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TERMINAL POSITION WCA TION USING 

MULTIPLE BEAMS 

Back1round 

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. Another 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 globe. This can be 

achieved, for example. by the use of multiple 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 (MEOs) 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 e.arth 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, although 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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to provide Doppler compensation, the terminal can search for the Doppler 

frequency which is an exhaustive and time consuming process that delays 

connection to the system. Alternatively, however, given knowledge of the 

terminal's location, as weU as satellite ephemerides information, a Doppler 

5 compensation can be calculated instead of searching for the Doppler frequency. 

thereby speeding up the process of can origination. 

Knowledge of the terminal unit's position can also be useful in the 

provision of many other system functions. For example, handover of a terminal 

unit between spot beams and channel assignment can be facilitated using 

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 beamfonning 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 OPS satellites in orbit) to determine 

a time delay and hence a distance between the three or four sateJlites 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. 

Sumrnar.y 
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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within 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 

5 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 Description of the Drawin&S 

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, 

IS 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 satellite 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 a 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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and 

4 

Figure 9 is a plot of estimated bearing versus elapsed simulation time; 

Figure JO is a plot of estimated range error versus signal-to-noise ratio; 

Figures 11-17 show plots of other simulation characteristics. 

Figures 18(a) and 18(b) illustrate exemplary devices for making spot 

beam measurements. 

Detailed Description 

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 

conventional wisdom, the gain at the worst point, which lies midway between 

15 three spots (e.g., those indicated 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 to 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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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 

S 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 
l 0 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 reJative 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 model that can be 
25 used for de~ning 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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When the position of the center of the beam is assumed to be known, the 

problem of estimating the mobile position becomes one of estimating the user 

position relative to the beam center. Given the known pointing direction of a 

particular spot beam, the user position can be specified by two angular quantities: 

5 the angle away from the beam center angle, f[>; and the angle about the ray that 

extends from the satellite in the direction of the center of the beam, 6. This 
concept is illustrated in Figure 2. 

10 

The beam pattern is a function of both the angles 4> and IJ, although the 
normalized beam shape can be modelled using the exponential equation given by: 

(1) 

where a 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 after 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 4» = 3 degrees where it diverges from the simulated pattern. 

20 In order to illustrate position determination of the mobile according to an 

25 

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. 

• The techniques described herein are intended to determine mobile 
position in a short period of time, e.g., a few seconds. Thus, the 
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satellite position can be considered stationary. If longer times are 

used to determine position, then tracking of the satellite position 

can be incorporate.cl into these techniques, or the ephemeris data 

available to the mobile could be used. 

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 ti>). 

and can also be modeled as an exponential loss. If this loss is 

significant, then it can be accounted for in the following model 

equations or by knowledge of the satellite and beam positions. 

For each beam there is a mapping from the coordinates (</J. 8) to a 

specific location on the earth. It is assumed that this is a radial 

mapping and takes the form r = cq,, where c is different for each 

beam, and that 9 gives the angular position of the user from the 

center of the beam. This mapping is shown in Figure 4. Other 

expressions for this model 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 

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 <P and 8. the mapping x = f(<l>.6) is used 

(note that vector quantities are represented by bold typeface) and is given by: 

•··•·. ~ -··-··· .·.• '"rll9t"'."! ..... 
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LY<•. 6) 

= [c cf> sin(B)] c 4> cos (8) , 
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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 = lPo,pJ,p,, ... ,J>6]T. The model for the measurements from the i'th beam 

becomes: 

(2) 

(3) 

(4) 

(5) 

10 where iE{0,1, .•. ,6} denotes the beam that the measurement is taken from and xi 

denotes the location of the center of beam i. Using this model directly to 

determine m9bile 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 
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are denoted as y = [h., ..• ,hJT, where hi = PlPo· Using this approach. the 

measurement and model becomes: 

= e-•(la-a;l2-~-;f> 

S For example, ht(x) can be calculated by mobile stations 

(6) 

(7) 

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: 

(8) 

where ~tt-t "is the estimate of the mobile position, Pa.1ti1c-i is an estimate of the 

15 position covariance matrix, and R,. is the assumed known measurement variance. 

Initial values are chosen for both it111•1 and P x.tit-t· For example, the beam center 

position can be chosen for itlt-h and for Px.tJ1r..1 the radius of the beam is used as 

the standard deviation of the initial estimate. For the value of Ry. the assumed 
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noise variance is chosen by assuming the worst·case signal to noise values that 

the technique is supposed to handle, and then choosing the appropriate noise 

variance of the power measurement corresponding to this signal to noise value. 

