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TERMINAL POSITION LOCATION USING
MULTIPLE BEAMS

Background
The present invention relates to a system for locating terminals in a radio
5 communication system and, more particularly, to the location of terminals in
radio communication systems wherein spot beams are used to irradiate
geographical regions to provide communication coverage.
One example of radio communication systems employing spot beams can
be found in satellite communication systems. Anocther example is cellular/PCS

10 systems which use fixed-beam phased arrays. To achieve an economically useful
capacity to serve a large number of subscribers, communication systems need to
allow reuse of the available spectrum many times over the giobe. This can be
achieved, for example, by the use of muitiple spot beam antennas that divide the
illumination of the chosen service area between many smaller regions.

15 The most promising satellite systems for such applications are those which
place satellites in a low earth orbit (LEOs), in a medium earth orbit (MEQs) or
in a stationary earth orbit (GEOs). Disadvantages of satellites in stationary orbits
include the huge antennas that are needed to create the desired size spot beams
from the 40,000 km orbit distance and the long delay in signals traversing the

20  orbit distance which creates a problem for two-way conversations. On the other
hand, the disadvantage of satellites in low earth orbits is that the satellites move
relative to the earth and thus the areas that the spot beams illuminate change as
the satellites circle the earth. Medium earth orbiting satellites exhibit the
problems of both LEOs and GEOs, aithough to a lesser degree.

25 Satellite systems employing low or medium earth orbit satellites need to
compensate for the rapidly changing propagation delay in the links between the
satellites and terminals on the earth caused by the satellites’ movement relative to
the earth. During communication in such systems, Doppler compensation is
provided to the signals to account for the change in propagation delay. In order
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10 knowledge of the terminal’s position. Moreover, as described in the above-
identified U.S. Patent Application Serial No. 08/179,953, terminal position is
also useful in computing the beamforming matrix.
A conventional method for determining a terminal’s location is to use
information derived from the Global Positioning System (GPS). The GPS
15  includes a number of MEO satellites, each of which transmits a known signal.
From any given point on earth, a terminal can receive and measure three or four
such signals (because of the large number of GPS satellites in orbit) 1o determine
a time delay and hence a distance between the three or four satellites and the
terminal. This information can then be used to triangulate on the terminal's
20  position. Although this technique is reasonably effective in a system in which
many different satellites® signals are available to a receiver, other systems, such
as GEO satellite systems, do not have this luxury. Accordingly, it would be
desirable to provide different methods and systems for obtaining position
information for terminals in radiocommunication systems which do not rely on
25  the availability of signals from multiple satellites.
Summary
According to exemplary embodiments of the present invention, terminal
location is accomplished by measuring relative signal strength values of signals
received from a plurality of spot beams closest to the terminal. For example,
30 signal strengths from six neighboring spot beams, relative to a center spot beam
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to provide Dwagﬁa@ﬁ%onpensation, the term nal can search fopcrhsoyiapgl er
frequency which 1s an exhaustive and tine consum ng process that del ays
connection to the system Alternatively, however, given know edge of the
terminal's location, as well as satellite ephenerides information, a
Doppler 5 conpensati on can be cal cul ated i nstead of searching for the
Doppl er frequency, t her eby speeding u? t he process of cal

ori gi nati on. Know edge of the fermnal unit's position can

al so be useful inyithen which a mobile station is currently operating, can be measured relative to
the strength of the center spot beam. Using information from these
measurements, the terminal’s position can be determined using an exponential
model of the spot beam pattern. These exemplary techniques can be applied to
S  any radio communication system using array antennas that have multiple beams
including systems having satellite or land-based base stations.

According to other exemplary embodiments, the mobile station or
terminal can measure the time delay of signals propagating from a satellite and
use the information from several such measurements to determine its location.

10 This procedure can be performed, for example, during call set-up or during
wake-up periods when the mobile is looking for paging messages.

Brief T the Drawin
These and other features and advantages of the present invention will be
readily apparent to one skilled in the art from the following written description,
15  used in conjunction with the drawings, in which:
Figure 1 illustrates an exemplary spot beam illumination pattern;
Figure 2 illustrates exemplary coordinate axes and angles used to identify
a terminal position relative to a sateilite position;
Figure 3 is a graph illustrating the relative accuracy of exponential beam
20  shape modeling as a function of the angle away from the beam center;
Figure 4 is a graph which illustrates radial mapping of terminal location;
Figure 5 is 2 block diagram illustrating the model used to simulate an
exemplary embodiment of the present invention;
Figure 6 is a plot of X coordinate estimation versus elapsed time of the
25  simulation;
Figure 7 is a plot of Y coordinate estimation versus elapsed time of the
simulation;
Figure 8 is a plot of estimated range versus elapsed time of the
simulation;
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Sunmmary According to exenpl ary enbodi nents of the present

I nvention, term nal | ocati on Wd by nmeasuring relative

signal strength values of signals
To begin this discussion of terminal position determination, consider a

greatly simplified satellite communication system wherein three communication

10 channels are available. A number of antenna beams, for example 37, could be
provided as determined by the fixed physical characteristics of a satellite antenna
system, and used to illuminate the earth in so-called spot beam coverage regions.
Some of these 37 spot beams are illustrated in Figure 1. According to
conventionél wisdom, the gain at the worst point, which lies midway between

15  three spots (e.g., those indicaned as corresponding to the beam illumination
crossover points in Figure 1), is maximized by choosing the beam width such
that the gain is approximately 3dB down at the midway point relative to the peak,
beam-center gain. This is one exemplary compromise which can be implemented
between, on the one hand, reducing the peak gain by broadening the beam so as

20  to reduce the edge loss and, on the other hand, narrowing the beam 1o increase
the peak gain but then suffering a greater beam edge loss the same distance off-
center as before. An alternative is disclosed in the aforementioned U.S. Patent
Application Serial No. 08/179,583 which describes how channels can
advantageously be radiated in slightly different directions so that each point on

25  earth is near a beam center of one channel. In this way the system can be
provided with a number of channels from which to choose that are more centrally
toward any particular mobile, thus avoiding the beam-edge loss that would

otherwise occur.
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Wi t hin whi ch@gor’%%si‘fse station is currently operating, can bercrr'xggggl}%ﬁe
relative to the strength of the center spot beam Using information
fromthese measurenents, the termnal's position can be determ ned
usi ng an exponenti al nodel of the spot beam pattern. These exenpl ary
techni ques can be applied to 5

In either case, a system could employ all of the three frequency channels
in every one of the 37 spot beams, with the consequence that a mobile at the
midway point between three beams would receive equal overlapping signals on
each frequency from all three beams, i.e., two, equal-strength interferers on top

5  of each wanted signal, or this interference problem could be avoided by

distributing the frequencies between beams in a 3-cell frequency re-use pattern.
In the latter case a mobile at the midway point between three beams would
receive all three frequencies at equal strength from the three different
surrounding beams, but one frequency only from each beam, with somewhat

10 reduced interference from sidelobes of beams which are further away. A mobile
at the midpoint between two beams would receive equal signal strength on two
frequencies and somewhat reduced signal strength from two equal signals on the
third frequency. A mobile at the center of a beam would receive principally the
frequency of that beam with somewhat reduced signal strength on the other two

15 frequencies from the six surrounding beams. Thus, it is possible for a mobile
station to roughly determine its position based on the relative received signal
strength, e.g., on the three frequencies, as described in more detail the afore-
incorporated by reference U.S. Patent Application Serial No. 08/179,958. The
following describes a more detailed, exemplary method for determining location

20  based upon signal strengths received from nearby beams.

