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ABSTRACT

NASA’s AdvancedCommunications Technology
Satellite provides an ideal spaced-based platforio for
the measureme nt. Of K- and Ka-band propagation
characteristics for Jand mobile satellite applications.
This paper reports results from pilot tone tests at
both K- and KXa-band in three environinents: lightly
sh adowed suburban, modecrately sliadowed subur-
ban, and heavily shadowed suburban. The results
snow that K- and Ka-band pilot tones experience al-
most identical multipath and fading effects. * J' bus,
both K- and Ka-band channels would require sub-
starnitial coding or diversity techniques to realize re-
liable Tand mobile satellite communications in the
suburban environment..

1. INTRODUCTION

Mobile satellite systemns allow truly ubiquitous
wireless communications o users anywhere and any-
time. A mobile teriimal is affected by shadowing
and multipath interference caused by roadside ob-
stacles and terrain conditions. The degree of shad-
owing depends on the intersecting path length with
the roadside obstacles. Many paramecters eflect the
imtersecting path including: clevation angle, nature
and geometry of theobstacle (e g., tree, utility pole),
distance between the road and the obstacle, lane
and dircetion of travel, androad surface conditions
{c.g., rolling/flat, straight/curved). In addition, the
antenna pattern, {he enviromnent, the scason, and
the carrier frequency aso afleet the degree of shad-
owing,.

Propagation experiments at UNF (850 MHz) and
I- (1 .5 GH%) hands have quantified the shadow-
ing and multipath interference eflfects [1, 2, 3] for
thesebands. NASA’S Advanced Communications
Technology Satellite (A C 'I'S) provides a stationary
platforim ideally suited to the measurement of 1mo-
bile propagation cffects at K-(20 Gl1z) and Ka-(30

G] 1z} bands. Ficld tests conducted during the first
7 months of 1994 using JI’I.’s ACTS Mobile Termi-
nal (AMT) [4] provide channel characterization data
for these channels. Recently published results from
AMT experiments [5, 6] and Goldhirsh and Vogel
[7, 8] have provided insight into the K-hand mobile
satellite channel. This paper reports the results of
experitnents at Ka band.

2. EXPERIM ENTAL ASPROTS

1. System Configura lion

The system configuration is illustrated I Fig-
ure 1. The basic features of the system mnclude

¢ The fixed station or Link Fvaluation Terminal
(1,1,7) located a the NASA lLewis Rescarch
Center in Cleveland, Ohio.

o ACI'S, operating in the wicrowave switch ma-
trix mode (M SM), i.c., as a bent pipe repeater,
to connect the fixed station with the mobile
unit The satellite was configured to provide
two way cormmmnication between Pasadena, Cal-
ifornia (in the Southern California spot beam)
and the L 1T (in the Cleveland spot beamn).

e The AMY, a breadboard mobile terminal de-
signed as a testbed for proof-of-concept designs
using ACTS (sce [1] for a detailed description).

The forward channel originated at the fixed sta-
tion with a 29.634 GHz pilot tone. This pilot tone
was recei ved by ACTS, mixed to the downlink fre-
quency ol 19.914 Glly, and transmitted on the South-
ern California spot beam. The forward channel of-
fered a composite G/ Ny of 55.63 dB3-Hz and was the
basis for thel-band results reportedinh, 6]. The
rcturn channel originated a the AM'T with a 29.634
G11z pitot tone which was uplinked to ACT'S, mixed
to 19.194 GHz,anddownlinkedto the fixed station,
Theavailable C /Ny on thereturnchannmelwas 53.58
dB-Hz. 'The return channel formed the basis for the



Ka-band results reported in this paper.

To compensate for Doppler ghifts in the pilot tone
due to transmitier motion, an 1 F pilot tracking sys-
tem was nsed. The down converted pilot (transmit-
tedonthe forward channel) was tracked in a phasc-
locked loop and used as a frequency reference in the
mobile terminal. The tracked pilot tone was mixed
with the return channel pilot tone to pre-shift it to
oflset the Doppler shift on the return link.

