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Introduction

In the development of communication system it is important to understand the characteristics of the communication channel so that the system performance can be verified using a standardized model of the channel. 

While it is everyone’s desire to create a model that reflects the real world as accurately as possible, this can become a very time consuming task because of the complexity of the real-world environment. Typically several channel models are needed to describe different scenarios and the study to characterize the details of the propagation environment is complicated and time consuming - often consuming as much resource as development of the actual system itself.  

The purpose of this paper is to propose a very pragmatic approach to capturing only the key characteristics of the channel that are expected to impact the performance of the TG4g PHY. Four scenarios are used to describe typical applications of the PHY and simple models are used to capture only the key characteristics of multipath and fading.

It is clear that these models will not account for all possible deployments, but it is hoped that they provide a middle ground between initiating an intensive study, or using nothing at all.

Indeed the members of the TG4g group already have a combined wealth of practical experience in the real world application of this technology and it is expected that the distillation of this experience into these simple models could result in something that is elegant, truly “fit for purpose”, and potentially more relevant than a purely theoretical study. 

Key Channel Characteristics

Signal to Noise Ratio
Modeled by addition of Gaussian white noise (AWGN) to the transmitted signal which is attenuated according to the appropriate path loss equation for the band in use.
Multipath and fading rate
Differential path delay caused by reflections can be viewed in two different ways;

From a data communications perspective this is seen as inter symbol interference (ISI) in the time domain. In the frequency domain it is observed as frequency selective fading or frequency nulls in the channel.  The spacing of these nulls is approximately the reciprocal of the differential delay. The exact positioning of the null within the channel is dependent upon the relative phases of the multipath components, and the depth of the null is related to the relative amplitudes.

The models in this document use simple 2 or 3 ray models with a delay profile appropriate to the deployment scenario.
From a propagation perspective this differential delay results in spatial nulls where the signal strength is reduced by destructive interference. The physical positioning of the nulls is controlled by the relative phase of the delayed path while the physical spacing of these nulls is dependent upon the wavelength of the carrier.  Higher carrier frequencies lead to more closely spaced spatial nulls and an observer at a fixed point will experience more nulls passing through his position for a given rate of change of phase.  Thus the fading rate is a function of both the velocity of the reflector and the wavelength of the carrier.

The models in this document specify the reflector (car or bus) speed and use an attenuation factor to account for the size of the reflector.  Actual fading rate must be derived from knowledge of the carrier frequency.

Interference

More work needs to be done in this area.  A first proposal might be to assume that interference will affect a block of data on a binary basis. It either lets it pass or completely destroys it.

Simplifications

Several major simplifications have been made in order to limit complexity and the number of parameters that have to be chosen.

The models use simple 2 or 3 ray propagation, to limit complexity and the number of parameters that need to be decided. This document also supposes that, for practical purposes, the channel delay spread will not be affected very much by operating frequency, whether this is 800MHz or 2.4GHz. 

Many scenarios have an element of slow fading because of the stationarity of the end points.

Very slow fading complicates simulations because it seriously extends the length of the simulations required to get representative results.  To eliminate this issue it is proposed to use a quasi-static channel where the I and Q components of each tap are chosen from independent normal distributions at the start of each burst, and average the performance over several hundred bursts. This gives the required Rayleigh distributed envelope, and is equivalent to an average of the performance over a population of several hundred receivers at the same nominal link distance. The resulting average PER is strongly related to the probability of link success over all locations at a given link distance.
Fast fading caused by passing vehicles assumes that there is a constant stream of cars passing by, as one might expect on a busy road or freeway. 

Deployment Scenarios

Dense City Deployment

This deployment is typical of dense apartment complexes where dozens of end points might be located in a narrow utility alley or across the street in another alley.  Communication is typically from meter-to-meter, or meter-to-concentrator. Propagation is non-LOS and passing traffic causes reflections.

Consider "semi fixed" - the delivery truck parked for 10 minutes? See section xx on semi static reflectors. 

	Dense City Deployment     100m

	Path 
	Distance of reflector to LOS bore
	Path length difference
	Multipath delay
	Multipath amplitude relative to 1’st path
	Fading rate

	1
	0
	0
	0
	0dB
	40mph

	2
	100m
	40m
	.13us
	0dB
	40mph


Residential / Industrial

This short range channel is intended to describe an application where the end points are either within, or around, the home or business park. Communication is house-to-house or business-to-business.

Propagation is often non-LOS with reflections from nearby buildings and traffic (possibly on a freeway) in the vicinity.

	Residential / Industrial     500m

	Path 
	Distance of reflector to LOS bore
	Path length difference
	Multipath delay
	Multipath amplitude relative to 1’st path
	Fading rate

	1
	0
	0
	0
	0dB
	Quasi static

	2
	100m
	40m
	.13us
	0dB
	Quasi static

	3
	100m
	40m
	.13us
	-6dB
	Equivalent to 75mph


Medium Range

The medium range channel is intended to describe the link from the meter to a utility pole.  This channel is typically non-line-of-sight and the multipath components would be caused either by reflection off buildings or trees and passing cars or busses.  

The multipath delay components caused by traffic will be typically similar in delay spread, but lower in amplitude and much faster fading.

	Medium Range   2km

	Path 
	Distance of reflector to LOS bore
	Path length difference
	Multipath delay
	Multipath amplitude relative to LOS
	Fading rate

	1
	0
	0
	0
	0dB
	Quasi static

	2
	400m
	150m
	.52us
	0dB
	Quasi static

	3
	400m
	150m
	.52us
	-6dB
	Equivalent to 75mph


Long Range

The long range channel is typically a link from a utility pole to a number of houses in a rural setting.  It is not expected that there is much traffic to cause rapid fading.  Multipath delays are larger than the medium range channel and exhibit very slow fading.

	Medium Range   LOS  20km

	Path
	Distance of reflector to LOS bore
	Path length difference
	Multipath delay
	Multipath amplitude relative to LOS
	Fading rate

	1
	0
	0
	0
	0dB
	Quasi static

	2
	4km
	1.5km
	5us
	0dB
	Quasi static
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