The power received by a mobile from each beam depends upon the
magnitude of the beam-shape, and the resulting radiation pattern of the beam is
determined from a combination of the individual element radiation pattern and
the array factor due to beam-forming of the elements. One mode! that can be

25  used for determining the resulting pattern power loss is an exponential model. If
there is enough discrimination from one beam to the next, then the received
signal strength measured from the occupied and surrounding beams can be used
as measurements of the beam-shape, which can be used to determine the mobile

position.
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concept is illustrated in Figure 2.

The beam pattern is a function of both the angles ¢ and 8, although the
normalized beam shape can be modelled using the exponential equation given by:

pid) = e¥,
(n

10
where o is chosen to fit the model to the true beam pattern. This model is
relatively accurate for small values of ¢, usually up to a few degrees. For
example, in a 211 element array proposal for the Inmarsat EP21 satellite design,
the value of alpha found to approximate the array pattern afier beam-forming is

15 0.1891. A plot of the simulated beam-formed pattern for this system compared
with the exponentially modeled pattern is shown in Figure 3. Therein the
modeled pattern is represented by the divergent curve which has higher (y-axis)
pattern gain values. It is seen that the exponential model fit is relatively accurate
up to about ¢ = 3 degrees where it diverges from the simulated pattern.

20 In order to illustrate position determination of the mobile according to an
exemplary embodiment of the present invention, a number of simplifying
assumptions have been made as listed below.

° The satellite position is assumed to be known, for example, from
ephemeris data which is transmitted to or stored in the mobile.
25 . The techniques described herein are intended to determine mobile

position in a short period of time, e.g., a few seconds. Thus, the



Figure 6 is a plot of X coordinate estimation versus el apsed tine of the
125 sinul ati on; Figure 7 is a plot of Y coordinate
estimation versus el apsed tinme of the si mul ati on;

Figure 8 is aypbfisssd§ estimated range versus el apsed tinme ofPaINEs97/01866
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Figure 9 is a plot of estinmated bearing versus el apsed sinulation tineg;

7

satellite position can be considered stationary. If longer times are
used to determine position, then tracking of the satellite position
can be incorporated into these techniques, or the ephemeris data
available to the mobile couid be used.

5 ® The scan loss over the set of beams used to determine the mobile
position is considered to be minimal. Scan loss is due to the
satellite pointing a beam away from nadir (i.e., large values of ¢),
and can also be modeled as an exponential loss. If this loss is
significant, then it can be accounted for in the following model

10 equations or by knowledge of the satellite and beam positions.
® For each beam there is a mapping from the coordinates (¢, §) to a
specific location on the earth. It is assumed that this is a radial
mapping and takes the form r = c¢, where c is different for each
beam, and that & gives the angular position of the user from the
15 center of the beam. This mapping is shown in Figure 4. Other
expressions for this mode] that include non-circular mappings can
be formulated to approximate the exact beam-shape as will be
appreciated by those skilled in the art.
. The beam that the mobile user resides in and the six surrounding
20 ' beams are used for determining the mobile position in the
following exemplary embodiment. This assumes that the
frequency plan uses a seven cell reuse pattern, and that the mobile
measures the signal power from channels in each of these different
beams. These measurements can be taken either simultaneously '
25 ~ or, more practically, at different times. Of course, the present
invention can be adapted to any cell reuse pattern desired.
In order to estimate the values ¢ and 6, the mapping x = f(¢,8) is used
(note that vector quantities are represented by bold typeface) and is given by:

B Tt 5t g L AN LI R Ay S



Figure 10 is a plot of estimted range error versus signal-to-noise ratio;
and ' Figures 11-17 show plots of other sinulation
characteristics. 5 Figures 18(a) and 18(b) illustrate exenplary
devi ces for wRlohRgise POt beam neasur enent s.

Det ai | ed Description To begin this discussion S?T'ngpﬁl?fgl
position determ nation, consider a greatly sinplified satellite
comuni cati on system wherein three comruni cation 10 channel s are

avai |l abl e. A nunber of antenna beans, for exanple 37, could be

provi ded as determ ned by the fixed physical_charactenistics of a satellite
ant enna system and used to illum nat Bthe earth in so-called spot

beam coverage regions. Sonme of these 37 spot beans are illustrated in

Figure 1. According to convent i onﬁl=g’xsggm the gain at the worst
point, which lies mdway between 15 tTredsd 9%](e.g., t hose indicated as

corresponding to the beamillum nation crossover points in Figure 1),
is maxi m zed by choosing the beam w dth such, that the gainis (3
approxi mately 3dB down at the m dway point relative to the peak,

beam center gain. This is one exenplary conprom se which can be inpl enent ed
bet ween, on the one hand, reducing the peak gain by broadening the beam so
as 20 to reduce the edge |loss and, on tghe{c'c%i’fé-rn(lg?rd, narrow ng the Gkam
to increase c ¢ cos(B)]”’

where theta is measured from the beam center. Now, to estimate the mobile
position, power measurements are taken from signals in the current and six
5  surrounding beams. The power measurements are denoted as

P = [PosP1sP2---»Ps)’. The model for the measurements from the i'th beam
becomes:

Pl = A0
4

- - 2
= Ae o [x xi l 3
(5)

10  where ie{0,1,...,6} denotes the beam that the measurement is taken from and X;
denotes the location of the center of beam i. Using this model directly 1o
determine mobile position poses a problem, since the absolute power (represented
by the scaling factor A in equations (4) and (5)) of the signal may not be known.
Thus, according to exemplary embodiments of the present invention, relative

15  measurements of the power from pairs of beams can be used to determine
location. For example, the center beam can be used as a reference with respect

to which relative power measurements can be determined. These measurements



the peak gain but then suffering a greater beam edge | oss the sane di stance

-of f- - center as before. An alternative is disclosed in the

af orenenti oned U. S. Patent Application Serial No. 08/ 179,583 which
descri bes hoyy¢émaagl s can advant ageousl y be radi at ed porressgiset v
different directions so that each point on 25 earth is near a beam center
of one channel. In this way the system can be provided with a nunber .
of channels fromwhich to choose that are nore centrally toward any
particul ar nobile, thus avoiding the beamedge | oss that woul d
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are denoted as y = [h,,...,hgd", where h, = p/p,. Using this approach, the
measurement and model becomes:

h i(x) = e—a((x'x‘)?.(y.,‘)i) . e’«"“o)”‘-""’o)z) 6
&)

= g-alix-xf-tx-x Py
M

5  For example, h(x) can be calculated by mobile stations

using the RSSI of received time slots from each of the six surrounding beams
relative to a time slot received from the center beam, which measurements would
then be used in equations (6} and (7). Now, with the measurement model
described in equations (6) and (7) above, the estimates of the mobile position can

10 be determined. To estimate the mobile position, the Kalman minimum variance
least-squares estimate of x is calculated by finding the point that minimizes the
equation J(x) given by:

