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FIG. 5 
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FIG. 6 
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COMMUNICATION SYSTEM USING 
GEOGRAPHIC POSITION DATA 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/188,835, ?led on Nov. 9, 1998, Which is a 
continuation of International Application Number PCT/ 
US97/18780, ?led on Oct. 10, 1997, Publication No. WO98/ 
16077, Which is a continuation-in-part of US. Ser. No. 
08/729,289, ?led on October 10, 1996, now US. Pat. No. 
6,512,481, issued Jan. 28, 2003, the entire teachings of 
Which are both incorporated herein by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] At present, the communications spectrum is at a 
premium, With projected high capacity requirements of 
Personal Communication Systems (PCS) adding to the prob 
lem. Although all modulation techniques for Wireless com 
munications suffer capacity limitations due to co-channel 
interference, spread spectrum, or Code Division Multiple 
Access (CDMA), is a modulation technique Which is par 
ticularly suited to take advantage of spatial processing to 
increase user capacity. Spread spectrum increases signal 
bandWidth from R (bits/sec) to W (HZ), Where W>>R, so 
multiple signals can share the same frequency spectrum. 
Because they share the same spectrum, all users are consid 
ered to be co-channel interferers. Capacity is inversely 
proportional to interference poWer, so reducing the interfer 
ence increases the capacity. 

[0003] Some rudimentary spatial processing can be used 
to reduce interference, such as using sector antennas. Instead 
of using a single omnidirectional antenna, three antennas 
each With a 120 degree sector can be used to effectively 
reduce the interference by three, because, on average, each 
antenna Will only be looking at 1/3 of the users. By repeating 
the communications hardWare for each antenna, the capacity 
is tripled. 

[0004] Ideally, adaptive antenna arrays can be used to 
effectively eliminate interference from other users. Assum 
ing in?nitesimal beamWidth and perfect tracing, adaptive 
array processing can provide a unique, interference 
free channel for each user. This example of space division 
multiple access (SDMA) alloWs every user in the system to 
communicate at the same time using the same frequency 
channel. Such an AAP SDMA system is impractical, hoW 
ever, because it requires in?nitely many antennas and com 
plex signal processing hardWare. HoWever, large numbers of 
antennas and in?nitesimal beamWidths are not necessary to 
realiZe the practical bene?ts of SDMA. 

[0005] SMDA alloWs more users to communicate at the 
same time With the same frequency because they are spa 
tially separated. SDMA is directly applicable to a CDMA 
system. It is also applicable to a time division multiple 
access (TDMA) system, but to take full advantage of 
SDMA, this requires monitoring and reassignment of time 
slots to alloW spatially separated users to share the same 
time-slot simultaneously. SDMA is also applicable to a 
frequency division multiple access (FDMA) system, but 
similarly, to take full advantage of SDMA, this requires 
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monitoring and reassignment of frequency-slots to alloW 
spatially separated users to share the same frequency band at 
the same time. 

[0006] In a cellular application, SDMA directly improves 
frequency re-use (the ability to use the same frequency 
spectrum in adjoining cells) in all three modulation schemes 
by reducing co-channel interference betWeen adjacent cells. 
SDMA can be directly applied to the TDMA and FDMA 
modulation schemes even Without re-assigning time or fre 
quency slots to null co-channel interferers from nearby cells, 
but the capacity improvement is not as dramatic as if the 
time and frequency slots are re-assigned to take full advan 
tage of SDMA. 

SUMMARY OF THE INVENTION 

[0007] Instead of using a fully adaptive implementation of 
SDMA, exploitation of information on users’ position 
changes the antenna beamforming from an adaptive problem 
to deterministic one, thereby simplifying processing com 
plexity. Preferably, a beamformer uses a simple beam steer 
ing calculation based on position data. Smart antenna beam 
forming using geo-location signi?cantly increases the 
capacity of simultaneous users, but Without the cost and 
hardWare complexity of an adaptive implementation. In a 
cellular application of the invention, using an antenna array 
at the base station (With a beamWidth of 30 degrees for 
example) yields an order of magnitude improvement in call 
capacity by reducing interference to and from other mobile 
units. Using an antenna array at the mobile unit can improve 
capacity by reducing interference to and from other cells 
(i.e., improving frequency reuse). For beamforming, the 
accuracy of the position estimates for each mobile user and 
update rates necessary to track the mobile users are Well 
Within the capabilities of small, inexpensive Global Posi 
tioning System (GPS) receivers. 

