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Mobile Radio Communications System with Moving Base Station

BACKGROUND OF THE INVENTION
Field of the Invention

_The invention relates to cellular telephone systems in which a .
mobile unit communicates by wireless communication to a base station
connected to the wire telephone network and more particularly to cellular
telephone systems adapted.for use with fast-moving mobile units.
Background Art

In a typical cellular telephone system, an area is divided into a
plurality of cells with each cell having a centrally located cell site. A mobile
unit moving in such a cellular network communicates by radio with a nearest
cell site. The cell sites are each connected by cable or point-to-point microwave
to a telephone network interface. The network interface typically provides
communication among cell sites and between the cell sites and the so-called
wire line telephone network. The functions-of a typical network interface are
described in The Bell System Technical Journal, January 1979, Volume 58, No. -
1. One of the functions to be performed by the telephone network interface is -
the so-called "handoff” function. As a mobile unit moves through a cellular
network, it will move away from one cell site and toward another cell site. Each
cell site monitors signal qualit); of the signal received from the mobile unit and
passes information to the telephone network interface and determines when a
call in progress is to be transferred from one cell site to another. This
procedure is known as "handoff’. The handoff process involves several
operations including selecting a cell site trunk between the MTSO and the new
cell site, sending a message to the mobile unit transmitter/receiver to tune from
its preserit voice channel to a voice channel in the new cell site corresponding to
the newly selected trunk, setting up a talking path in the MTSO from the cell
site trunk to the trunk of the telephone network presently in use in the call, and
idling the talking path in the switching network in the MTSO between the old
cell trunk and the telephone network trunk assigned to the call.



.connected to the wire tel ephone network and nore particularly to cellular
tel ephone systens adapted for use with fast-noving nobile units.
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diameter, is decreased by a factor of N. This is due to'the fact that, at least in
principle, all frequencies in the mobile telephone spectrum are available for use
in each independent cell. Thus,'as the number of cells is increased, the total
number of calls that can concurrently exist in an area is increased. A drawback,
10 however, to decreasing the size of the cells is that a mobile unit tends to cross
cell boundaries more often, requiring a larger number of handoffs which will -
tend to overload the mobile telephone switching office (MTSO) to the point -
where existing calls may be interrupted or dropped.
, Personal communication service (PCS) functions in substantially
15 the same manner as the mobile cellular system. In PCS, the user may be in a
building or walking in a street or riding a vehicle and using a handset which .
communicates with a base station in the same manner that the mobile unit
communicates with the base station or cell site in the cellular network. It is .
envisioned that PCS, by implementing very small cells, could provide service to
20 a very large number of users, for example in a densely populated urban area.
The difficulty with PCS is the same as in the cellular system in that handoffs
become the bottleneck. _
Modern cellular systems use what is known as code division
multiple access (CDMA) spread-spectrum communications. In direct-sequence
25 coding CDMA (DS-CDMA), the energy of the user signal is distributed
uniformly over the system bandwidth through the spreading process providing
separation between users of the same frequency in adjacent cells. A
requirement of DS-CDMA is that no interféring signal received may be
significantly stronger than the desired signal since it would jam the weaker
30 signal. This type of coding is used in what is sometimes referred to as
hierarchal cell structures. The most commonly referenced hierarchal structure is
a macro/umbrella cell overlaying a number of micro cells. A fast-moving



passes information to the tel ephone network interface and determ nes when a
call in progress is to be transferred fromone cell site to another. This
procedure is known as "handoff". The handoff process involves several
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network in the MIS trunk d the tel ephone network
trunk assigned to trembserldf handovers. Slow-moving users are allocated to micro cells to save
REPLACI:ENENF SHEET capacity for the macro cells. Using the DS-CDMA concept, micro cells and
macro cells share the same frequency. To avoid strong interference at a micro
* 5 cell from mobile unit in communication with a macro base station, the output
power of the mobile unit in the micro cell is increased to overpower the
interfering signal. The use of hierarchal cell structure to provide high-quality
speech, data communication at rates up to 2 megabits per second and video
. communication with mobile units travelling at rates in excess of 100 miles per
10 hour and accommodating PCS are seen as needed to meet future mobile
telecommunication demands.

In the hierarchal cell structure, the low tier, small cells, e.g., on
the order of 100 feet in diameter, accommodate low speeds. The low speed is
mostly pedestrian traffic and other traffic moving at speeds below 30 miles per

15 hour. The advantages of small cells is low power, simple, inexpensive and light- -
weight terminals. What is desirable is an infra structure which allows use of

such terminals in all applications, whether in the home or office as a cordless-

phone; on streets, in shopping malls, airports, etc., and in cars on expressways at .. .

highway speeds. Additionally, high-spectrum reuse is needed to provide low-

20 cost, high-quality service which requires a large bandwidth for each subscriber.

To provide wire line toll, quality-voice service, a 32-kilobit per

second bit rate is required with ADPCM coders. As wireless data services
emerge, even more spectrum bandwidth will be required. In the future, it may
be possible to utilize the spectrum in the 60 gigahertz range providing very large

25 amounts of bandwidth. However, the radio wave characteristics at that
frequency dictate a very short range, line of site propagation, requiring very
small cells. However, as noted, small cells and fast-moving mobile units are

incompatible due to the time required for handoff.

Y OF THE INVENTION

30 These and other problems of the prior art are overcome in

accordance with this invention by means of 2 moving base station which is
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communicates. with a moving mobile telephone unit via standard mobile radio .
S transmission. The movable base station further communicates by radio signals
with a plurality of fixed antennas spaced along the path of travel of the mobile
base station. The several fixed antennas are connected to a telephone wire line
network via a telephone gateway office in a standard fashion. In accordance -
- with this invention, the fixed radio ports are synchronized and the interface
10 between the moving base station and the fixed radio ports is a time division
multiplexed (TDM) - direct-sequence, spread-spectrum CDMA.

In one particular embodiment, a number of fixed base stations are
provided in addition to moving base stations allowing slower moving traffic, such
as pedestrian traffic or rush hour mobile traffic to communicate via the fixed

15 base stations. '

In a specific embodiment of the invention, the moving base
stations are provided with highly directional antennas directed to moving traffic
and highly directional antennas directed to the radio ports. Communications.
from the fixed radio ports to the movable base stations are at a relatively low

20 power level and from the movable base stations to the mobile units are at a
relatively higher power level. Due to the characteristics of the direct-sequence,
spread-spectrum CDMA, the higher power level signal will overpower the lower
level signal such that the mobile unit does not receive communications from the
fixed radio port but only from the movable base station. In the reverse

25 direction, a low level of signal is transmitted from the mobile units to the
movable base station and a high-level signal is transmitted from the base station
to the fixed radio ports, thereby eliminating any direct communication from the
mobile unit to the fixed radio port.

In one embodiment of the invention, the movable base stations

30 are supported on a series of closed loops and ends of adjacent loops overlap to
facilitate transfer of telephone cells between adjacent loops.
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the energy of the usepreséms)dor exantpls;ta dividedchiginvdyowith ynabile units 20gyaveling on a

bandwi dt h thr Oug% ' rﬁ?’s.tsr'[t))ra agyi- 16 ione dire ornoi/tildj ia rﬁﬂnality of mobile units 25 traveling -
along a second roadway 15, in the opposite direction. A plurality of moving
base stations 30 are disposed along one side of the roadway 10. The base
stations are spaced apart by a selected distance equivalent to the diameter of
the cell served by the moving base station. The moving base stations 30 may be

10 moved by means of a rail 35, or other suitable conveying device which may
include an automotive vehicle travelling on the roadway, in the same direction
as the traffic flow on the roadway 10, as indicated by the arrow 12. In a similar
fashion, a plurality of moving base stations 40 are disposed adjacent the roadway
15 moving in the direction of the traffic as indicated by the arrow 17. The

15 moving base stations 40 are moved along a rail 45. The moving base stations
30, 40 may be supported on any suitable conveying device such as rails 35, 45.
The conveying device may be at ground level or overhead, depending on the.
terrain and available space for the device. The moving-base stations are
preferably disposed for optimum radio communication with the mobile units on

20 the roadways.

Disposed between the moving base stations moving along the rails

35, 45 are a plurality of fixed .radio ports S0 which are connected by means of a |
fiber optic ring 55 or a similar signal transmitting device to a telephone office
connected to the wire line telephone network and referred to as a gateway

25 office. The gateway office 60 forms the interface between the mobile
telecommunication system and the wire line telephone network. The gateway
office is a well-known equipment. It is pﬁrt of the telephone network and is
responsible for call processing in conjunction with the base stations. As
described further later herein, the gateway office will include certain processor

30 hardware and software to detect a best signal quality indication and to
selectively transmit information with a best signal quality indicator to the
telephone network. A plurality of fixed base stations 70 are disposed in the



separation between users of the sane frequency in adjacent cells. A
requirenment of DS-CDVA is that no interfering signal received may be
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of a fiber optic ring 75 or similar signal transmission device.
In operation, the moving base stations 30 may move in the
direction of the flow of the traffic at a rate of, for example, 60 miles per hour, .
5 which may be faster than some traffic and slower than other traffic. The moving
base station preferably handles telecommunications with mobile units which -
travel at a rate of not more than 30 miles per hour faster or slower than the
moving base station. For example, the moving base stations 30, 40 may be
traveling at the rate of 60 miles per hour to accommodate traffic moving in the
10 range of 30 to 90 miles per hour. In the arrangement of FIG. 1, fixed base:
stations 70 would accommodate communications with mobile units traveling at a
speed of less than 30 miles per hour including pedestrian traffic and stationary
units. It will be readily apparent that instead of having fixed and moving base
stations as depicted in FIG. 1, slowly moving and rapidly moving units may be
15 used as well. A particular moving base station is effective when the mobile
units are moving in the same direction as a base station. FIG. 1 shows two
roadways traveling in opposite directions with the moving base stations disposed
between moving in:the direction of the traffic. The base stations may.also be
placed on opposite sides of the same roadway with two-way traffic with the
20 moving base stations moving in opposite directions on the opposite sides of the
roadway. :
In the typical cellular telephone system, the base station, also
referred to as a cell site, forms an interface between the mobile unit anﬂ the
gateway office. As such, the base stations may perform a number of functions,
25 including functions such as locating a particular mobile unit, as well as voice
processing and functions associated with call setup, call supervision, and call
termination. Additionally, the base stations perform the function of handing off
and receiving an existing call involving a mobile unit which has moved into or
out of the normal service area of a base station. All of these are well-known
30 base station functions. In some proposed mobile telephone systems, the base
stations are primarily only radio interface units and a base station controller,

connected to a plurality of base stations performs cﬁll-handling functions for the
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of the base station in the same direction as the traveling mobile unit, the -
number of handoffs is greatly reduced.
Each of the moving base stations 30, 40 is provided with antennas
100, 101. The antennas 100, 101, preferably high gain, directional antennas for
10 use in mobile communication, are well know and commercially available. The

-

fixed base stations 70 are provided with four separate antennas 110 exténding in
four different directions. The antennas 100 on the base stations 30, 40 are used
to communicate with the mobile units 20, 25 whereas the antennas 101 on the
moving base stations 30, 40 are used to communicate with the fixed radio ports

15 50. The fixed base stations 70 are preferably each provided with four antennas
102-105. Fewer than four antennas may aiso be used. In that case, at least one
omni-directional antenna is used. In the configuration of FIG. 1, the antennas
102 are arranged to communicate with the mobile units 20 and the antennas. .
103-105 are arranged to communicate with other mobile telephone

20 communications from slow moving traffic or stationary subscribers. The fixed
radio ports 50, in the configuration of FIG. 1, are each provided with a pair of
directional antennas 110, 111 of the same general type as the directional
antennas 100-105. As the moving base stations 30, 40 move relative to the fixed

~ radio ports 50, data representing voice signals and call related information is

25 transmitted between the antennas 101 on the moving base stations 30, 40 and
the antennas 110, 111 on the fixed radio ports 50.

FIG. 2 is a diagrammatic representation of the fixed radio ports

50. The unit includes a standard microprocessor 150 as well as a radio interface
circuit 154 providing an interface between the radio signals received on the

30 antennas 110, 111 and the processor 150. The circuits are of a type typically
used in fixed base stations and are well known in the art. Additionally, each
radio port 50 includes a processor 150 connected to an add/drop multiplexer
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~omr expressways at hi ghway speeds. Additionally, high-spectrumreuse is

“needed to provi‘ﬁfz?ld,@ cost, high-quality service which requi rrexrskeToge
i bandwi dt h for eac S?PgSCI‘i ber. To provide wire line toll,

“quality-voice service, a 32-kilobit per second lyt rate is required with
. ADPCM coders. As wirel ess data services emerge, even nore spect rum
bandwi dth will be required. In the future, it may be possible to utilize

the spectrumin the | gsefiiZ ADMOBS2nfeyadés Wwith Rie/fibed apticodiblesS and is able
bandw dt h. However, (éﬁﬂ g%']o wave characteristics at tha‘?ﬂ:‘ requency

dictate a very shor to adddata fromdhe predesser 150 o ghe daa streamg on kex dptic fable

Coll s ORELCl 25 88t SRl HF A 22 B e Bobkrucdipin®ity an

SUMMARY OF THE | NVEhddrebs identifying the processor 150 and transfers such data from the data = -

' | 5 stream of the fiber optic cable S5 to the processor 150. As will be described -

further later herein, the processor 150 computes a signal quality indicator for
the information received from the radio interface circuits 154, based primarily
on radio signal strength intensity, in 2 well-known fashion. Processor 150
controls the transfer information between the fiber optic cable 55 and the

10 various moving base stations via the antennas 110, 111.

FIG. 3 is a block diagram representation of one of the fixed base
stations 70. The fixed base stations 70 perform the functions of a standard prior
art fixed base station. The base stations 70 are connected to the fiber optic ring
75 and include an add/drbp multiplexer (ADM) 162 which Iltrovides an interface

15 between the procéssor 160 and the fiber optic ring 75.

As mentioned earlier, both the optical ring 55 and optical ring 75
are connected to the gateway office 60. The primary function of the gateway
office is. to provide: the interface to a wired telephone network. It distributes the - -
telecommunications traffic between the network and the moving base stations -

20 via the fixed radio ports. The fiber optic rings 55, 75 are preferably continuous
rings with an add/drop multiplexer for each ring in the gateway office. Data
transmission on the fiber optic rings 55, 75 is preferably in accordance with one
of the well-known SONET or synchronous digital hierarchy (SDH) transmission
protocols. | _

25 The directional antennas 100-105, 110, 111 may be of a sectorized
architecture or may be phased array antennas with highly directional radio
frequency beams. Such antennas are preferably used to decrease interference
between the mobile base stations and the fixed radio ports, allowing greater
spectrum reuse. Antenna diversity can be provided with two spatially separated

30 radio beams separated in time with a predefined time-delay offset for easier

separation at reception. Various techniques for obtaining high antenna diversity
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are well known in the art and antennas employing such techniques are
commercially available,.

FIG. 4 is a block diagram representation of the moving base
station 30. The station 30 includes a processor 130 connected via radio.
interfaces 132, 134 to the antennas 100, 101, respectively. The processor 130
may be a standard microprocessor and the radio interface circuits 132 may be -
standard radio interface circuits. The microprocessor is preferably programmed
to handle the call processing functions performed in a prior art system by a call
site or by a shared base station controller. In this manner, the moving base
station has greater autonomy and requires less communications with a shared
base station controller or the like. The circuits 132, like the radio interface
circuits 154 in the fixed radio port 50 and the radio interface circuits 164 in the
fixed base station 70, are well known and commercially available circuits.