Y=~y VP 1Ry O -RCNRS k) ®

where &, is the estimate of the mobile position, P, ., is an estimate of the

15 position covariance matrix, and R, is the assumed known measurement variance.
Initial values are chosen for both &, and P,,,,,. For example, the beam center
position can be chosen for &y, and for P, the radius of the beam is used as
the standard deviation of the initial estimate. For the value of R,, the assumed



In either case, a systemcould enploy all of the three frequency channels
'n every one of the 37 spot beans, with the consequence that a nobile at

t he m dway poi nt between three beans woul d recei ve equal overl appi ng
signals on woemepRCh frequency fromall three beams, i.e. pdiiloro1s6s

equal -strength interferers on top. 5 of each wanted signal, 0 l?ﬁ‘ls

I nterference problem could be avoi ded by distributing the

frequenci es between beans in a 3-cell frequency re-use pattern. In
the latter case a nobile at the m dway point between three beans woul d
receive all three frequencies at equal strength fromthe three different
surroundi ng beans, but one frequency only fr each beam wth sonmewhat 10

reduced interfere gﬁmc [ g,\el\%, W&ai.& r t .
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frequencies fromthe si urroupndi ng beans. Thus, it Is possible for a
mobi | e 5t afs %He‘lgy?}l‘}ﬁﬁ?‘ip“det ermne its position based on the
relative received signal strength, e.g., on the three frequencies,
as described in nore detail the afore- higeglor porated by reference
U.S. Patent Application Serial No. 08/179, 95B. ’( e f ol | owi ng
describes a nore detail ed, exenplary neb{xd (’)‘1‘5 gtermning | ocation 20
based upon signal strengths received from ne r% beans. Ghe
power received by a nobile fromeach beam de upon the

Using this form for the position estimator allows the mobile position to be
tracked over time and also produces an estimate of the estimator covariance.
The covariance can be useful if the measured power noise variance is also
10 estimated, in which case the estimator covariance can give better information
about the accuracy of the estimated results. For example, this covariance
provides an indication of the reliability of the position estimate which can be
used to more accurately predict beam handover times.
Finding the minimum point for J(x) can be accomplished in a number of
15  different ways. Since the function h(x) is highly non-linear, an extended Kalman
filtering approach can be used. Also, because of the non-linearities, the iterated
extended Kalman filter approach is preferred. An equivalent form for this
estimate is to calculate the Gauss-Newton estimate directly from equation (8) for
each update time k. Given an existing estimate X* at time k, the estimate can be
20  refined by calculating Ax such that

fp+l =£P+Ax,



magni tude of the beam shape, and the resulting radiation pattern of the
‘beami s determ ned froma conbi nati on of the individual elenent
radi ati on pattern and the array factor due to beamform ng of the
el ements. OngugQsedssd hat can be 25 used for determ ning thecrnesswbisssg
pattern power |oss Is an exponential nodel. If there is enough

di scrimnation fromone beamto the next, then the received si gnal
strength nmeasured fromthe occupi ed and surroundi ng beans can be used

as neasurenents of the beam shape, which can be used to determ ne the
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where Ax is found by solving the linear equation:

P, . Ax =
ROFTE an
The values P, and g are found using:
-1 -1 TR eh
(12) Py =Pyt B
S and
= P—I T -1 __h

2 x,klk—l(x-fklk_l + vh' R, (-h(x)). (13)

These equations can be iterated until a tolerance is met, or until no more
improvement in the estimate occurs. The initial value for x is chosen to be the
previous estimate Ry, = Ry.i, and P, = P, is used. Attime k = 1, the
10 previous estimate &y, can be chosen to be the beam center and P, ;o = P, can
be chosen to have the radius of the beam center be one standard deviation. In
situations that the satellite motion is to be tracked, i.e., when a position
determination is calculated over a relatively long time period, then ., and
P, ;x4 €an be generated using the appropriate satellite motion models. It should
1S  also be noted that output covariance, P,,.,, only needs to be generated (thereby
saving an inversion operation) when it is desired to monitor convergence of the
output result.
In each iteration the gradient Vh = V h{x) is calculated at the point of the
current estimate 87y. This is given by:



When the position of the center of the beamis assuned to be known, the
probl em of estimating the nobile position becones one of estinating the
user position relative to the beamcenter. G ven the known pointing

direction ofywggeyngsss Particular spot beam the user positi %ﬁp‘
speci fied by ta\% angul ar quantities: 5 t he angl e away frg%rt e”ﬁg‘gm

center angle, [err]; and the angle about the ray that

extends from

the satellite in the direction of the center of the beam [err]. This
concept is illustrated in Figure 2. The beam pattern is a

function of both the angles [err] and [err],, although the

nornal i zed

beam shape can be nodel | ed using the exponen]tzi al equation given by:

[err]

(1) 10 where a is chosen to fit the nodel to the true beam pattern.
This nodel is relatively accurate for small values of [err], usually
up to a few degrees. For exampl e, injavalk)e] ement array proposal
for the Inmarsat EP21 satellite design, v{%@g al ue of alpha found to
approxi mate the array pattern after b&AX srni | Sh
o) 449
where the values of V,hy(x), i = 1,2,...,6 are given by:
Sh/bx
R - [6h/6y] (15)
o g T P trx oty FX) (%)
0-y)-0-y9 (16)
= -2a(x,-x, g ez, - -xg2)
o) ' an

5 Using these model equations, the mobile position can now be determined using,
€.8., equation (8) along with measurements of received beams® signal strength
and the modeled beam pattern.

Exemplary simulations have been performed to evaluate the present
10 invention. In these examples, the performance in an all-white Gaussian noise
(AWGN) channel was investigated, and it is expected that this will give a bound
on performance, as compared to the performance in a Rician or Rayleigh faded
channel. The simulations were performed for QPSK signaling in an AWGN
channel, and include the effects of pulse shaping and IF filters. A block diagram
15  illustrating the simulations is shown in Figure 5.
In Figure 5, the block diagram illustrates that a paralle! configuration was

employed for the simulation wherein signals from each of seven beams were



15 0.1891. A plot of the sinulated beamforned pattern for this system

tonpar ed with the exponentially nodel ed pattern is shown in Figure
3.- Therein the nodel ed pattern is represented by the divergent curve
whi ch has hi gQgyo7h¥smsgXi S) pattern gain values. It is $Q9R he
exponential nodel fit is relatively accurate up to about [err] = 3
degrees where it diverges fromthe simulated pattern. 20 I n order .
toillustrate position determnation of the nmobile according to an

exenpl ary embodi nent of the present invention, a nunber of sinplifying
assunptions have been nade as |isted bel ow The satellite

position is assuned to be known, for exanpl e,13from p . %%
epheneri s data whi ' ﬁf&' L o 84 D6 goggp|t & in th
Tﬁe -t echni ques des%??lfgaz’gaigel n a?fejb)l;gtpggrzged Lo édet erm ne r’m%l Fé ed. n the
position in a shorat wil wedersiind: thatey segiahimpleméndationecan ibgsmpiEmestedtwierein a
WO 97/ 28456
PCT/"US97/ 01866

single receiver successively processes signals from each of the seven beams. For
example, in a TDMA system employing a frame structure having N slots, a
5  mobile station connected to the system using one of N slots could use its idle
time to process signal strength measurements according to the present invention.

The following simulation results are based upon the model shown in
Figure 5 wherein a beam source 10 for each beam produces a composite signal
which is QPSK modulated at block 12. The modulated signal is then processed

10 through blocks 14, 16 and 18 to model the effects of the channel on that signal.
The position estimator 20 receives the signal and measures the received signal
strengths to calculate position as described above.