[0008] In general, the present invention is a communica 
tion system With a plurality of users communicating via a 
Wireless link. Apreferred embodiment of the invention is a 
cellular mobile telephone system. Each user has a transmit 
ter, receiver, an array of antennas separated in space, a 
device and method to determine its current location, hard 
Ware to decode and store other users’ positions, and beam 
former hardWare. The beamformer uses the stored position 
information to optimally combine the signals to and from the 
antennas such that the resulting beam pattern is directed 
toWard desired users and aWay from undesired users. 

[0009] An aspect of the invention uses a deterministic 
direction ?nding system. That system uses geo-location data 
to compute an angle of arrival for a Wireless signal. In 
addition, the geo-location data is used to compute a range for 
the Wireless signal. By using the determined angel of arrival 
and range, a system in accordance With the invention can 
deterministically modify the Wireless signal beam betWeen 
transceivers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and other objects, features and 
advantages of the invention, including various novel details 
of construction and combination of parts Will be apparent 
from the folloWing more particular draWings and description 
of preferred embodiments of the communication system 
using geographic position data in Which like references 
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characters refer to the same parts throughout the different 
views. It Will be understood that the particular apparatus and 
methods embodying the invention are shoWn by Way of 
illustration only and not as a limitation of the invention, 
emphasis instead of being placed upon illustrating the prin 
ciples of the invention. The principles and features of this 
invention may be employed in various and numerous 
embodiments Without departing from the scope of the inven 
tion. 

[0011] FIG. 1 is a schematic diagram of a cellular com 
munication system. 

[0012] FIG. 2 is a schematic block diagram of compo 
nents in a base station and a mobile unit of FIG. 1. 

[0013] FIG. 3 is a schematic diagram of a general adaptive 
antenna array. 

[0014] FIG. 4 is a schematic diagram of a mobile-to-base 
communications link in cellular communications using AAP 
SDMA. 

[0015] FIG. 5 is a schematic diagram of a base-to-mobile 
communications link in cellular communications using AAP 
SDMA. 

[0016] FIG. 6 is a schematic diagram of a general SDMA 
communications system employing geo-location techniques. 

[0017] FIG. 7 is a schematic block diagram of tWo com 
municating users of FIG. 6. 

[0018] FIG. 8 is a How chart of a method of operating a 
cellular telephone system using geo-location data. 

[0019] FIG. 9 is a schematic diagram of a cellular tele 
phone system using geo-location data. 

[0020] FIG. 10 is a schematic block diagram of a steering 
circuit. 

[0021] FIG. 11 is a schematic block diagram of a nulling 
circuit. 

[0022] FIG. 12 is a schematic block diagram of a receiver 
module for a mobile unit beamformer. 

[0023] FIG. 13 is a schematic block diagram of a trans 
mitter module for a mobile unit beamformer. 

[0024] FIG. 14 is a schematic block diagram of a receiver 
module for a base station beamformer. 

[0025] FIG. 15 is a schematic block diagram of a trans 
mitter module for a base station beamformer. 

[0026] FIG. 16 is a schematic block diagram of a pre 
ferred base station employing real-valued FIR ?ltering at IF. 

[0027] FIG. 17 is a schematic block diagram of a pre 
ferred base station employing compleX-valued FIR ?ltering 
at base band. 

[0028] FIG. 18 is a schematic block diagram of a beam 
shaping circuit based on an adaptive-array processing algo 
rithms. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] FIG. 1 is a schematic diagram of a general land 
based cellular Wireless communications system. The geo 
graphic area serviced by this communications system 1 is 

Jun. 3, 2004 

divided into a plurality of geographic cells 10, each cell 10 
having a respective geographically ?xed base station 20. 
Each cell 10 can have an arbitrary number of mobile cellular 
units 30, Which can travel betWeen and among the cells 10. 