The radio interface between the mobile units 20, 25 and the
moving base stations 30, 40 and the fixed base station 70 is a standard radio
interface, well known in the art. The radio interface between the moving base
stations 30, 40 and.the fixed radio ports 50 is preferably a time division.
multiplexed, direct-sequence, spread-spectrum, code-division multiple-access -
interface (TDM/CDMA). Mulitiple channels between the base station and the
fixed radio ports are time division multiplexed as time slots in a data stream.
The data stream is spread with a pseudo-random code over the allocated
spectrum. A pilot sequence is inserted in the transmitted signal for ease of
synchronization in a well-known manner. The interface between the movable
base station and the fixed radio port is preferably transparent to the overall
system in spectrum use.

Frequency division or time division may be used for duplex
communications. In the frequency division duplex (FDD) mode, data is
simultaneously transmitted in both directions, each in a different spectrum band.
In a typical system in the FDD mode, the TDM frame transmission duration
will be approximately 500 microseconds makihg the interface substantially
transparent to overall system delay.



transm ssion. The novabl e base station further communi cat es by radio
'signals with a plurality of fixed antennas spaced al ong the path of travel
of the nobile base station. The several fixed antennas are connected to a

t el ephone wire WwowgsdwsWwork via a tel ephone gateway office i n pcpiugssinest
fashion. In accordance with this invention, the fixed radio ports are

'synchroni zed and the interface between the novipg.base station and the
fi.xed radio ports is a time division nmultiplexed (IDVM - direct-sequence,
‘spread- spect rum CDVA. In one particul ar enbodi nent, a nunber
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licenses. Each 10-mhz license provides two separated 5-mhz bands and each 30-
mhz license provid&s two separated 15-mhz bands, for two-way communications.
Two S-mhz bands can support 14 duplex channels at 32 kilobits per second and
two 15-mhz bands can support 42 duplex channels at 32 kilobits per second.

10 Voice signals between a mobile unit and the gateway office are
encoded in a standard fashion using ADPCM voice encoding with a minimum
bit rate of 32 kilobits per second in each channel. The interface between the
moving base station and the fixed radio port is adapted to carry up to
19 channels of 32 kilobits per second each at 16 bits per time slot. The frame

15 structure includes 16 bearer channels of 32 kilobits per second at 16 bits per
time slot. The time division multiplexed frame rate between the movable base
station and the fixed radio port is 608 kilobits per second. To achieve a.
processing gain of 9 decibels, the frame rate is multiplied by a factor of 8,
yielding 4,864 kilobits per second, which fit into a single 5-mbz band. FIG. 6 is

20 a tabular representation of the channel allocation showing 16 bearer channels
plus 3 channels for signalling, control, and error code. FIG. 7 is a
representation of channels 18 and 19 of FIG. 6.

"The moving base stations are addressed using predefined code
sequences derived in a known manner by the use of Walsh functions. U.S. Pat.

25 5,103,349 entitled "System and Method for Generating Signal Wave Forms in
CDMA Cellular Telephone System” describes the use of Walsh functions for
code generation.  U.S. Pat. 5,103,349 is incorporated by reference herein. As
described in that patent, by choosing a Walsh function of order 8 pi'ovides 8

~ orthagonal codes in the present embodiment using spread spectrum CDMA uses

30 the all 0 Walsh sequence as a pilot carrier with the other 7 sequences available
for moving base station communications. The code sequences may be repeated
as ABCDEFG; ABCDEFG; ... Although fewer codes could be used,



power |evel and fromthe novabl e base stations to the nobile units are at a
relatively higher power level. Due to the characteristics of the
~direct-sequence, spread-spectrum CDMA, the higher power |evel signal wll
over power the Iweooéndogvel signal such that the nobile unit doepPCHUssHRI3Zi Ve
- comuni cations fromthe fixed radio port but only fromthe novabl e base
station. In the reverse direction, a low | evel gQf-signal is transmtted
fromthe mobile units to the novable base station and a high-1Ievel "signal
is transmtted fromthe base station to the fixed radio ports, thereby
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for Walsh function-orthagonality for 2 or more fixed radio ports at one time. .
5 For this purpose, two outer pseudonoise .codes are used to provide
discrimination between signals arriving at the moving base station from different
fixed radio ports. The pseudonoise code rate is preferably 4,864 kilobits per
second. The sequence length for the transmitted carrier signal is preferably
32,768 chips, as described in U.S. Pat. 5,103,459. The outer pseudonmse codes
10 modulate the signal in quadrature phase shift keying.
The pilot signal will be transmitted in both directions, from the
moving base stations to the fixed radio ports and vice, versa. This is made
- possible by the line of site fading characterized as Rician. |
The pilot sequence will be long enough that a number of different
15 sequences can be generated by shifts in the basic sequence. The separation will
be great enough to ensure that there is no interference between pilot signals.
Each moving base stations will use a different offset from a neighboring moving
base station to provide signal separation. Similarly, each fixed radio port will
use a different offset from a neighboring fixed radio port. '
20 The FCC has allocated a 20 mhz of unlicensed spectrum, mcludmg
a 10 mhz band for voice products and a 10-mhz band for data products. Thus,
one continuous 10-megahertz channel is available and time division multiplex
transmission is preferably used. The bit rate for both directions of transmission
will be twice the frequency division duplex' rate, introducing an overall delay of
25 500 microseconds and a processing gain of 9 decibels. In the time division
duplex mode, the transmission times and direction, forward and reverse between
the mobile unit and the moving base station and between the moving base
station and the fixed radio ports, are aligned. In one half of the time division,
duplex cycle signals are transmitted from the mobile unit to the moving base
30 station and, from there, to the fixed radio port. In the other half-cycle, signals
are transmitted from the fixed radio port to the moving base station and then to

the mobile unit.



- 5- BRI EF DESCRI PTI ON OF THE DRAW NG A
preferred enbodi nent of the invention is described belowwth reference to
the drawi ng in which: FIG 1 is a block diagram

represent ati onyed ogiaopg@adway structure with fixed base stati onsecisssnmsbase
stations, and fixed radio ports; FIG 2 is a block diagram
representation of a fixed radio port of FIG 149 FIG 3 is a
bl ock diagramrepresentation of a fixed base station of '

The two 15-mhz licensed spectrum bands (30 mhz) are preferably
divided into three S-megahertz channels in each direction, utilizing the same
architecture as described earlier herein with respect to the 5-megahertz licensed
spectrum. In the 15-mhz licensed spectrum, each of the 5-megahertz channels-

S will support 14 traffic channels, for a total of 42 traffic channels in each: 15-mhz -
band. The air interface between the moving base station and the fixed radio
port, as well as the signal structure, can be modified and adapted to a variety of
allocations of spectrum and air interface standards. '

In the present embodiment, as described earlier herem, 7

10 orthogonals codes are available for communication between the fixed radio
ports 50 and the moving. base stations 30, 40. As described earlier herein and
depicted in FIGS. 6 and 7, one 16 bit commﬁnication channel, channel 19, is set
aside for control and identification bits. As depicted in FIG. 7, channel 19 may -
comprise 7 control bits and 9 identification bits. The 9 identification bits

15 provide 512 unique identification numbers. Using 7 orthagonal codes and 512
identification numbers, 3,854 moving base stations can be uniquely identified.
When the moving base stations are separated by a spacing of 200 feet, the total
distance of coverage using the 3,854 moving base stations is-approximately 135
miles. FIG. 1 shows a portion of the system with moving-base.stations'moving

20 in opposite directions along oppositely directed roadways and fixed radio ports
with dual antennas. Vehicular traffic moving in opposite directions on the same
roadway are preferably served by moving base stations on opposite sides of the
roadway. Where each roadway has only one-way traffic, the system is preferably
disposed between the roadways. In one embodiment of the invention, depicted

25 in FIG. 9, two separate loops 200, 205 are disposed between two separate
roadways 206, 208 with the traffic on the roadways indicated by the arrows 207
and 209. The loops 200 and 205 comprise moving base stations 210 and 250,
respectively. The base stations, in this embodiment, are moving in the direction
indicated by the arrows 201 and 202. Since, as a practical matter, the loops 200,

30 205 are not of indefinite length, a plurality of loops may be required to cover a
desired area. To avoid interruption in communications, the ends of the loops

are preferably sufficiently close together, or overlapping, to provide an



FIG 1, FIG 4 is a block diagramrepresentation of a noving
~base station of FIG 1; FIG 5 is a block diagram
representation of a gateway tel ephone office shown in FIG 1;

FIG 6 is a ta%gor resentati on of channel all ocation; PCTIUS95/07037
FIG 7 is a repreSentation of selected channels of FIG 6;

FIG 8 illustrates signal transm ssion anong va_rlé_ous of the system

entities; and _ : FIG 9 is a block diagramrepresentation of
novi ng base stations operating in separate | oops.

overlapping area of coverage for mobile units traveling in the area of the loop
ends. This will allow one of the mobile stations nearing the end of the loop of
which it is a part to hand off the call to a mobile station of the adjacent loop.
Each loop preferably has a single gateway for connection to-the .
S wire telephone network. One advantage of that arrangement is that it
eliminates the need for registration of movmg base stations, which is:required
where a moving base station moves between gateways. FIG. 9 shows a pair of
gateways 215 associated with the 'loop 200 and a pair of gateways 255 associated
with the loop 205. The two gateways of a loop are both connected to the fixed

10 radio ports of the loop at all times and may be operated in a load sharing mode
with each capable of handling the total telecommunication’s traffic for the loop
in the event of a failure in one of the gateways. '

To avoid interrupting communications with a mobile unit traveling
along the roadway in the area where two adjacent loops end, any existing calls

15 are handed off from the moving base station near the terminating end of its
loop to a movixig base station of the next loop. The handoff process is
essentially the same as a handoff between moving base stations on:the same -
loop, except that the handed off call will be routed to the wire network to a-
different gateway. This procedure is equivalent to a handoff between cell sites

20  of different cells in the existing cellular network in a manner which is well
known in the art. The loops 200 and 205 may physically overlap to assure
proper overlap of communications between moving base stations of the two
loops and to avoid loss of communication with a mobile unit handed off from
one loop to another. '

25 The timing and synchronization between the moving base station
and a fixed radio port with which the moving base station communicates is
phase-locked to the pilot signals received from the fixed radio port with which
the moving base station communicates. For synchronization purpoées, the
moving base station will receive a Global Positioning Satellite (GPS)

30 Coordinated Universal Time (UCT') timing signal once each second.

CDMA Technology is well-known for sensitivity to power control.
Specifically, the more powerful signals tend to "mask out" less powerful signals



- 6- DETAI LED DESCRI PTI ON FIG 1is
a diagrammtic representation of a nobile tel ecomunication system
i ncorporating principles of the invention. FIG 1 represents, for exanple,

a divided hi ghw‘; mobil e units 20 traveling on a first roagRRYswids? N
one direction and a pfurality of nobile units 25 traveling along a second

roadway 15, in the opposite direction. A pluralj,ty of noving base stations
30 are disposed al ong one side of the roadway 1 The base stations are
spaced apart by a sel ected distance equival ent to the dianeter of the cell

porved O e o g8 g, e Dol o TR 5
an autonotive vehi ensurerthatall snggalslarthrthedue;verlat thé same laveld | Incaxicordance
with the system of this invention, however, the sensitivity to power level of
CDMA is used to advantage. The principles of signal transmission employed in-
S the system of the invention is illustrated in FIG. 8. Two power levels of radio
transmission, high (H) and low (L), are defined. Referring to FIG. 1, high- -
power level signals are transmitted from the moving base station 30 to the
mobile unit 20 and from the base station 30 to the fixed radio port 50. Low
power level signals are transmitted from the fixed radio port 50 to the moving
10 base station 30. Similarly, low power signals are transmitted from the mobile
unit 20 to the moving base station 30. Since the moving base station receives a
low power level signal from the fixed radio port and transmits a high level |
power signal toward terminals, the high power level received at the mobile unit
20 will mask out any signals of the low power signal transmitted from the fixed
15 radio port to the moving base station. In a similar fashion, any low signal
transmitted from the mobile unit 20 reaching the fixed radio port 50 will be
masked by the high power level signal transmitted from the moving base station. -
to the fixed radio port. Asstated earlier, the antennas 100-105, 110, 111 are.
preferably ‘highly directional antennas with very little feedback from the transmit:
20 signal to the receive signal. Feedback due to reflections and other extraneous
sources can be readily eliminated at the moving base station using well-known
noise cancellation techniques. '
When a mobile unit set is first powered up or first enters a service
area, the mobile unit must register in the manner described earlier, by
25 transmitting its unique address in the new service area. The address will be
received by the closest moving base station 30 and transmitted via a fixed radio
port and the gateway switch 60 to the telephone network. This registration
procedure is required so that an incoming call for the mobile unit can be
appropriately directed.
30 The spacing of mobile based stations 20 and the fixed radio ports
50 of FIG. 1, together with the strength of the signal transmitted between the
moving base stations and the fixed radio ports, determines the number of fixed



as the traffic flow on the roadway 10, as indicated by the arrow 12. In a
simlar fashion, a plurality of noving base stations 40 are disposed

adj acent the roadway 15 noving in the direction of the traffic as.indicated
by the arrow livodéisedPVvi Ng base stations 40 are noved al ong apépripkeshesyThe
novi ng base stations 30, 40 may be supported on any suitable conveying
device such as rails 35, 45. The conveying devigg may be at ground |evel or
over head, depending on the terrain and avail able space for the devi-ce. The
novi ng base stations are preferably disposed for optimumradio

communi cation with Mﬁﬁ&%%ﬁh%&ﬁa%ﬁﬂﬁbﬁ@%ﬁ%&n communicate at anP‘p %ﬁ%ﬁd
bet ween the novi ng base stations novi n% ong the rails 35, 45 are a

plurality of fixed timei (Thp xsrm'efeeablmuchdhatse

gg;hgc{gggthtﬁ; 3Are |ne kﬂ%%%one ne % rred.%i’ﬁéﬂ ?ﬂéékﬁg

of fice. The gat evva)l‘eoél?eschtﬁ,oadcmnpamedlbylthe idemntifieatiort nmheltdfetheﬁmm base

tel ecogmuni cat | %ﬁ' Ssﬂo%,n]tﬁengrotcgsesor%(ﬁw %) mp%rt]é)nesxgnat]mr ty x;nr&ecat(ion oh the
received signal. The signal quality indication is a figure of merit preferably
computed as a function of signal strength and signal-to-noise ratio. It is added
to the received data and added to the fiber optic ring 55 via the ADM 152. The
gateway 60 preferably receives the same data from several different ones of the

10 fixed radio ports 50 and stores the data in an internal memory in the gateway 60
in association with the moving base station identification number and Walsh
function spreading code. The address of the fixed radio port from which the
data has been received is stored in the memory of processor 64 as well.
Accordingly, multiple copies of the same data transmitted by a single moving

15 base staation are stored in the memory of the processor 64 in the gateway. The
signal quality indications computed by the processors 150 in each of several
fixed radio ports are compared: to a predefined signal quality indication -
threshold, and the data corresponding to a signal quality indication below the -
threshold value is discarded. - Otherwise, the data is retained. A cyclic

20 redundancy code transmitted with the data is used to detect any TDM frame
errors. The best data, i.e., associated with ihe best signal quality indication is
transferred from the gateway 60 to the telephone network. Data received from
the telephone network at the gateway 60 and intended for a registered niobile
unit is stored in the memory of the processor 150 in'a register particularly

25 associated with the moving base station currently serving the mobile unit. This
data will be sent via the optical ring 55 to all fixed radio ports that are
identified in the memory of the processor 65 as fixed radio ports with an
acceptable signal quality indication. The received data will be transmitted from
each of the fixed radio ports which received the data together with the

30 identification code and Walsh function code of the moving base station to which
the data is directed. The transmission of data from different fixed radio ports
will be staggered, delayed by different amounts, so that they can be received and



office is a well-known equipnment. It is part of the tel ephone network and
I s.responsible for call processing in conjunction with the base stations.
As described further later herein, the gateway office will include certain

processor har dwgipasadgh software to detect a best signal qualit pet/asyspfisyon
and to selectively transmt information with a best signal quality

indicator to the tel ephone network. A pluralit ylégf fi xed base stations 70
ar-e di sposed in the -7- -
separated at the moving base stations. The delays can be precisely controlled by
means of synchronous distribution via the optical ring 55, in the SONET or -
SDH format. The receiving moving base station, by means of its processor 130,
compares the multiple copies of the received data signals, aligns them and. . -
5 combines them:for the best reception.

