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A wireless communication system combines time
and space diversity to reduce fading and simplify re-
ceiver design. In particular, a data packet which carries
digital telephone traffic, is transmitted at three different 6
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times from three different antennas. The mobile sub-
scriber receiver thus receives the same data packet at
three different times from three different antennas, and
uses the best data packet or combination of the data

packets to reduce the effects of fading. A transfer sta-
tion receives a time division multiplex multiple access
(TDMA) signal from a base station carrying telephone
data packet traffic to form three data packet repeats at
spatially diverse antennas locations. The transfer sta-
tion further modulates a code division multiple access
(CDMA) system using a TDMA signal which links the
mobile subscriber receiver to the transfer station. Each
data packet received at the transfer station is thus retrans-
mitted at three different times to the mobile subscriber
station on a CDMA link. In one embodiment, each trans-
fer station includes the three space diversity antennas.
In a second embodiment, three transfer stations, each
with one spatially diverse antenna is used. The time
division and code division multiplex signals transmit-
ted from space diversity antennas provide the ability to
determine subscriber location using the same communi-
cation signals which are used for the primary telephone
data communication. Specifically, the subscriber station
receiver uses the absolute and relative time of arrival of
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the three repeated data packets to determine the respective distances of the mobile subscriber station to the three transmitting antennas.
Since the transmitting antennas are at known fixed locations, receiver location is determined.
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WO 96/08908 PCT/US95/11067

WIRELESS TELEPHONE DISTRIBUTION SYSTEM
WITH TIME AND SPACE DIVERSITY TRANSMISSION

Field of the invention

The present invention relates to two way wireless communication systems.
In particular, the present invention relates to wireless telephone systems
with space diversity antennas and time diversity signal transmission for
reducing signal fading and measuring subscriber location.

Background of the invention

Wireless radio communication is subject to the adverse effects of signal
fading, in which the signal level at the receiver temporarily loses strength
for a variety of reasons, such as from variable multipath reflections causing
signal cancellation, time varying transmission loss due to atmospheric
conditions, and mobile receiver movement introducing obstructions into the
signal path, and the 1like. Signal fading causes poor reception,
inconvenience, or in extreme cases, a loss of call connection.

It is known to use various forms of signal diversity to reduce fading.
For example, as indicated in U.S. patent 5,280,472, signal diversity mitigates
the deleterious effects of fading. There are three major types of diversity:
time diversity, frequency diversity and space diversity.

Time diversity is obtained by the use of repetition, interleaving or
error correction coding, which is a form of repetition. Error detection
techniques in combination with automatic retransmission, provide a form of

time diversity.

In frequency diversity, signal energy is spread over a wide bandwidth
to combat fading. Frequency modulation (FM) is a form of frequency diversity.
Another form of frequency diversity is code division multiple access (CDMA)
also know as spread spectrum. Due to its inherent nature as a wideband
signal, CDMA is less susceptible to fading as compared to a narrow band
modulation signal. Since fading generally occurs in only a portion of the
radio spectrum at any one given time, a spread spectrum signal is inherently

resistant to the adverse effects of fading.

Space diversity is provided by transmitting or receiving the same signal
on more than one geographically separated antennas. Space diversity provides
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alternate signal paths to guard against any one path being subject to fading
at any one time. Space diversity also creates some time diversity since the
receiver receives the same signal separated by small propagation delays. The
difference in propagation delay requires that the receiver be able to
discriminate between the arriving signals. One solution is to use multiple
receivers, one for each arriving signal. For instance, it is known from U.S.
patent 5,280,472 to deliberately introduce relatively small delays compared
to an information symbol, into a space diversity multiple antenna CDMA system
in order to create artificial multipath time diversity signals greater than
one chip delay up to a few chips. CDMA systems are capable of discriminating
between identical plural signals arriving at the receiver with different
propagation delays greater than one chip delay. Such receivers are known as
Rake receivers. However, prior art systems require multiple CDMA receivers,
one CDMA receiver for each separate received CDMA signal. It is desirable to
provide a system for receiving time diversity CDMA signals which does not

require multiple CDMA receivers.

Measuring or determining the location of mobile units is well known.
In some systems, fixed antennas measure the mobile location. In other
systems, the mobile unit determines its location from multiple received
signals. If the system is two way, the communication link permits both the
mobile subscriber and the fixed system to exchange location data. Various
known systems use satellites or multiple antennas to provide information on
the location of a mobile subscriber. For example, multiple directional
receiving antennas can be used to triangulate the position of a mobile
transmitter. In such systems, the stationary receivers determine the mobile
subscriber location; in other systems, the mobile subscriber determines its
location from the received signals. For example, the Global Position System
(GPS) is a multiple satellite system providing signals which permit a mobile
subscriber station to determine its position in latitude and longitude.
However, both satellite systems and the GPS receivers for receiving satellite

signals tend to be expensive.

The combination of a GPS receiver and a cellular telephone is shown in
U.S. patent 5,223,844. Such combination provides useful services, as for
example a security alarm service to deter car theft, in which tripping the
alarm also alerts the security service to the location of the car. Generally,
it is desirable to provide a system which combines telephone or data service

with location measurement at a reasonable cost.

It is desirable to provide a system of time diversity signals using time
division multiple access (TDMA) in various combinations with CDMA and space
diversity antennas, to provide a variety of systems which resist fading,
reduce receiver cost, and provide location measurement for mobile subscribers.
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Summary of the invention

The present invention is embodied in a wireless communication system in
which time diversity and space diversity is used to reduce fading and simplify
receiver design. The present invention is further embodied in a wireless
communication system in which time division signals are code division (spread
spectrum) multiplexed onto space diverse antennas to provide a wireless
communication system with the ability to determine subscriber location using
the same communication signals which are used for the primary wireless
communication.

Specifically, a data packet which for example may carry telephone voice
traffic, is transmitted at three different times from three different
antennas. The receiver thus receives the same data packet at three different
times from three different antennas. The receiver uses the best data packet
or combination of the data packets to reduce the effects of fading.

In addition, the receiver uses the absolute and extrapolated relative
time of arrival of the three data packets to determine its location from the
three transmitting antennas. First, absolute range to one antenna is
determined by the time required for a round trip message. Then, the relative
time of arrival of data packets, referenced to a universal time, from the two
other antennas indicates the relative distances as compared to the first
antenna. Since all three transmitting antennas are at known fixed locations,
the receiver computes its own location as the intersection of three constant
distance curves (in the two dimensional case, circles, or in the three
dimensional case, the intersection of three spheres). In the alternative, the
mobile subscriber station provides raw delay measurement data back to a fixed
station, or location service center, which computes the mobile subscriber
location.

More particularly, the present invention is embodied in a system using
CDMA to modulate a TDMA signal which is transmitted from three space diversity
antennas. In a first embodiment, the TDMA signals are used to transmit
multiple repetitions of the same data packet from a transfer station with
three space diversity antennas. In a second embodiment, the TDMA signals are
used to transmit multiple repetitions of the same data packet from three
transfer stations each transfer station including one of the three space
diversity antennas. The data packets could either be identical, or could
carry substantially the same information, but modulated with different
spreading codes or different segments of the same spreading code.
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Brief description of the figures

Figure 1 is a system diagram of a wireless telephone distribution system
including a first embodiment of a transfer station in accordance with the

present invention.

Figure 2 is a block diagram of a first embodiment of a wireless
telephone distribution system in accordance with the present invention.

Figure 3 is a system diagram of a first embodiment of a wireless
telephone distribution system in accordance with the present invention.

Figure 4 is a system diagram of a wireless telephone distribution system
including a second embodiment of a transfer station in accordance with the

present invention.

Figure 5 is a system diagram of a second embodiment of a wireless
telephone distribution system in accordance with the present invention.

Figure 6 is a block diagram of a second embodiment of a wireless
telephone distribution system in accordance with the present invention.

Figure 7 is timing diagram of a time division multiplex signal which
modulates a code division multiplex signal in accordance with the present

invention.

Figures 8 and 9 are a block diagram of a first embodiment of a transfer

station in accordance with the present invention.

Figure 10A is a time slot assignment diagram of a wireless telephone
distribution system in accordance with the present invention illustrating the
time division multiplexing and code division multiplexing for 6 simultaneous

calls.

Figure 10B is a time slot assignment diagram of a wireless telephone
distribution system in accordance with the present invention illustrating the
time division multiplexing and code division multiplexing for 12 simultaneous

calls.

Figures 11A and 11B are a time slot assignment diagram of a wireless
telephone distribution system in accordance with the present invention
illustrating the time division multiplexing and code division multiplexing for

24 simultaneous calls.
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Figure 12 is a block diagram of a second embodiment of a transfer
station in accordance with the present invention.

Figure 13 is a block diagram of a subscriber station in accordance with
the present invention.

Figure 14 is a block diagram of a centralized and integrated transfer

station in accordance with the present invention.

Figure 15 is a block diagram of a transfer station antenna

implementation.

Figure 16 is a block diagram of a distributed antenna implementation of
the present invention using coaxial cable or fiber optic cable.

Figure 17 is timing diagram of a time division multiplex signal which
is modulates a code division multiplex signal in accordance with the present
invention.

Figure 18 is system diagram illustrating a distributed antenna
implementation of the present invention.

Figure 19 is a block diagram illustrating a system in accordance with
the present wherein the location center is external to the communication

system.

Figure 20 is an illustration of a system in accordance with the present
invention for determining location of a mobile subscriber station.

Figure 21 is a system in accordance with the present invention
illustrating a method for determining location of a mobile subscriber station.

Figure 22 is a timing diagram illustrating a method for determining the

distance from a subscriber station and to a transmitting transfer station.
Figure 23 is a timing diagram illustrating a method for determining the

relative distances from a subscriber station to two transmitting transfer

stations.

Detailed description

SYSTEM DESCRIPTION - FIRST EMBODIMENT figures 1, 2, 3, 8, 9

In a first embodiment of the invention shown in Figure 1, a mobile user
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having an antenna 10 is coupled to a CDMA transfer station 14. The CDMA
transfer station 14 further includes an antenna T, 16, antenna A, 11, antenna
B, 12, and antenna C, 13. Antennas A, B and C can be mounted either on
separate structures as is shown, or on a single mast. The only physical
requirement is that the space between antennas should be sufficient for
uncorrelated space diversity. While a quarter wavelength spacing may be
sufficient, at least ten wavelengths is preferable. At 1 GHz, 10 wavelengths
is about 30 feet, while at 5 GHz, 10 wavelengths is about 6 feet.

The mobile subscriber antenna 10 (also referred herein as the user terminal
antenna, or the subscriber station antenna, or simply antenna U) is coupled
by a bidirectional radio link to antennas A, B and C. The CDMA transfer
station 14 is further coupled by a bidirectional radio link through antenna
T through appropriate switching to the public switch telephone network.

In operation, forward channel telephone voice traffic received in data
packets on antenna T is transmitted on antenna A during time slot 1, repeated
on antenna B during time slot 2, and further repeated on antenna C during time
slot 3. All three repeated data packets are sequentially received on antenna
10. In the reverse direction, data packets representing telephone voice
traffic transmitted from antenna 10 are substantially simultaneously received
on antennas A, B and C. The CDMA transfer station 14 further retransmits data
packets received in the reverse direction through antenna T back to the
telephone network.

Figure 2 is an overview diagram of a system in accordance with the
present invention that includes the different interconnections between the
supporting network, i.e., between the public switched network 20 and switching
center and central processor 22, and the CDMA transfer stations 26, 28, 30,
32, 34, 36 and 38.

The user at CDMA subscriber station 42 is linked by antenna 10 to the
CDMA transfer station 38 through antennas A, B and C. Antenna T, 39 on CDMA
transfer station 38 carries wireless TDMA telephone voice traffic to antenna
25 on base station 24. Each of the other CDMA transfer stations are coupled
to the switching center 22 by a variety of interconnection means. Connection
means W between TDMA base station 24 and CDMA transfer station 36 is a
wireless means, having a TDMA channel structure with six TDMA slots. The
wireless TDMA distribution interconnection WE may be a commercially available
wireless local loop system such as the Ultraphone ® digital radio telephone
system provided by Interdigital Communications Corporation. The TDMA time
slot structure is carried through the transfer station to become the time slot
structure for the slotted CDMA signal on the output. Connection means WE is
the same as connection W except there are four W modules operating in parallel
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to provide a basic connectivity for 24 voice channels. Connection means F
uses a fiberoptic cable that connects between the switching center 22 to the
CDMA transfer station 32 without going through a wireless base station. Since
connection means F (fiberoptic cable) incorporates a modem with a TDM/TDMA
channel structure similar to W and WE it readily interfaces with the transfer
station. Connection FT (fiberoptic cable carrying standard Tl multiplex)
between switching center 22 and CDMA transfer station 30 is a fiberoptic cable
that uses a standard Tl multiplexer as the channel combining means.
Therefore, the transfer station that handles the WE connection means could
readily be adapted to operate with the FT connection means. Connections C
(coaxial cable) to CDMA transfer station 26, and CT to CDMA transfer station
28, (coaxial cable carrying Tl standard multiplex) are cable means that
function like F and FT respectively. Connection means L to CDMA transfer
station 36 is a conditioned line that carries up to a 100kb/s data stream that
has the same structure as the wireless TDMA, connection means W. Connection
means LE (not shown) utilizes 4 conditioned lines to function in the same way
as connection means WE. Connection means PG to CDMA transfer station 34 is
a pair gain capability that is interfaced into a transfer station.

Using a combination of over the air and fiberoptic/cable media, to
connect to the transfer stations, and a common output air interface, between
the transfer stations and the CDMA user terminals, results in a flexible rapid
response and economical solution. In addition, normal telephone lines
conditioned to handle 64 kb/s to 100 kb/s could also be used to replace the
TDMA wireless input to the transfer station. It also is very cost effective
to connect the input side of the transfer station to the output of a pair gain
module. Since the air interface remains the same for all these
interconnection means, this extended concept becomes a very cost effective
solution and transition vehicle.

In the system diagram of Figure 3, telephone voice traffic through the
public switched network 20, is coupled to a TDMA base station 24 having
antenna 25 for the transmission and reception of TDMA signals. A plurality
of CDMA transfer stations 44, 46, 48, SO and 52 provide wireless telephone
service for a plurality of subscribers 45 and 47. Each CDMA transfer station
includes an antenna T for receiving and transmitting TDMA signals, as well as
separate antenna A, antenna B and antenna C for communicating with mobile
subscribers 45 and 47. By way of example, the TDMA base station 24 may have
a range of 35 mile radius covering numerous CDMA transfer stations. Each CDMA
transfer station may typically have a range of five miles and be spaced three
miles apart to provide cellular coverage for the entire area. Subscriber 45
will be served by CDMA transfer station 46, while subscriber 47 will be served
by CDMA transfer station 50. As subscribers move about the system, a
different CDMA transfer station will be assigned to serve that subscriber.
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An alternate embodiment capitalizes on the rich connectivity described
above to more widely distribute the three antennas that are used to give
transmiseion space diversity. The wider distribution allows compensation for
not only multipath fading, but fading due to blockage. For instance if the
CDMA user (antenna 10 in figure 1) goes behind a building or hill the signal
from all three space diversity antennas, on a single transfer station, would
fade.