In these simulations it is assumed that the power measurements for the
different satellite beams are received within the same frame, and that receiving

15  the power measurements at different times within the frame does not require
tracking of the satellite or channel. Simulations were run for a user from the
center of the beam to the crossover point to the adjacent beam. This corresponds
to a range of 150 kilometers for the center beam. Figure 6 through Figure 9
show the averaged results for a set of 20 different simulation runs for one

20  exemplary mobile position and SNR value,

These figures show the average X and Y position and standard deviation
curves as a function of time, (i.e., Figs. 6-7, respectively) as well as the
corresponding range and bearing estimates from the center of the beam (i.e.,
Figs. 8-9, respectively. The estimated standard deviation curves are generated

25  from the Kalman algorithm, while the calculated standard deviation curves are
generated as a result of the Monte-Carlo simulation runs, and are found to be in
agreement for this simulation case, The Monte-Carlo simulation runs provided a
series of simulations with different noise values. The results are then averaged
to give the expected value of the technique. This result shows that for a user

30  close to the beam center, with a relatively high signal to noise ratio, the



7 satellite position can be considered stationary.
[f longer tinmes are used to determ ne position, then
tracking of the satellite position can be

i ncor por at ed ese techni ques, or the epheneris data
avai | abl e to*ﬁgpq%% le could be used. 5 MHAIS186¢ o5 s

over the set of beans used to determ ne the nobile

position is considered to be mininal. Scan loss is due to the

satellite pointing a beamaway fromnadir (i.e., large values of [err]),
and can al so be nodel ed as an exponential loss. If this loss is :
significant, then it can be accounted for |ﬁ the followi ng nodel 10

ti b f a eam_posi.tions.
For “each beam | hePaind e Hosiutf caF b leciea 5 ity 48V Knomairspeitip oo o o
speci fic | ocati orsimilatioietimes tIh thi bxexﬁpimmﬁdnéxh a3t tobia iffom fwdto’ tﬁ% nds
mappi ng and takes t?de‘ﬁformr = cl[err], where c is different for

beam and that [ dPFeduGe fhesceriainty, pfthegesulideithres kilometerse user fromthe 15
center of the beam Thing fGRGRPENE xtiplaR dbY frdind Fodhaddtign Palifeters were used

5  in a simulation, and power measurements were generated by calculating the
average power in the slot corresponding to each beam. The noise in the power
measurement was set to be a value of 0.5 (after filtering), and this was chosen to
be the worst-case noise variance corresponding to a received signal/noise ratio of

2 dB.
- 10 o ‘_ Exemp;;:imnlation Values

# of antenna array beams 211
Center beam radius 150 km
Reuse frequency 771

h Exponential model o value 0.1891

15 Satellite orbit Intermediate circular orbit 10360 km

Signal/Noise ratio 2dB
Frame length 1.25 ms
Channel bandwidth 200 kHz

Figure 10 and Figure 11 show the average range and bearing estimates as
20  a function of the SNR. Each plot includes curves for different mobiles
positioned from the beam center. The range error lot also shows that there may
possibly be a bias in the range estimate, although more Monte-Carlo runs are
required to confirm this suspicion. In any case, the bias is small and most likely
due to the fact that the noise in the power measurements is not Gaussian. The
25  bearing error estimates are shown to be accurate within a degree, except when
the range of the mobile is close to the beam center (where the range estimate is
more accurate). Figure 12 and Figure 13 show the calculated standard deviation

SUBSTITUTE SHEET (RULE 26)



expressions for this nodel that include non-circul ar mappi ngs can

-be formul ated to approxi mate the exact beam shape as will be

appreci ated by those skilled in the art. * The beam t hat
the nobile ugﬁ; fnﬁﬂgdes in and the six surrounding 20 PCT/USY7/01866
beams are us&q 1or deternini ng the nobile position in the

foll ow ng exenpl ary enbodi nent. This .assunes that the

frequency plan uses a seven cell reuse pattern, and that the nobile
nmeasures the signal power fromchannels in each of these different
beans.. These neasurenents can be taken eithelr5 si mul t aneously 25
or, nore practically, at different tinmes. O “course, the present

i nvention can be t : : s . ' .
In order to esti rrg{j g]gt ev%f‘%?s(mfggésﬂ and %&?ﬁ%”?ﬁg&eﬁ}g&g@n‘g t)?e Teceived
f([err],[err]) isSNBedThese plots showoihe estimatesvare st aecurate fordighaSNRrvapressdnt ed

%T?Blsgﬁ %Egggce) pa%gulﬁrs. (i ?ﬁgge Qs\{xmaxes are mo%c%zlla?esf%? ﬁigh SNR, although at

distances close to the beam center the range estimate is accurate even in low
5  SNR cases. The bearing error is most accurate for long range or high SNR
cases. |
Figures 14 and Figure 15 show the average range and bearing estimates
as 2 function of the range from the beam center. Each plot includes curves for
different SNR values, and shows that the range accuracy increases with shorter
10 range values, while bearing accuracy increases with longer range values.
Figures 16 and Figure 17 show the calculated standard deviation of the range and
bearing estimates, respectively. Figure 16 indicates that the bias in the resulting
range error is a function of range.
Measurement of received signal strength per se is generally well known in
15  the art of radiccommunication. Accordingly, conventional or other types of
power measurement devices can be incorporated into terminals to make
measurements on nearby spot beams, which measurements can then be used as
input to the afore-described exemplary location algorithm. For example, as
shown in Figure 18(a), an analog square-law power measuring device 40 could
20  be placed upstream of an A/D converter 42 in the received signal processing path
of a terminal 44. Alternatively, as shown in Figure 18(b), power measurement
could be performed in an ASIC or DSP 46 downstream of the A/D converter 42.
Moreover, a plurality of measurements can be taken and an average value, e.g.,
computed by averaging filter, presented to the location algorithm. The location
25  algorithm can be processed either in the mobile station or in any other part of the
system, e.g., base station, satellite, etc. If processing is desired in other than the
mobile station, the row measurement results may be transmitted via an uplink
channel to the base station or satellite. Alternatively, the base station or satellite

can also be involved in performing the measurements.



8 [err] where theta is neasured fromthe beam center. Now,

‘to estsimate the nobile position, power neasurenents are taken from
signals in the current and six 5 surroundi ng beans. The power ]
measurenents_are denoted as P =

[Plerr], P[eMQ9%284%r], ... p[err]][err]. The nodel for the FYPMMEs from

the i'th beam

16

It will be appreciated by those skilled in the art that the present invention
can be embodied in other specific forms without departing from the spirit or
essential character thereof. The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restrictive. For example,

§  although exemplary embodiments describe position location of terminals in the
beam pointing at nadir, those skilled in the art will appreciate that the present
invention can also be applied to terminals in other beams. Moreover, although
the exemplary embodiments have been described in terms of satellite
radiocommunication systems, those skilled in the art will appreciate that position

10  determination according to the present invention can be implemented in other
types of systems. For example, land-based systems in which base stations are
provided with arrays that illuminate various areas could also implement the
present invention. The scope of the invention is indicated by the appended
claims rather than the foregoing description and all changes which come within

15 the meaning and range of equivalents thereof are intended to be embraced
therein.
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[err]
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W%%Wﬁect ly tb det &rnfne nobil e positi opdAATHHRss
absol ute power (represented by the scaling factor

A in equations (4) and (5)) of the signal may not be known. Thus,
according to exenplary enbodi nrents of the present invention, relative
17
CLAIMS:
I A method for locating a terminal in a radiocommunication system

10

15

20
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using an array to illuminate areas with spot beams, comprising the steps of:

measuring a received power associated with each of a plurality of
said spot beams;

determining relative powers associated with said received power by
comparing said relative powers with a reference power; and

locating said terminal using said relative powers and a model of
spot beam shape.