[0030] FIG. 2 is a schematic block diagram of compo 
nents in a base station 20 and a mobile unit 30 of FIG. 1. As 
shoWn, each base station 20 includes a transceiver 210 
having a transmitter 212 and a receiver 214, control hard 
Ware 220, and a set of antennas 25 to communicate With a 
plurality of mobile units 30. The mobile units are free to 
roam around the entire geographic service area. Each mobile 
unit 30 includes a transceiver 310 having a transmitter 312 
and a receiver 314, control hardWare 320, a handset 8, and 
an antenna or antennas 35 to alloW for simultaneous sending 
and receiving of voice messages to the base station 20. The 
base station 20 communicates With a mobile telecommuni 
cations sWitching of?ce (MTSO) 5 to route the calls to their 
proper destinations 2. 

[0031] The capacity of a spread spectrum cellular com 
munication system can be expressed as: 

N=(W/R)(N0/Eb)(1/D)F G (1) 

[0032] Where W is the bandWidth (typically 1.25 MHZ); 

[0033] R is the data rate (typically 9600 bps); 

[0034] Eb/NO is the energy-to-noise ratio (typically 6 
@113); 

[0035] D is the voice duty-cycle (assumed to be 0.5); 

[0036] F is the frequency reuse (assumed to be 0.6); 

[0037] G is the number of sectors per cell (assumed 
to be 1, or omnidirectional); and 

[0038] N is the number of simultaneous users. 

[0039] As such, a typical cell can support only about 25-30 
simultaneous calls. Space division multiple access (SDMA) 
techniques can be used to increase capacity. 

[0040] The capacity improvement by using an adaptive 
array at the base station 20 in the mobile-base link is 
summariZed beloW in Table I. The results are valid for 
various antenna beamWidths at a ?Xed outage probability of 
104. 

TABLE I 

Base Station Antenna BeamWidth vs. Call Capability 
in Mobile-to-Base Link 

BeamWidth (degrees) Capacity (calls/cell) 

360 (omni) 31 
120 75 
60 160 
30 320 

[0041] FIG. 3 is schematic diagram of an M-element 
adaptive antenna array 35a, 35b, 35c and beamformer 54. 
Each element has N adaptive linear ?lters (ALFs) 55, Where 
N is the number of users per cell. Each of the ALFs 55 are 
adapted in real time to form a beam to and from each mobile 
unit 30 via a combiner 57. The ALFs 55 use a variety of 
techniques to form an optimal beam, such as using training 
sequences, dynamic feedback, and property restoral algo 
rithms. Preferably, the ALFs 55 are single chip adaptive 
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?lters as described in Us. Pat. No. 5,535,150 to Chiang, the 
teachings of Which are incorporated herein by reference. 

[0042] The M-element array is capable of nulling out M-1 
co-channel interference sources. HoWever, all the users in a 
CDMA cell share the same frequency band and therefore, 
are all co-channel interferers in the mobile-to-base link. 
Because the number of users, N, far exceeds the number of 
antennas, M, subspace methods of direction-of-arrival esti 
mation are not applicable. Instead, a Constant Modulus 
Algorithm (CMA) adaptive beamforming approach is more 
applicable. 
[0043] For the base-to-mobile link, the co-channel inter 
ferers are the neighboring base stations. Conceivably, the 
number of antennas in the adaptive array at the mobile could 
be approximately the same as the number of neighboring 
base stations, so subspace methods of direction-of-arrival 
estimation may be applicable to null out the interfering base 
stations. The computational complexity of both types of 
AAP algorithms is approximately equal. 

[0044] The majority of the computational complexity 
incurred by using AAP in a cellular system is due to 
covariance formulation and copy processing. The covari 
ance is a sum of a sequence of matrices, each of Which is an 
outer product of complex array samples. Each term of this 
outer product is a complex product. The computation 
requires on the order of K2 computations, Where K is the 
number of antennas. Using the covariance, the AAP algo 
rithm computes the antenna Weight vector, Which is applied 
to the received signal vectors. This is a matrix inversion, 
Which copies the desired signal. The covariance is updated 
periodically, and each desired signal is copied in real time. 

[0045] Overall about 1/2 to Z/3 of the computational com 
plexity incurred by using AAP SDMA in a cellular system 
is due to the covariance formulation alone, and the remain 
ing complexity resides in the matrix inversion for copy 
Weight generation. The complexity, siZe, poWer consump 
tion, and cost of implementing AAP SDMA has thus far 
prevented it from gaining acceptance. In preferred embodi 
ments, the present invention achieves substantially the same 
results as a fully adaptive implementation of SDMAbut With 
signi?cantly less hardWare complexity, smaller siZe, loWer 
poWer consumption, and loWer cost. 