However, if the energy in each time slot was transmitted from different
transfer stations as in figure 4, there is a high probability the user
terminal would not be blocked from all three transfer stations at the same
time. Therefore, it is possible to randomize the effects of fading due to
blockage and be more similar to multipath fading. Randomization is
accomplished by having the central controller assign the different time slots
on an individual basis during the call setup process. When implemented using
a W or WE connection means, there is little impact on the capacity between the
base stations and the transfer stations, but it would increase the number of
TDMA receivers. However, there is also a diversity improvement on the base
station to transfer station link. Generally speaking, the impact on the other
hard wired connection means is even less. A major advantage of using multiple
transfer stations as transmission diversity sources is that it allows the user
CDMA receiver to evaluate the quality of the signal from each transfer station
and request a handoff for individual time slots as better links are found,
providing a highly reliable and smooth transition as a user passes through an
area.

SYSTEM DESCRIPTION - SECOND EMBODIMENT figures 4, 5, 6, 12

Figure 4 illustrates a wireless telephone distribution system with
enhanced space diversity. As before, a mobile user antenna 10 is coupled to
antenna A during time slot 1, antenna B during time slot 2 and antenna C
during time slot 3. However, each of antennas A, B and C are mounted on
separate respective CDMA transfer stations 54, 56 and 58. 1In particular, an
antenna A, 60 is provided on CDMA transfer station 54, antenna B, 68 is
provided CDMA transfer station 56, and antenna C, 64 is provided on CDMA
transfer station 58. Each of the respective transfer stations 54, 56 and 58
are coupled through respective antennas 62, 70 and 66 to the TDMA wireless
digital telephone system. The signals received from antennas A, B and C by
the subscriber station antenna 10 are similar to that received in the
configuration of Figure 4. However, due to the separation of antennas A, B
and C, at separate CDMA transfer stations 54, 58, 58, signal diversity both

transmitting and receiving, is vastly improved.

The system configuration of Figure 6 is similar to that of Figure 2 with
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the exception that each CDMA transfer station has either an antenna B, or
antenna B or an antenna C. For example, CDMA transfer station A, 108, has a
separate antenna A, 109. The CDMA transfer station 106 has an antenna B, 107.
Similarly, CDMA transfer station 104 has an antenna C, 105. Thus, the antenna
10 of CDMA subscriber station 112 receives signals from each of CDMA transfer
stations 108, 106 and 104. The received signals are time division multiplexed
in the sense that only one of antenna A, B or C is transmitting to antenna 10
at any one time. During transmission, however, antennas A, B and C provide
multiple code division multiplexed signals to other users.

In this embodiment, each transfer station has only one type of antenna:
either antenna A, antenna B or antenna C. A system arrangement covering a
service area is illustrated in Figure 5. As before, the public switch network
72 is coupled to a TDMA base station 74 having a transmitting antenna 75
covering an area of approximately a 35 mile radius. Throughout the service
area, CDMA transfer stations are spaced apart in one direction 84, and in
another direction 86 are positioned to cover the service area. For
illustration, a regular placement is shown. 1In practice, the CDMA transfer
stations are placed so as to provide coverage whereby a plurality of
subscribers 88, 90 are always within range of an A, B and C antenna. For
example, CDMA transfer stations 76 and 82 are antenna A type, while CDMA
transfer station 80 is an antenna C type and CDMA transfer station 78 is an
antenna B type. Thus, subscriber 88 receives signals from CDMA transfer
stations 76, 78 and 80, while subscriber 90 may receive signals from CDMA
transfer station 82, 78 and 80.

A time slot structure for use in the present invention is shown in
Figure 7. Six time slots are used. Time slots 1 and 2 are used to receive,
followed by time slot 3 wherein the subscriber station transmits, followed by
time slot 4 also used for receiving. During time slot 5 and 6 the CDMA
receiver scans the transmission from other transfer stations.

CALL ESTABLISHMENT

When a circuit is to be established or transferred, the base station
assigns a base station and transfer station frequency pair, a slot and a PN
sequence. It then transmits to the transfer station all of these assignments
and identifies which subscriber is to use the circuit. During call setup, the
transfer station passes on to the desired subscriber station, the slot and PN
sequence assignments. For example, see figure 17 where the TDMA time slots
1 through 8 are associated with users A through F, respectively. 1In a given
time slot, e.g., time slot 2, the message to user B contains synchronizing
information 1701, common control data 1702 for system wide functions, private
control data 1704 and dedicated user traffic 1705 for user B. The dedicated
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user traffic 1705 is used during call setup to transmit signalling information
and initialization data.

FORWARD PATH

Signal compression and decompression, plus added bits for forward error
correction (FEC) is performed at the base station. In the forward direction,
(to the subscriber station), the base station transmits continuously but the
information in each slot is directed to a particular subscriber station.

By way of example, the base station may transmit the information during
slot 1 on frequency fa. The transfer station receives the information by
demodulating the signal on frequency fa during slot 1, and regenerating the
information only at the symbol or bit level. The transfer station does not
perform any decoding (i.e., error correction, compression or decompression)
The transfer station design is thus simplified by accepting the already coded
signal from the TDMA base station. After regeneration at the symbol level,
the received TDMA signal is combined with the assigned PN sequence and
retransmitted from the transfer station as a CDMA signal on frequency fp
without any intentional delay to antenna A. The transfer station further
stores the information received from the base station in a memory buffer. At
the end of the antenna A transmission, the information bits stored in memory
buffer are modulated onto a continuation of the PN signal and broadcast
through an appropriate transmitter to antenna B. Thus, the identical
information signal using the same PN sequence, but incremented a fixed number
of chips, is transmitted at antenna B. The relative position, or phase of the
PN sequence relative to the transmitted information is different. At the
conclusion of the first repeat, information in the time slot buffer is read
out a third time to provide a third repetition of the information, modulated
by a continuation of the PN sequence, with still a different phase, through
an appropriate transmitter to antenna C.

SUBSCRIBER STATION PROCESSING

The subscriber station, using the correct CDMA code, receives during
each of the three slots containing information signal repetition, so that it
receives three identical repeats of the data packet from three antennas
located in different locations. The subscriber station then compares the
three receptions and selects the one with the best quality which may be based
on bit error rate, phase distortion, signal to noise ratio, etc. Thus,
spacial transmit diversity is achieved. Only one antenna is needed at the
subscriber station. The subscriber station demodulates and decodes the
signal, performs error correction, decompression, etc. A maximum likelihood
combiner may be used to combine the power from all three time slots. Ideally,
the energy of received data packets is combined in a maximal manner before
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making a hard decision.

During the third time slot T3, the subscriber station transmits back to
the transfer station using a similar PN sequence as it received. The PN
sequence may be the one derived from reception (after regeneration) or it can
be locally generated on the basis of the original code received during call
setup. Since the subscriber station does not transmit during the same time
period as it receives, no diplexer or notch filter is needed. A simple T/R
(transmit/receive) switch is used to switch the antenna between transmit and
receive. Only one receiver is necessary in the subscriber station to achieve
three branch diversity. The three chains needed by a Rake receiver, are not
needed in the present invention.

Furthermore, the benefits of triple time and space redundancy, with some
frequency protection provided by the expanded spectrum, are not obtained by
adversely affecting capacity. The three branch diversity typically achieves
a reduction for deep fades of at least 10dB (a factor of 10x). While the
three transmitted repetitions of the same information signal increases the
interference level by a factor of 3 (about 5 dB), because the fades are 10 dB
less, the transmitter power levels can be reduced by a factor of 10 (10 dB).
Thus the overall amount of interference is reduced by a factor of 10/3 or SdB.
Because the transfer station to subscriber 1link is operated in a self
interference mode that means that about three times as many simultaneous
subscriber circuits can be used than if diversity were not used.

RETURN PATH

In the reverse direction (subscriber station to transfer station), three
receivers are connected respectively to the three antennas at the transfer
station to provide conventional three branch spacial diversity. The same
analysis regarding interference and the number of circuits available, applies
to transmission in the reverse direction as well as in the forward direction,
except that the information is transmitted only once and is received
simultaneously on the three base station antennas.

In addition to increasing the number of subscribers per unit frequency,
the present invention is cost effective. First the subscriber station needs
only one receiver. Second, it does not need a diplexer. Third, the transfer
station does not need to decode or re-encode any signals. The number of
subscribers per transmitter is the same, however, since spacial diversity is
used in the reverse direction, the number of subscribers per receiver
increased. Conversely, the noise of the subscriber station can be allowed to
be higher if the full use of the increase in the number of subscribers is not
fully utilized.
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The signal received by the transfer station from the subscriber station
is retransmitted (again with symbol or bit level regeneration but without
decoding), from the transfer station back to the base station without
intentional delay during the same slot. As long as the slot is within the
same TDMA frame or at least with one frame's duration of the slot used from
the base station to the transfer station, no additional delay is incurred by
the use of the present system.

AN

TRANSFER STATION - FIRST EMBODIMENT figures 8, 9, 15

The CDMA transfer station has a TDMA input at antenna T. The output
side of the transfer station at antennas A, B and C, uses a CDMA structure to
reach a large number of subscribers in relatively densely populated areas.
CDMA possesses several attributes that make it desirable for this application.
The wideband signal is inherently robust in a multipath environment and it has
the ability to overcome interference, intentional and otherwise. The
poesibility that selective fading will cause the entire spectrum to be
suppressed decreases as the transmitted spectrum increases. A higher chip
rate, or increased TW product, reduces the amount of fade margin that is

required to achieve a specified level of performance.

Spread spectrum signals have inherent multipath protection to protect
against fading. However, statistical models generally do not take into
account the frequency of occurrence or the duration of the fades. The
specific geometry at each location, and how the geometry is changing with
regard to the receiver, determines the actual fading patterns. For small
cells, with low antennas, the difference in path length for strong signals is
very likely to be small. The result is flat fading. That is, the spectrum
across ten or fifteen megahertz will fade at the same time. Therefore, it is
not possible to use the inherent multipath protection characteristics of
spread spectrum signals to protect against flat fading unless at least 25 or
30 MHz of spectrum is available. In addition, there is often no multipath of
consequence that would have enough delay to gain an advantage from an
additional Rake receiver. Even so the use of real or artificial multipaths,
requires additional receiver/correlators in the CDMA user terminal.
Therefore, to maintain reliable operation using CDMA only, at least 15 dB of
margin is required to be added to the link power allocation, particularly to
account for the situation where a mobile user stops in one of the nulls or a

fixed user shifts location geometry slightly.

The present invention utilizes the other important characteristic of
spread spectrum systems, the ability to overcome interference, as the
technique to combat the difficult multipath situations. The capacity of a
CDMA system is limited by the amount of interference that is received by the
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desired receiver. As long as the TW product is great enough to bring the
desired signal up out of the interference it doesn't matter what the
transmitted data rate actually is. Therefore, with the present invention the
transmitted information rate is increased to allow the transmitted signal to
be repeated three times from three different antennas, thus obtaining
transmission triple diversity which allows the transmitted power margin to be
reduced by at least 10 dB for a high performance link. Therefore, even though
additional interference is introduced into the links, the CDMA processing gain
readily overcomes the adverse impact. That is, the gain from the triple
diversity far exceeds, in a high quality system, the loss due to added
interference.

A block diagram of transfer station in accordance with the first
embodiment of this invention is shown in Figure 8 for the forward channel.
The TDMA antenna T, 916, is coupled through a transfer receive switch 918, to
a TDMA receiver 800. The output of the TDMA receiver 800 is coupled to a
demultiplexer 802, the output of which is stored in time slot buffers B806.
A time multiplexer 808 accesses the contents of the time slot buffers 806 and
provides data packets output to plural CDMA encoders 810 intended for antenna
A transmission. The output of time multiplexer 808 also provides data packets
output to plural CDMA encoders 812 intended for antenna C transmission.
Similarly, the time multiplexer 808 provides data packets output to plural
CDMA encoders 814 intended for antenna B transmission. Each of the plurality
of CDMA encoders 810, 812 and 814 are provided to respective CDMA transmitters
816, 824 and 826. Each of CDMA transmitters is coupled to a respective
antenna 822, 824 and 826 to provide respective antenna A, antenna B and
antenna C transmissions.

The coordination of the timing and control of the TDMA receiver 800, as
well as the time slot buffers 806, the time multiplexer 808 and each of the
plurality of CDMA encoders, is controlled by a synchronization and control
apparatus 804. The synchronization and control apparatus 804 also provides
a location identification (ID) representing the particular transfer station
to the plurality of CDMA encoders 810, 812 and 814 for inclusion on the
transmitted signals at antennas A, B and C.

The transfer station of Figure 8 also includes a CDMA receiver and TDMA
transmitter 900, which is shown in further detail in the block diagram of
Figure 9. The TDMA transmitter is coupled to antenna 916 through transmit
receive switch 918, while the CDMA receivers are coupled through respective
diplexers to antenna A, antenna B and antenna C, as shown in further detail

in Figure 15.

Figure 9 is a block diagram of a transfer station illustrating the
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structure of handling signals in the reverse channel. Antennas A, B and C,
respectively shown as 822, 824 and 826 are coupled to respective CDMA receiver
A, 902, CDMA receiver B, 904, and CDMA receiver C, 906. The output of the
respective CDMA receivers A, B and C is fed to maximum likelihood combiner
908, the output of which is provided to memory buffers and time slot
multiplexer 910. The memory buffers in time slot multiplexer 910 provide data
packets to a TDMA transmitter 914 which is coupled through transmit receive
switch 918 to antenna 916. The TDMA receiver and CDMA transmitter 828
corresponding to the block diagram of Figure 8 is coupled to the other
terminal of transmit receive switch 918.

Figure 15 illustrates the antenna configuration of a transfer station
permitting antenna A, antenna B and antenna C to be shared between TDMA and
CDMA transmit and receive signals. Modulator 1502 is coupled through a time
multiplexer 1503 to diplexers 1510, 1514, and 1518, respectively coupled to
antenna A, 1512, antenna B, 1516 and antenna C, 1520. The other input of
diplexers 1510, 1514 and 1518 is respectively coupled to the output of
demodulator 1504, 1506 and 1508.