2. The method of claim 1, wherein said step of measuring is
performed at said terminal.

3. The method of claim 1, wherein said step of measuring is
performed at one of a base station and a satellite.

4, The method of claim 2, wherein said reference power is a power
received by said terminal of a spot beam which illuminates a geographical region
in which said terminal is currently located.

5. The method of claim 1, wherein said steps of determining and
locating are performed in said terminal.

6. The method of claim 1, wherein said steps of determining and

locating are performed in one of a base station and a satellite.

7. The method of claim 1, wherein said model is an exponential
model.

THIS SHEET HaS BEEN
REPLACED




15 rreasure 4 "m from pairs of beans can be used to determ ne
| ocati en. For ex er beam can be used as a reference with

respect to which "relsat *Ve power measurenents can be determ ned. These
measur enent s WD 97/ 28456
PCT/ US97/ 018¥8 97728456 PCTU7/01866
are denoted as y = [h[err],...,h[err]][err], where hi = p[err]/po. Using
t hi s approach, the measur enent and nodel becones:
18

8.  The method of claim 1, wherein said step of locating further
comprises the step of:

iterating the following equation:

IO =Ce~E ) Pragprs =2y g W O-hENR] -k

9. A method for accessing a radiocommunication system comprising the
S stepsof:
measuring a received power associated with each of a plurality of
said spot beams;
determining relative powers associated with said received power by
comparing said relative powers with a reference power;
10 locating said terminal using said relative powers;
using said location of said terminal to determine a Doppler
compensation; and
accessing said radiocommunication system using said Doppler

compensation.

15 10. The method of claim 9, wherein said step of measuring is
performed at said terminal.

11.  The method of claim 9, wherein said step of measuring is
performed at one of a base station and a satellite.

12.  The method of claim 9, wherein said reference power is a power
20  received by said terminal of a spot beam which illuminates a geographical region

in which said terminal is currently located.

13.  The method of claim 9, wherein said step of locating further
comprlses the step of:

i
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[err]
-(7) - 5 For exanpl e, cal cul ated by nobile stations
using the RSSI of recei ve ot' each of the six surrounding
| e 6

beans wo $aBisgve to a* ved fromthe centwrrimavises\hi ch
measur enents woul d t hen be used in equations (6) and (7). Now, with
t he nmeasurenent nodel described in equations (6) and (7) above, the
estimtes of the nobile position can 10 be determned. To estimate the
nobi | e position, the Kal man m ni mum vari ance | east-squares estinate
of x is calculated by finding the point thajgmnimzes the equation

J(x) given by:
using a model of spot beam shape in conjunction with said relative

powers to locate said terminal.

14,  The method of claim 13, wherein said model is an exponential
model.

5 15.  The method of claim 9, wherein said step of locating further
comprises the step of:
iterating the following equation:

=GRy P~y ) O REYR 0B

16. A method for handing over a connection in a system using an
array to provide radiocommunication coverage to areas using spot beams,
10  comprising the steps of:
measuring a received power associated with each of a plurality of
said spot beams;
| determining relative powers associated with said received power by
comparing said relative powers with a reference power;
15 locating said terminal’s position using said relative powers and a
model of spot beam shape; and
handing over said connection from a first spot beam to a second

spot beam based on said terminal’s position.

17. ~The method of ciaim 16, wherein said reference power is a power
20  received by said terminal of said first spot beam which illuminates a geographical
region in which said terminal is currently located.

18.  The method of claim 16, wherein said reference power is a power
transmitted by said terminal of and received in a first spot beam of an array

THIS SHEET HAS BEEN

This Sheet Has Been Replaced
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where [err] is the estimate of the nobile position, Plerr] is an estimte
of the 15 position c0\1 ' nd R is the assuned known
neasur enment vari ance. m"nm 'E mgmgs are chosen for both [err% and
Plerr] For, t he *bedm ¢ ers '« position can be chosen for
[err] and fof Sé@#ﬁe the radius of the beamis used as PCT/PSIRAL6S ndar d

deviation of the initial estimate. For the value of R err] the assuned

20

antenna which illuminates a geographical region in which said terminal is
currently located when said array antenna is being used to transmit.

19.  The method of claim 18, wherein said model is an exponential
model. '

5 20.  The method of claim 16, wherein said step of locating further
comprises the step of:

iterating the following equation:

o) @~y VP2 +O-RER O-h()

21.  The method of claim 1, wherein said step of measuring further
comprises the step of:

10 measuring each received power simultaneously.

22.  The method of claim 1, wherein said step of measuring further
comprises the step of:
measuring each received power in each of said plurality of spot
beams on a different frequency.

15 23.  The method of claim 1, wherein said step of measuring further
comprises the step of:
measuring each received power at different times and adjusting the
measured power taking into account movement of a satellite including said array.

24.  The method of claim 9, wherein said step of measuring further
20  comprises the step of:

measuring each received power simultaneously.

i ey




WD 97/ 28456 PCT/ US97/ 01866
10 +noi se variance |amuﬂﬂﬂm ) ng the worst-case signal to

nai se val ues t hat ' #ﬁigmpposed to handl e, and then
choosing the i ate noi sé * wvarixance of the power .ﬁ(gg(?i
correspondi ng o”tgﬁg(’s signal to noise val ue. The noi se ?rom ferent

beans is assuned to be independent. The function h(x) 5 Is given by the .
equat i on: [err]

21

25.  The method of claim 9, wherein said step of measuring further
comprises the step of:
measuring each received power in each of said plurality of spot
beams on a different frequency.

5 26.  The method of claim 10, wherein said step of measuring further
comprises the step of:
measuring each received power at different times and adjusting the
measured power taking into account movement of a satellite including said array.

27.  The method of claim 16, wherein said step of measuring further
10 comprises the step of:

measuring each received power simultaneously.

28.  The method of claim 16, wherein said step of measuring further
comprises the step of:

measuring each received power in each of said plurality of spot
15  beams on a different frequency.