[0046] FIG. 4 is a schematic diagram of a mobile-to-base 
communication link in a cellular communications system 
using AAP SDMA. Illustrated are the antenna array SDMA 
transmission beam patterns 150 from the mobile units 30 to 
the base station 20 along a central direction 155. Also 
illustrated is interference 170 Which Would exist Without 
SDMA. 

[0047] Assuming the base station 20 employs a multi 
antenna adaptive array While the mobile unit 30 uses a single 
omnidirectional antenna, in the reverse channel (uplink, or 
mobile-to-base), the base station array reduces interference 
from other users both in-cell and out-of-cell, as illustrated in 
FIG. 4, by pointing its reception beam only toWards the 
desired mobile unit 30. 

[0048] For a 120 degree beamWidth, about 1/3 of the 
mobile units 30 in a cell 10 are visible to the array, so the 
capacity is approximately tripled. Similarly, for a 30 degree 
beamWidth, about 1/12 of the mobile units 30 in a cell 10 are 
visible to the array, so the capacity is increased by a factor 
of approximately 12. 
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[0049] Assuming that both the base station 20 and the 
mobile unit 30 employ multi-element antenna arrays, for the 
reverse channel, this system signi?cantly reduces interfer 
ence from out-of-cell mobile transmitters, because they are 
forming beams toWard their oWn base station 20. Ideally, this 
Would improve the frequency reuse, F, from 0.6 to nearly 
1.0, thereby increasing the capacity by nearly Z/3. Simula 
tions on such a system shoW that a frequency re-use factor 
of F=0.8826 With a 60 degree beamWidth from the mobile 
unit improves capacity by 47% over the omnidirectional 
case (F=0.6). 

[0050] Improvement due to adaptive arrays on the mobile 
units 30 are not as dramatic as those achieved With adaptive 
arrays at the base station 20. In addition, complexity, siZe, 
poWer, and cost can make the application of antenna arrays 
in mobile units 30 impractical for most situations. The 
reduction in inter-cell interference afforded by adaptive 
arrays in mobile units 30 may, hoWever, be critical in 
high-traffic environments and for mobile units 30 near the 
cell boundaries Where interference is the greatest. 

[0051] FIG. 5 is a schematic diagram of a base-to-mobile 
communication link in a cellular communications system 
using AAP SDMA. Assuming the base station 20 employs a 
multi-antenna array While the mobile unit 30 uses a single 
omnidirectional antenna, in the base-to-mobile link, the base 
station 20 antenna array reduces interference to other users 
both in-cell 180 and out-of-cell 175, as illustrated in FIG. 4. 
Results for this channel for various beamWidths are sum 
mariZed beloW in Table II. 

TABLE II 

Base Station Antenna BeamWidth vs. Call Capacity 
in Base-to-Mobile Channel 

BeamWidth (degrees) Capacity (calls/cell) 

360 (omni) 3O 
75 (5 antennas) 120 
55 (7 antennas) 165 

[0052] Assuming that both the base station 20 and the 
mobile units 30 employ multi-element adaptive antenna 
arrays, for the forWard channel, this system signi?cantly 
reduces interference from out-of-cell base stations, because 
the mobile units 30 are forming beams toWard their oWn 
base station 20. As in the reverse channel, ideally, this Would 
improve the frequency re-use, F, from 0.6 to nearly 1.0, 
thereby increasing the capacity by nearly Z/3. 

[0053] FIG. 6 is a schematic diagram of a general SDMA 
communications system employing geo-location techniques. 
As illustrated, a ?rst user 301 and a second user 302 are in 
communication. The ?rst user 301 computes the direction of 
the desired user 302 and a beam pattern 314 is formed along 
the desired direction 316. In addition to desired users 302, 
the ?rst user 301 Wants to avoid projecting a beam in the 
direction 317 of an undesired user 303. Furthermore, the ?rst 
user 301 Wants to avoid receiving a beam from any direction 
other than the desired direction 316. These goals are accom 
plished by utiliZing a narroW directional radio beam. 