The noise from different beams is assumed to be independent. The function h(x) 

5 is given by the equation: 

h1(.r) 

h(x) = ~(x) 

h,(.r) 

Using this form for the position estimator allows the mobile position to be 

tracked over time and al.so 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. 

(9) 

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-lineart 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.P k at ti me k, the estimate can be. 

20 refined by calculating Ax such that 

(10) 
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where 4x is found by solving the linear equation: 

-1 
pk ll.x = g 

(II) 

The values P1t and g are found using: 

(12) 

S and 

(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 it1t.1 = ik-h and Pa.kit-I = P a.k·I is used. At time k = 1, the 

10 previous estimate i.110 can be chosen to be the beam center and P ... 110 = P .x.o 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 Jong time period. then itlk·t and 

P.x.kJk·l can~ generated using the appropriate satellite motion models. It should 

15 also be noted that output covariance. P.x.t·t • 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 Vb - V )l(x) is calculated at the point of the 

current estimate ip k· This is given by: 

. '.4 ·~ •. ··~.::~~ ...... ·:·. ,.. ... - •. '·"·" . 
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v)1(x) 

"A(X) 

vji,(x) 

where the values of V )l;(x), i = 1,2, ... ,6 are given by: 

1
6h/6x] 

"/a,(x) = 6h/lry 
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(14) 

(15) 

(16) 

(17) 

S Using these model equations, the mobile position can now be determined using, 

e.g., 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 A WGN 

channel, and include the effects of pulse shaping and JF filters. A block diagram 

15 illustrating the simulations is shown in Figure 5. 

In Figure 5, the block diagram illustrates that a parallel configuration was 

employed for the simulation wherein signals from each of seven beams were 
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simultaneously processed by a position estimator. Of course, those skilled in the 
art will understand that a serial implementation can be implemented wherein a 

single receiver successively processes signals from each of the seven beams. For 
example, in a TOMA 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 caJculate 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 

t~king 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 ~man 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 
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estimated user position can be localized to within a few kilometers within the 
simulation time. In this exemplary simulation, it took from two to three seconds 
to reduce the certainty of the result to three kilometers. 

The following exemplary slot/frame format design parameters 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 

2dB. 

10 Parameters Exemplary Simulation Values 

# of antenna array beams 211 

Center beam radius 150km 

Reuse frequency 711 

Exponential model a value 0.1891 

15 Satellite orbit Intermediate circular orbit 10360 km 
Signal/Noise ratio 2dB 

Fmme length 1.2s ms 

Channel bandwidth 200kHz 

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 oonfirrn 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. 1be 
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) 
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of the range and bearing estimates, respectively, as a function of the received 

SNR. These plots show the estimates are most accurate for high SNR values. In 

particular. the range estimates are most accurate for high 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 tong range or high SNR 

cases. 

Figures 14 and Figure 15 show the average range and bearing estimates 

as a 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 radiocommunication. 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 AID 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 AID 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 

2S 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. 



W097/28456 PCT/US97/018" 

16 

It will be appreciated by those skilled in the art that the present invention 

can be embodied in other specific forms without depaning 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, 

S 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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CLAIMS: 

1. A method for locating a terminal in a radiocommunication system 

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

measuring a received power associated with each of a plurality of 

S said spot beams; 

10 

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 I • wherein said step of measuring is 

performed at said terminal. 

3. The method of claim l, 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 

15 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 l , wherein said steps of determining and 

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

model. 

1iliiii1f 

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

THIS SHEET HAS BEEN~ 
REPLACED 

# : .• •. c.:o .• - ·-·- ' • ·.~ ... • ~•fl'.:O-"· •• • • •• -'--····· . 
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8. The method of claim 1, wherein said step of locating further 

comprises the step of: 

iterating the foJlowing equation: 

9. A method for accessing a radiocommunication system comprising the 

5 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; 

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 

comprises the step of: 

i(iifiU THIS SHEET HAS BEEN 
REPLACED 



-- ··--··-··-·-·---·----------~~---------

I 1111111111111 llllJ 11111 fl lllf 
W0!>7/l8456 * C L M S * PCT/US97/018" 

19 

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. 

S 15. The method of claim 9. wherein said step of locating funher 

comprises the step of: 

iterating the following equation: 

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; 

IS 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 claim 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 

iiliiulnr 
--"?··--· .• -'!'- ~ ••••• ·.-.~~: "· 
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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: 

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 funher 

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. 

. ·····.-.·--.:..: ..... --... .,. .... ...._ .. .,.., ___ ----
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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. 

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 sateHite including said array. 
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