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1. Definitions:

	VLC
	Visible Light Communication

	TRD
	Technical Requirement Document 

	LOS
	Line of Sight

	NLOS
	Non Line of Sight

	FOV
	Field of Vision

	
	

	
	

	
	

	
	

	
	

	
	

	
	


General
This technical requirement document (TRD) describes the technical aspects that TG7 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.

TG7 needs to effectively define and manage requirements to ensure they are meeting needs of the VLC users, while proving compliance.

Ideally, requirements are: 

• Correct (technically and legally possible) 

• Complete (express a whole idea or statement) 

• Clear (unambiguous and not confusing) 

• Consistent (not in conflict with other requirements) 

• Verifiable (it can be determined that the system meets the requirement) 

• Traceable (uniquely identified and trackable) 

• Feasible (can be accomplished within cost and schedule) 

• Modular (can be changed without excessive impact) 

• Design-independent (does not pose a specific solution on design) 

Each requirement 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. 

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

Typical constraint requirements can specify: 

• Performance 

• Interfaces 

• Security 

• Safety 

• Reliability 

• Availability 

• Maintainability 

An efficient way of writing better requirements is to ensure they are clearly mapped to test cases. Making sure each requirement is clearly verifiable from the start, not only helps prepare later phases of the project, 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 (degraded mode). 

This rule also applies for compliance requirements: indicating how they shall be tested is a good way to write better requirements.

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

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. 

Requirement typical sentence construction

Defects to avoid:

· Vagueness
· Weakness
· Over specification
· Subjectivity
· Multiplicity 
· Unclear meaning 
· Implicit meaning
Some words to 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/mal”, “must”, “nearly”, “necessary”, “needed”, “normal”, “or”, “possible/bly”, “practicable”, “provide”, “quality”, “readily”, “relevant”, “safe/ly“, “same”, “should”, “significant”, “similar”, “so as”, “subject to”, “substantial”, “sufficient”, “suitable”, “support”, “target”, “typical”, “up to”, “user friendly”, “whether”, “will”, “with”, “worse”.
2. Introduction

This document provides the technical contents of the project to develop PHY and MAC protocols for Visible Light Communications. This document will provide guidance on how to respond to a call for proposals. As for any communication protocol, the reference model used for this standard is the following: 
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Figure 1, Reference partitioning

This document serves two purposes.  First, it summarizes the applications presented in response to VLC Study group and TG7 Call for Applications. Second, it describes and defines the fundamental requirements implied by applications but not necessarily stated explicitly. 

3. VLC Technical Characteristics Summary

3.1.  High level description 

3.2.  Overall requirements

4. Channel model assumptions

<indoor, outdoor> <LOS, NLOS> 
We need to consider both indoor and outdoor applications. Do we need to consider NLOS?
5. Topology
<point-to-point, point-to-multipoint, WPAN> <duplex modes>  <symmetric/asymmetric> <uni/bi directionality> 

We need to understand what topologies are covered under WPAN. Most applications seem to need bi-directional support. Do we need to consider uni-directional case (no acknowledgements)? 
6. Device characteristics of light sources and receivers

We may need to define what physical characteristics are required from light sources and receivers. Although we may want to support variety of light sources and receivers for different applications, we may want to exclude certain types of light sources or receivers for performance or interference reasons. Items such as minimum-maximum intensity, FOV, pulse duration, detector responsivity etc. could be considered.
7. Frequency usage

We must specify the frequency bands/ranges and number of communication channels that we need to consider. While 380-780 nm has been specified in the PAR, we must understand how many communication channels will be needed/possible in that range. 
8. Data Rates 

<data rates sufficient to support audio and video multimedia services> <rise/fall times of light source>
We need to define the data rate range that we will need to consider. We also need information on how quickly various light sources can be turned on and off to help determine the data rate ranges that the specification must address.  
9. Transmission range 
<short range> <reliability: PER/BER 10-2/10-8> <light source intensity for that range : mW/sr> <FOV>
We need to define the transmission range. While defining range, the reliability required for the application as well as the intensity of the light source used for obtaining that range must be specified. We should also include directionality in terms of FOV range for both the transmitter and the receiver. 
10. Security 

Security has not been discussed in the applications summary document. We need to consider how to proceed here. 
11. Quality of Service (QoS)
We need to discuss latency for different applications and the QoS requirements. 
12.  Power Consumption

We need to understand the power consumption targets for a range of applications. 
13. Coexistence with ambient light and other optical technologies 
<sunlight, ambient lighting, IrDA>
Tolerance to incandescent light, fluorescent light, sunlight (kilolux) 

The TRD will need to specify the co-existence requirements. The tolerance levels to a few key impairments must be specified in order to ensure the technology will be robust in the presence of interference. 
14. Form Factor

Needs input
15. Complexity 

Needs input
16. Mobility

<speed>
We have to consider mobility of devices. For example, if vehicles are moving under traffic, we need to understand the maximum speed where VLC operation will be possible. 
17. Regulatory requirements
Devices shall comply with the regulatory requirements specified for visible light communications. Requirements include eye safety regulations such as IEC 60825.
18. References

· VLC PAR

· TG6 Technical Requirements Document
· VLC Applications Summary Document[image: image2.png]






MAC_SAP: MAC Service Access Point














PHY_SAP: PHY Service Access Point





PMD: Physical Medium Dependent (radio)





PLCP: PHY Layer Convergence Protocol
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