2. Anlenna Tracking Syslem

The AMT is equipped with a small, high gain re-
flector antenna which tracks the satellite signal in
azimuth for a fixed clevation angle! [9]: The an-
tenna is mechanically steered and  acquires/traclis
the satellite signal over the entire 360° of azimuth
will a pointing error ess than 0.2°. Vehicle turn
rates of up to 45 degrees/second call be accom
modated. The antenna provides an uplink EIRP
of 22 dBW over a bandwidth of 300 Mllz. The 3
dB beamwidth is 4 9° in clevation and 4 6° in az-
muth. The reflector resides inside an  cllipsoidal
water-repelling radome with an exterior base diam-
cter of 9inches and alicight of 3.5 inches.

The antenna pointing systemn enables the antenna
to track the satellite for al practical vehicle mancu-
vers. T'he antenna is mated with a simple, yet ro-
bust, mechanical steering systein. The antenna i s
smoothly dithered about boresite by one degree at
a rate of 211z The pilot signal strenglh measured
through this dithering process is used to compli-
ment the imertial information derived from a simple
turn rate sensor. ‘I'his combination maintains the
antenna pointing al the satellite even if the satellite
is shadowed for up to ten seconds.

5'. Dala Acquisition Syslem

Boththe AMT and the fixed station were cquipped
with identical data acquisition systeins (DAS). The
DAS continuously recorded parameters 1important
for link characterization. At the AMT, the DAS
recorded forward channel parameters.  The mea-
surcments included 117 pilot tone level, noise calibra-
tion levels, mobile velocily (speed and direction),
antenna pointing direct jon, mobile location, time,
video images of the AMT to ACTS path, and an
audio record documenting the lest runs. At the
fixed station, returnchannel parameters recorded

MPhe elevat ion angle for experimentsn the Pasadena area 1S
46°

included the 1F pilot tone level and noise calibra-
tion levels.

The 11 pilot tone used to characterize the channel
was filtered using a 17 klHzbandpass filter. Thefil- ¢
tered 117 pilot tone was processed by a p hase-locked
loop and non-coherent power detector. The phase-
lockedloop generatedin- phase and quadrature-phase
voltage levels in a 1.5 kllz bandwidth. The non-
coherent power detector generated voltage levels pro-
portional to pilot powerin a 100 Hz bandwidth.
These signals were sampled at arate of 4000 san-
ples/second and were recorded on 5 Ghyte Exabyte
tapes for off-line evaluation.

The time, vehicle velocity, and position were de-
rived from an on board GPS system and updated
at 10117 (time) and 100 Hz (velocity and position).

3. T'msr RUNS

The test runs represent a scenario slightly differ-
ent from tests conducted previously. Normally, the
transmitier is stationary while the receiver is mo-
bile.In t his case, the t ransmitier was mobtle while
the receiver was stat ionary. Data was collected in
a varicty of locations whichmay be broadly classi-
fied in three categories: light Iy shadowed suburban,
moderat cly shadowed suburban, and heavily shad -
owed suburban.

1. Lightly Shadowced Suburban Environment

Orange Grove BoulevardinPasadena, California
is a broa« 1, level t horoughfare wit h trees lining both
sides of the road. The trees lining this ronte arc
primarily Southern Magnolhia with Fan Palin and
1)atePahin trees spaced 50 meters apart. The road
i s laid out in a north south direction. With the
satellite to the south-cast) the western most lane
(right-hand, south bound lane) presented the best
look-angle to the satellite. Inthis lane, the AMT
anten na boresite to the ACTS line-of-sight. path just
barcly skirted thetops of the I'alit] trees ont he cast
side of the road and, generally did not intersect the
foliage of the Magnolia t rees. This environment is
characterized as lightly shadowed. A representative
time series of the pilot power transmit ted by the
AMT andreceived at the fixed station is shownin
Figure 2

The statistics of the shadowing/fading are suin-
marized by a histogram of the cuinulative distribu-
tion of the pilot power reccived at the fixed station.
Phe histogram of the run shownin Figure 2 is rep-



resented by the solid line in Figure 3. Also shown is
the histogramof the curnulative distribution) of the
pilot power yeceived by the AMT at the samce tine
(this is the dashed line). The solid Yine models the
30 GHz lanidmobile channel whichisscento have a
1 % fade level of 9 d13 which is 1dB worse than the
Tand mobile satellite channcel at 20 GHz.

