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Extended Abstract 
 

The paper to be presented will report results from experiments conducted with centre frequencies ranging from 2 GHz to 30 

GHz in a study room of dimensions 5 m long  3.6 m wide  4 m high, having a concrete floor, a concrete ceiling at the 4-m 
height, and walls made of plasterboard mounted on galvanised steel studs separated from each other by 48.26 cm.  The room 
also had a suspended ceiling at a height of 2.74 m, comprised of soft tiles hung within a metal grid, which also supported 
florescent light fixtures and air conditioning vents.  Measurements were made using a VNA-based channel sounding system 

with 500 MHz bandwidth, having a fixed Tx antenna and either a fixed or a step-wise rotating Rx antenna, the latter being 
mounted on a remotely-controlled pan/tilt platform. Experiments were conducted both when the room was empty, and when 
it was “cluttered,” being furnished with 5 library-style study desks, 3 aligned along one side wall, and two along the other, 
with a gap between them where a 3rd could have been placed.  In the cluttered condition, in addition to the study desks, 
furnishings included a couple of metal-backed book shelf trolleys, computer monitors on each of the desks and a large TV 
monitor mounted with its centre at a height of 1.4 cm against one of the side walls, in its middle section.  

 
The reported experiments were conducted with the objective of demonstrating propagation phenomena that were conjectured 
to be enabling phenomena in the achievement of improved radio coverage in cluttered environments at frequencies above 6 
GHz. The enabling phenomena hinge on the inverse relationship between frequency and 1st Fresnel zone radii. In order to 
achieve the lowest transmission loss between two antennas, the 1st Fresnel zone surrounding the two antennas must be free 
from obstructions over at least 60% of its radius (R_F1).  Similarly, for an obstruction to be a good specular reflector, the 

fraction () of its area that intersects an impinging wave must be large (in practice >R_F1) at the point and aspect angle of 
intersection.  Since 1st Fresnel zones become smaller as frequency increases, it was speculated that: (1) there should be 
greater probability for lower obstruction loss in propagating through gaps between cluttering objects as frequency increases, 
and (2) there should be more, good “reflectors of opportunity” in a cluttered environment that can provide viable radio paths 
around obstructions as frequency increases.  It is believed that these possibilities, coupled the smaller size of antennas with 

high enough gain to compensate for increased free space loss and the ability to focus energy to take advantage of indirect 
paths via reflectors, could be significant factors in realising the practical viability of higher-frequency wireless systems. 
 
The oral presentation will first report results from calibration measurements in “reference” frequency bands at 2, 5, 15, 22, 
and 28 GHz. These show excellent comparisons between measured transmission loss and single-interaction, horizontal 
propagation ray-tracing results for the empty room.  Experimentally-determined values of static rms delay spread, showing an 

inverse relationship with frequency band and a direct relationship with Tx-Rx range in the empty room will also be reported.  
Results that show that obstruction loss caused by one of the bookshelves when placed at boresight between the Tx and Rx 
antennas in the empty room are well-modelled by the ITU-R simplification to the knife-edge diffraction model at frequencies 
above 5 GHz will be presented next.  This will be followed by a reporting of results that show: (a)  Transmission loss with 
respect to free-space loss, that has values of +5, +3, +1.5, +1, -2.5, and -4 dB, respectively in the reference frequency bands, 

for propagation through a gap between two book shelves, demonstrating a probability of lower excess losses for transmission 
through spaces between clutter as frequency increases, and (b) Reductions in transmission loss with respect to transmission 

loss (including obstruction loss) at boresight of 4, 15, 20, 20, 15, and 21 dB respectively, in the reference frequency bands, 

for propagation around the bookshelf via reflection from a computer monitor placed against one of the side walls. The latter 
results are considered to demonstrate the benefits of beam steering to take advantage of lower-loss indirect paths via 
“reflections of opportunity.”  Finally, results are presented that show and compare models for average transmission loss, 
models for shadowing, and models for static rms delay spread and 90% delay window, as well as static rms delay spread 

values and SNR values (based upon hypothesised wireless system parameters) at receivers in 45 locations scattered 
throughout the study room, for an often-used omni-to-omni antenna coverage scenario at 2 GHz and a different sector 
antenna-to-steered-beam antenna scenario at 18 GHz.  The comparisons show that, owing to the beam steering at 18 GHz to 
take advantage of strong indirect paths, the ratio of transmission loss at 18 GHz to that at 2 GHz was maintained at the square 
of the ratio of wavelengths as in free space, and that static rms delay spreads were significantly lower at 18 GHz as a result of 
the narrower Rx antenna beamwidth.  The results also show that at 18 GHz, there are often multiple, diverse, directions in 

which a Rx antenna can be pointed to receive a power within 3 dB of the maximum power available at that Rx location. 


		2017-02-13T14:30:13-0500
	Preflight Ticket Signature