Each of the moving base stations will have one of N assigned
codes, where N may be any number, but preferably is at least 3 or more. Seven
Walsh function codes are preferably used. The codes may be repeated in-
sequence, as for example, ABCDEFGABCDEFG. The codes are assigned in -

10 sequence to the various moving base stations so that two moving base stations -
having the same code will be physically separated by a sufficient distance to
prevent interference in the commumications between fixed radio ports and
moving base stations having the same identity code. The operation of the fixed
base stations 70 is essentially the same as that of a standard fixed base station.

15 In congested traffic areas, a mobile unit which is stopped or slowly moving, e.g.,
less than 30 miles per hour, will preferably be serviced by one of the fixed base
stations 70. As the speed of travel of the mobile unit 20 increases, a handoff
will accur between the fixed base station and a moving base station.. The
procedures for determining whether a mobile unit is to be served by a fixed

20 base station or a moving base station are the same procedures as described
earlier herein in determining which moving base station is selected to serve a
mobile unit, i.e., based on signal strength and error rate. Thus, when a cail
involving a mobile unit is initiated or when it is determined that a handoff
should occur, the mobile unit may be handed from a moving station to a fixed

25 station, or vice versa. Each mobile unit monitors pilot signals from fixed and
moving base stations and synchronizes to the base station providing the best
signal. The mobile unit may "connect” with three fixed or moving base stations
while searching for a fourth in what is known as the "soft" hand-off mode. As
the speed of the vehicle increases, fixed or slow moving base stations will be

30 dropped. In more congested areas where traffic speed will vary between 0 and
60 miles per hour, base stations speed may, for example, be set to move at 30



vicinity of the roadway 10 and are connected to the gateway office 60 by
nmeans of a fiber optic ring 75 or simlar signal transm ssion device.

In operation, the noving base stations 30 may nove in the direction of the
flow of the trywhidgSe@s @ rate of, for exanple, 60 mles per hedrusese7osy may
be faster than sone traffic and sl ower than other traffic. The noving base
station preferably handl es tel ecomunications wkwth nobile units which
travel at a rate of not nore than 30 m | es per "hour faster or slower than

t he novi ng base station. For exanple, the noving base stations 30, 40 nmay
be traveling at th t 1 1 00
'n the range of 30T obne maithe besE uuhioh siBiq then Be SIS Gobttare Gl Thithe
fi xed base stati onsn tife 0«50/mplarangenodat e conmuni cations with nobile units

traveling at a speed of |essgthan 30 mles,per hour includin edestrian
traffi¢ and stationary uni ts;tﬁ%wdgﬁgo?%glmtltgemgﬁﬁg PRESISR 1%
ha\éi ng fidred and nmdr_alyfillmﬂgb@f.:WipﬂfcaﬁFﬁidﬁ;\Hﬂpﬁﬂgiﬂblﬁoffﬂhe-ﬁi_veuﬁ%n'-mm -
and rapi movi nits may be-used as we articular nmoving base .
stati OE isyeffeé]?P&%m%@eWéW' 'fle\nsefi By-thoge skilled' il the B withont aepamng-.
from the scope of the invention as defined by the appended claims.




units are noving in the same direction as a base station. FIG 1 shows two
roadways traveling in opposite diref I ng base stations
di sposed between noving in the direg c The base stations
may al so be: pl wg9gasHgz OPPOSi te sidep of tREPLABER r oadhay Wi t hpE1yososifos7

traffic w th—the—oving-base-stati ons.noving In opposite directions on the
opposite sid dwa | mgthe typical cellular

"tel ephone syﬁMﬂﬂm‘ %Uu/atmn also referred to as a cell site, fornms
an interface Ie unit and the gateway of fice. As such, the
base stations may perform a nunber of functg gi ncl udi ng functions such

as locating a particular nobile unit, as we as voi ce processing and
functions associ at WHAT (WEGLAIMJdSup. cal | supervision, and cal
termnation. Additionally, the base stations performthe function of
handi ng of f and receiving an existing call involving a nobile unit which
has nmoved into or out of thd.nor interfacer appacatus éor establishing signalsonvections|  of

t hese are well - knm%&gg@%&n%noéwmed hpa ?&gﬁh&{e%&‘i Hﬁé’hllﬁoblle

t el ephone systens,

telephone unit transmitting radio signals and moving in a specified dlrectlon, the - -

interface apparatus comprising:
5 a movable interface unit movable in the specified direction; and
' a stationary interface unit connected to the telephone office via a
signal transmission connection; '
the movable interface unit responsive to radio signals transmitted
by the mobile telephone unit to transmit corresponding radio signals to the
10 stationary interface unit and the stationary interface unit responsive to the radio
signals transmitted from the movable unit to transmit signals corresponding to
the signals transmitted from the movable unit to the telephone office via the -
signal transmission connection.

2. The interface apparatus in accordance with claim 1 wherein
the mobile telephone unit moves along a roadbed and the movable interface
unit is movably supported on conveying apparatus disposed along path extending
parallel to the roadbed. '

3.  The interface apparatus in accordance with claim 2 wherein
the conveying apparatus comprises a rail movably supporting the movable
interface unit.

4, The interface apparatus in accordance with claim 2 wherein
the stationary interface unit is disposed on one side of the conveying apparatus
opposite the roadbed. |

5. The interface apparatus in accordance with claim 1 wherein

the movable interface unit comprises signal processing circuitry and a first radio -
_
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stations | [ radio interface units and a base station
controll emﬂlmumﬂnm"le urality -t ber f or s

cal | - handl i*ng *f uhctY ors f'or the : l

-8- plurality bawgest ations. The e wth ggu' Lion
differs from tﬁioprl gorzsart primarily ¥ e base stationsi’ ,éﬁé%gre
noving with the traffic and conmunjcate with t_?g_ gateway office 60 via
fi-xed radi o ports 50. Furthernore, the various tall-handling functi-ons,

i ncl udi ng handoff, are performed by the noving base station.
Advantageously, beggusf, GfredBY Wl the mobile telephone unit and a second radio antenna

directed toward the stationary interface unit and wherein the stationary interface
5 unit comprises signal processing circuitry and a radio antenna directed toward
- the movable-interface unit, the movable:interface unit responsive to radio -
signals received at the first antenna to transmit corresponding radio signals via
the second antenna to the stationary interface unit and the stationary interface
unit responsive to radio signals received via the radio antenna of the stationary

10 interface unit to transmit corresponding signals to the telephone office via the
signal transmission connection.

6. Interface apparatus for establishing signal connections
between a telephone office and a plurality of mobile telephone units
transmitting radio signals, certain of the mobile telephone units moving in a
specified direction along a predefined path, the interface apparatus comprising:

5 a plurality of movable interface units movable in the specified
direction; and

a plurality of stationary interface units connected to the telephone
office via a signal transmission connection; .

each of the movable interface units responsive to radio signals

10 transmitted by a mobile telephone unit to transmit corresponding radio signals
in the direction of the stationary interface units, each of the stationary interface
units responsive to radio signals transmitted from an adjacent movable unit to
transmit signals corresponding to the signals transmitted from the adjacent
movable unit to the telephone office via the signal transmission connection.

7. The interface apparatus in accordance with claim 6
wherein: |
the movable interface units are movable along an interface unit
path extending in a direction paraliel to the predefined path and having a first
5 side adjacent the predefined path; '

This Sheet Has Been Reﬂlaced
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of the base station in the sane direction as the traveling nobile unit, the
nunber of handoffs is greatly reduced, . ———=—tach of the noving
base stations 30, 40 is provided wi fhngSHEERHASOBEENDI. The antennas 100,
101, preferabl ywdégBeg@ai n, directiorlal .anREPLAGED or uge ‘i n nobpdiRusesoTes?

COW know and corkwesetet y=avall abl e. The fixed base

" stat | 2 70 are provided with four separate anpgnnas 110 extending in four
di.fmem Lumwnﬂm The antennas 100 on the base stations 30, 40 are used
to cof 4 he nobile units 20, 25 whereas the antennas 101 on the
nmoving base statfon$ 30, 40 @geQatitRitny MtcHEWRILS Gk spickd apdit ahil dposediona
ports 50. The fixed base stations 70 are preferably each provided w th four

ant ennas 102- 105. sesond sidenf the interfaca-nvit DatheapPesite thecfirst side of the interfacg it
at | east one omi-gdifectional antenna is used. In the configuration of FIG
1, the antennas 102 ate arranged to conmmunicate with the nobile units 20
~and the antennas 103-105 ar ecazhrofthe thavable dnterface unnits oarnprises signakpriocéssing

; ;ELEE? ?Bgr gon*r_lr_ﬁgl fC ?Ii%lg@ys' é&.%‘-éh%u@w%&a%ié&a%m%k% thie first side and
: an associated second radio antenna directed toward the second side; . -
each of the stationary interface units comprises signal processing
circuitry and an associated radio antenna directed toward the interface unit
path; |
15 each of the movable interface units is responsive to radio signals
received at the associated first antenna to transmit radio signals via the
associated second antenna to the stationary interface unit; and
| each of the stationary interface units is responsive to radio signals
received via the associated radio antenna to transmit corresponding signals to -
20 the telephone office via the signal transmission connection.

8. The interface apparatus in accordance with claim 6 wherein
the movable units move along the interface unit path at a predefined-speed. - -

9. The interface apparatus in accordance with claim 8 wherein
the predefined speed is a function of an average speed of the plurality of mobile
telephone units.

10.  The interface apparatus in accordance with claim 6 and
further comprising a plurality of mobile telephone units moving along another
path in an opposite direction opposite the specified direction and a plurality of
movable interface units movable in the opposite direction and wherein:

. 5 the plurality of mobile telephone units moving in the specified
~ direction move along a first roadbed and the plurality of mobile telephone units
moving in the opposite direction move along a second roadbed spaced apart

from the first roadbed;
—

T



radio ports 50, in the configuration of FIG 1, are each provided with a
pair of directional antennas 110, 111 type as the
di rectional antennas 100-105. As the mssusﬁM&BEBA 30, 40 nove

rel atd 0 the 4 adi o ports 50, data I’ﬂEPEE@EﬁIn oi ce s ﬁgﬁ,g.;i
cal Mﬂ s transmtted nt ennas 10 on t

novi [’!l ﬂ”’!mﬁ 30, 40 and the antennas 11 1- 111 on the fixed radio
port ”'I’)’Dl,l FIG 2 is a diagrammati C representation of the
fixed radi & pdrts The unit includes a standard m croprocessor 150 as
well as a radio interface cir

radi o signals received on theﬁgr#‘%%ﬁﬁ 8{1%%@%& e processgﬁ,\ﬁ%wgﬁd
circuits are of 19 tylhecﬁonmreahspose&aﬁmgmﬂelsmwoﬁxmﬁmtmhdmtbadgacbmnbe sezbhd

known in the art. Addi gnally, each radi o port 50 includes a processor 150
connectéd to an add nul tipl exer

the plurality of movable interface units movable in the: opposite
direction are: disposed along one side of the second roadbed adjacent the first
roadbed; and .
15 the plurality of stationary interface units are disposed between the
plurality of movable interface units movable in the specified direction and the -
plurality of movable interface units movable in the opposite direction.

11.  The interface apparatus in accordance with claim 6 and
further comprising a plurality of stationary interface units connected to the
telephone office via a signal transmission connection and responsive to radio
signals transmitted bya mobile telephone unit to transmit corresponding signals

S to the telephone office.

12.  The interface apparatus in accordance with claim 1 wherein
the radio signals:transmitted between the movable interface unit and the
stationary interface unit are transmitted in accordance with a code-division
multiple access, direct sequence, spread spectrum transmission signalling

S protocol.

13.  The interface apparatus in accordance with claim 12
wherein signals transmitted from the mobile telephone unit to the movable
interface unit are transmitted at a first power level and signals transmitted from
the movable interface unit to the stationary interface unit are transmitted at a

S second power level higher than the first power level.

14.  The interface apparatus in accordance with claim 1
wherein the movable interface unit is responsive to radio signals received from
the stationary interface unit to transmit corresponding radio signals to the
mobile telephone unit and wherein signals transmitted from the stationary
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-9- Dm“ﬁﬂm“m(“ 2 interfaces with optic cable 55 and is
able to processor F_tfn\etA@zBEENq reamon the fiber
optic cabl® 55. "AdditT onal | y, the g g(gl 'Zes data stream
acconpani ed byaﬁp giess identifyi proeessor 150 and t nRsdsségesuch
data fromthe ta stream of the fiber optic cable 55 to the processor 150.
As will be described further |ater herein, theyprocessor 150 conputes a
siekgnal quality indicator for the information received fromthe radio
interface circuits 154, based prinmarily on radio signal strength intensity,

|nawell-knovmfaﬁlw[ it taP€ thanSnfied at lﬁg{‘,bp[é‘,

bet ween the fiber optic é'BbI eﬁgg%wéﬁfé e & at 45k ¢l
and signals transmitted from the movable interface unit to the mobile telephone
unit are transmitted at a second power level higher than the first power level.

15.. The interface apparatus in accordance with claim. 12
wherein data transmitted between the stationary interface unit and the movable
10 interface unit is transmitted in a time division duplex manner.

16.  The interface apparatus in accordance with claim 12
wherein data transmitted between the stationary interface unit and the movable
‘interface unit is transmitted in a frequency division duplex manner.

17.  The interface apparatus in accordance with claim 12
wherein each movable interface unit is synchronized to a selected stationary unit
by transmission of pilot signals to the selected unit.

18.  The interface apparatus in accordance with claim 6 wherein

the telephone office is connected to a telephone network and wherein a
plurality of stationary interface units are responsive to radio-signals transmitted
by an identified one of the movable interface units and each stationary interface

S unit responsive to radio signals from the identified movable interface unit is
operative to compute a signal quality indication for data represented by the
transmitted radio signals and to transmit to the telephone office data signals
corresponding to the transmitted radio signals together with a corresponding
signal quality indication, the telephone office responsive to the receipt of the

10 data signals and signal quality indication to transmit to the telephone network

data received from a selected one of the stationary mterface units having a
preferred s1gna1 quality indication.

19. The interface apparatus in accordance with claim 6 wherein
each of the stationary units is responsive to a data message received from the

telephone office to transmit a corresponding radio message to selected ones of
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vari ous wm" ',gmt jons via the antennas 110, 111. FI G
3.isahb ,Q esentation N8d base stations 70.

The fi xed” base st dti éns* 70 perform t) a ktandard prior art
fi xed base st aqwigydsepbhe base station t o t he gotanes®pis C
ring 75 and include an add/drop nul ti 162 whi ch provides an

I nterface.between the processor 160 and the fisjaer optic ring 75.

As mentioned earlier, both the optical ring 55 and optical ring 75 are
connected to the gateway office 60. The primary function of the gateway

office is to prOVitF@nid@ﬁblE%ﬁ‘érfa%@%nﬁt? ?Wﬂeﬁﬁnﬁﬁéﬁ‘e‘? e%&@{(sl%gﬁgit%vﬁgo

distributes the tel ecommunications traffic between the networ

nmovi ng base st at | dransmitza presetermined datagnessagesintended fomha selggtedd oneiaf ghe 55,

75 are preferabl ylﬁ&%' [ | ﬂ:ﬁﬁ ﬂg ' Elﬁéfﬁ:g . h

ring in the gateway o H]icl:ie. gtlaI ?rtgﬂr?ém Ssion éﬁ[ﬁsetgﬁ,%déf optrc I(rgllsnﬁgs 5, .