29.  The method of claim 17, wherein said step of measuring further
comprises the step of:

measuring each received power at different times and adjusting the
measured power taking into account movement of a satellite including said array.
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Using this formfor the position estimator allows the nobile position to be
.tracked over tine and al so produces an estimate of the estimtor

covari ance. The covariance can be useful if the measured power noise
variance is also 10 estimated, in which case the estinatoqxﬁ?ﬁggbﬁ@@e can
gi ve better i@ 3138435 on about the accuracy of the estimated results.
For exanple, this covariance provi des an indication of the
reliability of the position estimate mhigh can be used to nore
accurately predict beam handover tines. 1718 Fi ndi ng the m ni num
point for J(x) can be acconplished in a nunber of 15 different ways.
Since the function h(x) is highly non-linear, an extended Kal man

filtering approach can be used. Al so, because of the non-linearities, the

iterated extended Kalman filter approach is preferred. An equival ent
formfor this estimate is to calculate the Gauss- offestimate
directly fromequation (8) for each update tine k. v an existing
estimate [err] at time k, the estinate can be 20 refinEPL~9Qcalculating
Ax such t hat [err] =SS0
S9%4
~ S&8
. ‘\lkg
~ Jd=<X
W —

\

caf

o~ v o ome

Gpax—1908— - ~ = — ~d& — -
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11 : where Ax is found by solving the |inear equation:

WO 97/28456 PCT/US97/01866

2/18

e,
=
42]
O *.
o. .
-
b .
wn *.
= ..
D .
. N
9 < .
c X
Q .
S - :
= > .
© o] .
o = ;
0 W X
o :
o :
o© N
o 2
I3
) §4]
9 &
LW

SUBSTITUTE SHEET {RULE 26)



[err] The val ues Pk and g are found using: [err] 5 and

-lerr] - These equations can be iterated until a tolerance is net, or
until no nore
WO 97/28456 PCT/US97/01866
3/18
Pattern Gain (dB

4.5

2.5 3 3.5
X (deg)

2

15

FIG 3
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i nprovenent in the estimate occurs. The initial value for x is chosen to be

t he . previous estimate [err] = [err] and Plerr] = Plerr] is used. At
time k =1, the 10 previous estimate [err] can be chosen to be the beam
center and P[ =4d2] € r] can be chosen to have the r g&*&ﬁ@é e
beam cent er bgﬁ%%%mgﬁandard deviation. In situations t% 1£§1
satellite notion is to be tracked, i.e., when a position

determination is calculated over a relati®#&y long tinme period, then [err]
and P[err] can be generated using the appropriate satellite notion
nodels.. It should 15 also be noted that output covariance, Plerr] only
needs to be generated (thereby savi ng an inversion operation) when it
is desired to nonitor convergence of the out put result.

In each iteration the gradient Vh = [err][err]h(x) is calculated at the
poi nt of the current estimate [err] This is given by: WO
97/ 28456 PCT/ US97/ 01866

User Location
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[efr] 5 Usi ng these nodel equations, the nobile position can now be

.det erm ned usi ng, e.g., equation (8) along with neasurenents of
recei ved beans' signal strength and the nodel ed beam pattern.
Exenpl ary si rrulsﬁti ns have been perfornmed to eval uate the ppesaRyoisss
i nvention. IW% gg% exanpl es, the performance in an all-white Gaussian
noi se (AWEN) channel was investigg};lesd, and it is expected that this
will give a bound on performance, as conpared to the performance in a
Ri ci an or Rayl ei gh faded channel . The sinul ations were perforned for
QPSK signaling in an AWGN i
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channel , and include the effects of pul se shaping and IF filters. A block

. diagram 15 illustrating the simulations is shown in Figure 5.
In Figure 5, the block diagramillustrates that a parallel configuration
was enplgyed for the sinulation wherein signals from egefagbmassen
beams were WOS784ff 97/ 28456
PCT/ US97/ 01866 13 :
. - 718 ,
si mul t aneously processed by a position estihator. O course, those skilled
in the art will understand that a serial inplenentation can be
i npl enented wherein a singl e receiver successively processes signals
fromeach of the seven beans. For exanple, in a TDVA system
enploying a frame structure having N slots, a
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5 nobil e station connected to the system using one of N slots could use

its idle tine to process signal strength neasurenents according to
the present invention. The followi ng simulation results are
based upon t shown in Figure 5 wherein a bea

each beam produces a conposite signa
bl ock 12. The nodul ated signal is then processed 10 t hrough bl ocks 14, 16
and 18 to nodel the effects of the chanmghgon that signal. The
position estimator 20 receives the signal and nmeasures the received signal
strengths to calculate position as described above. I n'these
simulations it is assunmed that the power neasurenents for the

for
whi ch is QPSK rmaui at ed’w

different satellite beans are recegived Wt the sane frame, and that
receiving 15 t he pomer measur e HPG 5?'5 rent tines mﬁthin the frane
does not cqu; € + abr\rTlg of—tireTsatet+ e ot cremret——S-rt-att ons
were run fon at uSerngomthe : céln.e‘r of the:beamto the crossovér
point to apj$ Bitgbm " Thi's " tortesp éhdS“'““‘?“'fo """ a’range of 1507 ™
kiloneterp ﬁor t§e<§emte¢ beam Fi gur ,p,}hrough Figure 9 : show|t he
aver aged resul saf & g det of : 20 di ff n,t simul ation runs for one 20
exenpl ary nﬁal eop05|§|§r\ and: SNR val Ye : These figures $how
t he avera %gg € p8 st!.tl on and stanga (EI devi ati on curves as ar
function Fi gs: 6-7, rehoéptlvely) as well as the
correspon bagg éﬁd bearlng estlnmk=é;fron1the center of the beam
(i.e g (=3 crespecttvely:fThdresti nat gd - st-andard - deviati ooy
curves arg qqur‘}eﬂ 5 fromthe KaMnanlaIgorlthnl whi | e the cal cul ated
standard He{ a§i 8n Furves are bl :
. s EZF : 1 :
o ==_% : : JE .
L] P :
<Wwo e :
A !l
0 L -SSP -
i : «
. :
N :
: Y : :
Y : E a
B 5 : 0o
...‘.‘.............E ................ 5 ............... - ,_:.g
-{ : -
i ]
i :
i :
1 :
S :
...... Y e e d
P! :
1 :
1 : :
1/ : :
T P :
P D : :
.................................................. g e B
) | 'f, : o
PRI ©
\ DTS G
AR e H ~
N e W
N o :
et | o
=) = o
T 9 ?

SUBSTITUTE SHEET (RULE 26)



generated as a result of the Monte-Carlo sinulation runs, and are found to
. be in, agreenent for this sinulation case. The Monte-Carlo sinul ation
runs provided a series of sinulations with different noi se val ues.
The resul ts?ﬁrgé@g{] aver aged to give the expected valtigusshoises

t echni que. P37 It shows that for a user 30 cl ose to the beam center,
with a relatively high signal to noise re}tio, t he WO 97/ 28456

PCT/ US97/ 01866 9/18 " 14
estimated user position can be localized to within a few kilonmeters within
t he sinmulation tinme. In this exenplary sinulation, it took fromtwo
to three seconds
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to reduce the certainty of the result to three kil oneters. The
. follow ng exenplary slot/frane format design paraneters were used 5 in a
simul ati on, and power neasurenments were generated by cal culating the
average power in the slot corresponding to each beam The ngiEgsd7ivrdehe

power WOL284%ent was set to be a value of 0.5 (after filtering), and
this was chosen to be the worst-case noise variance corresponding to.
a received signal/noise ratio of 19/ 68, 10 Par anet er s
Exenpl ary Sinmul ati on Val ues # of antenna array beans 211
Center beam radi us 150 km Reuse frequency
7/ 1 Exponential nodel [err] val ue 0.1891 15 Satellite
orbit Internediate circular orbit 10360 km
Signal / Noi se ratio 2dB | engt h
: \ nge Error (Kn)TE
1.25 ns Channel bandw dt hRa 9 ﬁ{ 200 kHz
z T T T T 2
c " . . .
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Figure 10 and Figure 11 show the average range and bearing estimtes as 20
.a function of the SNR Each plot includes curves for different nobiles
positioned fromthe beamcenter. The range error |lot also shows that there
may possibly be a bias in the range estimte, althoug