In the operation of Figure 8, a TDMA signal received on antenna 916 is
demultiplexed and placed in time slot buffers 806. A data packet intended for
a given subscriber is selected by time multiplexer 808 during time slot 1 to
encode a CDMA signal by one of plural encoders 810 for transmission on antenna
A. The same data packet is again selected by time multiplexer 808 to encode
a CDMA signal by one of plural encoders 812 during time slot 2 for
transmission on antenna B. Finally, the same data packet is subsequently
selected by time multiplexer 808 to encode a CDMA signal by one of plural
encoders 814 for transmission during time slot 4 on antenna C.

In the reverse direction, and in reference to Figure 9, the CDMA
transmission from the subscriber station during time slot 3 is substantially
simultaneously received on antennas 822, 824 and 826. Each of the CDMA
receivers 902, 904 and 906 receive the same data packet. A maximum likelihood
combiner 904 combines the power from all three time slots before making a hard
decision. Generally speaking, the signal which is strongest and error free
will be selected. After selection, the data packet is held in a memory buffer
and time slot multiplexer 910 waiting to be placed in its appropriate time
slot for transmission by TDMA transmitter 914 on antenna 916.

TRANSFER STATION - SECOND EMBODIMENT figure 12

A transfer station in accordance with the second embodiment of the

present invention is shown in Figure 12. In essence, this transfer station
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is similar to the transfer station of Figures 8 and 9 except that only one
CDMA antenna, A, B or C, is provided. In particular, in Figure 12 antenna
1200 is coupled through a transmit receive switch 1202 to a TDMA receiver
1204. The output of the TDMA receiver 1204 is demultiplexed in 1206 and
placed in time slot buffers 1208. A data packet placed in time slot buffer
1208 is time multiplexed by multiplexer 1210 to one of a plurality of CDMA
encoders 1212. The encoded CDMA signal is amplified in CDMA transmitter 1214,
coupled through diplexer 1218 to antenna A, 1228.

Antenna A 1228 also operates to receive CDMA signals. Towards this end,
a CDMA receiver 1226 is coupled to antenna A, 1228, through diplexer 1218 to
provide received data packets in combiner and time slot buffers 1224. A time
multiplexer 1222 takes the data packets in time slot buffers 1224 and composes
a time multiplex signal to TDMA transmitter 1220 which is coupled through
transmit receive switch 1202 to antenna 1200. The operation of the transfer
station is controlled by a synchronization and control apparatus 1216 which
also includes unique location identification (ID) for this particular transfer
station, and call setup control parameters.

In operation, the transfer station receives TDMA signals on antenna T,
1200 which are demodulated in TDMA receiver 1204, and demultiplexed in
demultiplexer 1206 for placement in time slot buffers 1208. The data packets
in time slot buffers 1208 are transmitted on antenna A during time slot 1.
Towards this end, time multiplexer 1210, CDMA encoders 1212 and the CDMA
transmitter 1214 retrieve the respective data packets from time slot buffers
1208 and encode the appropriate data packet in a CDMA encoded signal on
antenna A. On the return path, CDMA receiver 1226 receives signals
simultaneously on antennas A, B and C during all time slots. The received
data packets are demodulated by respective PN codes, and placed in time slot
combiner buffers 1224, each time slot assigned to a different user.
Thereafter, data packets are time multiplexed in multiplexer 1222 for
transmission by the TDMA transmitter 1220 through the transmit receive switch
1202 on antenna 1200.

The Transfer Station is the conversion point for mapping the TDM/TDMA
signal into a CDMA signal. The CDMA signal, when designed properly has
superior performance against multipath interference. The input side of the
transfer station is part of a structured distribution network. It is
basically a tandem relay point in the network, that is, the address to the
final CDMA user also includes the address of the intermediary point (the
transfer station). Since, in the general case, the final CDMA user may move
and access the network through another transfer point it will be necessary to
provide the ability to enter the transfer station address independent from the



WO 96/08908 PCT/US95/11067

-16-

CDMA users address. For fixed subscribers such as the TDMA subscriber station
40 in figure 2, this will not be an issue except for backup routing or for
fade protection.

The preferred input network includes a number of base stations, transfer
stations and TDMA user stations as shown in figure 2. Any time slot on any
frequency could be assigned to any TDMA user or transfer station. To reduce
the cost of the transfer station it is proposed that once a CDMA user is
connected through a specific transfer station any additional CDMA users,
assigned to that transfer station, also be assigned to a time slot on the same
frequency as the first user. By properly managing these assignments the
number of TDMA radio elements can be reduced significantly. The base station
24 or the switching center and central processor 22 will manage the radio
resource and assign the frequencies, time slots and the PN codes, thus
assuring efficient use of the spectrum and the radios. The frequency, time
slot and PN code are all assigned during the initial call setup process.

The local transmissions on the output side of the transfer station are
CDMA, but each subscriber is assigned a specific time slot of a time division
signal. Therefore, the individual information rate is increased by the number
of time slots. However, the total data rate for all subscribers stays the
same and the total transmitted power for all signals remains the same, it
is just redistributed. Since the individual time slots are turned off unless
there is activity the transmitted power is reduced by approximately 3 dB for
voice traffic. Because the same information is transmitted three times the
average transmitted power is increased by 5 dB. Therefore. the total
transmitted power from each transfer station is increased by 5 dB,
transmitting three times, but also reduced by 10 dB, diversity improvement,
resulting in a 5 dB overall reduction in average power. Overall, the
interference introduced into other cells is reduced by 5 dB.

The base station (24 in figure 2) or the switching center and central
processor (22 in figure 2) will also manage the handoff process. There will
have to be at least four time slots to obtain diversity on the CDMA side and
still have a time slot for the CDMA receiver to scan other transfer stations.
Four time slots only provide dual diversity. With five time slots it is
possible to achieve the desired level of triple diversity. Of course, by
adding additional receivers in the CDMA user's terminal it will be possible
to scan in parallel for better synch signals. However, adding another
receiver in all the CDMA users terminals would be an expensive solution.
Therefore, with three time slots there is only dual diversity and no handoff.
With four time slots there is triple diversity for fixed CDMA subscribers and
dual diversity for mobile CDMA subscribers. With five time slots there is
triple diversity for both fixed and mobile CDMA users. With six or more time
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slots there is the opportunity to add flexibility to the channel structure.
Figure 7 shows the CDMA user terminal slot structure for six time slots.

The triple antenna structure at the transfer station is used on the
return link by simultaneously listening to a single burst from each active
subscriber, in his assigned time slot, on all three antennas, thus also
achieving triple space diversity. The overall timing structure for the
forward and reverse CDMA links, at the transfer station, are shown in figure
10A. For illustrative purposes six time slots have been shown, but as
described previously any number of time slots, three or more, can be
implemented, the upper reasonable bound being in the neighborhood of 32.

The order of transmission of the three active time slots can be
distributed over the total number of time slots, and even more than three time
slots could be used. With triple diversity the power transmitted from the
CDMA user terminals can be reduced by at least 5 dB, probably more, but 5 dB
is in keeping to match the performance of the forward link. 1In any case, the
transmitted power is controlled and kept at the minimum level to maintain a
high quality link. It is also possible, at higher frequencies, to achieve
some antenna independence even on a relatively small radio or area.
Therefore, a similar approach of the transmission space and time diversity,
that is used on the forward link, may also be applied to the reverse link.
Dual diversity should yield a significant improvement for most situations.

Each transfer station continuously transmits a spread spectrum channel
for synchronization and control purposes. The synchronization and control
channel identifies the particular transfer station and manages the user
terminals as long as they are assigned to the transfer station. A large
portion of the time the synchronization and control channel does not carry any
user traffic. The synchronization and control channel can be a narrow band
channel that can be easily acquired and tracked. The information bearing
portion of the control signal has a preassigned time slot and includes system
and signaling messages to all the users assigned to the particular area
covered by that transfer station. The processing gain is sufficient to allow
a transfer station to include several time slotted CDMA signals to be
transmitted in parallel, thus allowing the antenna array to be shared. Also,
only one synchronization and control channel is required for multiple slotted
CDMA modules that are integrated at a single location.

SUBSCRIBER STATION figure 13

A block diagram of the subscriber station in accordance with the present
invention is shown in Figure 13. Antenna 1300 is coupled to CDMA receiver
1304 through transmit receive switch 1302. The output of CDMA receiver 1304
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provides data packets to data buffers 1306, 1308 and 1310. A combiner 1314
selects and combines the data held in buffers 1306, 1308 and 1310 to provide
an output to a digital to analog converter 1316, which also includes means for
decompressing the compressed signal to provide an audio output. An analog
audio input is provided to analog digital converter 1322, which also provides
means for compressing the audio signal. The output of the analog to digital
converter 1322 is a digital form of audio samples assembled as data packets
in memory buffer 1320. A CDMA transmitter 1318 encodes the contents of memory
buffer 1320 and provides a CDMA encoded signal through transmit receive switch
1302 to antenna 1300. The CDMA subscriber station is synchronized by a
synchronization and timing controller 1312, which also measures signal delay
for location measurement, described below.

In the forward direction, CDMA receiver 1304 receives three identical
data packets placing one of the data packets during time slot Tl in buffer
1306, a second of the data packets during time slot T2 in memory buffer 1308,
and a third data packet received during time slot T4 in memory buffer 1310.
The combiner 1314 selects one or more of the contents of the memory buffers
to be combined or selected as the best received data to be converted to an
analog audio output of the output of digital to analog converter 1316. By
using three time and space diversity data packets, the present system is less
susceptible to fading and since the same receiver is used to demodulate all

three samples, no complex signal strength balancing process is required.

In the reverse direction, the analog audio input to analog to digital
converter 1322, which also includes a digital compression algorithm, provides
a data packet to buffer 1320. During time slot T3 the CDMA transmitter 1318
encodes the contents of buffer 1320 for transmission as a CDMA signal on
antenna 1300.

The simplification of the CDMA user terminal is a major consideration
in the present system. The main simplification is the ability to time share
the receiver, and particularly the correlator as it performs its different
functions. The ability to transmit and receive at different times also
simplifies the implementation of the small portable user terminal. The single
receiver sequentially receives the three space diversity signals in the three
different time slots and then moves to different codes to look for improved
signals from other transfer stations. The same receiver is also used for the
purpose of acquisition and tracking. Since the user terminal does not receive
during the slot when it is transmitting there is no need for a diplexer and
notch filter. Only a simple on/off switch is used. Since only one PN code
is needed at a time, the PN code generation process is also greatly
simplified. The baseband processing can be accomplished on a relatively low

speed common processor.
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In those time slots where the user terminal is not receiving or
transmitting the receiver is free to look for the synchronization and control
channels from other transfer stations. When the user terminal identifies a
synchronization and control channel that is better than the one he is
assigned, the user terminal sends a message to the network controller telling
the controller that he has identified a potential candidate for handoff. The
network controller uses this input, along with other information, to make the
decision to handoff. The network controller sends the handoff message to the
effected entities. The identity of the codes that are to be searched by the
user terminal are provided by the network central controller through the
transfer station where they are placed on the control channel.

TIME SLOT STRUCTURE figures 10A, 10B, 11Aa, 11B, 17

The time slot assignment for multiplexing 6 simultaneous calls is shown
in figure 10A. Time aiots assignments for transmission 1002 and for reception
1004 are illustrated. The entry in each box contains the activity during the
corresponding time slot. During time slot 1, antenna A transmits Tl to user
1, antenna B transmits T6 to user 6 and antenna C transmits T4 to user 4. At
the same time, antennas A, B and C receive R5 from user 5. During the next
time slot 2, antenna A transmits T2 to user 2, antenna B transmits Tl to user
1 and antenna C transmits T5 to user 5. At the same time antennas A, B and
C receive R6 from user 6. Continuing across the diagram in figure 10A, during
time slot 3, antenna A transmits T3 to user 3, antenna B transmits T2 to user
2 and antenna C transmits T6 to user 6. At the same time antennas A, B and
C receive Rl from user 1.

Note that during time slot 3, none of the antennas A, B or C is
transmitting to user 1. 1Instead, user 1 is transmitting and the transfer
station is receiving on all three antennas from user 1. However, during time
slot 4, the third transmission to user 1 is transmitted. That is, during time
slot 4, antenna A transmits T4 to user 4, antenna B transmits T3 to user 3 and
antenna C transmits Tl to user 1. Time slots 5 and 6 are not directly used
for data transfer to or from user 1. The time slot assignments shown in
figure 10A, 10B, 11A and 11B are consistent with figure 7, wherein user 1
receives during time slots 1, 2 and 4, and transmits during time slot 3. The
pattern can be seen in figure 10A slot assignments by looking for times when
Tl is transmitted. Transmission of T1 appears in time slots 1, 2 and 4, on
antennas A, B and C respectively. No transmission to Tl appears during T3,
but reference to receiving time slots 1004 indicates that Rl is received from
user 1 during time slot 3. Since in any given time slot, there are three
transmissions and one reception simultaneously, at least 4 addressable CDMA

PN spreading code sequences are required.
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Thus, time division multiplexing is used in the sense that successive
time slots carry data directed to different users. Code division multiplexing
is used in the sense that during each time multiplexed time slot, multiple PN
code sequences permit simultaneous communication with multiple users. The
result is a time division multiplexed, code division multiplexed signal.

The time slot assignment for multiplexing 12 simultaneous calls is shown
in figure 10B. Time slots assignments for transmission 1006 and for reception
1008 are illustrated. During time slot 1, antenna A transmits Tl to user 1
and T7 to user 7, antenna B transmits T6 to user 6, and T1l2 to user 12, and
antenna C transmits T4 to user 4 and T10 to user 10. At the same time,
antennas A, B and C receive R5 from user 5, and R11l from user 11.

The time slot assignment for multiplexing 24 simultaneous calls is shown
in figures 11A and 11B. Figure 11A shows the transmission from the transfer
station (forward direction), while figure 11B shows the transmission to the
transfer station (reverse direction). Time slots assignments for transmission
1102, 1104, 1106 and for reception 1108 are illustrated. By way of example,
during time slot 5, antenna A transmits T5, Tll, T17 and T23 (i.e., T5 to user
5, Tll to user 11, etc.) Antenna B transmits T4, T10, T16 and T22. Antenna
C transmits T2, T8, T14 and T20. At the same time, (during time slot 5),
antennas A, B and C receive R3, R9, R15 and R21 (i.e., R3 from user 3, R9 from
user 9, R15 from user 15 and R21 from user 21).