[0054] The radio-beam extends from the transmitting unit 
at a beamWidth angle B0. The distance from the transmitting 
unit to the receiving unit is designated as rm. The beamWidth 
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at the receiving unit is Bm. In a cellular system, a base unit 
is located at the center of a geographical cell of radius R and 
the receiving unit is generally mobile and moves With a 
velocity V. 

[0055] FIG. 7 is a schematic block diagram of commu 
nicating users of FIG. 6. As illustrated, the ?rst user 301 and 
the second user 302 receive geo-location data from a satel 
lite system 90. The users 301, 302 communicate using a 
respective antenna array 52 controlled by a respective beam 
former circuit 34. In addition to the standard transceiver 310 
and control hardWare 320, a Global Positioning System 
(GPS) circuit 350 communicates With a global positioning 
satellite system 90 to command the beamformer 34. 
Although a satellite system 90 is illustrated, the geo-location 
data can be provided by or derived from a ground-based 
positioning system. Furthermore, a differential global posi 
tioning system using both ground and satellite based trans 
mitters can be employed to provide a higher resolution 
location. 

[0056] FIG. 8 is a How chart of a method of operating a 
cellular telephone system using geo-location data. As a part 
of the initial establishment of the Wireless link (step 500) 
betWeen the mobile unit 30 and the base station 20, the 
mobile unit 30 must determine its current position. The GPS 
receiver may not already be tracking satellites and could 
take several minutes to get an accurate position estimate 
(cold start). If the GPS receiver 350 is cold starting (step 
510), the base station 20 provides a rough location estimate 
to orient the GPS receiver and signi?cantly expedite the 
position acquisition (step 512). It can send an estimate of the 
mobile unit’s location via triangulariZation from adjacent 
base stations. This information can be sent along With a 
Channel Assignment Message (Which informs the mobile 
unit of a Traf?c Channel on Which to send voice and data) 
via a Paging Channel. Users share the Paging Channel to 
communicate information necessary for the establishment of 
calls. 

[0057] Then the base station 20 transmits its position to 
the mobile unit 30 via the Paging Channel (Step 520). If the 
mobile unit 30 is employing a directive antenna array 35‘, it 
uses the base station position and its current position and 
heading information to form a beam pattern toWard the base 
station 20 as described above (step 530). The mobile tunes 
to the Traf?c Channel and starts sending a Traf?c Channel 
preamble and the current mobile location information to the 
base station via a Reverse Traf?c Channel (step 540). Every 
tWo seconds, the GPS location is updated and sent to the 
base station via the Reverse Traf?c Channel. 

[0058] If the mobile unit 30 is employing a directive 
antenna array 35‘, every tWo seconds it uses the current 
heading information and compares its updated position 
information to the stored location of the current base station 
to update the beam pattern toWard the base station. Also, the 
base station 20 receives the updated mobile unit location 
information and updates its beam pattern toWard the mobile 
unit (step 550). During hand-off betWeen base stations (step 
560), the directivity of the mobile antenna array, if 
employed, is disabled (step 570) to alloW the user to 
communicate With other base stations. 

[0059] FIG. 9 is a schematic diagram of a cellular tele 
phone system using geo-location data. Apreferred embodi 
ment is an implementation of SDMA using knowledge of 
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user position in a cellular spread spectrum communication 
system. Fixed base stations 20 communicate With roving 
mobile units 30 Within a prescribed geographic cell 10. Each 
base station 20 consists of a transceiver 210, a directional 
antenna array 25‘ and associated beamformer hardWare 24, 
control hardWare 220, and a transmission link With a mobile 
telecommunications sWitching of?ce (MTSO) 5 to route 
calls. The mobile unit 30 consists of handset 8 With a 
microphone and a speaker, a transceiver 310, a GPS receiver 
350 (or other hardWare to determine position of the mobile), 
and an omnidirectional antenna 35 or optionally a direc 
tional antenna array 35‘ and associated beamformer hard 
Ware 34. 

