51]This technical considerations document (TCD) describes the technical aspects that TG7a standard must fulfill, such as performance-related issues, reliability issues and availability issues. These types of requirements are often called quality of service (QoS) requirements; other requirements are usually maintenance-level requirements or external constraints, sometimes called compliance. Technical requirements are summarized as any other specifications; they have a name and a unique identifier. Technical requirements are documented in the same manner as any specifications, including a description, an example, a source or references to related technical requirements and a revision history. TG7a needs to effectively define and manage requirements to ensure they are meeting needs of the OCC (Optical Camera Communication) users, while proving compliance.

[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Ideally, considerations should be: 

• Correct technically and legally, 
• Complete by expressing a whole idea or statement,
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]• Clear (i.e., unambiguous and not confusing), 
• Consistent (not in conflict with other requirements), 
• Verifiable, so that it can be determined that the system meets the requirements, 
• Traceable (i.e., uniquely identified and track-able), 
• Feasible, so that they can be accomplished within given cost and schedule limits, 
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]• Modular, so that they can be changed without excessive impact to other requirements, and 
• Design-independent, not to pose a specific solution on design.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Each consideration must first form a complete sentence, containing a subject and a predicate. These sentences must consistently use the verb “shall”, “will” or “must” to show the requirement's mandatory nature, and “should” or “may” to show that the requirement is optional. The whole requirement specifies a desired end goal or result and contains a success criterion or other measurable indication of the quality. 

TCD needs to capture these levels of user requirements, maintaining intelligent traceability and change impact analysis between them. 

Typical constraint considerations can specify: 

• Performance, 
• Interfaces, 
• Security, 
• Safety, 
• Reliability, 
• Availability, and 
• Maintainability. 

An efficient way of writing better requirements is to ensure they are clearly mapped to test cases. When specifying considerations or requirements, test cases must be considered to provide directions to help to verify requirements or considerations in the document. This can be provided by specifying a packet error rate and packet size for comparing contributions, for example. Making sure each requirement is clearly verifiable from the start, which not only helps to prepare later phases of the project, but it also puts the developer in the correct state of mind. Requirements and their associated tests must also indicate what the system should not do, and what happens at the limits (i.e., degraded mode). This rule also applies for compliance requirements: indicating how they shall be tested is a good way to write better requirements. 

TCD needs to implement a reliable and repeatable change control process that helps turn this challenge into an opportunity. 

[bookmark: OLE_LINK17][bookmark: OLE_LINK18]By providing examples and counter-examples of good requirements and documents, IEEE can enhance the quality, consistency, and completeness of the requirements. These can originally be templates, industry standards, and rules inside a repository, such as the IEEE server. 

Requirements for Typical Sentence Construction

Defects to be avoided are:

· [bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK56]Vagueness,
· [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Weakness,
· Over specification,
· Subjectivity,
· Multiplicity, 
· Unclear meaning, and 
· Implicit meaning.

Some words listed below should be used with caution:

“adequate”, “applicable”, “appropriate”, “approximate”, “bad”, “best practice”, “between”, “clearly”, “compatible”, “completely”, “consider”, “could”, “down to”, “easy/easily”, “effective”, “efficient”, “equivalent”, “excellent”, “good”, “his/her”, “however”, “ideal”, “etc”, “in order to”, “include but shall not be limited to”, “least”, “like”, “low”, “maximise”, “may”, “most”, “minimum/minimal”, “must”, “nearly”, “necessary”, “needed”, “normal”, “or”, “possible/possibly”, “practicable”, “provide”, “quality”, “readily”, “relevant”, “safe/safely“, “same”, “should”, “significant”, “similar”, “so as”, “subject to”, “substantial”, “sufficient”, “suitable”, “support”, “target”, “typical”, “up to”, “user friendly”, “whether”, “will”, “with”, and “worse”.

Difference between Considerations and Requirements (TCD vs. TRD)

The TG7a group decided to use the term “considerations” instead of “requirements” in order to adopt a less rigid and formal process with the intention to be able to develop the standard quickly. This document serves to provide guidance for development of technical contributions for the IEEE 802.15.7a standard. The contents of the document are expected to be similar to a technical requirements document. 

3. [bookmark: _Toc66472818]Introduction

This document provides the technical contents of the project to develop PHY and MAC protocols for Optical Camera Communications. This document will provide guidance on how to respond to a call for contributions.