For figure 10A, one CDMA encoder per antenna is required to handle 6
simultaneous calls. In figure 10B, two CDMA encoders per antenna are required
to handle 12 simultaneous calls. Similarly, in figure 11A, four CDMA encoders
per antenna are required. Thus, for example, if 180 PN code sequences are
available, then 180/6 or 30 CDMA encoders per antenna are required to handle
180 simultaneous calls. If, for these larger number of required accesses, the
number of time slots is increased, the number of encoders will decrease

proportionally.
ALTERNATE SYSTEM CONFIGURATIONS figures 14, 16

A further enhancement extends the distance between the transfer station
diversity antennas by using broadband cables that are a thousand feet or more.
The transfer station sends the final radio frequency spread spectrum signal
down the cable to the antenna. The antenna at the end of the cable contains
a radio frequency amplifier. An implementation distributing signals by cable
has the same improvement against blockage as described for the multiple

transfer station transmission diversity approach.

However, instead of using a separate cable for each antenna, a preferred
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embodiment shares a single cable and uses frequency multiplexing to assign a
different cable carrier frequency to each antenna. Thus, the desired signal
is only transmitted from the antenna nearest to the user which reduces the
interference. As a further enhancement, a cable distribution system
integrates different elements into a local personal communications system
network. The basic building block is the six time slotted CDMA module that
serially drives three antennas to obtain triple transmission space and time
diversity. For the sake of simplicity, the design of the transfer station
handling the incoming TDMA signal also has a basic six time slot structure.
The six time slot modularity can readily be deployed to accommodate multiples
of 12, 18, 24, and 30 or 32. Figure 14 shows the implementation for several
different combinations. The preferred embodiment utilizes a wireless input,
such as W or WE, as the input to the transfer station, however, a cable
distribution system works equally well with hard wired signals as the input.

In a cable based personal communication system, the transfer stations
are moved back to the central controller, which reduces the cost of the
transfer station since it does not have to be ruggedized or remotely powered.
It also reduces the number of spares required and the cost to maintain the
units since they are all in one place and easy access. The transfer stations
can also be dynamically reassigned as the traffic load changes during the day
or week, thus gignificantly reducing the total number of required transfer
stations. The bandwidth of the distribution network increases, but
developments in cable and fiber optic distribution system have increasing
bandwidth at falling cost to accommodate the increase in bandwidth at
reasonable cost. The advantage of having several interconnection options to
select means that the choice of interconnection becomes an economic choice
determined by the cost factors associated with each installation. Each
network is expected to include many or all of the interconnection options.

The system arrangement in which the transfer stations are moved back to
the same location as the central controller, is depicted in the lower portion
of figure 14. A general two-way cable or fiber optic wideband distribution
system 1402 is used to link the centrally located transfer stations to the
remotely located antennas. Considerable flexibility in configuring the
wideband spectrum into signal formats is available for linking the centrally
located transfer stations to each transfer station antenna. However, for
simplicity it is preferable to retain the TDMA protocol with its time slotted
CDMA triple space/time diversity air interface protocol, and frequency
translate signal as a common air interface to each antenna.

Each antenna is assigned a separate center frequency on the wideband
distribution cable 1402. Due to the TDMA and CDMA sharing ability, many users
can be served on the same antenna using the same cable frequency. The
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transfer station antenna at location N, includes a transceiver which is tuned
to the assigned cable frequency. The central controller transmits and
receives data packets in the final TDMA/CDMA waveform representing telephone
traffic on each assigned frequency of the wideband distribution cable 1402.
Thus, as shown in figure 16, each remote location includes a remote
transceiver (transmitter, receiver, local oscillator, diplexer and antenna)
at site 1602. The remotely located unit is a relatively simple receiver,
frequency translator and low power transmitter, for both the forward and
reverse directions. A low power transmitter amplifier is suitable because the
cells are small and triple diversity (three antennas and three time slots) is
being used to link the subscriber station to the system. The transmit side
of the central controller provides individual information flows along with the
associated signaling and control information at interface A' in figure 14,
which is presented in assignable time slots in the form of packets.

The signaling information includes the called parties identification
number(s), code, service profile and authentication code, etc. The control
information includes routing information (i.e. which base station, transfer
station, antenna designation), power 1levels, traffic on or off, handoff
messages, etc. A large amount of this information is transmitted before the
user information (telephone voice traffic) starts passing over the circuit,
however, a significant amount of information is also passed during the time
when telephone voice traffic is actually on the circuit. A separate control
channel is required even after the connection to the user has been completed.
The base station function translates this information into the protocol that
is required to interface to the TDMA air interface and provides a TDMA radio
spectrum at interface W. The transfer station converts the TDMA protocol to
a time slotted CDMA triple space/time diversity air interface protocol and
transmits this signal first on antenna A, then on antenna B and finally on
antenna C (figure 14).

The centrally located combined base station and transfer station (B-T)
module 1404 combines the base station and transfer station function and
converts the signal appearing on A' to the time slotted CDMA triple diversity
air interface. A B-T combined module may be achieved by direct combination
of separate equipment, or the modules developed for the combined base station
and transfer station use can be integrated. The CDMA signal branches at the
output of the transfer station or at the output of the B-T module as shown in
figures 15 and 16. In the case of the of the transfer stations which are
connected to respective antennas by three different cables, the output is just
switched at the appropriate time. When one cable is used to reach all the
antennas the output of the transfer station is frequency hopped at the
appropriate time by changing the synthesizer frequency to the assigned
frequency of the antenna. The B-T module is similarly frequency agile.
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It is important to note the user information is replicated in each of
the three time slots, but the PN code continues to run and is different during
each time slot. Therefore, the repetition is not the same as in the case of
imitation multipath or emulated multipaths. The PN generator just keeps on
running without storing or resetting the sequence. Running the PN code
continuously is simpler to implement as compared to starting a PN sequence
anew.

In the foregoing discussion, it is assumed the time slots follow one
right after the other; this is not necessary, however, as long as the receiver
has a priori knowledge of the hopping sequence. 1In the preferred embodiment,
the B-T transmits on two contiguous time slots and then listens to the
response signal from the user terminal. During the user transmission time
slot the user terminal tells the B-T module to not send the third diversity
time slot if the first two time slots have given adequate performance and
location measurement is not needed. The use of only dual diversity reduces
the interference to the other users, and frees up the user receiver to perform

other functions.

An alternate approach is to utilize a 1/3 forward error correcting code that
is spread over all three time slots. The use of such coding provides improved
performance if the error statistics during each of the time slots are nearly
the same. If one time slot becomes significantly worse, and it can be
identified as being bad, it may be better to ignore the bad time slot and
request an antenna handoff to replace that time slot if the poor performance
continues. Since it is expected that the real diversity channel statistics
will result in unequal time slot statistics, the preferred alternative is to
not use a forward error correcting code over the three time slots. Even
though error detecting and correcting codes are only included within each time
slot, forward error correcting codes may be used over multiple time slots.

Each antenna, assuming there is data to transmit,
transmits during each of the time slots. Since the data is transmitted
three times there will be three CDMA signals transmitted in each time slot
for each module assigned to that antenna. 1If there are 4 modules assigned
to the antenna, 4 modules supports 24 users at any one time, there would be
12 CDMA signals emanating from the antenna in each time slot, (see figure
11A, 11B). 1If the duty factor is approximately 50% then only six CDMA
signals will actually be transmitting and if 20 to 25% of the time the
third time slot is not required only 4 to 5 CDMA signals would be
transmitted at a time. The same antennas are used for the receive side, or

reverse link, (user to transfer station).

As stated previously the user CDMA terminal transmits only during one
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time slot and the transfer station simultaneously receives that
transmission on the same three antennas resulting in receiver triple space
diversity. The three receive signals come into the transfer station, or B-
T module, either on separate wires or at different frequencies, as shown in
Figure 15 and 16, and are processed separately. These processed signals
are summed together using maximum likelihood combiners. The S/I from each
antenna path is measured and kept in memory over an interval of at least
ten time slots. The record of signal statistics is used by the maximum
likelihood combining process. Stored signal statistics are also useful in
the decision process for executing handoff to other antennas.

The handoff process for the B-T cable network is based on the signal
received from each of the antennas. The central processor receives
information on the quality of the links in both directions. On the forward
link it receives information from the user CDMA receiver operating on that
link during an assigned time slot which is identified with a particular
antenna. On the reverse link it receives information on the separate paths
through different antennas. The information on the quality of paths
through a particular antenna can be evaluated and compared to other current
paths through different antennas and with other new paths that the user
terminal is continuously searching. When a current path in a particular
time slot continues to deteriorate and a better path is available the
central controller assigns a new path (antenna) to the user terminal and
notifies the user terminal it has done so.

The handoff process for the transfer station is similar except the
handoff is generally between transfer stations rather than antennas. When
handed off from transfer station to transfer station all three antennas
associated with a particular transfer station are handed off with the
transfer station. A few transfer stations may be implemented with widely
separated antennas. In the case where there are transfer stations with
widely separated antennas the handoff process described for B-T module
could also be used.

Operational Description: A new subscriber turns on his CDMA user terminal
and scans the synchronization codes until he acquires a synchronization
code. The CDMA user terminal then initiates a registration message. The
transfer station receives this message and passes it to the central
controller who acknowledges it with an acknowledgment message back to the
user terminal. The central controller goes to the home register of the new
terminal and obtains the user profile and places it in the file for active
users. The new user is now registered and all calls will be forwarded to

this new region of service.
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There are 28 different synchronization codes and one synchronization
code is assigned to each area. The 28 areas make up a region and the codes
are repeated in the next region. The transfer stations within an area are
given different shifts or starting points for their particular code.
Therefore, each transfer station, or widely separated antenna, has an
identifiable code. The central controller knows which antenna, or transfer
station, that the new user registered through so the controller will route
all information to the new user through that node. The central controller
will also give the new user a set of codes, or different starting pointe on
his current code, to search for the purpose of identifying diversity paths
or handoff candidates. The new user continues to monitor the
synchronization and control channel during half his time slots. The other
half of his time slots he scans for better synchronization channels.

The user is paged on the control channel and given a CDMA and time
slot assignment which he sets up so he will be ready for the beginning of
the call. When the user requests service he is also given a CDMA code and
time slot assignment for the duration of the call. The user terminal
remains in this state until the end of the call, unless the signal in one
or all the diversity paths becomes weak. Since the user receiver is
continuously evaluating the incoming signals and scanning for better new
paths, it will know if a path is going bad and will notify the central
controller of this condition along with a list of better candidates. The
central controller will order a handoff and the user terminal will go to
the new CDMA code and time slot. None of this activity is detectable by
the end user.

At the beginning of each time slot is a short unmodulated section,
without user information, used for resynchronization and range adjustment,
followed by a short control message section. These short bursts are sent
whether there is user information to be sent or not. If no user
information is to be sent the control message confirms this and the
transmitter power is reduced by ten db. for the user information portion of
the time slot. It should be noted four time slots are available on the
forward channel for passing user information depending on what agreements
have been established between the user and the central controller. These
slots as described above can be turned off so that other users have access
to additional capacity. The multiple time slots can be used for diversity
improvement or sending increased data rates, multiple data channels or a
graphics channel along with a voice channel. The possibility of extending
several parties on a conference call is also possible.

LOCATION PROCESSING figures 20, 21, 22, 23
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Figure 20 shows the radio links of figure 1 or figure 4, where the
car and its antenna are represented by user antenna U. The radio links are
time slotted as shown in figure 10A. The radio link AU is time slotted and
is present during time slot 1. Radioc link BU is also time slotted and is
present during time slot 2. Radio link CU is also time slotted and is
present during time slot 4. Radio link AU establishes the absolute range
from U to antenna A. The range to antenna A forms a reference to measure
the difference in path lengths between radio links AU and BU. Similarly,
the path length of radio link AU is also used as a reference to measure the
difference in path lengths between radio links AU and CU.

Since the time occurrence of the all ones vector (for
synchronization) is the same at all three antennas, the ranges to all three
antennas may be derived from the difference in respective arrival times of
the all ones vector within each time slot. The location center, having the
physical geographic coordinates of all three antennas, calculates the
location of the users antenna U.

The geometry of location determination is shown in figures 20, 21, 22
and 23. The first range measurement AU establishes the user as someplace
on circle A in figure 21. The second range determination establishes the
user as also being someplace on circle B. The only locations this can be
true is where the circles intersect each other at points X and 2.
Therefore, his location has been narrowed down to two possible points. The
third range determination establishes the user someplace on circle C.

Since the user is also on circle C, he must be at point Z. Obtaining
additional ranges to other antennas confirms the first set of measurements
and in many cases improves on the accuracy. If the terrain has significant
variations in height the constant range circles become constant range
spheres and the extra measurements remove any ambiguity that could be
caused by adding the third dimension. The position location processing
center converts these coordinates into user friendly instructions. Range
measurements by the CDMA system are obtained as follows:

1. The pseudo noise code as it is stretched out between A and U to act
as a yardstick. The time required to propagate between A and U allows many
chips, the propagation time in microseconds times the chip rate in
megachips, to represent the length of the link or be "stored"” in the link

during signal propagation. See figure 20.

2. There are two ways to increase the number of chips stored in the
propagation path. One is to increase the path length and the other is to
speed up the chip clock rate. Increasing the chip clock rate is analogous
to marking a ruler in a smaller scale. Therefore, increasing the chip
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clock rate stores more chips in the path delay and makes it possible to
make more accurate measurements.

3. The path length from antenga A to user terminal U and back to antenna
A, can be measured by transmitting from A, then retransmitting the same PN
code, with the arriving phase, from user terminal U, and comparing the
repeated signal as it is received back at antenna A to the signal that was
previously transmitted from antenna A. By delaying the original signal
until it matches, chip by chip, the received signal, at A, and counting the
number of chips that are slipped, the total delay is proportional to twice
the distance between antenna A and antenna U.

4. The accuracy of the distance measurement is approximately 1/4 of the
number of feet represented by one chip. The 1/4 chip is an implementation
constraint determined by how precisely the correlation peak is detected and
tracked. It is possible to reduce this error by autocorrelation
techniques, but 1/4 chip is a realistic resolution.

5. To determine the path length between antenna A and user terminal U,
described in paragraph 3 above, figure 22 shows the signals 2202
transmitted and signals 2204 received at antenna A. At a chip clock rate
of 10 megachips per second, there are approximately 100 feet represented by
each chip. The delay of 51 chips between transmitted 2202 and received
2204 signals represents the time required for a radio wave to traverse a
round trip between the subscriber station and the transfer station. One
half of the round trip delay, or 25.5 chips represents the distance to the
antenna. Thus, the distance from antenna A to user terminal antenna U for
the example in figure 22 is (51 x 100)/2 = 2550 feet. The distance
measurement accuracy is plus or minus 25 feet (100 feet/4).