Mont e- Carl o Nﬂﬁ'%‘r’é required to confirmthis suspici g’r?fiﬁlfsgmgg;s case,
the bias is small and nost |ikely . due to the fact that the noise in

t he power neasurenents is not Gaussian.ijfie 25 bearing error estinates
are shown to be accurate within a degree, except when t he range of
the nobile is close to the beamcenter (where the range estimate is
nore accurate). Figure 12 and Figure 13 show the cal cul ated standard
devi ati on WD 97/ 28456 ;

PCT/ US97/ 01866 Bearing Error {km)
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15 of the range and bearing estimates, respectively, as a function
. of the received SNR. These plots show the estinmates are npst

accurate for high SNR values. In particular, the range estimates are
nost accurate for high SNR, although at di st ances clpezaishoomsése beam
center the WORESSt | nate is accurate even in low 5 SNR cases. The
bearing error is nost accurate for |ong range or high SNR cases.
Figures 14 and Figure 15 show the averagggrange and bearing estinates

as a function of the range fromthe beamcenter. Each plot includes curves

for di fferent SNR val ues, and shows that the range accuracy
I ncreases with shorter 10 range val ues, while bearing accuracy increases
wi th | onger range val ues. Figures 16 and Figure 17 show t he

cal cul ated standard devi ation of the range and beari ng esti mates,

respectively. Figure 16 indi caStdsDemaet Rangeraer ™)t he resul ting

range errqQe.Ls al func\tli faYa m‘l angs _ . A@&ng
si gnal streng;%:grszgicé g rgl g I'l: known in 15 the art:of

radi oconmyni gasd:dd. = d ny ent.i onal :or other types of:

pover neagunentritS dBvEres BB e Sh@rparatediinto termnals to:make
rreasurerrer*ts-c-\-fo ‘neaibyk spotn :bea *’wgi ch neasurenents can:then be used as
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I nput to the afore-described exenplary |ocation algorithm For exanple, as
-shown,in Figure 18(a), an anal og square-|law power neasuring device 40 could
20 be pl aced upstream of an A/D converter 42 in the received signal

processi ng path of atermnal 44. Alternatively, as p&fptorioisesi gure
18(b), power YREZ2¥5E nent coul d be performed in an ASIC or DSP 46
downstream of the A/ D converter 42. Moreover, a plurality of
neasurenents can be taken and an aver ak¥1%al ue, e.g., conmput ed by

averaging filter, presented to the |location algorithm The |ocation 25
al gorithm can be processed either in the nobile station or in any other

part of the system e.g., base station, satellite, etc. If
processing is desired in other tkmuhtrma nobil e station, the row
measurenent results may be transnit eaing; Brrkmpl i nk channel to the
base station or satellite. Alternatively, the base station or satellitg
can al so e 1 nvolved in gerfoﬁnin the freasurements. © WD 977 285)56
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16. It wll be appreciated by those skilled in the art that

- the present invention can be enbodied in other specific forns
wi t hout departing fromthe spirit or essential character thereof.
The presently di scl osed enbodi nents are therefore consinapspibes N al |

respects toW@9T38#¥strative and not restrictive. For exanple, 5 although
exenpl ary enbodi nents descri be position |ocation of termnals in the .
beam pointing at nadir, those skilledjjngthe art will appreciate that the

pr esent i nvention can also be applied to termnals in other beans.
Mor eover, al though t he exenpl ary enbodi nents have been described in
terns of satellite radi ocomruni cati on systens, those skilled in the
art will appreciate that position 10 determ nati on according to the
present invention can be i npl endnaRge Erootkayr types of systens. For
exdnpl e, | and-based systens_in which base stations are provided with
arrays that illuminate various areas colld al so | hplenent the

present ifvention. The scope of the inv?ntion i s indicated by the appegded
cl ai ms rafher-tHanthe foregot ny dessy i pg on angk 4l tchanges - which c

within 15| the nmeaning and range of egui 3/ cof ar:e intended to be
enbr aced : : ; :

1
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t her ei n. 17 CLAI VE: 1. A method for estimating

. a position of atermnal in a radi ocommunication system usi ng an array
to illuminate areas with spot beam conprising the steps of;
measuring a received power associated with each of a pluralg hrofsgé d spot
beans; WO 9728456 determning relative powers associated with said
recei ved power by conparing said neasured, received powers with a
ref erence power, and estimating said position of said

termnal using said relative powers ahg/i®

Bearing Error (deg)
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nodel of spot beam shape. 2. The nethod of claim 1,
wherein said step of neasuring is perfornmed at said term nal .
3.. The met hod of claim 1, wherein said step of measuring is perfornmed at

one of a tion and a satellite. 4. od of
claim 2, V\her&%}q@al ref erence power is a power received byPcyi‘f?"’sqrﬁi%‘42
termnal of a spot beamwhich illum nates a geographical region in which
said term nal Is currently | ocat ed. 5 . The nethod of

claim1l1, wherein said steps of determ qgm and estimating are perforned
in said term nal. 6. The nmethod of claim11, wherein said

steps of determ ning and est ISnt%t bgg of Range Error (km)

160

100

Range from Beam Center (km)

© :

s : : 9

D : . m

wm:m%m%'o:%% ‘

= U0 Y o e © S

C’)N;Q@@v—-f_-:f-v- ~

Uonieomoftom o BiaomoC 'y

2 o s ol ol ol « ol s s o«

EZZ2Z2ZZ2Z:ZZ:

F®w®wDoD BB D

i 1 i k] o

o D o o] ~ © o
e

SUBSTITUTE SHEET (RULE 26)



are perforned in one of a base station and a satellite. 7.
The nethod of claim 1, wherein said nodel is an exponential nodel.
8. . The nethod of claim 1, wherein said step of |ocating further

conpri ses theg{qs'g(f?ﬁsgp of : 18 | teraling g he

foll ow ng equ

17/18
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9. A nmet hod for accessing a radi oconmuni cati on system conprising the
‘st eps. of: measuring a received power associated with each of
a plurality of said spot beans, determning relative powers
associated with said recei ved power by conparing said neasuppgusisisésed
power s wit h HOP¥¥Pence power: | ocating said termnal using
said relative powers and a nodel of spot beam shape; usi ng
said location of said termnal to deteggjiypge a Doppl er conpensation; and
accessing said radi ocomuni cati on system usi ng sai d Doppl er conpensati on.
10. The nethod of claim9, wherein said step of neasuring is perforned at
said termnal. 11. The nmethod of claim9, wherein said step of
measuring is performed at one of a base station and a satellite.

FlG 18(a)

- 172 A/D |----
) )
40 42
§
44

FlG 18(b)

ASIC or
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44
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T12 Thp rret hod of im9, whereih said reference p.ar s a power

. received by said termnal of a spot beamwhich illum nates a geographi cal

”iﬂmnﬂﬁllmu'iMEW d termnal is currently |ocated. 13. The
wherein said nodel is an exponential nodel. 14.