75 is preferably ieacloftiedselectedvonés ofthestationary iaterface amits BOrdspomsive 10 -

synchronous di gi t gl Bhesfihe Predctthined Hats message ' td brah SR Siresponding radio.
signals to the selected one of the movable interface units. -

20.  The interface apparatus in accordance with claim 19
wherein the predetermined data message is transmitted to each of the selected
ones of the stationary interface units in a timed sequencé and the selected ones
of the stationary interface units transmits the corresponding radio signals in‘a

5 ' corresponding timed sequence.

21. A mobile telephone system comprising:

a telephone office connected to a telephone network;

a stationary interface unit connected via a signal transmission
connection to the: telephone office; |

5 a movable interface unit movable-at a predetermined speed along

a first predefined path of travel and in a direction defined by a direction of -
travel of a mobile telecommunication unit traveling along a second
predetermined path; _

the stationary interface unit comprising signal processing circuitry

10 and a stationary interface radio antenna directed toward the first predefined -
path of travel;

' the moving interface unit comprising signal processing circuitry
and a first radio antenna directed toward the second predefined path of travel
and a second radio antenna directed toward the stationary interface unit;

15 the moving interface unit responsive to radio signals received at
the first radio antenna to transmit corresponding radio signals via the second
radio antenna to the stationary interface and the stationary interface responsive

_ to radio signals received at the stationary interface radio antenna to transmit
\
Thﬁiii’?}?iasll}?l?i} i;tléplaced



The di re% I,!Hﬂ'" 100-105, 110, 111 may be of a sectorized
architec ased array hly directional radio

frequency beans. Such antennas are }HASSEEEN decrease interference
bet ween the noivd g3eeuwee stations a‘ 'heRERLAGEDradl of ports, alpkenist€oTosr
greater spectrumreuse. Antenna diversity C Qi ded with two
spatially separated radi o beans separated in t_24re with a pr edefi ned
ti-me-del ay offset for easier separation at reception. Various techniques
for obtaining high antenna diversity

- 10 - corresponding signals to the telephone office via the signal transmission
20 connection.

22. A mobile-telephone system comprising::

first and second telephone: offices connected to a telephone

network; '

first closed loop having opposite ends and a second closed loop
5 having opposite ends, one of the opposite ends of the first loop. disposed
adjacent one of the opposite ends of the second loop, each of the loops movably
supporting a plurality of movable interface units;
a plurality of stationary interface units disposed adjacent each of
the loops, each connected to one of the telephone offices;

10 each movable interface unit responsive to radio telephone signals
transmitted by a mobile telephone unit to transmit corresponding radio signals
to one of the stationary interface units;

the telephone offices operative to record position of each of the
movable base stations on.each loop and to transmit an alert signal via one of

15- the stationary-interface units to-a movable base station approaching one of the
opposite.ends.of a loop and a movable base station receiving the alert signal -
responsive to the alert signal to indicate to mobile units communicating with a
movable base station receiving the alert signal to transfer connections to another
base station.

23.  The system in accordance with claim 22 wherein one of the
opposite ends of one of the loops overlaps one of the opposite ends of another
of the loops.
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are wel | ' nd ant ennas enpl oyi ng such techni ques are
COMMEr Ci a“m“u\“u“lmmltm“‘a \ ' _ di agr am

represent at4 of ot the hovi ng base stat i S38HEE,HA t# n 30 includes a
‘processor 130 cqigryesbRed Vvia radio inte*faceﬁEEkAGEQM t o the aRicgRR9507HSPL,
101, respectively. The processor 130 D€ a standard m croprocessor and
the radio interface circuits 132 may be standard radio interface circuits.
The microprocessor is preferably programed t@5handle the call processing
functions performed in a prior art systemby a call site or by a shared
base station controller. In this manner augfstp"@WING Pase station has
greater autonony afgdadeided b§SthkChteFHETENYICBlredld on09 Rugustneagsd (6:198.96) ;
station controller "or tdragindeclaime 1Cand 6 dnended, ndw kbaimbe24-20li gdedy er f ace
circuits 154 in the fixed radi penadningo@laimd urvhangedi (8 pagesidace circuits
164 in the fixed base station 70, are well known and commercially avail abl e

circuits. The raglio |§m§%1_? aP&EQ"@ .Estgﬂﬁghipgﬁ'g}@ 8“@ bettviden

and t he, novi ng base stations Sg', 40 an %@ I Xe g ase sta on# |s°§1p '

standard radio a telephone office connected to a telephone network and mobile telephone units -
transmitting radio signals -and moving in a specified direction, the interface apparatus -

comprising:
5 a stationary interface unit connected to the telephone office via a
signal transmission connection; ' _-

a plurality of spaced apart movable base stations, each of the base
stations uniquely associated with the telephone office and supported on a conveying
device for limited movement in the specified direction within an area defined relative

10 to the stationary interface, the movable base stations each responsive to radio signals
* transmitted by the mobile telephone units to transmit corresponding radio signals to
the stationary interface unit and the stationary interface unit responsive to the radio
signals transmitted from'the: movable units:to transmit signals.corresponding -to the .
signals transmitted: from. the: movable units to the telephone-office via the signal -

15 transmission connection. .-

2. The interface apparatus in accordance with claim 1 wherein the
mobile telephone unit moves along a roadbed and the movable interface unit is
movably supported on conveying apparatus disposed along path extending parai_lel to
the roadbed.

3. The interface apparatus in accordance with claim 2 wherein the

conveying apparatus comprises a rail movably supporting the movable interface unit.

4, The interface apparatus in accordance with claim 2 wherein the
' stationary interface unit is disposed on one side of the conveying apparatus opposite:
the roadbed.
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interface, well known in the art. The radio interface between the noving
base stations 30, 40 and the fixed radigteas plnsiagunigingd cr ably a tine
di vi sion mul tiplexed, direct-sequence, |SiH8BHEEPHAS BEEN.

mul ti pl e- accessyg smdtace ( TDM CDWA) . | ti pREPICAGERNE!l s

st at i@Wdi 0 ports are thre—eh=rreEER=EEET pl exed as tinme

slots in a data s The data streamis spread with a pseudo-random code

ower ':ﬂmuU” trum A pilot sequence is inserted in the -

t r ansmill | m Iﬁ[ﬂgase of synchroni zation2én a wel |l -known manner. The

i nterface *between vabl e base. station and the. fixed radi art.i .

preferably transparent to t he Jover TWW?WQ&WZW&QMI“%anG

Frequency divi si on GhovableEintbrfubss i \comtisbe sipiat rocessinguiieaitry aAdaL firsCAlioodfienna

In the frequency divjsion duplex (FDD) de, data is sinultaneously,
dirgpred

| I

transmtted in bot h difepted toward themebils tglephonerynit andia seppndiradip apisppe
typical systemin .t %wﬁ@ﬁh&@ﬂﬁon&ﬁgﬁﬁﬂ%-ﬁﬁﬁﬁd;%&@ﬁﬂﬁ ' '

approxi mat el y 500 ni croseconds making the interface subst ant’i al | y
5 comprises: signal. processing circuitry and:a radio-antenna directed toward the .

- be -

movable interface unit, the movable interface unit responsive to-radio signals
received at the first antenna to transmit corresponding radio signals via the second-
antenna to the stationary interface unit and the stationary interface unit responsive to.
radio signals received via the radio antenna of the stationary interface unit to .
10 transmit corresponding signals to the telephone office via the signal transmission °

connection.

6.  Interface apparatus for establishing signal connections between a
telephone office and a plurality of mobile telephone units transmitting radio signals,
certain of the mobile telephone units moving in a specified direction, the interface
apparatus.comprising: -~ .

5 a plurality of movable interface units uniquely associated with the
telephone-office;and . - '

a plurality of stationary interface units connected to the telephone office
via a signal transmission connection;

each of the movable interface units movable in the specified direction

10 and within a limited area defined relative to the stationary interface units and
responsive to radio signals transmitted by a mobile telephone unit to transmit
corresponding radio signals in the direction of the stationary interface units, each of
the stationary intérface units responsive to radio signals transmitted from an adjacent
movable unit to transmit signals corresponding to the signals transmitted from the

15 adjacent movable unit to the telephone office via the signal transmission connection.

7. The interface apparatus in éccordance with claim 6 wherein:

the mﬁable interface units are movable along an interface unit path
extending in a direction parallel to the predefined path and having a first side
adjacent the predefined path;

This Sheet Has Been Replaced

AR

AMENDED SHEET (ARTICLE 19)




fritgs?ar ﬂ“l“lmllﬂﬂ Hllllﬂnfasgnrggl:gyb nit and the novabl e

base may Be fhe'st'andard 1S 95- based ,wsafl;HEE'TanSBEEN standard. The
channel capaci wo ds@oozhe so-cal | ed "ext end BEPLACED (2.9 nmhz) heyisesos?
determned to be seven channels at 32 KITODTUS PeT nd. The FCC

all ocated |icensed spectrum for personal conmunications services (PCS)

i ncludes 10-mhz |icenses and 30-nhz 27

5 the stationary interface units are spaced apart and disposed on a
second side of the interface unit path opposite the first side of the interface unit path;
- each of the movable interface units comprises signal processing:
circuitry. and:an:associated first radio- antenna directed toward the-first side and-an -
associated: second: radio- antenna-directed. toward the second side;: '
10 : each of the stationary: interface umts ‘comprises signal processing -
circuitry and an associated radio antenna directed toward the interface unit path; -
each of the movable interface units is responsive to radio signals
received at the associated first antenna to transmit radio signals via the associated
- second antenna to the stationary interface unit; and
15 each of the stationary interface units is responsive to radio .signals
received via the associated radio antenna to transmit corresponding signals to the
telephone office via the signal transmission connection.

8. The interface apparatus in accordance with claim 6 wherein the
movable- units:move.along the interface:unit. path at a predefined ‘speed.:

9. The interface apparatus in.accordance with claim' 8 wherein the:
predefined speed is a function of an average speed of the plurality of mobile
telephone units.

10.  The interface apparatus in accordance with claim 6 and further
comprising a plurality of mobile telephone units moving along another path in an -
opposite direction opposite the specified direction and -a plurality of movable
interface units movable in the opposite direction and wherein:

5 the plurality of mobile telephone units moving in the specified
direction move along a first roadbed and the plurality of mobile telephone units
moving in the opposite direction move along a second roadbed spaced apart from the '

. first roadbed;
the plurality of movable interface units movable in the specified
10 direction are disposed along one side of the first roadbed adjacent the second
roadbed,
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| i censes. Each 10-nhz |icense provides tw separated-§-nhz bands and each

30- mhz |icense provides two separ at g4 paw ngcﬁ,ENfr t wo- way
14 %Bpl ex
SLIBRe a

comuni cations. Two 5-mhz bands can Iﬂﬂﬁ)ﬁ hannel s at 32

kil obits per swoombomd two 15-mhz bdnds & dupl excrrosssngdss at
32 kitobirts—per—second: vorce signals between a nobile unit

and t flce are encoded in a standard fashi on usi ng ADPCM voi ce
encod ﬁmﬁi b|t rate of 32 kilobits pgr second in each channel.
The i he novi ng base station and the fixed radio port is
adapted to carry up to 19 ch é:ﬁig ggg

bits per tinme slot. The frane rucg{fr)fgt%loné’:lepgk &gtészl?er channe?@os 32
ki | obits per secondliectidfareidisposedraléngnenesdidet of thé secondmwadbed &ljasentrthé firgp! exed

frame rate between th$ Hg | e base station and the fixed radio port is 608
kil obits per second’ ' eve a processing gain of 9 decibels, the frane

\rNﬁtehlfs nul ti pl i&d by a factﬂieﬂﬁrdaﬂty Wﬂiﬁﬁlm:ﬂteﬁﬁ%bl?ﬁthafvdl&d@ﬁba%&{\dwf
ich fit |ntoa5| n 5 is @ tabul ar resentation o
the channel all ocath‘ﬁiﬂQfﬁW@B@GnﬁégP“e\’m@ ?i‘ﬁ‘glesm the specified direction and the

. _ plurality of movable interface units movable in the opposite: direction. -

11. The mterface apparatus in accordance with cla:m 6 and further
compnsmg a plurality of stationary interface units connected to the telephone office
via a signal transmission connection and responsive to radio signals transmitted by a
mobile telephone unit to transmit corresponding signals to the telephone office.

12.  The interface apparatus in accordance with claim 1 wherein the
radio signals transmitted between the movable interface unit and the stationary
interface unit are transmitted in accordance with a code division multiple access,
direct sequence,: spread: spectrum: transmission signalling protocol..

13.  The interface apparatus in-accordance: with claim 12.wherein
s:gnals transmitted from the mobile telephone unit to the movable interface unit are-
transmitted at a first power level and signals transmitted from the movable interface
unit to the stationary interface unit are transmitted at a second power level higher

S than the first power level.

14.  The interface apparatus in accordance with claim 1 wherein
the movable interface unit is responsive to radio signals received from the stationary
interface unit to transmit corresponding radio signals to the mobile telephone unit
and wherein signals transmitted from the stationary interface unit to the movable

5 interface unit are transmitted at a first power level and signals transmitted from the
movable interface unit to the mobile telephone unit are transmitted at a second

power level higher than the first power level.
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plus 3 channels for signalling, control, and e. FIG 7 is a
representation of channels 18 and 1= G4AS BEEN .~ The noving
base stations are addressed using preﬂfgﬁlﬁ segyences derived in a
known manner bwotdsmsgeeze of \Wal sh fungtion : 5, 103, 34eTarsysna7msrd

" Sym@neratl ng Si gma Wave Forms in CDVA Cel | ul ar

Tel e descri bes the use of Wl sh %ainctions for code

gene 'ﬂi 5,103,349 is incorporated by reference herein. As
descri*e by ch003| ng a Wal sh function of order 8 prow des
8_orthagonal codes in the prege .ﬁmﬁgmg\ oS

uses the all 0 Walsh sequence as a pi X |e#ug f%g c‘#g]sequences
avai | abl e for novi ndath sransnsitied barweernthe1stitiondry dmerface lvait and chesmguahbe iterfiny uhie
repeat ed as ABCI?EFGiS&ABCD%ESiin.aﬁme. m@llsgotﬁo&{%pexf evvegr.codes coul d be used,

16.  The interface apparatus in accordance with claim 12 wherein
data transmitted between the stationary interface unit and the movable interface unit
is transmitted in a frequency division duplex manner.

17.  The interface apparatus in accordance with claim 12 wherein
each movable interface unit is synchronized to a selected stationary unit by
transmission of pilot signals to the selected unit.

. 18.  The interface apparatus in accordance with claim 6 wherein the
telephone ofﬁce. is connected to a telephone network and wherein a plurality of
stationary interface units are responsive to radio signals transmitted by an identified
one of the movable interface units and each stationary interface unit responsive fo .
5 radio:signals from the identified movable interface unit is operative to compute a.

signal quality indication for data represented. by the. transmitted: radio signals.and to
transmit to the telephone office data signals corresponding to the transmitted radio
signals together with a corresponding signal quality indication, the telephone office
responsive to the receipt of the data signals and signal quality indication to transmit

10 to the telephone network data received from a selected one of the stationary interface
units having a preferred signal quality indication.

, 19.  The interface apparalus.in accordance with claim 6 wherein
each of the stationary units is responsive to a data message received from the
telephone office to transmit a corresponding radio messege to selected ones of the
movable interface units and wherein the telephone office is operative to transmit a

. 5 predetermined data message intended for a selected one of the movable interface
units to selected ones of the stationary interface units and each of the selected ones
of the stationary interface units is responsive to receipt of the predetermined data
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different fixed radio porfs tisfy the condition of
time alignnment woesgsbeoad f or valsh f ity for 2cerusiinesy
fixed radio ports at one tinme. For this purpose, two outer pseudonoise
codes are used to provide discrimnation bgpween signals arriving at the
novi ng base station fromdifferent fixed radio ports. The pseudonoi se code
rate is preferably 4,864 kilobits per second. The sequence length for the

et 5, 105, 450, Theheeae o EBliFbHeBRnbngtadi ighdle 35 e oufEs §$'9€9==m°vab1%

guadr at ure phase shirfterfdceunits;.