6. Thus, the distance AU is measured quite precisely. As described
previously the receiver uses a single receiver for all time slots. While
the subscriber receiver is listening to time slot one it is working in
conjunction with the base station, to repeat the received waveform, same
phase with no delay through the user terminal. The base station receiver,
as described above, compares the received phase with the transmitted phase
to determine absolute range. The base station then transmits the range
value, thus measured, to the user terminal where it is stored for future
retrieval and use. As noted above it is the waveform phase that is
important, if the starting point, the all ones vector, is maintained
through the user terminal, a new similar PN code may be substituted on the
reverse link. A similar code could include that same code shifted by a
defined offset.



WO 96/08908 PCT/US95/11067

-28-

7. The same forward and return measurement process described above,
could be used to obtain the other two ranges (to antennas B and C) with the
results also stored in memory at the user station. However, direct range
measurement to all three antennas is not necessary. See figure 23. The
same receiver retrieves information over all three paths. In so doing, the
receiver adjusts for the difference in path length at the beginning of each
time slot. Once the adjustment is accomplished, on the first time the
receiver uses this antenna as an information channel, the code is stored
and retained in memory until the radio returns to this time slot whereupon,
it is taken from the memory and used as the starting point for the tracking
loops. Therefore, the receiver is essentially maintaining three separate
sets of receiver parameters, emulating three different receivers, one set
of parameters for time slot 1, a different set for time slot 2 and still a
different set for time slot 3. The distances to antenna B and antenna C
can be determined by adding or subtracting the offset, measured in chips,
from the absolute range value measured on link AU. Actually the offset is
determined before the time slot is used for the first time as an
information channel, this determination is made in the process of looking
for new paths for handoff. The delay and measure of signal quality is
determined and maintained in the potential handoff targets file. These
delay offset measurements are also used as additional range measurements in

the position location process.

In particular, continuing the above example, the signal 2302
transmitted at antenna A represents a range of 25.5 chips from antenna A to
user terminal antenna U. Signal 2304 received at antenna U from antenna A
is used as a reference to measure the relative time of arrival of signals
from antennas B and C, adjusted for the different time slots in which these

signals are placed.

Since timing for time slots 1, 2 and 3 is sequential, the real time
chip patterns for slots 2 and 3 do not overlap. However, after adjustment
for time slot delays, the timing relationship is as shown in figure 23.
Thus adjusted for the time slot difference, signal 2306 received from
antenna B at user terminal antenna U, is received in advance (i.e., offset
relative to the signal from antenna A) by 8 chips. Similarly, signal 2308
received from antenna C at user terminal U, is also received in advance
(i.e., offset relative to the signal from antenna C), but by 6 chips.
Received signals may be either delayed or advanced (i.e., have a positive
or negative delay) relative to the reference signal 2304. Receipt in
advance indicates that the antenna (B or C) is closer than antenna A.
Conversely, a delayed receipt indicates that the antenna (B or C) is

further away than antenna A.
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In figure 23, the range from antenna B to antenna U is 25.5 - 8 =
17.5 chips. 1In feet, 17.5 chips is 17.5 x 100 = 1750 feet, the length of
path BU. The range from antenna C to antenna U is 25.5 - 6 = 19.5 chips.
In feet, 19.5 chips is 19.5 x 100 = 1950 = path length CU. The user
terminal may be located at Z, the intersection of circle A at 2250 feet
from antenna A, circle B at 1750 feet from antenna B and circle C at 1950
feet from antenna C.

In the alternative, location measurement may be accomplished by
computing the intersection of two hyperbolas. The first hyperbola is the
locus of all points having a fixed difference in distance from two foci,
which is proportional to the difference in delay between antenna A and
antenna B. The second hyperbola is the locus of all points having a fixed
difference in distance from two foci, which is proportional to the
difference in delay between antenna B and antenna C, (or antenna A and
antenna C). Antennas A and B are the foci of the first hyperbola, while
antennas B and C are the foci of the second hyperbola. In such manner,
subscriber location may be computed without requiring a two way exchange
between the user terminal and the transfer station to establish a first
range measurement.

LOCATION SERVICES figures 18, 19

Since, the subscriber station receiver is receiving information over
three different paths that emanate from known locations, position location
information is derived by measuring the time of arrival of messages
relative to a fixed time reference. The measurement accuracy depends on
the chip rate, but at a chip rate of 10 megachips per second it is quite
accurate. There are several ways location measurement and display can be
accomplished, depending on how much processing is available in the user
terminal. The choice alsoc depends on who will actually use the
information. It could be fairly passive, using only the relative chip
offset information and obtaining a reference from the current cell. The
user could locally derive and display his location, similar to using a GPS
satellite.

A GPS receiver displays longitude and latitude reading. Location
information may also be sent back to a processing center that provides a
service to the user. The processing center converts the longitude and
latitude coordinates into a location having geographic meaning, such as, a

block number on a specific street.

Local geographic position measurement is particularly attractive to
people concerned about security and health problems. The manager of the
service center could either notify the police, family designate or the
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service center could include, as part of a special service rate, the staff
to check on irregular circumstances. Of course, the service center can
also, for a nominal fee, tell an individual his street location and give
instructions on how to get to a desired destination address. These
services can be provided to users who are pedestrians or moving along in
vehicles. The destination instructions can be in the form of a set of one
time detailed directions, or specific and continuous intersection prompting
as the user travels the suggested route. The prompting could take the form
of a voice command, or text display, telling the user to turn right at the
next intersection. A delivery truck, cab, ambulance or fire truck could
have a special screen that showed a local map with instructions written on
it. The instructions can also be modified as the traffic congestion
changes. The benefits of the present system are a significant increase in
public safety, convenience and productivity.

In the system configurations described previously, the separation
between antennas is made sufficient to yield an accurate position location
capability. By positioning the antennas to obtain independent paths
sufficient to avoid flat fading due to interfering obstacles, then the
separation is also sufficient to reduce the triangulation error to a very
small number. The incremental cost of including optimization for a

location capability is nominal.

Position location processing is accomplished by a third party
provider which owns and manages the position location center. Location
service can be accomplished in several ways. The preferred approach is to
make the user terminal the repository for all location information by
building and maintaining a location file. The position location center
queries the user terminal over the normal public switched telephone network
(preferably packet) when it needed information. Preferably, a provision
for encryption during transmission and an access code for privacy. is used.
The user terminal could also send location information to the location
center, also over the public switched telephone network, responsive to user
activation. For instance, when the user pushed an alarm button, the radio
sends the alarm message, along with the location information, to the
location center. The location center would respond according to
prearranged directions and the level of subscribed service. Since the user
terminal radio develops the code offset information internally, the only
additional information the cellular system needs to provide to the user
terminal is the distance, one way or round trip, from the user to one of
the base station/antennas. The distance information, which would be
provided as a service feature to the user, must identify the base
station/antenna. All the measurements must be performed within a time

window of 100 milliseconds or the error as a result of vehicle movement
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between measurements could become excessive. For stopped vehicles or
pedestrians the time window to perform location measurements could be much
longer since there is little or no movement between measurements.
Therefore, the distance measurement sent by the system to the user terminal
includes the distance in feet, the time in milliseconds and the identity of
the measuring entity. Upon receipt of the distance message the user
terminal stores the message and makes code offset measurements to several
different antennas, and, if signal levels are adequate, stores the
composite information in the location file. The location file is retained
until a new distance messagé is received by the user terminal radio,
whereupon the user terminal radio again makes the code offset measurements
and updates the location file.

When the location center queries the user terminal radio as to its
location, the radio sends the contents of the location file. The location
center processes this data into very accurate map data, position on a
particular street (can be displayed on a typical street map) The system
measures distance to the subscriber normally once every minute when the
subscriber is in the active receive mode, receiver on, waiting to be paged.
The period between measurements is variable and can be adjusted according
to the needs of the user. The system sends this new distance to the
subscriber station which places it in the file and enters new code offset
measurements with it. If the subscriber is engaged in a conversation, the
user terminal is tramsmitting, the base station makes a measurement every
ten seconds and if the distance changes more than one hundred feet the
system sends a message to the subscriber station. Whenever the user
terminal receives a distance measurement it adds the local code offset

measurements and updates the file.

It can be seen the user terminals location file is updated at least
every minute and more often if warranted. Therefore, the system can know
the location of any active user within a distance of approximately 100
feet. Better accuracy and more frequent updating is certainly possible,
but due to the loading on the data links the number of subscribers
receiving higher performance should be the exception rather than the rule.
Whenever the user presses the alarm button on his portable terminal, the
terminal transmits the contents of the location file three times which is
long enough for the system to read a new distance and send a message to the
user terminal. The user terminal makes several offset measurements and
sends the new location file three times. The alarm message is repeated
every thirty seconds until the battery goes dead. The user terminal radio
can have a module added (with its own battery) that emits an audible tone

whenever the radio alarm message is transmitted.
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The system generates raw location information at the user terminal
that needs to be converted into human readable map data. 1In general, the
basic longitude, latitude, or angle and distance readings are fine.
However, there is a need for a third party to translate this data into a
format that is quickly usable by the mass public, as a service business.
Since the user terminal has the basic location information, it can be
provided to any authorized entity that requests it from the user terminal.
The location processing center periodically queries the subscribed user
terminals and maintain a file on their current location. One potential
service for subscribers with health problems, is a monitoring system during
exercise. If the subscriber stops in an unusual location for an excessive
length of time and does not press the alarm button, the location center
operator could request life signs or send a medical technician to the
paused subscriber. If there is an emergency, the location center operator
knows the subscriber location in order to send help. On the other hand,
when the alarm button is pressed, the alarm message is addressed to the
location center where they are equipped to handle such emergencies. The
capability to track user terminals and provide help as the result of some
action is useful for many applications. Tracking stolen cars, identifying
congestion, keeping ambulances from getting lost and reporting vandalism
are but a few examples of the application of the present invention.

The system does, particularly in its distributed configuration as
described previously, require a consistent zero time reference across the
different base station antennas. Having a zero time reference available
significantly reduces the time to resynchronize as .the signal hops from
antenna to antenna and also aids in the search and handoff process. The
location application capability described above allows the system to
periodically perform a self calibration by placing several of the user
terminals, as described above, at fixed locations and determining the
proper zero time setting for these locations. By keeping the correct
answer in the central processor, as the system scans these check points, it
will get an error indication if the system is out of calibration. The same
check points are used to show the effective delay, during the process
wherein a variable delay is introduced by incrementing or decrementing the
system delay in one or more of the signal paths in the recalibration or

adjustment process.

The calibration process could be easily automated. Automation could
be implemented in two ways. The first approach is to scan the check points
every minute and determine any error that has developed. If this error
reaches a significant level the communication system contacts the location
center and provides the center with the corrections that need to be

factored into the position location calculations. The latter approach
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requires close coordination between the communication system and the
position location center. A more autonomous approach would be desirable.
The communication system itself could maintain the proper "zero" state by
scanning the check points, as described above, and by having the ability to
insert or remove delay 1806 in the path to the antenna.

Figure 18 illustrates a system with self-calibration. Once every
minute the system queries each check point 1802. This results in a
distance measure being sent to the check point 1802 where the check point
receiver adds the code offset measurements and sends the contents of the
location file to the processor 1804 where the received file is compared
with a file that contains the correct measurements. If the difference
exceeds the threshold the processor 1804 calculates the changes in delay
that are required to bring the measurements within tolerance and passes the
correction to the controller. The controller maintains a file that
includes the variable delay 1806 to be inserted for each antenna. The
controller changes the delay entry in the file and a new measurement is
taken to validate the calibration. Changes that require significant
changes in delay are unlikely, but if this should happen the controller
would not initiate any measurements that include the leg that is under
recalibration. Thus, the position location capability also provides a
service for the communication system. Self calibration results in a
significant reduction in installation cost and allows the use of more
economical system components.

Location related communications between the antenna devices and the
subscriber terminal can be broken into several different links. The
functions that are performed by these different links are: 1, distance
measurement (requires a two way link, but no traffic); 2, sending
measurement information to subscriber terminal (one way data link, except
for possible retransmission requests); 3, measuring code offset (only
requires user terminal to listen, no data is transferred); 4, Transmit
location file to location center or communication processor 1804 (data
links can be either one way or two way). Distance measurement can only be
performed by the system and since it requires a two way link it can be done
while a normal conversation channel has been established or if the terminal
is in the listening mode the system has to establish a short round trip

connection.

The two way link is required because the base station measures the
code phase difference between the signal it sends to, and the signal it
receives from, the user terminal. In figure 18 the foregoing function is
accomplished in processor 1804. 1In this sense, the system operates like a
radar with a pulse the width of a PN chip. The one way data link message
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transporting the distance message to the user terminal, is a single message
that typically will include an error correcting code, and may also require
an acknowledgment message to be sent back from the user terminal to the
base station. The acknowledgment message could be sent independently or
appended as part of the distance measurement function.

The code offset information is also placed it in a file that is
accessible from outside the system. As described previously the user
terminal time shares one receiver on the three independent paths that
emanate at different times from the three different antennas. Therefore,
the receiver tracks three independent paths one after the other. The PN
code on each path is the same, and as described above the code has the same
starting time at each antenna, but because of the difference in distance to
the three different antennas, from the user terminal, the codes arriving at
the user terminal are of different code phases. However, since the system
cycles very rapidly from antenna to antenna, the receiver cycles between
signals received from each of the antennas. Therefore, the receiver
maintains three separate starting states and tracking loops for the
different time slots. At the end of each time slot, the exact time is
known in advance, the previous state is stored in the computer and restored
at the beginning of the next time slot assigned to the same antenna. Thus,
the processor is emulating three different receivers. The receiver quickly
adjusts for any slight drift that occurred while the receiver was locked to
the other antennas. Note that the receiver has a specific starting state.
Thus, the PN sequence has been shifted to compensate for the difference in
range on the path between the user terminal and the first antenna and the
path between the user terminal and the second antenna. The difference is
the code offset, because the code offset measures the difference in range.
Thus, the distance to the second antenna is known without having to do a
closed loop (two way) measurement. The same process is followed for the
third antenna.

Additional entries, greater than three, in the location file are
available using the normal search mode that the user terminal radio uses to
identify potential candidates for handoff. The user terminal radio
searches the pilot codes emanating from nearby antennas to determine if any
of these antennas have better signals than one of the three that are
currently being used. If so, the user terminal notifies the system that a
good candidate is available. The process of searching starts at the state
of the PN signal coming in from time slot number one and if nothing is
found at that state the radio adds a chip to the path length and integrates
again. The radio keeps adding chips until it finds a signal or exceeds a
range threshold. 1If it exceeds the range threshold it resets the PN
generator to a new pilot code and starts at the 0 offset distance again.
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Therefore, when the radio finds a new pilot signal it knows how many chips
it added before it was successful. The added number of chips is also the
code offset. The code offset value along with the identity of the code,
which uniquely names the antenna, and the time stamp are entered into the
location file. The radio places these entries in the location file even if
they are not better than the current signals. As the radio scans and finds
new antennas it places the four best results in the location file. Aas it

continues to scan, older entries are replaced with newer better entries.