This document serves two purposes:
1. It summarizes the applications presented in response to TG7a Call for Applications and questions and answers. 
2. It describes and defines the fundamental requirements implied by the applications but not necessarily stated explicitly. 

Table 1. Comparison between IEEE 802.15.7-2018 and IEEE 802.15.7a TG Table 

	
	IEEE 802.15.7-2018
	IEEE 802.15.7a TG

	Communication distance
	<40m
	Up to 200m

	Data rate
	~10kbps
	Up to 100Mbps

	Mobility
	[bookmark: OLE_LINK59][bookmark: OLE_LINK62]No support
	Speed up to 350km/h

	Artificial Intelligence
	No support
	Support

	BER
	High 
	Low

	[bookmark: _Hlk66462090]Number of  simultaneous links
	1
	Several hundred 

	Transmission mode
	Undirectional
	Optionally Bidirectional



4. [bookmark: _Toc66472819]Optical Camera Communication
4.1 [bookmark: _Toc66472820]Applications/Use cases

The following OCC applications/use cases were presented in response to TG7a Call for Applications.

[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80]A1	Indoor Positioning
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34]A2	Vehicular Communication
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]A3	Underwater and seaside Communication
[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK90][bookmark: OLE_LINK91]A4	Power Consumption Control
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK92][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK89]A5   Vehicular Positioning
A6	Seaside Communication
[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK48]A6	IoT (M2M/D2D/Smart Factory Monitoring)
A7	Digital signage
A8	Relay Communication
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]A9 AGV(Automted Guided Vehicle)
A10 eHealth 

The standard will consist of multiple PHY/MAC modes to meet the following variety of requirements.

[image: ]
A1. Indoor Positioning
[image: ]
A2. Vehicular Communication

[image: ]
A3: Underwater and seaside Communication


A4	Power Consumption Control


A5   Vehicular Positioning


[image: ]
A6: IoT (M2M/D2D/Smart Factory Monitoring)

[image: ]
[bookmark: OLE_LINK29][bookmark: OLE_LINK43]A7: Digital Signage

[image: ]
A8: Relay Communication




[bookmark: OLE_LINK130][bookmark: OLE_LINK131]A9: AGV(Automted Guided Vehicle)

[image: ]
A10: eHealth

4.2 [bookmark: _Toc66472821]Transmitter


The standard should support the following devices as transmitters for each application.

	Device
	Applications/Use cases

	Ceiling light / Lighting Source
	A1, A4, A10, A11

	Flash light
	A1

	[bookmark: OLE_LINK67][bookmark: OLE_LINK68]Car light
	A2, A5

	[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK100][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Illuminated signage with discrete LEDs
	A7, A2, A5

	[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Digital signage (such as LCD)
	A7, A8

	[bookmark: OLE_LINK128][bookmark: OLE_LINK129]Traffic light and Intelligent Tranportation System (ITS)
	A2, A5

	Lighthouse
	A3, A6



[image: Blocks” Ultra-Modern Light Fixture | Modern led ceiling lights, Modern light  fixtures, Modern ceiling light] 			[image: Flashlight - Wikipedia]
Celling light							Flash light
[image: PRIKNIK Car HID Light Kit 8000k, Xenon All Cars (White): Amazon.in: Car &  Motorbike]				[image: ]
Car Light						   Digital signage (LCD display)


[image: MÀN HÌNH LED - MODULE LED - Array]
Illuminated signage with discrete LEDs
[image: ]						[image: C:\Users\HUY\Desktop\kisspng-gif-mukho-light-house-lighthouse-clip-art-animatio-maine-web-design-maine-web-designs-maine-seo-ya-5bad3d51774fa9.1548657115380800814887.png]
   	         Traffic light					   Lighthouse

4.3 [bookmark: _Toc66472822]Receiver
[bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114]The standard will support an optical camera receiver, which has an image sensor that measures the intensity of visible light, IR and/or UV. The standard will support image sensors of global shutter or sequential shutter (such as rolling shutter) with multiple PHY/MAC modes.

4.4 [bookmark: _Toc66472823]Carrier Wavelength

Carrier wavelength will be limited to visible light (380-700 nm), IR (780-10,000 nm) and UV (190-400 nm).