A EUM[HMFHIJFMHM%; : i.lrag;gﬁ%;fg:%}g;%d; byt

20.  The interface apparatus in accordance with claim 19 wherein
the predetermined data message is transmitted to each of the selected ones of the:
stationary interface units in a timed sequence and the selected ones of the stationary
interface units transmits the corresponding radio signals in a corresponding timed

5 sequence.

21. A mobile telephone system comprising:
a telephone office connected to a telephone network;
a stationary interface unit connected via a signal transmission
" connection to the telephone office; '
5 a movable interface unit movable at a predetermined speed along a
first predefined path of travel and in a direction defined by a direction of travel of a
mobile telecommunication unit traveling along a second predetermined path;

the stationary interface unit comprising: signal processing circuitry and.

a stationary interface radio antenna directed toward the first. predefined path. of -
10 travel; ‘
the moving interface unit comprising signal processing circuitry and a
first radio antenna directed towatd the second predefined path of travel and a second
radio antenna directed toward the stationary interface unit;
the moving interface unit responsive to radio signals received at the
15 first radio antenna to transmit corresponding radio signals via the second radio
antenna to the stationary interface and the stationary interface responsive to radio
signals received at the stationary interface radio antenna to transmit corresponding

signals to the telephone office via the signal transmission comnection.

22, A mobile telephone system comprising:
first and second telephone offices connected to a telephone network;

first closed loop baving opposite ends and a second closed loop

having opposite ends, one of the opposite ends of the first loop disposed adjacent
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Wi




The pil ot ' ransmtted in bg Rons, fromthe noving
base stat“*ﬂmrmwlmumnﬁm radi o pe
possible by thelliMe of site fadi ngTeWar;

The pilot sequwodgssger! be | ong endugh Z nunber of diffeperussseppeEnces
can be generated by shifts in the B&8ic sequence. The separation will be
great enough to ensure that there is no interference between pilot signals.
Each novi ng base stations will use a di fferegt, of fset from a nei ghboring
novi ng base station to provide signal separafion. Simlarly, each fixed

radio port will puse | n S [ | ' ' .
The FCC has allo at%‘% %t&%gﬁﬁ?&%?&%nﬁf%%%%g@ g%ﬁ’c%?@%%ﬁ%‘%‘%ﬁﬁg‘é&y%p%%a
band for voice prodplotatityaofimavabfe- interfabeanitss or data products. Thus, one
continuous 10-nmegahertz channel, is available and tine division.nultiple
transmission is preferably uddRft eotﬁ‘}t?t‘We‘“ Fcedﬂ’ﬁtﬁgtﬂ’?%’ét P‘Hﬁ‘?“BF&H‘ of the
transm ssion wll bﬁg%we%me&gmmwﬁg Wlephéiie giigdsex rate, introducing
an overal |l delay of 0 m croseconds and a processing gai n_of 9 decibels.
In the tinme division each movable interface unit responsive 1o radio telephone signals
10 ‘transmitted by a mobile telephone unit to transmit corresponding radio signals to one
of the stationary interface units; . ' '
the telephone offices operative to record position of each of the
movable base stations on each loop and to transmit an alert signal via one of the
stationary interface units to a movable base station approaching one of the opposite
15 ends of a loop and a movable base station receiving the alert signal responsive to the
alert signal to indicate to mobile units commumcatmg with a movable base station

receiving the alert signal to transfer connections to another base station.

23. The system in accordance with claim 22 wherein one of the
opposite ends.of one. of the loops overlaps one of the opposite ends of another of the

loops.

24.  The interface apparatus in accordance with claim 1 wherein each
of the movable base stations has an associated service area and each of the movable
base stations is operative to hand-off and receive existing calls to mobile units in an

associated service area.

25.  The interface apparatus in accordance with claim 1 wherein each
of the movable base stations has an associated service area and each of the movable
base stations is operative to perform a plurality of functions including locating an

identified mobile unit in an associated service area.

‘ 26.  The interface apparatus in accordance with claim 6 wherein each
of the movable base stations has an associated sérvice area and each of the movable
base stations is operative to perform hand-off and receiving functions relative to

existing calls for mobile units within an associated service area.
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dupl ex psi on ti 1forward and reverse
be?\/\/eenr,mﬂ"mmuwr,mm;m;nd the foHISEHE: and between the noving
base stat'ioff ahd *hesfi*xed radi o |portsREBER d. In one half of the
time divisi onwodepseex cycl e signa € transmtted fromtheponbsdsw703nit to
t he noving base station and, fromthere, to the fixed radio port. In the
other half-cycle, signals are transmtted frgmthe fixed radio port to the
'movi ng base station and then to the nobile unit. ’

- 13 -

27.  The interface apparatus in accordance with claim 6 wherein each
of the movable base stations has an associated service area and is operative to perform
a plurality of functions, including locating an identified mobile unit in an associated

service area,

28.  The apparatus in accordance with claim 1 wherein the movable
interface unit is further responsive to radio signals received from the telephone office
via the stationary interface unit to locate an identified mobile unit and to transmit to the
identified mobile unit signals corresponding to radio signals received from the

5 teléphone office.

29. The apparatus in accordance with claim 1 and corhprising a
plurality of stationary interface units and wherein the area is defined relative to the
plurality of interface units. '
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The two 15-mhz |icensed spectrum bands (30 nmhz) are preferably divided into
t.hree 5-negahertz channel s in each direction, utilizing the sane
architecture as described earlier herein with respect to the 5-megahertz

| i censed speciywgigzeded the 15-mhz |icensed spectrum each of theguRegipEaertz
channels will support 14 traffic channels, for a total of 42 traffic
channel s in each 15-nmhz band. The air interface between the noving base
station and the fixed radio port, as mell.ﬁ? he signal structure, can be
nodi fied and adapted to a variety of allocafidns of spectrum and air
interface standards. In the present enbodi ment, as descri bed
earlier herein, 7 orthogonals codes are avail abl e for conmuni cati on between
the fixed radio ports 50 and the noving base stations 30y 40. As descri bed

earlier herein and depicted in FIGS. 6 and 7, one 16 |bit ni cation
channel, channel 19, is ®et aside for controf| a idgntifg dation bits. As
depicted in FIG 7, chan 9 mMay conpri se pnt roly bit 9

identyfication bits. Thel9 idEptification i ts <
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provi de 512 unique identification nunbers. Using 7 orthagonal codes and 512
identification nunbers, 3,854 noving base stations can be uniquely
identified. Wien the noving base stations are separated by a spacing of 200
feet, the tot goskdhiance of coverage using the 3,854 noving GgaisséeisOns
is approximately 135 mles. FIG 1 shows a portion of the systemwth
novi ng base stations noving in opposite directions al ong oppositely

di rected roadways and fixed radi o ports Wl%y glual ,antennas. Vehicul ar
traffic noving in opposite directions on the sanme roadway are preferably
served by noving base stations on opposite sides of the roadway. Wiere each
roadway has only one-way traffic, thggsystemis preferably disposed between
t he roadways. I n one enbodi nent of ejinvention, depicted in FIG 9, two
separate | oops 200, 205 are dispos etmeen tmo separate roadways 206, 208

with the traffic on the rOFd‘Vﬁ‘ya*-Tnu cated uy tHre—ar-rows—28y and 209. The
| oops 200 and 205 conprisej noving bage stations 210 and 250} respectively.
The base stations, in this|enbodijngaha are noving in the difection
i ndi cated by the arrows 20{L and £g3=7§@ as a practical jmtter, the
| oops 200,
| 150
PROCESSOR K->
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205 are not of indefinite length, a plurality of |oops may be required to
cover a desired area. To avoid interruption in conmunications, the ends of
the | oops are preferably sufficiently close together, or overlapping, to
provi de an '

REPLACEMENT Sﬁglg 2002 ' : ?‘iﬁ’-"s”"”"”
over | appi ng area of coverage for nobile uni%s,gave} ing in the area of the
.l oop ends. This will allow one of the nobil¥ ‘s¥ati ons nearing the end of
the loop of which it is a part tgghand off the call to a nobile station of

the adjacent | oop. \y

RAvIo
. wrerpace 132

frecessor 1130

RApID0 YE 74
INTERFALE
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frocessor ,_/64
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Each | oop preferably has a single gateway for connection to the wire

t el ephone network. One advantage of that arrangenment is that it elimnates
the need for registration of noving base stations, which is required where
a novi ng basewsiwgizosay noves bet ween gateways. FIG 9 shows aPgiUSosH7037

gat eways 215 associated with the | oop 200 and a pair of gateways 255
associated with the |l oop 205. The two gat eaays of a loop are both connected
0 the fixed radio ports of the |oop at al {Bes and may be operated in a
| oad sharing node with each capable of handling the total

tel ecommunication's traffic for the loop in the event of a failure in one
of the gateways. To avoid interrupting comruni cations with a
nobile unit traveling along the roadway in the area where two adj acent

| oops end, any existing calls are handed off fromg1 eg i base station
near fhe termnating end of its loop to a noving b Ea%n of the next

| oop. The handoff process is essentially the sa ff between
nmovi ng base stations W except tHMa Wil |
be routed to the wirefnetwork to a

ls|B|B |--———--———mm oo B |B
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different- gateway. This procedure is equivalent to a handoff between cell
sites of different cells in the existing cellular network in a manner which
is well known in the art. The | oops 200 and 205 nay physically overlap to
assure proper wossssage of conmuni cati ons between novi ng base SpEdi@epegf the
two | oops and to avoid | oss of comuni cat ih'én with a nobile unit handed off
f.rom one | oop to anot her. T A Bni ng and synchroni zation

bet ween the noving base station and a fixed rqadio port with which'the

novi ng base station conmuni cates i s phase-| o&h’d to the pilot signals
feceived fromthe fixed radio port with which {the ngvi ng base station
communi cates. For synchroni zati on purpose t e @)vi base station w |
receive a G obal Positioning Satellite ( Gooi nat Uni versal Tine

(UCT) timng signal once each second. €DVA Yechnol ogy is
wel | - known for sensitfvity to power_cont r IMII the nore
power ful signals teng t# "lmask out{' §l ess {power f ul§si ghal s —
"4 : } l ‘
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-15- at the.receiver. Typi cal |y, -el aborate power control s? r 95 /070
i npl emented to ensure that all signals arrive at the recei vel? S0 2JAN 199
t he

| evel . In accordance with the systemof this invention, however,
sensitivity to power |evel of CDVA is usedyjo advantage. The principles of
signal transm ssion enployed in the systemof the invention is illustrated
in FIG 8. Two power |evels of radio transnission, high (H and low (L),
are defined. Referring tg4 Walalt F ﬁh are transmtted
fromthe noving base statrom =

A preferred embodiment of the invention is described below with
reference to the drawing in which:
FIG. 1 is a block diagram representation of a roadway structure
5 with fixed base stations, moving base stations, and fixed radio ports;
FIG. 2 is a block diagram representation of a fixed radio port of

FIG. 1;
FIG. 3 is a block diagram representation of a fixed base station of
FIG. 1; '
10 FIG. 4 is a block diagram representation of a moving base station
of FIG. 1;

FIG. 5 is a block diagram representation of a gateway telephone
office shown in FIG. 1;
FIG. 6 is a tabular representation of channel allocation;
15 FIG. 7 is a representation of selected channels of FIG. 6;
FIG. 8 illustrates signal transmission among various of the system
entities; and |
FIG. 9 is a block diagram representation of moving base stations

operating in separate loops.
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nobile unit 20 and fromthe base station 30 to the fixed ra!i‘imzjsg /Ip 03
pover | e mmumﬂmu (ﬂ\wansmtted fromthe fixed radio por ¢ hd JUL 19¢
novi ng b! _ [ A : mlarly, |ow power signhals are transmtted from

t He rmobile*urfit 20 to the nmoving base stati-d8-30. Since the noving base

station receives a | ow power |evel signal fromthe fixed radio port and
transmts a high | evel power signal toward termnals, the high power |evel

received at the nobile unit 20 will mskwy signals of the | ow power

signal transm mﬁwﬁﬁm&éxed radi o por 0 the noving base station. In
a simlar fashion, "any Tow signal transmtted fromthe nobile unit 20

reaching the fixed radio port 50 will be masked by the high power |evel
signal transmtted fromthe noving base station to the fixed radio port. As

stated earlier, the antednas IferfaCsapphtdius fot éstablishingsignaliconnéctivinks between
?ih;effa Lginsg ginheteleﬁﬁoﬂe g&vﬁa@eandgctéd @eiea i Sﬁét%ut Bﬁg&ﬁ@bﬁi‘%&leﬁkﬁi&ﬁhﬁso
e recelve st Wl ECHRRS b VR, T S EHSBPEE  Brerac

wel | - known noi RPHARSOMPIIYNLt echni ques.
5 a stationary interface unit connected to the telephone office via a

signal transmission connection;
a plurality of spaced apart movable base stations, each of the movable
base stations uniquely associated with the telephone office and supported on a
conveying device for limited movement in the specified direction independent of
10 movement of the mobile telephone units and within an area defined relative to the
stationary interface, the movable base stations each having an associated
geographical service area defined relative to the stationary interface and operative
to perform a plurality of call handling functions relative to mobile units in the
associated geographical service area, the movable base stations each responsive to
15 radio signals transmitted by the mobile telephone units to transmit corresponding
radio signals to the stationary interface unit and the stationary interface unit
responsive to the radio signals transmitted from the movable base stations to
transmit signals corresponding to the signals transmitted from the movable base
stations to the telephone office via the signal transmission connection.

2. The interface apparatus in accordance with claim 1 wherein the
mobile telephone units move along a roadbed and the conveying device extends
parallel to the roadbed.

3. The interface apparatus in accordance with claim 2 wherein the-
conveying device comprises a rail movably supporting the movable base stations.

4, The interface apparatus in accordance with claim 2 wherein the

stationary interface unit is disposed on one side of the conveying device opposite
the roadbed.
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ts first powered up or first enters a%gi?il‘]%{?@

the mobi | unrt gister in the manner described earlier
transjmu ME {’E address in the new service area. The address w ||
be re est novi ng base statl®en 30 and transmitted via a

fixed radio port and the gateway switch 60 to the tel ephone network. This
regi stration procedure is required so that an incom ng caII for the m)bile

unit can be appropriatelgy dir ﬁ%‘:é

based stations 20b g etgﬁ 'a;:tr?sm%spo o et ehgv{/r E'the

strength of tROG 3?1 ps& § TOGESIE SLIABQ he

fixed radio p@nmnadrbmted mandh@enmbde telephone ynit and a second radio antenna

REPLACEMENS Sldiredted toward the stationary interface unit and wherein the stationary interface unit
comprises signal processing circuitry and a radio antenna directed toward the
movable interface unit, the movable interface unit responsive to radio signals
received at the first antenna to transmit corresponding radio signals via the second
antenna to the stationary interface unit and the stationary interface unit responsive

10 to radio signals received via the radio antenna of the stationary interface unit to

transmit corresponding signals to the telephone office via the signal transmission
connection.

6. Interface apparatus for establishing signal connections between
a telephone office and a plurality of mobile telephone units transmitting radio
signals, certain of the mobile telephone units moving in a specified direction, the
interface apparatus comprising:
5 a plurality of movable interface units uniquely associated with the
telephone office; and
a plurality of stationary interface units connected to the telephone
office via a signal transmission connection;
. the movable interface units moving at a predefined speed in the
10 specified direction and along an interface unit path within a limited area defined
relative to the stationary interface units and the movable interface units responsive
to radio signals transmitted by a mobile telephone unit to transmit corresponding
radio signals in the direction of the stationary interface units, each of the stationary
interface units responsive to radio signals transmitted from an adjacent movable unit
15 to transmit signals corresponding to the signals transmitted from the adjacent
movable unit to the telephone office via the signal transmission connection.