Now that the necessary information is available in the user terminal
location file, it may be made available to any authorized requester.
Location services may be provided by the communications operator or by a
competitive independent service provider. In addition, there will also be
large private location centers operated by owners of large fleets. The
location center 1902 receives the location files over the public switched
network, see figure 19. The network can be a circuit switched network or a
packet switched network. A packet switched network is adequate and
economical for this type of application.
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What is claimed is:

1. In a wireless communication system, a method for communicating a data
packet containing digital data from a transmitter to a receiver to form a
received data packet, said system including first and second antennas
spaced apart from each other, said method comprising:

transmitting said data packet from said first antenna to form a first
transmitted data packet;

transmitting said data packet from said second antenna to form a
second transmitted data packet after said first transmitted data
packet;

receiving in sequence said first and second transmitted data packets
at said receiver forming respective first and second received data
packets; and

selecting at least one of said first and second received data packets
to form said digital data at said receiver.

2. A method in accordance with claim 1, further including a carrier
frequency having a characteristic wavelength, wherein said first and second
antennas are spaced apart from each other by a distance between a quarter
of said wavelength and ten times said wavelength.

3. A method in accordance with claim 1, wherein said step of selecting at
least one of said first and second received data packets to form said

digital data at said receiver comprises a step of combining the energy of
said received first and second received data packets in a maximal manner.

4. A method in accordance with claim 3, wherein said step of combining the
energy of said received first and second received data packets in a maximal
manner is to combine the energy of said received first and second data

packets in a maximum likelihood combiner.

5. In a wireless communication system, a method for communicating a data
packet containing digital data from a transmitter to a receiver to form a
received data packet, said system including first, second and third
antennas spaced apart from each other, said method comprising:

transmitting said data packet from said first antenna to form a first

transmitted data packet;
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transmitting said data packet from said second antenna to form a
second transmitted data packet after said first transmitted data
packet;

transmitting said data packet from said third antenna to form a third
transmitted data packet after said second transmitted data packet;

receiving in sequence said first, second and third transmitted data
packets at said receiver forming respective first, second and third

received data packets; and

selecting at least one of said first, second and third received data
packets to form said digital data at said receiver.

6. A method in accordance with claim 5, further including a carrier
frequency having a characteristic wavelength, wherein said first, second
and third antennas are spaced apart from each other by a distance between a
quarter of said wavelength and ten times said wavelength.

7. A method in accordance with claim 5, wherein said step of selecting at
least one of said first, second and third received data packets to form
said digital data at said receiver comprises a step of combining the energy
of said received first, second and third received data packets in a maximal
manner.

8. A method in accordance with claim 7, wherein said step of combining the
energy of said received first, second and third received data packets in a
maximal manner is to combine the energy of said received first, second and
third data packets in a maximum likelihood combiner.

9. In a wireless communication system, wherein a data packet is
communicated from a transmitter to a receiver to form a received data
packet, a method for determining the location of said receiver, said system
including first, second and third antennas spaced apart from each other,

said method comprising:

transmitting said data packet from said first antenna to form a first

transmitted data packet;

transmitting said data packet from said second antenna to form a
second transmitted data packet after said first transmitted data
packet;

transmitting said data packet from said third antenna to form a third
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receiving in sequence said first, second and third transmitted data
packets at said receiver forming respective first, second and third
received data packets;

selecting at least one of said first and second received data packets
to form said digital data at said receiver;

measuring the respective time of arrival of said first, second and
third transmitted data packets at said receiver; and

computing the location of said receiver from said respective measured
time of arrival of said first, second and third transmitted data
packets.

10. A wireless communication system in accordance with claim 9, wherein
said step of computing the location of said receiver from said respective
measured time of arrival of said first, second and third transmitted data
packets comprises computing the distance to at least one of said first,
second and third antennas.

11. A wireless communication system in accordance with claim 9, wherein
said step of computing the location of said receiver from said respective
measured time of arrival of said first, second and third transmitted data
packets comprises computing the difference in distance between said
receiver to said first and second antennas.

12. A wireless communication system in accordance with claim 11, wherein
said step of computing the location of said receiver from said respective
measured time of arrival of said first, second and third transmitted data
packets comprises computing the difference in distance between said
receiver to said second and third antennas.

13. A wireless communication system in accordance with claim 9, wherein
said step of computing the location of said receiver from said respective
measured time of arrival of said first, second and third transmitted data
packets comprises computing a first distance to said first antenna,
computing a second distance to said second antenna and computing a third
distance to said third antenna, and calculating the position of said
receiver as the intersection of three constant distance curves from said
respective first, second and third antennas at said respective first,
second and third distances.
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14. In a wireless communication system, wherein a data packet is
communicated from a base station to a subscriber station, said system
including a transfer station between said base station and said subscriber
station for receiving said data packet from said base station and
retransmitting said data packet to said subscriber station, said transfer
station including a transfer station receiver, first and second transfer
station transmitters and first and second antennas spaced apart from each
other, a method at said transfer station comprising:

receiving said data packet at said transfer station;

retransmitting said data packet from said first antenna to form a

first transmitted data packet; and

retransmitting said data packet from said second antenna to form a
second transmitted data packet after said first transmitted data
packet.

15. A method in accordance with claim 14, further including a third
transfer station transmitter and a third antenna, said method further
comprising:

retransmitting said data packet from said third antenna to form a
third transmitted data packet after said second transmitted data
packet.

16. A method in accordance with claim 15, wherein said data packet is
communicated from said base station to said transfer station, and said data
packet is retransmitted from said transfer station to said subscriber
station by a code division multiplex signal, said code division multiplex
signal being divided into time division multiplex first and second time
slots containing said first transmitted data packet and said second
transmitted data packet, from said first and second antenna respectively.

17. A method in accordance with claim 16, wherein said data packet is
retransmitted from said transfer station to said subscriber station by a
code division multiplex signal, said code division multiplex signal being
divided into a third time division multiplex time slot containing said

third transmitted data packet.

18. A method in accordance with claim 16, wherein said data packet is
communicated from said base station to said transfer station by a time
division multiplex digital radio link.
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19. A method in accordance with 16, wherein said data packet is
communicated from said base station to said transfer station by a broadband
cable television link.

20. A method in accordance with 16, wherein said data packet is
communicated from said base station to said transfer station by a
fiberoptic cable link.

21. A method in accordance with 16, wherein said data packet is
communicated from said base station to said transfer station by a pair gain
module telephone link.

22. A method in accordance with 16, wherein said data packet is
communicated from said base station to said transfer station by a twisted
pair wire loop telephone link.

23. A method in accordance with claim 14, further including a carrier
frequency having a characteristic wavelength, wherein said first and second
antennas are spaced apart from each other by a distance between a quarter
of said wavelength and ten times said wavelength.

24. In a wireless communication system, wherein a data packet is
communicated from a base station to a subscriber station, said system
including at least one transfer station between said base station and said
subscriber station for receiving said data packet from said base station
and retransmitting said data packet to said subscriber station on a first
antenna to form a first transmitted data packet and retransmitting said
data packet on a second antenna to form a second transmitted data packet
after said first transmitted data packet, a method in a receiver in said
subscriber station for receiving said data packet, said method comprising:

receiving said first transmitted data packet at said subscriber
station receiver forming said first received data packet;

receiving said second transmitted data packet at said subscriber
station receiver forming respective second received data packet after
receiving said first transmitted data packet;

selecting at least one of said first and second received data packets
to form said received data packet at said receiver.

25. A method in accordance with claim 24, further comprising the step of
selecting one of said first and second data packets based in part on the
first and second data packet having the least bit error rate.
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26. A method in accordance with claim 24, further comprising the step of
selecting one of said first and second data packets based in part on the
first and second data packet having the least bit phase distortion.

27. A method in accordance with claim 24, further comprising the step of
selecting one of said first and second data packets based in part on the
first and second data packet having the highest signal to noise ratio.

28. A method in accordance with claim 24, wherein said data packet is
communicated from said base station to said transfer station by a time
division multiplex signal, and said data packet is retransmitted from said
transfer station to said subscriber station by a code division multiplex
signal, said code division multiplex signal being divided into first and
second time slots containing said first transmitted data packet and said
second transmitted data packet, respectively.

29. A method in accordance with claim 28, further including
retransmitting said data packet on a third antenna to form a third
transmitted data packet after said second transmitted data packet, wherein
said code division multiplex signal is further divided into a third time
slot containing said third transmitted data packet.

30. A method in accordance with claim 28, wherein said subscriber station
further includes an antenna and a transmitter, and wherein said subscriber

station method further includes the step of switching said antenna between

said receiver for receiving said data packet and said transmitter.

31. A method in accordance with claim 24, wherein said system further
includes retransmitting said data packet on a third antenna to form a third
transmitted data packet after said second transmitted data packet, said
method for receiving said data packet in said subscriber station receiver

further comprising:

receiving said third transmitted data packet at said subscriber
station receiver forming said third received data packet after
receiving said second transmitted data packet;

selecting at least one of said first, second and third received data
packets to form said received data packet at said receiver;

measuring the respective time of arrival of said first, second and
third transmitted data packets at said subscriber station, and

computing the location of said subscriber station from said
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respective measured time of arrival of said first, second and third
transmitted data packets.

32. A wireless communication system in accordance with claim 31, wherein
said step of computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets comprises computing the distance to at least one
of said first, second and third antennas.

33. A wireless communication system in accordance with claim 31, wherein
said step of computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets comprises computing the difference in distance
between said receiver to said first and second antennas.

34. A wireless communication system in accordance with claim 33, wherein
said step of computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets comprises computing the difference in distance
between said receiver to said second and third antennas.

35. A wireless communication system in accordance with claim 31, wherein
said step of computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets comprises computing a first distance to said first
antenna, computing a second distance to said second antenna and computing a
third distance to said third antenna, and calculating the position of said
receiver as the intersection of three constant distance curves from said
respective first, second and third antennas at said respective first,
second and third distances.

36. A method in accordance with claim 31, further comprising transmitting
a location file containing data representing said location of said
subscriber station from said subscriber station to said base station.

37. A method in accordance with claim 24, wherein said system further
includes retransmitting said data packet on a third antenna to form a third
transmitted data packet after said second transmitted data packet, said
method for receiving said data packet in said subscriber station receiver

further comprising:

receiving said third transmitted data packet at said subscriber
station receiver forming said third received data packet after

receiving said second transmitted data packet;
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selecting at least one of said first, second and third received data
packets to form said received data packet at said receiver;

measuring the respective time of arrival of said first, second and
third transmitted data packets at said subscriber station;

computing a location file comprising data representing the location
of said subscriber station from said respective measured time of
arrival of said first, second and third transmitted data packets; and

transmitting the contents of said location file containing data
corresponding to said measured respective time of arrival of said
first, second and third transmitted data packets at said subscriber
station from said subscriber station to said base station.

38. A method in accordance with claim 37, wherein said base station
receives the contents of said location file containing data corresponding
to said measured respective time of arrival of said first, second and third
transmitted data packets at said subscriber station, computes the location
of said subscriber station, and transmits the computed location of said
subscriber station to said subscriber station, said subscriber station
method further comprising the step of receiving said computed subscriber
station location.

39. A method in accordance with claim 37, wherein said location file
contains data representing the distance to one of said first, second and
third antennas, and the respective differences in time of arrival of
received data packets between said one of said first, second and third
antennas, and the remaining two other ones of said first, second and third
antennas.

40. A method in accordance with claim 37, wherein said location file data
is accessed by said base station by dial up through the public switched
telephone network.

41. A method in accordance with claim 37, wherein said location file data
is accessed by a password and transmitted to said base station in encrypted

form.
42, A method in accordance with claim 37, wherein said location file data
is transmitted to said base station responsive to an initiation indication

at said subscriber station.

43. In a wireless communication system, wherein a data packet is
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communicated from a base station to a subscriber station, said system
including first and second transfer stations spaced apart from each other,
each said first and second transfer station adapted for receiving said data
packet from said base station and retransmitting said data packet to said
subscriber station, said first transfer station including a first transfer
station receiver, a first transfer station transmitter and a first transfer
station antenna, said second transfer station including a second transfer
station receiver, a second transfer station transmitter and a second
transfer station antenna, a method comprising:

receiving said data packet at said first and second transfer
stations;

retransmitting said data packet from said first transfer station
antenna to form a first transmitted data packet;

retransmitting said data packet from said second transfer station
antenna to form a second transmitted data packet after said first
transmitted data packet.

44. In a wireless communication system in accordance with claim 43,
further including a third transfer station having a third transfer station
receiver, a third transfer station transmitter and a third transfer
antenna, said method further comprising:

receiving said data packet at said third transfer station;

retransmitting said data packet from said third transfer station
antenna to form a third transmitted data packet after said second
transmitted data packet.

45, A method in accordance with claim 44, wherein said data packet is
communicated from said base station to each said transfer station, and said
data packet is retransmitted from each said transfer station to said
subscriber station by a code division multiplex signal, said code division
multiplex signal being divided into time division multiplex first and
second time slots containing said first transmitted data packet and said

second transmitted data packet, respectively.
46. A method in accordance with claim 45, said code division multiplex
signal being divided into a third time division multiplex time slot

containing said third transmitted data packet.

47. A method in accordance with claim 45, wherein said data packet is
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communicated from said base station to said transfer station by a time
division multiplex digital radio link.

48. A method in accordance with 45, wherein said data packet is
communicated from said base station to said transfer station by a broadband
cable television link.

49. A method in accordance with 45, wherein said data packet is
communicated from said base station to said transfer station by a

fiberoptic cable link.

50. A method in accordance with 45, wherein said data packet is
communicated from said base station to said transfer station by a pair gain

module telephone link.

51. A method in accordance with 45, wherein said data packet is
communicated from said base station to said transfer station by a twisted
pair wire loop telephone link.

