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1.0 Introduction

With the rapid emergence of wireless telecommunication systems, there is an ever increasing need for

propagation prediction tools to support the assessment of system performance in a given environment.

Currently, in the case of wireless local area networks (LAN), system designers must undertake an exten-

sive measurement campaign in order to identify an arrangement of transceivers which provides satisfactory

performance. This is a very time consuming process that may not illuminate aspects of the environment

which could allow designers to develop a more efficient layout. With accurate propagation prediction

tools, system designers could easily evaluate multiple layouts and search for the desired solution which

achieves the required level of performance with a minimum expenditure of resources.

Two common methods used to characterize the indoor propagation environment are ray tracing ([ 1 ],[2])

and statistical channel modeling ([3],[4]). Ray tracing utilizes geometrical optics and the geometrical the-

ory of diffraction to model the propagation of electromagnetic waves through a structure. By attempting to

model the physical interactions in the indoor environment, one hopes to gain insight into the phenomena

which define the characteristics of the indoor channel. The difficulty with this approach is that it requires

the construction of a detailed, model of the structure. Currently, simplifications such as infinitely thin walls

are employed to maintain a tractable model development process. Yet higher fidelity models of interior

walls, along with improved characterizations of the electromagnetic properties of common building mate-

rials, may be necessary to model the effects of structures such as arrays of metal studs. Further enhance-

ments will also be necessary to properly represent the effects of scattering due to objects such as furniture

and lighting fixtures which will not be present in the model.



In marked contrast to ray tracing, statistical channel modeling is a measurement-based approach which

attempts to characterize the general indoor channel by determining the most appropriate distributions for a

set of channel parameters. Since no knowledge of building structure is utilized, it seems there is an

implicit assumption that some underlying statistical relationships exist for the entire class of indoor envi-

ronments. Yet this would seem to be invalidated by [3] which indicates that various measurement and

modeling efforts have yielded different distributions for certain channel parameters. The author acknowl-

edges that these discrepancies may be due to differences between the environments. As suggested by [4],

statistical channel modeling is a less reliable method for site-specific prediction and will likely fade in light

of the continuing advances in the area of ray tracing.

After surveying the literature on propagation prediction, it appears that models of the indoor channel are

primarily being utilized to examine the performance of personal communication services (PCS) and cellu-

lar systems. In these scenarios, the primary concern is the variation in system performance as the receiver

travels through the indoor environment. In addition to being dependent on receiver location, system per-

formance will also be a function of the transmitter center frequency. Yet no publications in the literature

appear to document site-specific propagation predictions for a fixed receiver and a specified frequency

range. It seems that it is equally important to understand the frequency domain characteristics of the

indoor channel in addition to the spatial domain characteristics so that one may select the most appropriate

center frequency for the given environment.

The objective of this research project was to determine whether a series of walls arrayed in a periodic man-

ner exhibit IYequency selectivity similar to periodic: dielectric materials ([5],[6]). Over certain frequency

ranges, referred to as stop b~mds, transmission through a periodic dielectric material is significantly

degraded due to destructive interference caused by multiple reflections from different interfaces in the

material. Obviously if this characteristic can also he associated with a periodic structure in the indoor

environment, wireless LAN designers must be aware of the location and extent of the stop bands which

could cause a significant reduction in system performance.



To begin the review of this investigation, the initial propagation model for periodic structures is examined.

Next the model verification effort involving the construction of small-scale periodic structures is dis-

cussed. Based on lessons learned from laboratory experiments, an improved formulation of the propaga-

tion model is then presented. Finally indoor measurement and prediction is discussed and the comparisons

of the measurements and the predictions are examined.

2.0 The Plane Wave Model

For a given periodic structure, we are interested in understanding how the magnitude and phase of nor-

mally incident plane waves are modified after the waves propagate through the structure. If we view the

periodic structure as a filter, then the phasor Et which represents the transmitted electric field at the end of

the structure is equal to the product of the frequency response H(f) of the structure and the incident electric

field phasor Ei. !

Et(f) :: H(J)Ei (1)

In order to characterize the periodic structure over a given frequency range, we must compute the magni-

tude and phase of the frequency response which is simply the transmission coefficient z for the periodic

structure.

Et~
"r(f) = H (J) (2)

By examining the variation of the magnitude and phase of the transmission coefficient over a given fre-

quency range, we can identify the frequency bands where significant amplitude distortion occurs and

obtain insight into the disper:~ive nature of the periodic structure from the degree of phase nonlinearity.

Now let us consider the N wall periodic structure shown in Figure 1. The regions of the periodic structure

are assumed to be infinite in extent in the y and z directions. The walls of thickness a are made of a mate-

1. We are assuming that Ei = Eioe-~’x° and Et (J) E~o (f) e- Z’ (x ° + d)where d is thelength of t he periodic structure.