4.5 [bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: _Toc66472824]Transfer mode
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]A PHY/MAC mode of the standard will support at least one of the following transfer modes:

ID broadcast mode which repetitively broadcast ID with small overhead of MAC frame for application A1, A2, A3, A5, and A7.
[bookmark: OLE_LINK161][bookmark: OLE_LINK162][bookmark: OLE_LINK169]Unidirectional data transfer mode which transmit longer data stream for application A2, A4, A6, A7, and A8.
Bidirectional data transfer mode which enables efficient communication for application A7 and A9.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK170]The standard may provide multiple PHY/MAC modes that allow the efficient use of the available optical bandwidth on a given luminaire.
 

4.6 [bookmark: _Toc66472825]Dimming Control

The standard will support dimming control for application A1, A2, A3, A5, and A6.

4.7 [bookmark: _Toc66472826]Communication Range

[bookmark: OLE_LINK119][bookmark: OLE_LINK120]The standard should support communication range of 0.1 meters to 5 meters for application A1, and communication range of 0.5 meters to 200 meters for application A2, A3, A5 and A6. 
[bookmark: OLE_LINK123][bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK44][bookmark: OLE_LINK45]Communication range depends on the size and the luminance of a transmitter with some protocols, therefore communication range is measured in the condition of the size of 1 meter and the luminance of 300 Cd/m2  for performance comparison.

4.8 [bookmark: _Toc66472827]Data rate
[bookmark: OLE_LINK307][bookmark: OLE_LINK308]The standard should support data rate up to 100Mbps for application A2, A6, A7, A8. Data rate depends on the frame rate of camera and the size of transmitter.
4.9 [bookmark: _Toc66472828]Mobility support

The standard should support low mobility (from 4km/h to 100km/h) for application A2, A3, A5 and high mobility (speeds up to 350km/h) for application A2, A3, A5. Mobility support depends on the quality of camera and the channel conditions.

4.10 [bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK153][bookmark: _Toc66472829][bookmark: OLE_LINK305][bookmark: OLE_LINK306][bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK152]Bidirectional communication

[bookmark: OLE_LINK309][bookmark: OLE_LINK310][bookmark: OLE_LINK154][bookmark: OLE_LINK155]The standard should support bidirectional communication for vehicular application (A2, A5) and high-rate indoor application.

4.11 [bookmark: _Toc66472830]Power Consumption Control

The standard should support power consumption control for application A4.

4.12 [bookmark: _Toc66472831]Asynchronous Communication

The standard will support asynchronous communication between transmitters and receivers because most of commercial image sensor systems do not support accurate adjustment of exposure timing.

4.13 [bookmark: _Toc66472832]Coexistence with Ambient Light and Other Lighting Systems

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The standard will co-exist with ambient light that may be reflected on a surface of a transmitter.  In addition, coexistence shall be investigated with the existing IEEE 802.15.7-2018 operating modes.
[bookmark: OLE_LINK126][bookmark: OLE_LINK127]The standard will co-exist with other lighting systems. This will enable a receiver communicate with a supported transmitter even if there are the transmitter and other modulated lights in the same captured image.

4.14 [bookmark: _Toc66472833][bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Simultaneous Communication with Multiple Transmitters

[bookmark: OLE_LINK21][bookmark: OLE_LINK22]The standard may support simultaneous communication with multiple coordinated/uncoordinated transmitters, which are separated on a captured image. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK26]Simultaneous communication with coordinated transmitters is called Multiple Input/Multiple Output (MIMO) and a MIMO MAC protocol may be incorporated into the standard so the camera enabled receiving device knows how to process the received data.

4.15 Simultaneous Communication with Multiple Receivers

The standard may support at least one PHY/MAC layer for simultaneous image sensor communication between multiple coordinated/uncoordinated transmitters and multiple coordinated/uncoordinated receivers.

4.16 [bookmark: _Toc66472834]Error Detection

The standard will support an error detection scheme.

4.17 [bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: _Toc66472835][bookmark: OLE_LINK163][bookmark: OLE_LINK164]Low overhead repetitive transmission
The standard will support at least one MAC mode with optimized frame format for short payload sent in a repetitive manner.

4.18 [bookmark: _Toc66472836][bookmark: OLE_LINK70][bookmark: OLE_LINK81]Image Sensor Compatibility

The standard will support a PHY mode that is compatible with a variety of cameras with different image sensing sampling rates (read-out time), resolutions and frame rates.  Specifically, either constant frame rate or varying frame rate will be supported.  And also specifically, either constant resolution or varying resolution will be supported.
5. [bookmark: _Toc66472837]References
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