[0060] Apreferred embodiment of the invention employs 
a conventional CDMA base station but With the addition of 
a 10-element directional antenna array 25‘ capable of form 
ing antenna patterns With a beamWidth of 36 degrees, 
beamformer hardWare 24, and additional modems to accom 
modate the order of magnitude increase in call capacity. The 
beamformer hardWare 24 takes as input the current latitude 
and longitude of each mobile unit, compares it With the 
knoWn location of the base station 20 to determine the angle 
of arrival (AOA) of each mobile unit’s signal, and generates 
a set of complex antenna Weights to apply to each antenna 
output for each mobile unit such that the combined signal 
represents a beam pattern steered in the direction of the 
desired mobile unit for both the transmit and receive signals. 
The complex antenna Weights are calculated to simply steer 
the antenna beam. 

[0061] Instead of calculating the Weights in real-time, a set 
of Weights can be stored in a Programmable Read-Only 
Memory (PROM) for a ?nite set of angles of arrival, and can 
be recalled and immediately applied. The beam pattern is 
preferably Widened as the mobile unit 30 approaches the 
base station 20 (as described beloW) because the beam 
coverage decreases as the mobile unit 30 approaches the 
base station 20. Furthermore, the assumption that multipath 
components propagate from approximately the same loca 
tion as the mobile unit 30 becomes less valid as the mobile 
unit 30 approaches the base station. Optionally, the beam 
former hardWare 24 can track multiple mobile units simul 
taneously and place nulls on interfering mobile units, but 
this is more computationally complex (although not as 
complex as a fully adaptive array). 

[0062] The base station antenna array forms an antenna 
pattern With beamWidth BO=30 degrees. Assuming the cell 
radius is R=6 km, the mobile unit is at radius rrn (m), the 
maximum velocity of the mobile unit is V=100 (km/h), and 
the location estimate is updated at U=2 times per second, 
examination of the pie-slice geometry of the antenna pattern 
reveals that the antenna beam Width at the mobile unit’s 
location is Bm=2rcrrn (BO/360) meters, Which decreases as the 
mobile unit 30 approaches the base station 20. Once a 
location estimate has been determined for the mobile unit 30 
and transmitted to the base station 20, the base station 20 
forms an antenna pattern With the main lobe centered on the 
mobile unit 30. 

[0063] In the Worst case, this estimate is Wrong by T=30 
m. In an update cycle, the mobile travels V/U (m), and as 
long as this distance is less than BTU/2 (half the beamWidth 
in meters at the mobile location) minus the error in the 
location estimate, T, then the mobile Will remain Within the 
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antenna main lobe: V/U §(Bm/2)—T . Evaluating this equa 
tion With the typical numerical values and solving for the 
mobile location yields rm§1676 m at a velocity V=100 
km/h. Therefore the mobile unit 30 remains in the beam 
coverage area as long as it is further than 167.6 m from the 
base station 20. 

[0064] The base station 20 uses the location information to 
sense When the mobile unit 30 is closer than 167.6 m and 
Widens the beam pattern to omnidirectional (or optionally to 
120 degrees). The Widening does not signi?cantly increase 
interference to other users because the loW poWer is used for 
nearby mobile units 30. The complex antenna Weights for 
the Widened beams are preferably stored in memory for a 
?nite set of angles of arrival, and they can be recalled and 
immediately applied. 
[0065] The mobile units 30 include a conventional handset 
8 preferably augmented With an integrated GPS receiver 350 
and modi?cations to the control logic 320 to incorporate the 
GPS position data in the transmission to the base station 20. 
Mobile units 30 embodied in automobiles preferably employ 
a three-element directional antenna array 35‘ mounted on the 
automobile and beamformer hardWare 34 in addition to the 
handset With the build-in GPS receiver as described above. 
The beamformer hardWare 34 stores the current base sta 
tion’s latitude and longitude, compares it With its oWn 
current latitude and longitude, and computes its current 
heading via GPS doppler in information to determine the 
angle of the arrival of the base station signal. Alook-up table 
(for example in a ROM) provides the antenna Weights to 
steer the transmit and receive beam pattern toWard the base 
station. Optionally the beamformer hardWare can track mul 
tiple base stations simultaneously and place nulls on inter 
fering base stations. 

