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1. INTRODUCTION

Among the numerous parametars which affect the Implementation of moblle systems, the knowledge of
propagation characteristics tor both useful and interference signals, plays a cruclal role,
Estimation of the recelved mobile radlo signals 1s requlred In order to predict the service area,
qlven traensmitter location and power, or to defline the number and locations of fixed base sta-
tions which provide an acceptable quallty of coverage, avolding harmful Interferences, Moreover,
the 'mpact on modulation, speech encodling, baseband processes, frequency re-use schemes, and spe-
clflc fadlng countermeasures (such as macroscoplz or microscoplc diverslty technlques) does not
need to be emphasized, Accordingly, CSELT (*) carried out a large amount of experimental investi-
gations 1In several reglons of Italy (1, 2] in order to determine, on a statistlical baslis,
sultable propagation curves and correction factors, related to different urban and terraln
sltuations, This paper briefly summarizes the most signlficant propagation results and outlines
expariments and theoretical studies planned for the near future,

2, PROPAGATION EXPERIMENTS

In the recent past, many experimental Investigations were performed In both VHF (160 MHz) and UHF
(450 MHz) band, using both unmodulated and modulated (FM) sianals, In different situations of
terrain Irregularities and environmental clutter, F1g, 1 shows an example of propagation curves
(median fleld strengths) for urban areas In large 0M1lano, Roma) and medium stzed (Novara)
cltles, A fourth-power range dependence law (dashed line) Is a good approximation, aeven if a
rlgorous least squares best fit glves an exponent of about 4,5; the RMS prediction error appears
to be less than 5,4 dB, In the distance range up to about 20 km from the transmitter, As far as
fleld strength standard devlatlons are concerned, an average value of 4,7 d comes out,

However, for urban areas, a more detalled knowledge of additional attenuations vs percentage ¢« of
the area covered by bulldings ("land usage factor") is of great Interest, In particular for the
planning of cellular systems, whlich are primarlly devised to provide a functional service In
large citlies, Fig, 2 shows the measured 450 MHz devlations from medlan field strengths predicted
trom Flg, 1, due to bu'ldings surrounding the moblle station (reference squares of 0,25 x 0,25 km
have been consldered for computations) and the corresponding regresston !line:

A =21,37 - 15,28 log a n

Ustng Eq. (1) the ”MS prediction error reduces to ~ 4,6 dB, A comparison with simllar results
reported by Kozono and Watanabe [3] (dashed lline) shows a not negliglble ditference both In siope
(~ 15 8B /decade vs ~ 25 dB/decade) and average urban densify (~ 25% vs ~ 15%),

If a linear regression 1s established (instead of & logarithmic one), Eq, (1) becomes:

A =7,06 - 0,26 o (2)
No practical Impairments may be polnted out: the standard error 1s now about 4,5 dB; then, a log-
regression seems to provide no advantages vs a simple !inear one, Inclidentally, the slope coef-
ficlent in Eq, (2) Is very close to the corresponding coefficlent (0,265) found by lbrahim and
Parsons from maasurements at 455 MHz carrled out In London 14]: thls corroborates the hypothesis
of a dliftferent structure of European cities In comparison with Japanes urban areas [2), which
reflects Into a different flels strength-land usage factor relationship,

(*) Work supported by SIP (Itallan Telephone Operating Company)
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A stightly better Improvement in the estimation can be achleved 1t a 2" order correction “actor
(rhe ratio B of the average helght of bulldings to the average wldth of streets) s Introduced,
In this case, a multiple llnear regression provides an overall RMS error of about 4,2 dB.

The 3 ratlo, however, seems to be mors effective 1* anly the highly urbanised parts of the cltlas
(historical town centres) are consldered, where 8 varles from about 0,5 to 3,5, and Is sensltive
enough for regresslon purposes, In this case, the foilowing equation can be producaed:

A =6,95-0,06 o~ 3,92 3 (4)

with a RMS error of about 3.7 &8, This favourably compares with muitiple linear regressions
astablished by lbrahim and Parsoas (4], In which the "degree of urbanisation factor" (deflned as
the percentage of bullding area occuplad by bulldings with four or more floors) Is used, Instead
of the 8 ratio, for the centre of london: In thelr case the RMS error does not exceed 3.2 dB.
From [4] such correction factors seem to be not strongly dependent on frequency and distance:
therefore, 1t Is expected that they could be applicebls, wlithout severe changes, also to the 900
MHz band, which appears to be oaly partially explored, at least In Europe, Of course, this
requlires further experimental evidence: a number of fleld trials Is planned for the near future
In severa!l ltallan cltles at 900 MHz, This work, which wlll be in particular concerned with the
study of propagatlon effacts on diglitally modulated signals, will be performed within the fra-
mework of the Actlon COST 207 ("Digital land moblle radlo communications"), COST 207, In coor-
dination with the Moblle Speclal Group of CEPT (PT European Confarence), will produce guidelines
for a harmonized European public moblle communlcation system for the 1990's (5],