52. In a wireless communication system wherein a data packet is
communicated from a base station to a subscriber station on a broadcast
frequency for over the air transmission, and further including a wideband
cable distribution system having a headend coupled to a plurality of spaced
apart antennas by a wideband transmission cable, said system including at
least one centrally located transfer station at said cable distribution
headend, said transfer station adapted for receiving said data packet from
said base station and retransmitting said data packet to said subscriber
station by said wideband transmission cable, said wideband cable
distribution system further including a first remotely located antenna and
a second remotely located antenna disposed at first and second locations
spaced apart on said wideband cable distribution cable respectively, a
method comprising:

receiving said data packet at said centrally located transfer

station;

transmitting said data packet from said centrally located transfer
station to said first remotely located antenna on a first cable

carrier frequency on said wideband transmission cable;

receiving said data packet at said first remotely located antenna on

said first cable carrier frequency;

retransmitting said data packet from said first remotely located
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antenna on said broadcast fregquency for over the air transmission to
form a first transmitted data packet;

transmitting said data packet from said centrally located transfer
station to said second remotely located antenna on a second cable
carrier frequency on said wideband transmission cable;

receiving said data packet at said second remotely located antenna on
said second cable carrier frequency;

retransmitting said data packet from said second remotely located
antenna on said broadcast frequency for over the air transmission to
form a second transmitted data packet after said first transmitted
data packet.

In a wireless communication system in accordance with claim 52,

further including a third remotely located antenna, said method further

comprising:

54.

transmitting said data packet from said centrally located transfer
station to said third remotely located antenna on a third cable
carrier frequency on said wideband transmission cable;

receiving said data packet at said third remotely located antenna on
said third cable carrier frequency;

retransmitting said data packet from said third remotely located
antenna on said broadcast frequency for over the air transmission to
form a transmitted third data packet after said second transmitted
data packet.

A method in accordance with claim 53, wherein said data packet is

communicated from said base station to each said transfer station, and said
data packet is retransmitted from each said transfer station to said first
and second remotely located antennas by a code division multiplex signal,
said code division multiplex signal being divided into time division
multiplex first and second time slots containing said first transmitted
data packet and said second transmitted data packet, respectively.

55.

A method in accordance with claim 54, wherein said data packet is

retransmitted from said transfer station to said third remotely located
antenna by a code division multiplex signal, said code division multiplex
signal being divided into a third time division multiplex time slot

containing said third transmitted data packet.



WO 96/08908 PCT/US95/11067

-47-~

56. A method in accordance with claim 54, wherein said system include a
plurality of said centrally located transfer stations.

57. A method in accordance with claim 54, wherein said wideband
transmission cable is a coaxial cable.

58. A method in accordance with claim 54, wherein said wideband
transmission cable is a fiberoptic cable link.

59. In a wireless communication system, an apparatus for communicating a
data packet containing digital data from a transmitter to a receiver to
form a received data packet, said system including first and second
antennas spaced apart from each other, said apparatus comprising:

means for transmitting said data packet from said first antenna to

form a first transmitted data packet;

means for transmitting said data packet from said second antenna to
form a second transmitted data packet after said first transmitted
data packet;

means for receiving in sequence said first and second transmitted
data packets at said receiver forming respective first and second

received data packets; and

means for selecting at least one of said first and second received
data packets to form said digital data at said receiver.

60. An apparatus in accordance with claim 59, further including a carrier
frequency having a characteristic wavelength, wherein said first and second
antennas are spaced apart from each other by a distance between a quarter
of said wavelength and ten times said wavelength.

61. An apparatus in accordance with claim 59, wherein said means for
selecting at least one of said first and second received data packets to
form said digital data at said receiver comprises a means for combining the
energy of said received first and second received data packets in a maximal

manner.

62. An apparatus in accordance with claim 61, wherein said means for
combining the energy of said received first and second received data
packets in a maximal manner is to combine the energy of said received first
and second data packets in a maximum likelihood combiner.
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63. In a wireless communication system, an apparatus for communicating a
data packet containing digital data from a transmitter to a receiver to
form a received data packet, said system including first, second and third
antennas spaced apart from each other, said apparatus comprising:

means for transmitting said data packet from said first antenna to
form a first transmitted data packet;

means for transmitting said data packet from said second antenna to
form a second transmitted data packet after said first transmitted
data packet;

means for transmitting said data packet from said third antenna to
form a third transmitted data packet after said second transmitted
data packet;

means for receiving in sequence said first, second and third
transmitted data packets at said receiver forming respective first,
second and third received data packets; and

means for selecting at least one of said first, second and third
received data packets to form said digital data at said receiver.

64. An apparatus in accordance with claim 63, further including a carrier
frequency having a characteristic wavelength, wherein said first, second
and third antennas are spaced apart from each other by a distance between a
quarter of said wavelength and ten times said wavelength.

65. An apparatus in accordance with claim 63, wherein said means for
selecting at least one of said first, second and third received data
packets to form said digital data at said receiver comprises a means for
combining the energy of said received first, second and third received data

packets in a maximal manner.

66. An apparatus in accordance with claim 65, wherein said means for
combining the energy of said received first, second and third received data
packets in a maximal manner is to combine the energy of said received
first, second and third data packets in a maximum likelihood combiner.

67. In a wireless communication system, wherein a data packet is
communicated from a transmitter to a receiver to form a received data
packet, an apparatus for determining the location of said receiver, said
system including first, second and third antennas spaced apart from each

other, said apparatus comprising:
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means for transmitting said data packet from said first antenna to
form a first transmitted data packet;

means for transmitting said data packet from said second antenna to
form a second transmitted data packet after said first transmitted

data packet;

means for transmitting said data packet from said third antenna to
form a third transmitted data packet after said second transmitted
data packet;

means for receiving in sequence said first, second and third
transmitted data packets at said receiver forming respective first,
second and third received data packets;

means for selecting at least one of said first and second received
data packets to form said digital data at said receiver;

means for measuring the respective time of arrival of said first,
second and third transmitted data packets at said receiver; and

means for computing the location of said receiver from said
respective measured time of arrival of said first, second and third
transmitted data packets.

68. A wireless communication system in accordance with claim 67, wherein
said means for computing the location of said receiver from said respective
measured time of arrival of said first, second and third transmitted data
packets comprises computing the distance to at least one of said first,
second and third antennas.

69. A wireless communication system in accordance with claim 67, wherein
said means for computing the location of said receiver from said respective
measured time of arrival of said first, second and third transmitted data
packets comprises means for computing the difference in distance between

said receiver to said first and second antennas.

70. A wireless communication system in accordance with claim 69, wherein
said means for computing the location of said receiver from said respective
measured time of arrival of said first, second and third transmitted data
packets comprises means for computing the difference in distance between
said receiver to said second and third antennas.

71. A wireless communication system in accordance with claim 67, wherein
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said means for computing the location of said receiver from said respective
measured time of arrival of said first, second and third transmitted data
packets comprises means for computing a first distance to said first
antenna, means for computing a second distance to said second antenna and
computing a third distance to said third antenna, and means for calculating
the position of said receiver as the intersection of three constant
distance curves from said respective first, second and third antennas at
said respective first, second and third distances.

72. In a wireless communication system, wherein a data packet is
communicated from a base station to a subscriber station, said system
including a transfer station between said base station and said subscriber
station for receiving said data packet from said base staticn and
retransmitting said data packet to said subscriber station, said transfer
station including a transfer station receiver, first and second transfer
station transmitters and first and second antennas spaced apart from each
other, an apparatus at said transfer station comprising:

means for receiving said data packet at said transfer station;

means for retransmitting said data packet from said first antenna to
form a first transmitted data packet; and

means for retransmitting said data packet from said second antenna to
form a second transmitted data packet after said first transmitted

data packet.

73. An apparatus in accordance with claim 72, further including a third
transfer station transmitter and a third antenna, said apparatus further

comprising:

means for retransmitting said data packet from said third antenna to
form a third transmitted data packet after said second transmitted

data packet.

74. An apparatus in accordance with claim 73, wherein said data packet is
communicated from said base station to said transfer station, and said data
packet is retransmitted from said transfer station to said subscriber
station by a code division multiplex signal, said code division multiplex
signal being divided into time division multiplex first and second time
slots containing said first transmitted data packet and said second
transmitted data packet, from said first and second antenna respectively.

75. An apparatus in accordance with claim 74, wherein said data packet is
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retransmitted from said transfer station to said subscriber station by a
code division multiplex signal, said code division multiplex signal being
divided into a third time division multiplex time slot containing said
third transmitted data packet.

76. An apparatus in accordance with claim 74, wherein said data packet is
communicated from said base station to said transfer station by a time
division multiplex digital radio link.

77. An apparatus in accordance with 74, wherein said data packet is
communicated from said base station to said transfer station by a broadband
cable television link.

78. An apparatus in accordance with 74, wherein said data packet is
communicated from said base station to said transfer station by a
fiberoptic cable link.

79. An apparatus in accordance with 74, wherein said data packet is
communicated from said base station to said transfer station by a pair gain
module telephone link.

80. An apparatus in accordance with 74, wherein said data packet is
communicated from said base station to said transfer station by a twisted
pair wire loop telephone link.

81. An apparatus in accordance with claim 72, further including a carrier
frequency having a characteristic wavelength, wherein said first and second
antennas are spaced apart from each other by a distance between a quarter
of said wavelength and ten times said wavelength.

82. In a wireless communication system, wherein a data packet is
communicated from a base station to a subscriber station, said system
including at least one transfer station between said base station and said
subscriber station for receiving said data packet from said base station
and retransmitting said data packet to said subscriber station on a first
antenna to form a first transmitted data packet and retransmitting said
data packet on a second antenna to form a second transmitted data packet
after said first transmitted data packet, an apparatus in a receiver in
said subscriber station for receiving said data packet, said apparatus

comprising:

means for receiving said first transmitted data packet at said
subscriber station receiver forming said first received data packet;
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means for receiving said second transmitted data packet at said
subscriber station receiver forming respective second received data
packet after receiving said first transmitted data packet;

means for selecting at least one of said first and second received
data packets to form said received data packet at said receiver.

83. An apparatus in accordance with claim 82, further comprising the
means for selecting one of said first and second data packets based in part
on the first and second data packet having the least bit error rate.

84. An apparatus in accordance with claim 82, further comprising the
means for selecting one of said first and second data packets based in part
on the first and second data packet having the least bit phase distortion.

85. An apparatus in accordance with claim 82, further comprising the
means for selecting one of said first and second data packets based in part
on the first and second data packet having the highest signal to noise
ratio.

86. An apparatus in accordance with claim 82, wherein said data packet is
communicated from said base station to said transfer station by a time
division multiplex signal, and said data packet is retransmitted from said
transfer station to said subscriber station by a code division multiplex
signal, said code division multiplex signal being divided into first and
second time slots containing said first transmitted data packet and said
second transmitted data packet, respectively.

87. An apparatus in accordance with claim 86, further including
retransmitting said data packet on a third antenna to form a third
transmitted data packet after said second transmitted data packet, wherein
said code division multiplex signal is further divided into a third time
slot containing said third transmitted data packet.

88. An apparatus in accordance with claim 86, wherein said subscriber
station further includes an antenna and a transmitter, and wherein said
subscriber station apparatus further includes the means for switching said
antenna between said receiver for receiving said data packet and said

transmitter.

89. An apparatus in accordance with claim 82, wherein said system further
includes retransmitting said data packet on a third antenna to form a third
transmitted data packet after said second transmitted data packet, said
apparatus for receiving said data packet in said subscriber station
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receiver further comprising:

means for receiving said third transmitted data packet at said
subscriber station receiver forming said third received data packet
after receiving said second transmitted data packet;

means for selecting at least one of said first, second and third
received data packets to form said received data packet at said
receiver;

means for measuring the respective time of arrival of said first,
second and third transmitted data packets at said subscriber station,
and

means for computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets.

90. A wireless communication system in accordance with claim 89, wherein
said means for computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets comprises computing the distance to at least one
of said first, sBecond and third antennas.

91. A wireless communication system in accordance with claim 89, wherein
said means for computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets comprises means for computing the difference in
distance between said receiver to said first and second antennas.

92. A wireless communication system in accordance with claim 91, wherein
said means for computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets comprises means for computing the difference in

distance between said receiver to said second and third antennas.

23. A wireless communication system in accordance with claim 89, wherein
said means for computing the location of said subscriber station from said
respective measured time of arrival of said first, second and third
transmitted data packets comprises means for computing a first distance to
said first antenna, means for computing a second distance to said second
antenna and menans for computing a third distance to said third antenna,
and means for calculating the position of said receiver as the intersection

of three constant distance curves from said respective first, second and
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third antennas at said respective first, second and third distances.

94. An apparatus in accordance with claim 89, further comprising means
for transmitting a location file containing data representing said location
of said subscriber station from said subscriber station to said base

station.

95. An apparatus in accordance with claim 82, wherein said system further
includes means for retransmitting said data packet on a third antenna to
form a third transmitted data packet after said second transmitted data
packet, said apparatus for receiving said data packet in said subscriber
station receiver further comprising:

means for receiving said third transmitted data packet at said
subscriber station receiver forming said third received data packet
after receiving said second transmitted data packet;

means for selecting at least one of said first, second and third
received data packets to form said received data packet at said
receiver;

means for measuring the respective time of arrival of said first,
second and third transmitted data packets at said subscriber station;

means for computing a location file comprising data representing the
location of said subscriber station from said respective measured
time of arrival of said first, second and third transmitted data
packets; and

means for transmitting the contents of said location file containing
data corresponding to said measured respective time of arrival of
said first, second and third transmitted data packets at said
subscriber station from said subscriber station to said base station.

96. An apparatus in accordance with claim 95, wherein said base station
receives the contents of said location file containing data corresponding
to said measured respective time of arrival of said first, second and third
transmitted data packets at said subscriber station, computes the location
of said subscriber station, and transmits the computed location of said
subscriber station to said subscriber station, said subscriber station
apparatus further comprising the means for receiving said computed
subscriber station location.

97. An apparatus in accordance with claim 95, wherein said location file
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‘contains data representing the distance to one of said first, second and
third antennas, and the respective differences in time of arrival of
received data packets between said one of said first, second and third
antennas, and the remaining two other ones of said first, second and third

antennas.

98. An apparatus in accordance with claim 95, wherein said location file
data is accessed by said base station by dial up through the public
switched telephone network.

99. An apparatus in accordance with claim 95, wherein said location file
data is accessed by a password and transmitted to said base station in

encrypted form.

100. An apparatus in accordance with claim 95, wherein said location file
data is transmitted to said base station responsive to an initiation
indication at said subscriber station.

101. In a wireless communication system, wherein a data packet is
communicated from a base station to a subscriber station, said system
including first and second transfer stations spaced apart from each other,
each said first and second transfer station adapted for receiving said data
packet from said base station and retransmitting said data packet to said
subscriber station, said first transfer station including a first transfer
station receiver, a first transfer station transmitter and a first transfer
station antenna, said second transfer station including a second transfer
station receiver, a second transfer station transmitter and a second

transfer station antenna, an apparatus comprising:

means for receiving said data packet at said first and second

transfer stations;

means for retransmitting said data packet from said first transfer

station antenna to form a first transmitted data packet;

means for retransmitting said data packet from said second transfer
station antenna to form a second transmitted data packet after said

first transmitted data packet.

