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Introduction

The need for a detailed channel model has been discussed within TG7, and the aim of this document is to 
(i) Undertake a basic classification of types of channel

(ii) Examine the applications summary and try to classify the ‘basic’ channel type for each

(iii) Make some preliminary observations about the need for detailed modelling in each case.

This should be read in conjunction with the Modelling requirements spreadsheet. In this spreadsheet I have used the applications definitions and tried to make some observations concerning the channel types existing within the environment, and which particular channel needs to be used for a particular data rate. This document and the spreadsheet are supposed to be complimentary, but are unlikely to be entirely consistent in this first attempt.

What is required from a channel model
A typical RF channel allows allow link loss and bandwidth to be estimated for a generic system configuration. Variation in the specific geometry and the effect of fading is usually dealt with using a statistical distribution within the model. Extensive data collection has led to a series of models that allow verification that a system will operate under most reasonably foreseeable conditions. Table 1 shows the modelling parameters that might be required in the case of VLC.
	Parameter
	Requirement
	Comment

	Loss parameters

	Loss
	Required
	Value for a particular configuration within a scenario

	Max/Min
	Required
	Allows receiver dynamic range to be specified for a particular scenario

	Statistics
	Desirable
	Useful for variable data rate schemes

	Bandwidth parameters

	Bandwidth
	Required
	Value for a particular configuration within a scenario

	Max/Min
	Required
	Min is required to ensure sufficient bandwidth is available. Max useful for variable data rate schemes

	Statistics
	Desirable
	Useful for variable data rate schemes


Table 1. Channel modelling parameters
The levels of use of a model might be summarised as
(i) Verification. The model indicates that the maximum Loss, and dynamic range, and the minimum bandwidth are sufficient for the proposed application and scenario, so no further detailed modelling is required. This is likely to be appropriate when 

· Simple fixed configuration systems are used, and there is no reason to know the channel dynamics (as would be the case for adaptive transmitters, receivers and modulation.).
· Other components constrain the system rather than maximum loss and minimum bandwidth, such as is the case for information broadcasting using VLC (where the LED provides the bandwidth constraint).
(ii) Full Use. All parameters are required to estimate the performance of the system, and to check that any adaptation of the system operates properly.

Types of channels

The type of VLC channel being used determines the level of detail of channel model that is required to adequately describe the channel, and create the parameters detailed in Table 1.
The paths to be considered are

· LOS-both single and multiple LOS paths

· NLOS-both single and multiple NLOS paths

The strength of the dominant path relative to other paths is a key factor in determining the behaviour of the channel. If the dominant path is much stronger than the others then the channel is LOS-like, but if there are a number of paths of different lengths and approximately equal strength then there may be bandwidth limitations.
In [1] a factor K similar to the Rician K factor is defined, and a slightly more general definition is used here to describe the strength of the dominant path. A Dominant Path Ratio (K) is therefore defined as 
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For the NLOS case this becomes
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where 
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 is the power in a particular NLOS path from transmitter to receiver.
For the LOS case 
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For the mixed case, where multiple (or single) NLOS and/or LOS paths may exist then 
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Where 
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is the power in a particular LOS path. (It should be noted that in the mixed case this is a slightly speculative definition, as it is uncertain as to whether this gives a sensible K value for all of the mixed cases).

The value of K at which only the dominant path can be considered is denoted as 
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, which is estimated to be 13dB (when measured in the electrical domain) in [1].  If K is below this value then all paths need to be considered (or at least a subset of the strongest ones) and the interaction of the time delays of these paths will effect the bandwidth. In the table there is also a lower threshold, 
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, where all the paths have almost the same strength and the channel is ‘tending’ towards a fully diffuse channel. Below this threshold it may be possible to treat the channel as fully diffuse, which may simplify the modelling process. Investigation is required to see whether this is the case. 

A summary of initial observations concerning the different channel types is shown in Table 2. 

Discussion

Table 2 shows an initial attempt to classify the types of channel. There are many unanswered questions however, including;

(i) Is this table a reasonable classification? I think the use of K is helpful, as well as defining a threshold 
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. I am less sure about 
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and whether it is valuable.

(ii) How do we use it? I think the process might be (1) Look at the application and try and to decide which channel classification is correct (2) Review the available models and data for the classification against the system requirements and decide whether a simple verification or full modelling is required. (3) Use the appropriate technique and level of modelling to check that the candidate system meets the operating specification.

(iii) What the models are? What data/techniques/models do we need to provide?

(iv) Do we include ambient light impairments in the modelling, and if so how?

This document is intended to be a tentative start in examining the channel. In my opinion we should not embark on trying to model all the cases with a vast exercise, as in lots of cases simple geometric models of path loss are sufficient, and in others (such as information broadcasting) the bandwidth of the transmitters limit the system, so there is no requirement for a detailed model. I have tried to capture some of this in the Modelling requirements spreadsheet.

[1] V. Jungnickel, V. Pohl, S. Nonnig, and C. von Helmolt, "A physical model of the wireless infrared communication channel," IEEE Journal on Selected Areas in Communications, vol. 20, pp. 631-40, 2002.
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	Modelling considerations
Simplifying assumptions
	Consider all paths 
	Consider dominant NLOS path only
	Consider NLOS paths only
	Mixed-consider all paths
	Consider dominant path only
	Consider single path
	Consider multiple LOS
	Consider dominant path only

	Modelling

Techniques available (not exhaustive)
	Ray-tracing, Integrating sphere[1] for NLOS
	Ray-tracing, 
	Ray-tracing, Integrating sphere for NLOS
	Geometric for LOS+Ray-tracing, Integrating sphere for NLOS
	Geometric
	Geometric
	Geometric + time considerations
	Geometric

	Typical situation
	Diffuse channel
	Strong illumination of intermediate surface-'secondary source' 
	Shadowing of dominant LOS paths, but no strong

NLOS. 


	No highly dominant path (either LOS or NLOS) but some stronger paths (LOS or NLOS)

	Room with source(s) on ceiling provides strong LOS path(s) compared with any NLOS (diffuse) component from surfaces
	Single source with receiver in coverage area. No reflections from other surfaces.
	Multiple strong sources each with LOS to receiver
	Receiver predominantly in coverage area of a single source

	Exemplar VLC application
	
	Information broadcasting using white LED illumination
	Visible point to point link between PDAs
	Outdoor transmission from traffic signal or signboard.

	Comment
	Diffuse channel when 
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	LOS and NLOS channels likely to exist in indoor 'illumination' situations. Likely that path strength is LOS>>strong NLOS, and in the case of multiple LOS paths any LOS is stronger than the strongest NLOS.
	
	Often the multiple LOS can be aggregated to a single LOS as the time difference between propagation does not create significant bandwidth delay

	Bandwidth
	Low
	High
	Low
	Variable
	High
	Very High
	High/Very High
	Very High

	Path Loss
	High 
	High
	High
	Situation dependent
	Situation dependent
	Acceptable
	Low
	Low


Table 2. Summary of channel type
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