7. The interface apparatus in accordance with claim 6 wherein:

the movable interface units are movable along an interface unit path
extending in a direction parallel to the predefined path and having a first side
adjacent the predefined path;
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- 16 “—r’éa'l"o—f)orts with which a novi ng base station can co rﬁ& 3m QQ
poi nt ml ng and signal strength is. preferabl >
each fIHM‘ \l‘“‘ﬂmﬂﬂ eceives signals fromthree’novi ng base stations.

Wien a frxed radi®o gort receives data, ac®8Bapanied.by the identification
nunber of the noving base station, the processor. 1560 (FIG 2) conputes a
signal quality indication on the received signal. The signal quality

indication is a figure of nerit preferably conputed as a function of

signal strgngth and sig - noi se.ratio. | s _added e rece| ved
data and alided to the fﬂl?e taﬁ ﬂtFFSa%es“W%af%éP &%%Pﬂ?aed

preferably resesopdsside,o mtﬁkf@%@ m@mﬂbom@lwdhcffgsbﬁde@féhewetﬂa@e Uﬂitxed

radi o ports 5pathpd stores the data in an internal mem)ry i n the gateway 60

in association wth the Qa}ﬁsva"&l ' l'ld%cg g& QI%TBP gﬁg
function spr egigc':ﬂll i an assci T30 ra%xo antenna dit ﬁn-écteg waRPhe firs a3 in t
10  associated second radio antenna directed toward the second side;
each of the stationary interface units comprises signal processing
circuitry and an associated radio antenna directed toward the interface unit path;
each of the movable interface units is responsive to radio signals
received at the associated first antenna to transmit radio signals via the associated
15 second antenna to the stationary interface unit; and
each of the stationary interface units is responsive to radio signals
received via the associated radio antenna to transmit corresponding signals to the
telephone office via the signal transmission connection.

9. The interface apparatus in accordance with claim 6 wherein the
predefined speed is a function of an average speed of the plurality of mobile
telephone units.

10.  The interface apparatus in accordance with claim 6 and further
comprising a plurality of mobile telephone units moving along another path in an
opposite direction opposite the specified direction and a plurality of movable
interface units movable in the opposite direction and wherein:

5 the plurality of mobile telephone units moving in the specified
direction move along a first roadbed and the plurality of mobile telephone units
moving in the opposite direction move along a second roadbed spaced apart from
the first roadbed;

the plurahty of movable interface units movable in the specified

10 direction are disposed along one side of the first roadbed adjacent the second
roadbed;
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data has beemr receirved is stored in the nenory of .brocessowp§ zegljfg]gét
e copies of the sane data typlansmtted n
”m g,g@"gm*)n are stored in the nenory of 'the pro!ggg%4 in th
gat eway:

qual ity -indications conputed by the processors 150 |n
each of several fixed radi it of lfdrface ﬁngrﬁgegmé\ﬁdﬂﬁr&@agt
quality indication thresho?hdep n%ltflhe ata corresponldl ng to a si e
qual ity indicati oﬂxrbaiaw\arehbsposdﬂdehg)bﬂe side of thessetond roadbed adjatmt\bhesﬁrstt he
data is retained. I|c redundancy code transmtted with the data is
used to detect anyoari : errors The best data, i.e., associated with

the best signglk quali ty | ndlt&a% gﬁ},}% lﬁﬁﬂ‘ér@ﬁl 8icaVRYwaD the
the tel ephoneqﬁetwork Dat a retel ved rom el ephone netsa/ork at the
gateway 60 and i nphmaiagl dfanoxmbteegtsfaee adltsmimvabie im mhet spesified alixpdtiom and the
menory of the proc a register rti.cul ar SSQEL3 ted with the
novi ng base stati BE‘@ rﬁ“?‘ﬂ? ?emrﬂﬁ il Mf‘l?lg "ﬂlﬁ? prf;ﬁ HOR- Wi | | be
sent via the optical rlng 55 to all fixed radio ports that are identified

in the menory of the processor 65 as fixed radio ports with an
11.  The interface apparatus in accordance with claim 6 and further

comprising a plurality of stationary interface units connected to the telephone office
via a signal transmission connection and responsive to radio signals transmitted by a

mobile telephone unit to transmit corresponding signals to the telephone office.

12.  The interface apparatus in accordance with claim 1 wherein the
radio signals transmitted between the movable interface unit and the stationary
interface unit are transmitted in accordance with a code division multiple access,

direct sequence, spread spectrum transmission signalling protocol.

13.  The interface apparatus in accordance with claim 12 wherein -
signals transmitted from the mobile telephone unit to the movable interface unit are
transmitted at a first power level and signals transmitted from the movable interface
unit to the stationary interface unit are transmitted at a second power level higher

5 than the first power level.

14.  The interface apparatus in accordance with claim 1 wherein
the movable interface unit is responsive to radio signals received from the stationary
interface unit to transmit corresponding radio signals to the mobile telephone unit
and wherein signals transmitted from the stationary interface unit to the mO\rable

5 interface unit are transmitted at a first power level and signals transmitted from the
movable interface unit to the mobile telephone unit are transmitted at a second

power level higher than the first power level.
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flxed radi o ports which receiaed the d

‘\“m §\§| cati‘on code and Wal sh function code of the noving base station
to ’WhICh the data is directed. The transm ssion of data fromdifferent

fixed radio ports will be sisaggefrintdilbdy @ﬁi‘ét tﬁieﬁécgf&ﬂée AWM 12 WHeh34

t hey can be received and separat e

novi ng base stations.

The del ays can belawmsﬁﬁitgd,bawbemtﬂeaiatbpary interfacé iinit and the movable interface unit

10

10

is transmitted in a time division duplex manner.

16.  The interface apparatus in accordance with claim 12 wherein
data transmitted between the stationary interface unit and the movable interface unit

is transmitted in a frequency division duplex manner.

17.  The interface apparatus in accordance with claim 12 wherein

each movable interface unit is synchronized to a selected stationary unit by

transmission of pilot signals to the selected unit.

18.  The interface apparatus in accordance with claim 6 wherein the
telephone office is connected to a telephone network and wherein a plurality of
stationary interface units are responsive to radio signals transmitted by an identified
one of the movable interface units and each stationary interface unit responsive to
radio signals from the identified movable interface unit is operative to compute a
signal quality indication for data represented by the transmitted radio signals and to
transmit to the telephone office data signals corresponding to the transmitted radio
signals together with a corresponding signal quality indication, the telephone office
responsive to the receipt of the data signals and signal quality indication to transmit
to the telephone network data received from a selected one of the stationary interface

units having a preferred signal quality indication.

19.  The interface apparatus in accordance with claim 6 wherein
each of the stationary units is responsive to a data message received from the
telephone office to fransmit a corresponding radio message to selected ones of the
movable interface units and wherein the telephone office is operative to transmit a
predetermined data message intended for a selected one of the movable interface
units to selected ones of the stationary interface units and each of the selected ones

of the stationary interface units is responsive to receipt of the predetermined data
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means hronous distribution via the opti cal ring 55, I W\IE ,j oy
SDH foﬂ Uﬂm”"lng novi ng base station, by neans of i S (4 UL 19!
130, pl e copies of the received data signals, aligns them
and combi nes themfor the best reception. -23- Each of the novi ng

base stations will have one of N assigned codes, where N may be any nunber,
but preferably is at |east 3 or nore. Seven Wl sh function codes are

- preferably us r

b cher captotr et b eABh B BohTRG AR ShICRIRE S8ec R drBlorfie FRbante
base stations 18’&9’ U0 novi ng base stations having the sane code will be
physically separated by a sufficient distance to prevent interference in
the communi cations betwexn fiRedintaflice ChcEBiiaRde WAL claim 190RRerein
havi ng the sa E;H% tes 0
I's essentiall 'Iﬁ?hg&i&%@ggat gﬁ&g?sa qja a gﬁtdttorb @%P@?&&%ﬁ%@%g
congest ed t r afStationgrysinterface yoifs in a tig ﬁm}lﬁlﬁ’eﬁ%‘ eted ones
e.g., less thantest‘acm.mas maasmitsaine; cavir¢espopdingnadia sagbalssna\mcmdpmdmgelmed
t he fIXEd lgas%equence

22. A mobile telephone system comprising:

first and second telephone offices connected to a telephone network;

first closed loop having opposite ends and a second closed loop
5 having opposite ends, one of the opposite ends of the first loop disposed adjacent
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station. cThe procedures for determ ning whethéer a nobile unlt |s to be
served by a fixed base station or a nobving base station are the sane
procedures as, described ear n n term ch nov base,
Station is se ecqqsoofbtﬁe SBPten oF ﬁs ssipnd Toopeachghndons siyabi sbpertivere
and error rate. %901 Sntbrfh {étngam)blle unit is initiated or
when it is det erm ne %at va ando %oul d occur, the nobile unit may be
handed from a novi ng statla)phn'dltaoflstaadmamed'me wnitsdisposed: rasiacetedchrfithe e
unit nonitors pll| ot S|‘ggal S fr mfi xefl antdl nﬁvi n%ﬁas.e stations and
synchroni zes to ‘PH (¥ ccgpgftp o BPGOF therglePRne 6% gnal . The nobile unit
nmay “connect” with three féaéﬁ%&fabmhbﬁﬂc@ﬁﬁ&r@s?aﬁslw& widid Rlephane Sighals f or
a fourth in what is known as the "soft" hand-off node. As the speed of the
vehi cl e i ncr Hhsdemansmitieddbyoa mabile telephong unitste teansmitesregpandingeradraogigrals ta ane
nore congested ay, trafdl.c eed will vary between 0 and 60 mles
per hour, base gquﬁ?sgtl\%ggé%%éﬁ r%%é/e,mﬁ t exanple, be set to nove at 30

the telephone offices operative to record position of each of the

movable base stations on each loop and to transmit an alert signal via one of the

stationary interface units to a movable base station approaching one of the opposite
15 ends of a loop and a movable base station receiving the alerf signal responsive to the

alert signal to indicate to mobile units communicating with a movable base station

receiving the alert signal to transfer connections to another base station.

23.  The system in accordance with claim 22 wherein one of the
opposite ends of one of the loops overlaps one of the opposite ends of another of the

loops.

24.  The interface apparatus in accordance with claim 1 wherein each
of the movable base stations has an associated service area and each of the movable
base stations is operative to hand-off and receive existing calls to mobile units in an

associated service area.

25.  The interface apparatus in accordance with claim 1 wherein each
of the movable base stations has an associated service area and each of the movable
base stations is operative to perform a plurality of functions including locating an

identified mobile unit in an associated service area.

26.  The interface apparatus in accordance with claim 6 wherein each
of the movable base stations has an associated service area and each of the movable
base stations is operative to perform hand-off and receiving functions relative to

existing calls for mobile units within an associated service area.
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base 'station should then be able to acco 5 g
|n t ﬂ@ﬁli ”M” It will be underd sa 2h4 N‘
above« Wgement i's nmerely illustrative of the application

of the principles of the invention and Lhay_5 other arrangenents may be

devi sed by those skilled in the art without departing fromthe scope of

the invention as defined by the appended cl ai ns.

27.  The interface apparatus in accordance with claim 6 wherein each
of the movable base stations has an associated service area and is operative to perform
a plurality of functions, including locating an identified mobile unit in an associated

service area.

28.  The apparatus in accordance with claim 1 wherein the movable
interface unit is further responsive to radio signals received from the telephone office
via the stationary interface unit to locate an identified mobile unit and to transmit to the
identified mobile unit signals corresponding to radio signals received from the

< telephone office.

29. The apparatus in accordance with claim 1 and comprising a
plurality of stationary interface units and wherein the area is defined relative to the

plurality of interface units.

30. A method of signal communication between a telephone
switching office and a mobile telephone unit moving ina specified direction and
transmitting radio signals, the method comprising the steps of:

providing a fixed radio port connected to the telephone switching office;

moving a movable base station uniquely associated with the telephone
switching office in the specified direction within a limited area defined relative to the
fixed radio port;

receiving at the movable base station radio signals transmitted from the
mobile telephone unit; and _ |

10 trénsmitting from the movable base station to the fixed radio port radio
signals corresponding to the radio signals transmittéd from the mobile telephone unit.

31.  The method in accordance with claim 30 and further comprising
the steps of receiving at the movable base station radio signals transmitted from the
fixed radio port; and

transmitting from the movable base station to the mobile telephone unit

5 radio signals transmitted from the fixed radio port.
AMENDED SHEET
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32. e method in accordance with claifh 31 wherein the mobile
telephone unit moves along a roadbed and wherein the step of moving the movable
base station comprises the step of moving the movable base station in one direction
along a path having opposite ends and extending substantially parallel to the roadbed

5 . for a limited distance and the step of reversing direction of travel of the movable base
station when the movable base station reaches one end of the limited distance.

33.  The method in accordance with claim 30 wherein the step of
moving a movable base station gomprisés moving a plurality of moving base stations
in the specified direction and further comprising the step of determining signal quality
of received signals originating from an identified mobile telephone unit at each of the

5 plurality of movable base stations and the step of selecting a preferred quality signal.

34.  The method in accordance with claim 30 and further comprising
the step of transmitting radio signals between the movable base station and the fixed
radio port in accordance with a code division multiple access, direct sequence, spread

spectrum transmission protocol.

35.  The method in accordance with claim 31 wherein the radio
signals transmitted from the mobile telephone unit to the movable base station are
transmitted at a first power level and radio signals transmitted from the movable base
station to the fixed radio port are transmitted at a second power level lower than the

5 first power level.

36.  The method in accordance with claim 31 wherein radio signals
transmitted from the fixed radio port to the movable base station are transmitted at a
first power level and wherein radio signals transmitted from the movable base station to
the mobile telephone unit are transmitted at a second power level higher than the first

5 power level.
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transmtti i ' and noving in a specified direct j|o 4 JUL 199;
I nt erfacelgnwnﬂumummp ng: a stationary iInterface unit
connect ed t=0 eL ephone office via a signal transm ssion connection;

a plurality of spaced apart novabl e base stations, each of the novabl e base
stations uniquely associated with the teJ@q me of fice and supported on a
conveying device for limted novement in the specified direction

i ndependent of novenent of the nobile tel ephone uniits and within an area

defined rel ative to the3%t at Theamethod i ateerdancewithoslaim S Inwherein she padio
each havi ng agighsls erinsindttedbetovern the filked eadib pordambthe ehoveble rfdsa istation aret he

stationary i o sl a plurality of call handlin
functi onsyrer%ﬁ Ve eg%ngbtﬁﬁgﬁg}r}lhty’g &Iuﬁl e aséspéci gt ed geoéraphi cal servi ceg
area, the novabl e base stations each responsive to radio signals

transmtted by the nobi3%® teThphmethashiinsaceordanges with celaim s3dnand gfurthero
signal s to thsomprisingntheystepteft sphronizingatie hivwablebasy atationnteeaf selectedi t
r gs ponsi ve t OynkdHeadeAttif by tiihnitting?d pilbt Sigfall M HREmBPIAR tasd Sefion! B theS

t selected interface unit. .