102. 1In a wireless communication system in accordance with claim 101,
further including a third transfer station having a third transfer station
receiver, a third transfer station transmitter and a third transfer
antenna, said apparatus further comprising:
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means for receiving said data packet at said third transfer station;

means for retransmitting said data packet from said third transfer
gtation antenna to form a third transmitted data packet after said
second transmitted data packet.

103. An apparatus in accordance with claim 102, wherein said data packet
is communicated from said base station to each said transfer station, and
said data packet is retransmitted from each said transfer station to said
subscriber station by a code division multiplex signal, said code division
multiplex signal being divided into time division multiplex first and
second time slots containing said first transmitted data packet and said

second transmitted data packet, respectively.

104. An apparatus in accordance with claim 103, said code division
multiplex signal being divided into a third time division multiplex time
slot containing said third transmitted data packet.

105. An apparatus in accordance with claim 103, wherein said data packet
is communicated from said base station to said transfer station by a time
division multiplex digital radio link.

106. An apparatus in accordance with 103, wherein said data packet is
communicated from said base station to said transfer station by a broadband
cable television link.

107. An apparatus in accordance with 103, wherein said data packet is
communicated from said base station to said transfer station by a
fiberoptic cable link.

108. An apparatus in accordance with 103, wherein said data packet is
communicated from said base station to said transfer station by a pair gain
module telephone link.

109. An apparatus in accordance with 103, wherein said data packet is
communicated from said base station to said transfer station by a twisted

pair wire loop telephone link.

110. In a wireless communication system wherein a data packet is
communicated from a base station to a subscriber station on a broadcast
frequency for over the air transmission, and further including a wideband
cable distribution system having a headend coupled to a plurality of spaced
apart antennas by a wideband transmission cable, said system including at
least one centrally located transfer station at said cable distribution
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headend, said transfer station adapted for receiving said data packet from
said base station and retransmitting said data packet to said subscriber
station by said wideband transmission cable, said wideband cable
distribution system further including a first remotely located antenna and
a second remotely located antenna disposed at first and second locations
spaced apart on said wideband cable distribution cable respectively, an
apparatus comprising:

means for receiving said data packet at said centrally located

transfer station;

means for transmitting said data packet from said centrally located
transfer station to said first remotely located antenna on a first
cable carrier frequency on said wideband transmission cable;

means for receiving said data packet at said first remotely located
antenna on said first cable carrier frequency;

means for retransmitting said data packet from said first remotely
located antenna on said broadcast frequency for over the air
transmission to form a first transmitted data packet;

means for transmitting said data packet from said centrally located
transfer station to said second remotely located antenna on a second
cable carrier frequency on said wideband transmission cable;

means for receiving said data packet at said second remotely located
antenna on said second cable carrier frequency;

means for retransmitting said data packet from said second remotely
located antenna on said broadcast frequency for over the air
transmission to form a second transmitted data packet after said

first transmitted data packet.

111. In a wireless communication system in accordance with claim 110,
further including a third remotely located antenna, said apparatus further

comprising:

means for transmitting said data packet from said centrally located
transfer station to said third remotely located antenna on a third
cable carrier frequency on said wideband transmission cable;

means for receiving said data packet at said third remotely located
antenna on said third cable carrier frequency;
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means for retransmitting said data packet from said third remotely
located antenna on said broadcast frequency for over the air
transmission to form a transmitted third data packet after said
second transmitted data packet.

112. An apparatus in accordance with claim 111, wherein said data packet
is communicated from said base station to each said transfer station, and
said data packet is retransmitted from each said transfer station to said
first and second remotely located antennas by a code division multiplex
signal, said code division multiplex signal being divided into time
division multiplex first and second time slots containing said first
transmitted data packet and said second transmitted data packet,
respectively.

113. An apparatus in accordance with claim 112, wherein said data packet
is retransmitted from said transfer station to said third remotely located
antenna by a code division multiplex signal, said code division multiplex
signal being divided into a third time division multiplex time slot
containing said third transmitted data packet.

114. An apparatus in accordance with claim 112, wherein said system
include a plurality of said centrally located transfer stations.

115. An apparatus in accordance with claim 112, wherein said wideband
transmission cable is a coaxial cable.

116. An apparatus in accordance with 112, wherein said wideband
transmission cable is a fiberoptic cable link. ‘

117. A method in accordance with claim 37, wherein said location file data
is accessed by a password.

118. A method in accordance with claim 37, wherein said location file data
is transmitted to said base station in encrypted form.

119. An apparatus in accordance with claim 95, wherein said location file

data is accessed by a password.

120. An apparatus in accordance with claim 95, wherein said location file

data is transmitted to said base station in encrypted form.

121. In a wireless communication system, wherein a data packet is
communicated from a transmitter to a receiver to form a received data
packet, including a method for determining the location of said receiver,
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said system including first, second and third antennas spaced apart from
each other, a method for calibrating said location system, said calibration
method comprising:

positioning a calibration receiver at a known location;

transmitting said data packet from said first antenna to form a first

transmitted data packet;

transmitting said data packet from said second antenna to form a
second transmitted data packet after said first transmitted data
packet;

transmitting said data packet from said third antenna to form a third
transmitted data packet after said second transmitted data packet;

receiving in sequence said first, second and third transmitted data
packets at said calibration receiver forming respective first, second
and third received data packets;

measuring the respective time of arrival of said first, second and
third transmitted data packets at said calibration receiver;

computing the location of said calibration receiver from said
respective measured time of arrival of said first, second and third
transmitted data packets; and

comparing the computed location of said calibration receiver to said

known location.

122. A wireless communication system in accordance with claim 121, wherein
said calibration method further comprises computing the difference between
said computed location and said known location, and introducing respective
delays in transmissions from said first, second and third antennas to

calibrate said system.

123. A wireless communication system in accordance with claim 121, wherein
said calibration method further comprises computing error indications
representing the difference between said computed location and said known
location, and storing said error indications for use in said method for
determining the location of said receiver to calibrate said system.

124. In a wireless communication system, wherein a data packet is
communicated from a transmitter to a receiver to form a received data
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packet, including an apparatus for determining the location of said
receiver, said system including first, second and third antennas spaced
apart from each other, an apparatus for calibrating said location system,

said calibration apparatus comprising:
a calibration receiver positioned at a known location;

means for transmitting said data packet from said first antenna to
form a first transmitted data packet;

means for transmitting said data packet from said second antenna to
form a second transmitted data packet after said first transmitted
data packet;

means for transmitting said data packet from said third antenna to
form a third transmitted data packet after said second transmitted
data packet;

means for receiving in sequence said first, second and third
transmitted data packets at said calibration receiver forming
respective first, second and third received data packets;

means for measuring the respective time of arrival of said first,
second and third transmitted data packets at said calibration
receiver;

means for computing the location of said calibration receiver from
said respective measured time of arrival of said first, second and
third transmitted data packets; and

means for comparing the computed location of said calibration
receiver to said known location.

125. A wireless communication system in accordance with claim 124, wherein
said calibration means further comprises means for computing the difference
between said computed location and said known location, and means for
introducing respective delays in transmissions from said first, second and

third antennas to calibrate said system.

126. A wireless communication system in accordance with claim 124, wherein
said calibration means further comprises means for computing error

indications representing the difference between said computed location and
said known location, and means for storing said computed error indications

for use in said means for determining the location of said receiver to
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calibrate said system.

127. A method in accordance with claim 31, further comprising transmitting
a location file containing data representing said location of said
subscriber station from said subscriber station to a location service

center separate from said base station.

128. An apparatus in accordance with claim 89, further comprising means
for transmitting a location file containing data representing said location
of said subscriber station from said subscriber station to a location
service center separate from said base station.

129. A method in accordance with claim 24, wherein said system further
includes retransmitting said data packet on a third antenna to form a third
transmitted data packet after said second transmitted data packet, said
method for receiving said data packet in said subscriber station receiver
further comprising:

receiving said third transmitted data packet at said subscriber
station receiver forming said third received data packet after
receiving said second transmitted data packet;

selecting at least one of said first, second and third received data
packets to form said received data packet at said receiver;

measuring the respective time of arrival of said first, second and
third transmitted data packets at said subscriber station;

computing a location file comprising data representing the location
of said subscriber station from said respective measured time of
arrival of said first, second and third transmitted data packets; and

transmitting the contents of said location file containing data
corresponding to said measured respective time of arrival of said
first, second and third transmitted data packets at said subscriber
station from said subscriber station to a location service center

separate from said base station.

130. An apparatus in accordance with claim 82, wherein said system further
includes retransmitting said data packet on a third antenna to form a third
transmitted data packet after said second transmitted data packet, said
apparatus for receiving said data packet in said subscriber station
receiver further comprising:
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means for receiving said third transmitted data packet at said
subscriber station receiver forming said third received data packet
after receiving said second transmitted data packet;

means for selecting at least one of said first, second and third
received data packets to form said received data packet at said

receiver;

means for measuring the respective time of arrival of said first,
second and third transmitted data packets at said subscriber station;

means for computing a location file comprising data representing the
location of said subscriber station from said respective measured
time of arrival of said first, second and third transmitted data
packets; and

means for transmitting the contents of said location file containing
data corresponding to said measured respective time of arrival of
said first, second and third transmitted data packets at said
subscriber station from said subscriber station to a location service
center separate from said base station.

131. A method in accordance with claim 129, wherein said location service
center receives the contents of said location file containing data
corresponding to said measured respective time of arrival of said first,
second and third transmitted data packets at said subscriber station,
computes the location of said subscriber station, and transmits the
computed location of said subscriber station to said subscriber station,
said subscriber station method further comprising the step of receiving and
displaying said computed subscriber station location.

132. An apparatus in accordance with claim 130, wherein said location
service center receives the contents of said location file containing data
corresponding to said measured respective time of arrival of said first,
second and third transmitted data packets at said subscriber station,
computes the location of said subscriber station, and transmits the
computed location of said subscriber station to said subscriber station,
said subscriber station apparatus further comprising the means for
receiving and displaying said computed subscriber station location.

133. A method in accordance with claim 129, wherein said location file
data is accessed by a location service center center separate from said
base station, and connected to said base staion through the public switched

telephone network.
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134. An apparatus in accordance with claim 130, wherein said location file
data is accessed by a location service center center separate from said
base station, and connected to said base station through the public
switched telephone network.

135. A method in accordance with claim 129, wherein said location file
data is accessed by a password and transmitted to a location service center
separate from said base station through the public switched telephone
network.

136. An apparatus in accordance with claim 130, wherein said location file
data is accessed by a password and transmitted to a location service center
separate from said base station through the public switched telephone
network.

137. A method in accordance with claim 129, wherein said location file
data is transmitted to said base station responsive to an initiation
indication at said subscriber station and to a location service center
separate from said base station through the public switched telephone
network.

138. RAn apparatus in accordance with claim 130, wherein said location file
data is transmitted to said base station responsive to an initiation
indication at said subscriber station and to a location service center
separate from said base station through the public switched telephone
network.9
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Transfer Station COMA Output to Antennas (Forward Chan.)
Time Slots ] 2 3 4 5 6 1 2

AntennaA | Ty [ T2 | T3 | T4 | T5 | Tg T TA
AntennaB | Tg | T Tol T3 T4 | Tg Tgl T
AntennaC | T4 [ Tg [ Tg| T1 | T2 | T3 | T4| Tg

10072

Transfer Station CDMA Input from Antennas (Reverse Chan.)
Time Slots ] 2 3 4 5 6 1 2

AntennaA | Rs | Rg | R jZ R3 | R4 | Rs | Rg ~ 1004

AntennaB | Rg | Rg | Ry | R5 | R3 | R4 | Rs | Rg
AntennaC | Rg | Rg | Rq | Ry

Tx = Transmitter Channel X Rx = Receiver Channel X
Fig 107

Transfer Station CDMA Output to Antennas (Forward Chan.)

Time Slots 12 3 4 5 6 1 2

Antenna A |T1 7 1728 T3Q T4]Q IS,I—ITG.IZTL? T_Z,B ~ 1006
AntennaB [16121T1,7 [T28 [T39 [T410[T511|7612[T; 7.
Antenna C [T410]T511{Tg12 .7 T2,8|T39 [T410 T511

Transfer Station COMA Input from Antennas (Reverse Chan.)
Time Slots ] 2 3 4 S e ] 2

Antenna A [R5 11R6,12R 1,7 [R28 [R3.9 |§4.1o§5,11 Rg12}~ 1008

AntennaB [R511[Rg15IR17 [R2.8 [R3 9 [Ra.10[R5,11|R612
Antenna C [R'511[Rg12[R1,7 [R2,8 |R3 g |R4,10[R511|R 12

Tx = Transmitter Channel X Rx = Receiver Channel X
Tx,y = Transmitter Channels X and Y Ryx,y = Receiver Channels X and Y

Fli~ {03
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Transfer Station COMA Output to Antennas (Forward Chan.)

Time Slots 1 2 3 4 5 6 1 2
T [Tz [ T3] T4 Ts][ 76| T1] T2 V/1°*
Antenna A 17 ;5——;9 ol T} T T7| Tg |
B3| ha| Ns| Me| 7] he| N3] Tia
Tg | T20]| To1| T2 To3| To4]| Tie| T20
Time Slots 1 2 3 4 5 6 1 2 110 f
Te 1T [ T2 [ T2l talls ] 6] 11 1
Antenna B l&# ;8 Tg T1 0 T1 1 I1 2 TL.
hg | 3 [ Tal Tis| Tie| Taz| Ts| T3
T4| Tig | Too] To1{ To2| B3| B4| T9
Time Slots 12 3 4 5 6 1 2 06
T, [T [Tg | T1 | To | T3 | T4 Ts ™~ I
Tio| T Tg T T1q |
Antenna C ‘T’1 0 ;1 1 1T1 2 T? :';_8 Tq i_w_ Ty
161 117] M8l Ti3[ Tial 5| el N7
Too| B3 | Toa| To| Tog| T2 2| Ta3
Transfer Station CDMA Input from Antennas (Reverse Chan.)
12 3 4 5 6 1 2
Antenna A, Rs [Rg [ R1 [ Ra [R3 [Ra]Rs | Re | g
Antenna B and Ri1 [ Ry2 | R7 | Rg Rg | Rig] R11| Ry "
AntepnaChave R” R18 R13 R14 R‘IS R'lG R17 R1g
Identical Time R R R R “R-. 1 R R R

Fie 116
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