2.Modcrately Shadowe d ,91111717hJ71 J;7171i707) ment

The center Janes of Orange Grove Boulevard rep-
resent a moderately shadowed subu rhan environ -
menit. Figure 4 shows the thne series for a test run
on 1 he castern center lane (Ieft-hand, north bound
ra ne). Inthis case, significant shadowing resulted
from the intersection of the line-of-site path between
AMT and ACTS by the Magnolia trees on the cast-
ern side of theroad. Iy addition, periodic b] ockage
by the trunks of the Palm trees was obscrved. The
statistics of the shadowing/fading are sununarized
by the histogram in Figure b where it is scen that
the 1% fade level for Ka-band is 26 dB which is
essentially equal to that at KK-band.

An mteresting observation here is different lanes
on the sar ne road exhibit different fading levels, In
this case,the differencein 1% fade levels is 18 d13
which represe nts a remarkably wide variation due
10 lane diversity.

3. Heavy Shadowed Suburban I'nvivonment

To obtainresults from a heavily shadowed sub-
urba n environment, a route along Gra nd Avenuc
in Pasadena, California, was sclected. Grand Av-
cnue is a narrow two lanc road with mmany turns
and runs in a gene rally north-south direction. The
road is hned with a heavy mixture of Coastal Live
Oak, Southern Magnolias, and Holly oak. I many
places along thic route, the tyee canopies completely
covered the road blocking any direct line-of-site path
between AMT and ACT'S. This environment is cre-
ales severe shadowing /fading as illustrated in Fig-
ure 6. The statistics of the shadowing /fading are
sunmnarized by the histogram illustrated in Figure 7
where it is scen that the 1% fade level for Ka-band
is well in excess of 30 dB3 (perhaps even as high as
45 dB). Results for the shnultancous return channel
at K-band arc also shown and are essentially equiv-
alent.

4. AN ALYSIS

Each of the histogran s illustrated in Figures 3, 5,
and 7 disp lays thie samne characteri stic shape. The
slopc between the reference level (() dBB) and 2 dB
below the reference level i's steep. This is char-
actenistic of Ricean fading which oceurs wher 1 re-
flected copies of the transmiited pulse accompany
the linc-of-sight sigu al. This steep curve is followed
by a “k nee” which forins the transition between the
Ricean characteristic and the shadowed fading char-
acler istic. Shadowed fading contributes a shallower
characteristic to the curve whichindicates that the
combination of signal blockage (shadowing) and mul-
tipath interference (shadowed fading) is severe. The
combination of these two characteristics suggests a
“time share” hetween Ricean fading and shadowed
fading as observed at I-band [1, ‘2] and K-band
[5, 7, &].

A summary of the results for all runs conducted
on9July 1994 is includedin ‘1'able 1.

5 C ONCLUSIONS

The results of the AM'T Ka band mobile propaga-
tion field tests show that the shadowing and fading
processes arc cssentially identical for both 1{- and
Ka-band frequencies and for the mobile transmitter
and receiver. A s sucly, the conclusions and results
for K-band apply to Ka-band {requencies as well,
The 1% fade levels show that substantial shadow-
ing/fading counterineasures (e.g., interleaved crror
control coding, antenna diversity) are required to
realize reliable Ka band communication in a subur-
ban environment.
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Fig. 1. System Configuration for AM' Propagation Experiments
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