- The nethod "of *cl 4im 9, wherein said $7ep of | ocaxing further conprises the

step of: iterating the foll ow ng equation:

CLAIMS:
1. A methed for estimating & position of a terminal in a radiocommunicarjon

systern using an array to illuminate areas witk spot beams, comprising the steps of:

measuring & received power associsted with each of a plurality of said spot
beams;

determining relative powers associated with said received power by
comparing said measured, received powers with a reference power; and

estimating said position of said terminal using said relative powers and 2
model ¢f spot beam shape.

2, The method of claim 1, wherein said step of measuring is performed at said

terminal.

3. The method of claim 1, wherein said step of measuring is performed ar ore
of a base station and a satellite.

4, The method of claim 2, wherein said reference power is a power received by
said terminal of a spot beam which illuminates a geographical region in which said terminal
is currently located.

5. The method of claim 1, wherein said steps of determining and estimating
are performed in said terminal.

6. Tae method of claim 1, wherein said steps of determining and estimating
are performed in one of a base station and a satellite.

7. The method of claim 1, wherein said model is an exponential model.

8. The method of cluim 1, wherein said step of locating further comprises the
step of:

AMEMDEN quzzr



P U T S S 2 ave—

L9 ferr}— 1. A et hod f'or handi ng over a‘mnection in a
system array to provide radi ocomruni cati on coverage to areas using
\ mm @gﬁ‘t rising the steps of: measuring a received

E ed with each of a plurality of said spot beans;
det &r m ning relative powers associated with said received power by
conparing said neasured, received powers with a reference power;
| oeating said termm%emmmmawmg said relative powers and a nodel of
-spot beam shape; and hand| ng over said connection froma first
i spot beamto a se

ey t bea posi tion.
/ 16 The net hod ﬁcl%*ﬁ M‘bfel n*|§a¥d r%(&gem‘?‘lgg}\%r is a power

recei ved by said termnal of said first spot beamwhich illuninates a
geographical region in which said termnal is currently |ocated.
S. A method for accessing 2 radiocommunication system comprising the steps

of:

measuring a received power associated with each of a plurality of said spot
beams;

determining relative powers associated with said received power by

comparing said measured, received powers with a reference power;

locating said terminal using said relative powers and a model of spot beam
. shape;
using said location of said terminal to determine a Doppler compensation;
anc
accessing said radiocommnunication system using said Doppler compensation.
10.  The method of claim 9, wherein said step of measuring is performed at said
terminal.
11.  The method of claim 9, wherein said step of measuring is performed at one
of 2 base station and a sarellite,

12.  The method of claim 9, wherein said reference power is a power received by
said terminal of a spot beam which illuminates a geographical region in which said terminal
is currently located.

13.  The method of claim 9, wherein said model is an exponential model.
14,  The method of claim §, wherein said step of locating further comprises the

step of:
iterating the following equation:
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*——The—n‘et—hfrd—of C.I m 15, wher'ei'n said reference ./er s a power

id termnal of and received in a first spot beam of an
Im E‘M'iﬁﬁi iﬂ ch iI'lum nates a geographical region in which said
tIy | ocated when said array antenna is being used to
transmt. The net hod ofiScl ai m 17, wherein said nodel is an
exponenti al nodel. 19. The net hod of claim 15, wherein said step

of locating further co rlses,the step ) iterating the
fol | owi ng equati ot (anklk YL NN NP i)+<.v—ﬁn<::>)’ﬂ Yy -AG

15. A method for handing over a connecticn in a system using an array to

provide radiocommunication coverage 1o areas using spot beams, comprising the steps of:

measuring a received power associated with each of a plurality of said spot
beams;

determining relative powers associated with said received power by
comparing said measured, received powers with a reference power;

locating said terminal's position using said relative powers and 2 model of
spot beam shape; and

banding over said connection from a first spot beam to a second spot beam
hased on said termiral’s pesition.

16.  The method of claim 15, wherein said refsrence power is a power received
by said terminal of said first spot beam which illuminates a geographical region in which
said terminal is currently located,

17.  The method of claim 15, wherein said reference power is a power
transmitted by said terminal of and received in a first spot beam of an array antenna which
® illuminates a geographical region in which said terminal is currently located whea said
array antenna is being used to transmit,

18,  The method of claim 17, wherein said mode} is an exponential model.

19.  The method of clalm 15, wherein said step of locating further comprises the
step of:
iterating the following equation:

T =2y VP FRy, YO -AENR 0BG
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e met hod of ‘claim1, wherein ‘d step of neasuring

l\ﬂ; the step of: measuri ng each
mul t aneousl vy. 21. The nethod of claim1,
said step of measuring further conprises the step of:

nmeasuring each recei ved power in eachbf said plurality of spot beams on a
different frequency 22. The nmethod of claim 1, wherein

sal d step of"OneasThei methedof elaim towherenagid step of mpasyfing further comprises

neasur I

power
23.

conpri

t nto account novenent of a satellite including said array.

The met hod ;géasgliRg &cﬁreé@\%ﬂ?jo@e?&k&lﬁh&ﬁs@f measuring further

ses the step of

21.  The method of claim 1, wherein said step of measuring further comprises
the step of:

f‘ﬁé F recei ved power at diferent tines and adjusting the neasured

measuring each received power in each of said plurality of spot bearns on a

different frequency.

22.  The method of claim 1, wherein said step of measuring further comprises

@ heswpof

measuring each received power at different times and adjusting the measured

power taking into account movement of a satellite including said array.

23.  The method of claim S, wherein said step of measuring further comprises

the step of:

mesasuring each received power simultaneously.

24.  The method of claim 9, wherein said step of measuring further comprises

the step of:

measuring each received power in each of said plurality of spot beams on 2

® different frequency.

25.  Tke method of claim 10, wherein said step of measuring further comprises

the step of:

measuring each received power at different times and adjusting the measured

power taking into accoun: movement of a sateilite including said array.

26,  The method of claim 15, wherein said step of measuring further comprises

the step of:

measuring each received power simultaneously,

AMENDED SHEEY



. Qv LA LT PR N—- L PR BRLT ‘_.'Zi‘._!i‘s-t;v;hlnln
-

measur i ng eac?‘\r\{ cei vg power si mul taneousl y. ? 24.  The
t

Em“ l““ ein said step of neasuring fur conpri ses
measuri ng each received power in each of

saldcpPurallty of spot beans on a different frequency.

. 25. The met hod of cl aim 10, MhEFEIleaId step of nmeasuring furher

conpri ses the step of: nmeasuri ng each received

Becount. movetfent g PBH B BLL el i BT Sl furcPehpns’ "3 " °
The rret;ﬁg)gllggfofcl aim 15, wherein said step of neauring further conprises

the step of: neasurlng each recei ved power
si nul t aneousl y. measuring each received power in each of said plurality of spot beams on a

different frequency.

28.  The method of claim 16, wherein said step of measuring further comprises
the step of:
measuring each received power at different times and adjusting the measured

power taking into account movement of & satellite including said array.

. -,—.-

A‘%"“q “1 IR



| : : : SNl on -1
21 27. The nethod of claim 15, wherein said step of rre%%tg:r“l‘in DI
further conprises the step of: measuring each received p
in each of said plurality of spot beams on a different frequency. o }
28. The nmethod of claim 16, wherein said step of neasuring f s @ﬁ °
conprises te st worLp NTELUERRRE bloPgrE Sl B! Ved poVEHEd
different tines adj usti ng the neabemasaal power taking i nto accoO
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