39. A method of handling telephone calls between a telephone
office and a mobile telephone unit moving in a specified direction, the method
comprising the steps of:

moving a plurality of movable base station in the specified direction;

5 establishing a telephone call between the telephone office and the
mobile unit via a selected one of the movable base stations;

monitoring signal communication from the mobile telephone unit at
the selected one of the base stations and controlling at the selected base station
hand-off of the telephone call from the selected base station to another of the

10  plurality of moving base stations.
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transmt signals corresponding to the signals transnmitted fromlta%Pe novabl e

base stations to the tel ephone office via the signal transm ssion .
connecti on. 2. The interface apparatus in accordance with

claim1 wherein the nobile tel ephone units nove al ong a roadbed and the

conveyi ng device extends parallel to the-Roadbed. 3. ghe

I nterface ap | Ial | veyi ng device
PR B R E R oh® HeSaBulish HREE Bt 1S53

‘conpri ses a
4 The interface apparatus in accordance with claim2 wherein the

sf ationary interface unit is ﬂﬁ&?ﬁ% UIQB Bﬁﬁh"fnﬁ%ﬁiﬁﬁonvey' ng device

opposite the roadbed.

Field of the .'Inventi'on

The invention relates to cellular telephone systems in which a
mobile unit communicates by wireless communication to a base station
connected to the wire telephone network and more particularly’_'to cellular
telephone systems adapted for use with fast-moving mobile units.

Bac und

In a typical cellular telephone system, an area is divided into a
plurality of cells with each cell having a centrally located cell site. A mobile
unit moving in such a cellular network communicates by radio with a nearest
cell site. ‘The cell sites are each connected by cable or point-to-point microwave
to a telephone network interface. The network interface typically provides ™~~~ "= ™~
communication among cell sites and between the cell sites and the so-called
wire line telephone network. The functions of a typical network interface are
described in The Bell System Technical Journal, Januaxy 1979, Volume 58, No.
1. One of the functions to be performed by the telephone network interface is
the so-called "handoff" function. As a mobile unit moves through a cellular
network, it will move away from one cell site and toward another cell site. Each
cell site monitors signal quality. of the signal received from the mobile unit and
passe; information to the telephone network interface and determines when a
call in progress is to be transferred from one cell site to another. This
procedure is known as "handoff’. The handoff process involves several
operations including selecting a cell site trunk between the MTSO and the new
cell site, sending a message to the mobile unit transmitter/receiver to tune from
its present voice channel to a voice channel in the new cell site corresponding to
the newly selected trunk, setting up a talking path in the MTSO from the cell
site trunk to the trunk of the telephone network presently in use in the call, and
idling the talking path in the switching network in the MTSO between the old

cell trunk and the telephone network trunk assigned to the call.
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¢taim 1 wherein the novabl e base stations.each conprise signal processing
circuitry and a first radio antenna directed toward the nobile tel ephone
unit and a second radio antenna directed toward the stationary interfacé
unit and wherein the stationary interfac-unit conprises signal processing
circuitry and a radio antenna directed toward the novable interface unit,

e o | 2ot ecbRIBIE MBS, AR Elfphe raemy e et L
considerable time required in handoffs. This becomes a particular problem in |
urban areas which are highly congested. A basic principle of cellular telephone
systems is the concept of frequency reuse. It can be shown that traffic capacity
of a cellular system is increased by a factor N? as the size of the cell, i.e., its
diameter, is decreased by a factor of N. This is due to the fact that, at least in
principle, all frequencies in the mobile telephone spectrum are available for use
in each independent cell. Thus, as the number of cells is increased, the total
number of calls that can concurrently exist in an area is increased. A drawback,
however, to decreasing the size of the cells is that a mobile unit tends to cross
cell boundaries more often, requiring a larger number of handoffs which will
tend to overload the mobile telephone switching office (MTSO) to the point
where existing calls may be interrupted or dropped.

| Personal communication service (PCS) functions in substantially
the same manner as the mobile cellular system. In PCS, the user may be in a
building or walking in a street or riding a vehicle and using a handset which
communicates with a base station in the same manner that the mobile unit
communicates with the base station or cell site in the cellular neétwork. It is
envisioned that PCS, by implementing very small cells, could provide service to
a very large number of users, for example in a densely populated urban area.
The difficulty with PCS is the same as in the cellular system in that handoffs
become the bottleneck.

Modern cellular systems use what is known as code division
multiple access (CDMA) spread-spectrum communications. In direct-sequence
coding CDMA (DS-CDMA), the energy of the user signal is distributed
uniformly over the system bandwidth through the spreading process providing
separation between users of the same frequency in adjacent cells. A
requirement of DS-CDMA is that no interfering signal received may be
significantly stronger than the desired signal since it would jam the weaker
signal. This type of coding is used in what is sometimes referred to as
hierarchal cell structures. The most commonly referenced hierarchal structure is
a macro/umbrella cell overlayihg a number of micro cells. A fast-moving



aptehna to the stationary interface unit and the stationary |nte$m§6€EM5NTSHEET
Fésponsive to radio signals received via the radio antenna of the

stationary interface unit to transmt corresponding signals to the

t el ephone office via the signal transnlsS|on connecti on. 6.

I nterface apparatus for. establishing S|g connections between a tel ephone
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direction, ﬂdﬁﬂ)éﬂ%ﬁhérﬁf@ewpsro%ﬂﬁvﬁ@ﬁiaSS afallocated to micro celis @ savel ity of
movabl e |nterface uni ts uniquely associated with the tel ephone office; and

a plural i t ycapacity far @ﬁdﬂ?ﬂor&@kf ddsing the PS:QDMA s@nmt,tma,crmehlpnaﬁe office

via a sign Oh f ace
units novi ﬁbaléf) aéaéﬁg]rsgghf | negag@peegggﬁcyt’ h’go id strong E#}'r e‘gﬁm' agndd’%ﬁ)ng an
interface l&lltfrmt mobile unit in d:onﬁmaibaabﬁawﬂlehl mado base station, the output

power of the mobile unit in the micro cell is increased to overpower the

interfering signal. The use of hierarchal cell structure to provide high-quality
speech, data communication at rates up to 2 megabits per second and video
communication viith mobile units travelling at rates in excess of 100 miles per
) hour and accommodating PCS are seen as needed to meet future mobile '
telecommunication demands. .
| In the hierarchal cell structure, the low tier, small cells, e.g., on
the order of 100 feet in diameter, accommodate low spéeds. The low speed is
mostly pedestrian traffic ar_l'c_i_qt_l_xe;"._t'_r_a_ffic_ moving at speeds below 30 miles per
' hour.. The advantages of small cells is low power, simple, inexpensive and light-
weight terminals, What is desirable is an infra structure which allows use of
such terminals in all applications, whether in the home or office as a cordless
phone, on streets, in Shopping malls, airports, etc., m‘{c‘l in cars on expressways at
highway speeds. Additionally, high-spectruxh reuse is needed to provide low-
cost, high-quality service which requires a large bandwidth for each subscriber.
To provide wire line toll, quality-voice service, a 32-kilobit per
second bit rate is required with ADPCM coders. As wireless data services
emerge, even more spectrum bandwidth will be required. In the future, it may
be possible to utilize the spectruxil in the 60 gigahertz range 'providing very large
amounts of bandwidth. However, the radio wave characteristics at that
frequency dictate a very short range, line of site propagatioh, requiring very
small cells. However, as noted, small cells and fast-moving mobile units are
incompatible due to the time required for handoff. '

SUMMARY OF THE INVENTION

These and other problems of the prior art are overcome in

accordance with this invention by means of a moving base station which is
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sresponsive t-0 radio signals transmtted by a nobile tel ephone unit to

transmt corresponding radio signals in the direction of the stationary
interface units, each of the stationary interface units responsive to radio
signals transmtted from an adjacent novhbl e ‘unit to transmt signal s
corresponding to-the signals transmtted fromthe adjacent novable unit to

t he tel epho i ' : - PR i )
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communicates with a moving mobile telephone unit via standard mobile radio
transmission. The movable base station further communicates by radio signals
with a plurality of fixed antennas spaced along the path of travel of the mobile
base station. The several fixed antennas are connected to a telephone wire line
network via a telephoné gateway office in a standard fashion. In accordance
with this invention, the fixed radio ports are synchronized and the interface
between the moving base station and the fixed radio ports is a time division
multiplexed (TDM) - direct-sequence, spread-spectrum CDMA.

In one particular embodiment, a number of fixed base stations are
provided in addition to moving base stations allowing slower moving traffic, such
as pedestrian traffic or rush hour mobile traffic to communicatevia the fixed
base stations.

In a specific embodiment of the invention, the moving base
stations are provided with"highly directional antennas directed to moving traffic
and highly directional antennas directed to the radio ports. Communications
from the fixed radio 'p'orts to.the movable base stations are at a relatively low
power level and from the movable base stations to the mobile units are at a
relatively higher powcf level. Due to the characteristics of the direct-sequence,
-spread-spectrum CDMA, the higher power level signal will overpower the lower
level signal such that the mobile unit does not receive communications from the
fixed radio port but only from the movable base station. In the reverse
direction, a low level of signal is transmitted from the mobile units to the
movable base station and a high-level signal is transmitted from the base station
to the fixed radio ports, thereby eliminating any direct communication from the
mobile unit to the fixed radio port.
| In one embodiment of the invention, the movable base stations
are supported on a series of closed loops and ends of adjacent loops overlap to

facilitate transfer of telephone cells between adjacent loops.
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apart and di sposed on a ' second sidefof the interface unit path
opposite the first side of the interface unit _pat h;

‘each of the novable interface units conprises signal processing
circuitry and an associated first radio. antenna directed toward the first
side and an 10 associated second radi o antenna directed toward the second
si de; : each of the stationary interface units conprises
signal processing BRIFF RIPGTE TSR A @ antenna directed
toward the interface ,

A preferred embodiment of the invention is described below with
reference to the drawing in which:
FIG. 1 is a block diagram representation of a roadway structure

with fixed base stations, moving base stations, and fixed radio ports;
FIG. 2 is a block diagram representation of a fixed radio port of

FIG. 1;

FIG. 3 is a block diagram representation of a fixed base station of
FIG. 1; | _ '

FIG. 4 is a block diagfam representation of a moving base station
of FIG. 1,

FIG. 5 is a block diagram representation of a gateway télephone
office shown in FIG. 1; :

FIG. 6 is a tabular répresentation of channel allocation;

FIG. 7 is a representation of selected channels of FIG. 6;

FIG. 8 illustrates signal transmission among various of the system
entities; and |

FIG. 9 is a block diagram representation of moving base stations

operating in separate loops.
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each of the novable interface units is responsive to radio signals
sreceived at the associated first antenna to transmt radio signals via the
associated 15 second antenna to the stationary interface unit; and
each of the stationary interface units is responsive to radio signals
received via the associated radio antenh®~to transmit corfespondi ng signals

to the t el ephone office VMQ on connecti on.
9. The interface apparatus i BETAfL ﬂﬁs m 6 wherein the
predefined speed is ammqtis@dﬂgrmﬁerrapﬁesaﬁmi&nqifahﬁ:mlwral ity of
nobi | e Eel ephone units. ? The int elr_}é%&e
appar at us i 1¢1eROTY Aication; syHeg) icTRoTaaEmIingiles of the inyeption;
plurality ofe iRiink 't Hi?ﬁfsﬂ)a‘{r )
opposi te di rémfl on§g%g%§%gipﬁ;mg;£d®#§g¥i?}rlect |°§ﬂga E\r’%l‘}}g?ﬁnof
nmovabl e first roadway 10 in one direction and a plurality of mobile units 25 traveling

' along a second roadway 15, in the opposite direction. A plurality of moving

base stations 30 are disposed along one side of the roadway 10. The base

.(

stations are spaced apart by a selected distance equivalent to the diameter of
the cell served by the moving base station. The moving base stations 30 may be
moved by means of a rail 35, or other suitable conveying device which may
inchide an automotive vehicle travelling on the roadway, in the same direction
as the traffic flow on the roadv{ra'y 10, as indicated by the arrow 12. In a similar
fashion; a plurality of moving base stations 40 are disposed adjacent the roadway
15 moving in the direction of the traffic as indicated by the arrow 17. The
moving base stations 40 are moved along a rail 45. The moving base stations
30, 40 may be supported on any suitable conveying device such as rails 35, 45.
The conveying device may be at ground level or overhead, depending on the
terrain and available space for the device. The moving base stations are
preferably disposed for optimum radio communication with the mobile units on
the roadways. ' |

Disposed between the moving base stations moving along the rails
35, 45 are a plurality of fixed radio ports 50 which are connected by means of a
fiber optic ring S5 or a similar signal traﬁsmittihg device to a telephone office
connected to the wire line telephone network and referred to as a gateway
office. The gateway office 60 forms the interface between the mobile
telecommunication system and the wire line telephone network. The gateway
office is a well-known equipment. It is part of the telephone network and is
fesponsible for call processing in conjunction with the base stations. As
described further later herein, the gateway office will include certain processor
hardware and software to detect a best signal quality indication and to
selectively transmit information with a best signal quality indicator to the

telephone network. A plurality of fixed base stations 70 are disposed in the



interface units novable in the opposite direction and wherein: BgPLAGEMENT SHEET
the plurality of nobile tel ephone units noving in the specified

direction nove along a first roadbed and the plurality of nobile tel ephone
units nmoving-in the opposite directign nove along a second roadbed

spaced apart from. the first roadbedr7?- . the plurality

of novable interface units novable in the specified 10 direction are

di sposed al ongiinity of e 2badviy 10 Bl drexdhALctBditd TR ateWhySEHEiRE €0 by means
roadbed; of a fiber optic ring 75 or similar signal transmission device.

' In operation, the moving base stations 30 may move in the
direction of the flow of the traffic at a rate of, for example, 60 miles per hour,
which may be faster than some traffic and slower than other traffic. The moving
base station preferably handles telecommunications with mobile units which
travel at a rate of not more than 30 miles per hour faster or slower than the
niovir,ig base station. For example, the moving base stations 30, 40 may be
traveling at the rate of 60 miles per hour to accommodate traffic moving in the
range of 30 to 90 miles per hour. In the arrangement of FIG. 1, fixed base
stations 70 would accommodate communications with mobile units traveling at a
speed of less than 30 miles per hour including pedestrian traffic and stationary
units. It will be readily apparent that instead of having fixed and moving base
stations as depicted in FIG. 1, slowly moving and rapidly moving units may be
used as well. A particular moving base station is effective when the mobile
units are movihg in the same direction as a base station. FIG. 1 shows two
roadways traveling in opposite directions with the moving base stations disposed
between moving in the direction of the traffic. The base stations may also be
placed on opposite sides of the same roadway with two-way traffic with the
moving base stations moving in opposite directions on the opposite sides of the
roadway.

In the typical cellular telephone system, the base station, also
referred to as a cell site, forms an interface between the mobile unit and the
gateway office. As such, the base stations may perform a number of functions,
including functions such as locating a particular mobile unit, as well as voice
processing'and functions associated with call setup, call supervision, and call
termination. Additionally, the base stations perform the function of handing off
and receiving an existing call involving a mobile unit which has moved into or
out of the normal service area of a base station. All of these are well-known
base station functions. In some proposed mobile telephone systems, the base
stations are primarily only radio interface units and a base station controller,

connected to a plurality of base stations performs call-handling functions for the
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- 22 - the plurality of novable interface units novable
in the opposite direction are disposed al ong one side of the second
roadbed adj acent the first r oadbed; .and t he

plurality of stationary interface units are di sposed between the
plurality of novable interface units noVable in the specified direction and

t he

di recti on.

QJIﬁ’{a"l’iH bY bale &Qﬁﬁﬁé.eﬁgtsﬁt}ﬂfﬁxrﬁgﬂo}rﬁ V2Hth hk InbeifiotPEEers ©

nterface apparatus In
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performed by the moving base station. Advantageously, because of movement
of the base station in the same direction as the traveling mobile unit, the

' number of handoffs is greatly reduced.