[0066] The necessary accuracy of the mobile position 
determination depends on the Width of the antenna beam. 
Assuming the location can be determined to Within a toler 
ance of T=30 m (i.e., the location can be determined With 
high probability to be Within a circle of radius T=30 m), as 
the mobile unit 30 moves, the antenna beam must cover the 
entire area in Which the mobile unit 30 can move in the tWo 
seconds before the position is checked again and the antenna 
beam pattern is updated. Because of the pie-slice geometry 
of the beam pattern, as the mobile unit 30 approaches the 
base station 20, the beam coverage decreases and must be 
Widened to cover the area in Which the mobile unit 30 could 
travel in the tWo second update cycle. 

[0067] Mobile units employing the antenna array 35‘ can 
form an antenna pattern With beamWidth B1=120 degrees. 
Assuming the cell radius is R=6 km, the mobile is at radius 
rrn (meters), the maximum rotation of the mobile unit is 
Q=45 degrees/second (i.e., the mobile can turn a 90 degree 
corner in 2 seconds), and the location estimate is updated at 
U=2 times per second, examination of the pie-slice geometry 
of the antenna pattern yields a location tolerance at the base 
station of Tb=360T/(2J'crm) (degrees), Which increases as the 
mobile unit 30 approaches the base station 20. 

[0068] In addition to location, the mobile unit 30 needs to 
knoW its direction of travel so it can determine the orienta 
tion of its antenna array. This direction vector can be 
deduced from GPS doppler data or from a compass. 

[0069] Once a location estimate has been determined, the 
mobile unit 30 forms an antenna pattern With the main lobe 
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centered on the base station 20. In the Worse case, this 
estimate is Wrong by Tb (degrees) and the mobile unit 30 is 
turning at maximum rotation Q=45 degrees/s. In an update 
cycle, the mobile’s main lobe rotates Q/U (degrees), and as 
long as this angle is less than B1/2 (half the mobile beam 
Width in degrees) minus the error in the location estimate, Tb 
(degrees), then the base station 20 Will remain Within the 
mobile antenna’s main lobe, Q/U §(B1/2)—Tb. Evaluating 
this equation With the numerical values above and solving 
for the mobile location yields rm§45 m . Therefore the base 
station 20 remains in the beam coverage area as long as it is 
further than 45 m from the mobile unit 30. 

[0070] The mobile unit 30 uses its location information to 
sense When it is closer than 45 m to the base station 20 and 
Widens the beam pattern to omnidirectional. Again, this 
Widening does not signi?cantly increase interference to 
other users because the poWer transmitted is loW. A look-up 
table in a ROM provides the antenna Weights to change the 
beam pattern to omnidirectional When the mobile unit 30 is 
Within 45 m of the beam station or during call hand-ff When 
the mobile unit 30 is communicating With more than one 
base station 20. 

[0071] A preferred embodiment of the invention includes 
an aspect Which reduces interference and improves capacity 
as long as the multipath components propagate from 
approximately the same direction as the line-of-sight (LOS) 
component, Which is a fair assumption. Typically, a multi 
path signal is limited to a 5-10° arc relative to the receiver. 
As such, various techniques can be employed to identify and 
null the multipath component of a received signal. 

[0072] Aspects of the invention can be practiced even if 
some users are not equipped With SDMA capability. In the 
case that a particular user does not employ an antenna array, 
the user Will not use position information and Will default to 
conventional omnidirectional transmission and/or reception. 
Similarly, in the case that the user does not provide position 
information, other users Will default to conventional omni 
directional transmission to and/or reception from that user. 
As conventional users are phased out and SDMA equipped 
users are phased in, the capacity of the system Will increase 
as the fraction of SDMA equipped users increases. 

[0073] FIG. 10 is a schematic block diagram of a steering 
circuit. The steering circuit 52 includes a GPS receiver 522 
connected to a GPS antenna 520 for receiving GPS signals 
from satellites. The GPS receiver 522 computes the unit’s 
latitude and longitude. A deterministic direction ?nder 524 
processes the mobile unit latitude LATM and longitude 
LNGM data as Well as the base station latitude LATB and 
longitude LNGB data using a ?rst look-up table to compute 
an angle of arrival (AOA) and a range (RNG) based on the 
folloWing equations: 

AOA :tanil[LNGM —LNGB] (2) ZATM —lATB 

RNG = \/(LATM - lATB)2 + (LNGM - LNGB)2 (3) 

[0074] The AOA and RNG values are processed by a 
second look-up table in an antenna steering unit 526 Which 
converts the values into antenna Weights. The antenna 