3, INTERFERENCE ASPECTS

Evaluation of co-channel Iinterterence contributions 1s of paramount Importance In desligning
cellular systems, In order to test the performances of various modulation mothods and define the
optimum frequency re-use scheme (l,e,, cell size, number of cells per cluster), In a study In
course In CSELT, It has been found that, using a Rayleigh fadlng mode! for both useful and Inter-
ference signals, the probability density function of the Carrler-to-Nolse plus |nterference Ratlo
(CINR), In the case of a single Intarference signal, may be expressed as:
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where!
r is the average slignal-to-nolse ratlo (SAR)
A Is the avarage carrler-to-1aterference ratio (CNR)

Eq{x) 1s the exponential Integral function, deflined as: E;(x) = f: e-f/t dt

Several Phase Modulation methods are currently under test at CSELT, on account of a possible
application to narrowband digltal mobile radio systems, They can be grouped 11to a common class
(callaed 12 ™3 (*) In [6]), Including numerous technlques, such as GTFM, G4SK, CORPSK, etc,

As an example, Flg, 3 shows the average arror probabllity In preseace of a single co-channel
Intarferenca signal (characterized by various average values of CIR) and slow Raylelgh fading,
computed using Eq. (5), The modulation under test s of GTFM type, according to the definitlion
reported In the same Figure; the recelve fliter Is a 6-poles Bessal fllter with a 8 kHz equlva-
lent nolise bandwldth; the bit rate Is 16 kHz; an ldeal! ~oherent demodulation s assumed, In the
same Figura the theoretlical reference curve (no lnterference, no fading) Is also reported [12];
degradations due to interference are computzd In the conservative hypothesls that pdf of the
Interfering signal Is gaussian, On the basls of these computations, varlous cellular system con-
ftigurations are examlned,and Improvements obtalnable using speclific countermeasures, such as
space diverslty technlques (both at the moblle and fixed station) are evaluatad,

4, SIMULATION

In the last few years, a rapld growth occured In the demand for simulation of mobila fadlngs, In
ralation to the design of systems using dlg!tal modulation tachnlques, The simulator (hardware or
software) should allow tests and qulick comparisons among ditferent moblle radlo systems,

(*) 12 M3: 12 for the 12 phase states, ™ for Phase Modulation, 3 for the correlation over three
consacutive bits used to chose the phase shift in each signaliing perlod
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A narrow band (not frequency selectlive) software simulator was Implamentad at CSELT (8], and has
been extensively used to evaluate the performance of dlfferent encoding schemss for radlopaging
under Raylelgh fading condlitions (9], Typlcal plots of simulated Rayleigh envelope, phase and
frequency (for an unmoduiated signal) are reported In Flg, 4: they appear to be iIn very good
agreement «ith avallable experimental data and other theoretical simslation results [10],
However, sliace other concepts for digita! mobile radlo are based on TOMA or COMA technlques,
delay spreads caused by multipath propagation must be adequately Included in the model.
As a concluston, a "wide band" slmulator is needed, In order to take Into account frequency
selactive effects which are usually neglected !n analogue systems, due to the narrow band chan-
nelling arrangemants, (ln several cases, however, even the transmission of lower bit rates 1In
FOMA proved to be Impal-ed by severe la-band distertions {71),
Current studlies at CSELT are devoted to turn the mode! to & wide band one, In order to obtaln a
complete description (time and frequency) of the channel transfer functlon stochastic process. In
COST 20/ opinton !11] these outputs should be used to model the channe! parameters of a hardware
simslator whlch will be actually charged to test different digital mobile transmisslion systems,
The additional lnputs requlred by a soft wide band simulator, In comparison with a naerrow band
one, could be tentatlvely listed as follows:
- The probabllity denslty functions of delays
- The number of the narrow band processss (approximataly Rayleligh) which describe, for any given
delay, the sum of the mu!tlple scattered slignals, and thelr statistlical jroperties,
- The time and space correlation characteristics of such processes and thelr spectral contaents,
with relation to D8ppler bandwidth,

5. CONCLUSIONS

A condensed outifne has been presentaed of current CSELT activities In land mobile propagation and
tnelr impacts on mobile radlo systems design, with particular reference to fleld strength
measuremants and prediction, theoretical computations of Interference contributions and thelr
effects on modulation technliques, and narrow and wide band fadlng slmulations. A particular
attention has been glven to the 900 MHz band, where a harmonlzed European moblle communlication
system (which should be operative In the 1990's) 1s actually under consideration, In the fra-
mework of the Action COST 207, In thls respect, digital transmission tachnlques (speech and/or
signalling) will play a cruclal role: a large variety of them Is examined In CSELT, together with
the Impalrments they may experience due to propagation (fading and Interference), and possible
countermeasures such as dlverslty technlques are linvestigated, Moreover, soft simulation of wlde
band channel transfer functions are under development, In order to evaluate the performances of
radio systems usling spread-spectrum encoding wlith TOMA or CDMA technlques,
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Example of simulated Raylelgh envelope,
phase and frequency for an unmodulated

slgnal

- carrier frequency: 900 MHz

- vehlcle speed : 50 km

Average Bit error rate vs E£b/No In pre-

sence of a co-channe! Interference
signal and slow Rayleligh fading

-  Modulation: GTFM, deflned wlth
reference to a frequency modulation
scheme with roll-off factor of the pre-
fliter p = 0 and phase parameter

$=47.3° (12