Each of the moving base stations 30, 40 is provided with antennas
100, 101. The antennas 100, 101, preferably high gain, directional antennas for
use in mobile .communication, are well know and commercially available. The
fixed base stations 70 are provided with four separate antennas 110 extending in
four.different direqtions. The antennas 100 on the base stations 30, 40 are used
to communicate with the mobile units 20, 25 whereas the antennas 101 on the
moving base statipns 30, 40 are used _to__c_:qmmunicate with the fixed radio ports
50. The fixed base stations 70 are preferably each provided with four antennas
102-105. Fewer than four antennas may also be used. In that case, at least one
'famni-directional antenna is used. In the configuration of FIG. 1, the antennas
::102 are arranged to communicate with the mbbile units 20 and the antennas

"103-105 are arranged to communicate with other mobile telephone
" communications from slow moving traffic or stationary subscribers. The fixed

radio ports 50, in the configuration of FIG. 1, are each provided with a pair of
directional antennas 110, 111 of the same general type as the directional

| antennas 100-105. As the moving base stations 30, 40 move relative to the fixed

radio ports 50, data representing voice signals and call related information is
transmitted between the antennas 101 on the moving base stations 30, 40 and
the antennas 110, 111 on the fixed radio ports 50.

FIG. 2 is a diagrammatic representation of the fixed radio ports
50. The unit includes a standard microprocessor 150 as well as a radio interface
circuit 154 providing an interface between the radio signals received on the
antennas 110, 111 and the processor 150. The circuits are of a type typically
used in fixed base stations and are well known in the art. Additionally, each

radio port 50 includes a processor 150 connected to an add/drop multiplexer
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radio signals transmtted between the novable interface unit and the

stationary interface unit are transmtted in accordance with a -code
division multiple access, di rect sequence, spread spectrum

transm ssion signalling protocol. -9- 13. The interface
apparatus in accordance with claim 12 V\/nerel n signals transmtted from

the nobile tel @DMe1Shi ThecADM 152 \interfaces wiilf theefiber dptiv eable S5tamhisnatile ed
at a first power |evel and signals transmti’ed fromthe m)vagle |nterface
unit to the stiadhdata fra metlvrean@cewpr 1aPdoyt ardﬁaﬂreema@n thes behep%\ﬁabe
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interface unitaddresssiientifying theoprondssor sis0naidstransfersvsidhidananfidia the aatonary
stream of the fiber optic cable 55 to the processor 150. As will be described
further later herein, the processor 150 computes a s{gnal quality indicator for
the information received from the radio interface circuits 154, based primarily
on radio signal strength intensity, in a well-known fashion. Processor 150
controls the transfer information between the fiber optic cable 55 and the
various moving base stations via the antennas 110, 111.

" FIG. 3 is a block diagram representation of one of the fixed base
stations 70. The fixed base stations 70 perform the functions of a standard prior
art fixed base station. The base stations 70 are connected to the fiber optic ring
75 and include an add/drop multiplexer (ADM) 162 which provides an interface
between the processor 160 and the fiber optic ring 75.

As mentioned earlier, both the optical ring 55 and optical ring 75
are connected to the gateway office 60. The primary function of the gateway.
office is to provide the interface to a wired telephone network. It distributes the
telecommunications traffic between the network and the moving base stations
via the fixed radio ports. The fiber optic rings 55, 75 are preferably continuous
rings with an add/drop multiplexer for each ring in the gateway office. Data
transmission on the fiber optic rings 55, 75 is preferably in accordance with one
of the well-known SONET or synchronous digital hierarchy (SDH) transmission
protocols.

The directional antennas 100-105, 110, 111 may be of a sectorized
architecture or may be phased array antennas with highly directional radio
frequency beams. Such antennas are preferably used to decrease interference
between the mobile base stations and the fixed radio ports, allowing greater
spectrum reuse. Antenné diversity can be provided with two spatially separated
radio beams separated in time with a predefined time-delay offset for easier

separation at reception. Various techniques for obtaining high antenna diversity
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. telephone unit and wherein signals transmtted fromthe stationary
interface unit to the novable 5 interface unit are transmtted at a first
power |evel and signals transmtted fromthe novabl e interface unit to
the nobile tel ephone unit are transnittl®d at a second power | evel

hi gher t harareiveell knewn jnube arcansd antennas employing such techniques are
- 23 - The interface apparatus in accordance with

clai m 12 wRomupgrcially availablz.
FIG. 4 is a block diagram representation of the moving base

station 30. The station 30 includes a processor 130 connected via radio
. interfaces 132, 134 to the antennas 100, 101, respectively. “"The processor 130
may be a standard microprocessor and the radio interface circuits 132 may be
standard radio interface circuits, The microprocessor is preferably programmed
to handle the call processing functions performed in a pridr art system by a call
. site or by a shared base station controller. In this manner, the moving base
station has greater autonomy and requires less communications with a shared
base station controller or the like. The circuits 132, like the radio interface
circuits 154 in the fixed radio port 50 and the radio interface circuits 164 in the
fixed base station 70, are well known and commercially available circuits.
| The radio interface between the mobile units 20, 25 and the
- moving base stations 30, 40 and the fixed base station 70 is a standard radio
interface, well known in the art. The radio interface between the moving base
- .stations 30, 40 and the fixed radio ports 50 is preferably a time division
multipléxed. direct-sequence, spread-spectrum, code-division multiple-access
. interface (TDM/CDMA). Multiple channels between the base station and the
fixed radio ports are time division multiplexed as time slots in a data stream.
‘The data stream is spread with a pseudo-random code over the allocated
spectrum. A pilot sequence is inserted in the transmitted signal for ease of
synchronization in a well-known manner, The interface between the movable
base station and the fixed radio port is preferably transparent to the overall
system in spectrum use. ‘

Frequency division or time division may be used for duplex
communications. In the frequency division duplex (FDD) mode, data is
simultaneously transmitted in both directions, each in a different spectrum band.
In a typical system in the FDD mode, the TDM frame transmission duration
will be approximately 500 microseconds making the interface substantially

transparent to overall system delay.
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data transnmtted between the stationary interface unit and t he nov
cinterface unit is transmtted in a tine division duplex manner.
16. The interface apparatus in accordance with claim 12 wherein data
transmtted between the stationary interface unit and the novabl e |nterface
unit is transnitted in a frequency divdston duplex manner.

17. The interface apparatus in accordance with claim12 wherein each

novabl e interface unit The ifieifdee Geitweén the thobfleanli€dnd the niable bk m'ﬁ%

transm ssion of pilot si ?nal s to the selected unit.
The i nt er f acke b staadard IS95-besediREScaininterface standanh e The channel capacity

for the so-called "extended mode” (2.5 mhz) has been determined to be seven
channels at 32 kilobits per second. The FCC allocated licensed spectrum for
personal communications services (PCS) includes 10-mhz licenses and 30-mhz
licenses. Each 10-mhz license provides two separated 5-mhz bands and each 30-
mhz license provides two separated 15-mhz bands, for two-way communic_'ations.
Two 5-mhz bands can support 14 duplex channels at 32 kilobits per second and
two 15-mhz bands can support 42 duplex channels at 32 kilobits per second.

Voice signals between a mobile unit and the gateway office are

- encoded in a standafd fashion using ADPCM voice encoding with a minimum
bit rate of 32 kilobits per second in each channel. The interface between the
moving base station and the fixed radio port is adapted to carry up to
19 channels of 32 kilobits per second each at 16 bits per time slot. The frame =~ -
structure includes 16 bearer channels of 32 kilobits per second at 16 bits per
time slot. The time division mulitiplexed frame rate between the movable base
station and the fixed radio port is 608 kilobits per second. To achieve a
processing gain of 9 decibels; the frame rate is multiplied by a factor of §,
yielding 4,864 kilobits per second, which fit into a single 5-mhz band. FIG. 6 is
a tabular representation of the channel allocation showing 16 bearer channels
plus 3 channels for signalling, control, and error code. FIG. 7 is a
representation of channels 18 and 19 of FIG. 6.

The moving base stations are addressed using predefined code
sequences derived in a known manner by the use of Walsh functions. U.S. Pat.
5,103,349 entitled "Sysiem and Method for Generating Signal Wave Forms in
CDMA Cellular Telephone System" describes the use of Walsh functions for
code generation.. U.S. Pat. 5,103,349 is incbrporated by reference herein. As
described in that patent, by choosing a Walsh function of order 8 provides 8
orthagonal codes in the present embodiment using spread spectrum CDMA uses
the all 0 Walsh sequence as a pilot carrier with the other 7 sequences available
for moving base station communications. The code sequences may be repeated
as ABCDEFG; ABCDEFG; ... Although fewer codes could be used,
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t el éphone office is connected to a telephone network and wherein a
‘plurality of stationary interface units are responsive to radio signals
transmitted by an identified one of the novable interface units and each
stationary interface unit responsive to radio signals fromthe identified
novabl e interface unit is operative to t%hpute a signal quality indication

for data repfegérablyfio N¥ss!than 13 @iBeki! SBecase of aifﬂﬁ'ﬁiﬁ ﬂijﬁghﬁoﬁ tiAésTdr L O
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" fixed radio ports. The pseudonoise code rate is preferably 4,864 kilobits per
* second. The sequence length for the transmitted carrier signal is preferably
32,768 chips, as described in U.S. Pat. 5,103,459, The outer pseudonoise codes

modulate the signal in quadrature phase shift keying.
The pilot signal will be transmitted in both directions, from the
moving base stations to the fixed radio ports and vice, versa. This is made

possible by the line of site fading characterized as Rician.

The pilot sequence will be long enough that a number of different
sequences can be generated by shifts in the basxc sequence The separation will
be great enough to ensure that there is no interference between pllot signals.

“ Each movmg base stations will use a different offset from a nezghbonng movmg
base station to provide signal separation. Similarly, each fixed radio port will

~ use a different offset from a neighboring fixed radio port.

. The FCC has allocated a 20 mhz of unlicensed spectrum, including

a 10 mhz band for voice products and a 10-mhz band for data products. Thus,
one continuous 10-megahertz channel is available and time division multiplex
transmission is preferably used. The bit rate for both directions of transmission
will be twice the fre‘quency division duplex rate, introducing an overall delay of
500 microseconds and a processing gain of 9 decibels. In the time division
duplek mode, the transmission times and direction, forward and reverse between
the mobile unit and the moving base station and between the moving base
station and the fixed radio ports, are aligned. In one half of the time division, -
duplex cycle signals are transmitted from the mobile unit to the moving base
station and, from there, to the fixed radio port. In the other half-cycle, signals
are transmitted from the fixed radio port to the moving base station and then to

the mobile unit.
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transmt a predeterm ned data nessage i ntended for a selected one of the
nmovabl e interface units to selected ones of the stationary interface units
and each of the selected ones of the stationary interface units is

responsive to recei pt of the predeterrn"ﬂe"d dat a
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nmessage to transmt coTheponti-nthzliénsed spetthan band305aihe} aeel pesferaly t he
movabl e divided into three 5-megahertz channels in each direction, utilizing the same
architecture as described earlier herein with respect to the 5S-megahertz licensed
spéctrum. In the 15-mhz licensed spectrum, each of the 5-megahertz channels
will support 14 traffic channels, for a total of 42 traffic channels in each 15-mhz
band. The air interface between the moving base station and the fixed radio
port, as well as the signal structure, can be modified and adapted to a variety of
allocations of spectrum and air interface standards.

In the present emi)odiment, as described earlier herein, 7
orthogonals codes are available for communication between the fixed radio
ports 50 and the moving base stations 30, 40. As described earlier herein and
depicted in FIGS. 6 and 7, one 16 bit commqnication channel, channel 19, is set
aside for control and identification bits. As depicted in FIG. 7, channel 19 may
comprise 7 control bits and 9 identification bits. The 9 identification bits
provide 512 unique identification numbers. Using 7 orthagoxial codes and 512
identification numbers, 3,854 moving base stations can be uniquely identified.
When the moving base stations are separated by a spacing of 200 feet, the total
distance of coverage using the 3,854 moving base stations is approximately 135
miles. FIG. 1 shows a portion of the systém with moving base stations moving
in opposite directions along oppositely directed roadways and fixed radio ports
with dual antennas. Vehicular traffic moving in opposite directions on the same
roadway are preferably served by moving base stations on opposite sides of the
rdadway. Where each roadway has only one-way traffic, the system is preferably
disposed between the roadways. In one embodiment of the invention, depicted
in FIG. 9, two separate loops 200, 205 are disposed between two separate
roadways 206, 208 with the traffic on the roadways indicated by the arrows 207
and 209. The loops 200 and 205 comprise moving base stations 210 and 250,
respectively. The base stations, in this embodiment, are moving in the direction
indicated by the arrows 201 and 202. Since, as a practical matter, the loops 200,
205 are not of indefinite length, a plurality of loops may be required to cover a
desired area. To avoid interruption in communications, the ends of the loops

are preferably sufficiently close together, or overlapping, to provide an
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“interface units. . 20. The interface apparatus in accordance
«Wth claim19 wherein the predeterm ned data nessage is transmtted to each
of the selected ones of the stationary interface units in a tined seqguence
-and the selected ones of the stationary interface units transnits the
corresponding radio signals in a corre§ﬂéﬁding ti med sequence.
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ends, one_ of the opposite ends of the first |oop disposed adjacent
: which it is a part to hand off the call to a mobile station of the adjacent loop.
Each loop preferably has a single gateway for connection to the
‘wire telephone network. One advantage of that arrangement is that it
eliminates the need for registration of moving base stations, which is required
where a moving base station moves between gateways. FIG. 9 shows a pair of
"gateways 215 associated with the loop 200 and a pair of gateways 255 associated
‘with the loop 205. The two gateways of a loop are both connected to the fixed
radio ports of the loop at all times and may be operated in a load sharing mode
with each capable of handling the total telecommunication’s traffic for the loop

in the event of a failure in one of the gateWays. '

To avoid interrupting communications with a mobile unit traveling
along the roadway in the area where two adjacent loops end, any existing calls
are handed off from the moving base station near the terminating end of its
loop to a moving base station of the next loop. The handoff process is
essentially the same as a handoff between moving base stations on the same

":100p, except that the handed off call will be routed to the wire network to a
‘different gateway. This procedure is equivalent to a handoff between cell sites
of different cells in the existing cellular network in a manner which is well
‘known in the art. The loops 200 and 205 may physically overlap to assure
proper overlap of communications between moving base stations of the two
loops and to avoid loss of communication with a mobile unit handed off from
one loop to another. _

The timing and synchronization between the moving base station
and a fixed radio port with which the moving base station communicates is
phase-locked to the pilot signals received from the fixed radio port with which
the moving base station communicates. For synchronization purposes, the
moving base station will receive a Global Positioning Satellite (GPS)
Coordinated Universal Time (UCT) timing signal once each second.

CDMA Technology is well-known for sensitivity to power control.
Specifically, the more powerful signals tend to "mask out" less powerful signals
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one of the opposite ends of the second | oop, each of the |oops novably

. supporting a plurality of novable interface units; a
plurality of stationary interface units di sposed adjacent each of the
| oops, each .connected to one of the teleghone of fices; each
novabl.e interface unit responsive to radPo tel ephone S|gnals transmtted

by a nobile tel ephone unit to transnit corresponding radio signals to one
O, 557 BRPRREL 55 oot poe comrol sl B TR AL 6°

ensure that all signals arrive at the receiver at the same level. In accordance
with the system of this invention, however, the sensitivity to power level of
CDMA is used to advantage. The principles of signal transmission employed in
the system of the invention is illustrated in FIG. 8. Two power levels of radio
transmission, high (H) and low (L), are defined. Referrifxg to FIG. 1, high-
power level signals are transmitted from the moving base station 30 to the
mobile unit 20 and from the base station 30 to the fixed radio port 50. Low
pbwer level signals are transmitted from the fixed radio port S0 to the moving
base station 30. Similarly, low power signéls are transmitted from the mobile
unit 20 to the moving base station 30. Since the moving base station receives a
low power level signal from the fixed radio port and transmits a high level
power signal toward terminals, the high power level received at the mobile unit
20 will mask out any signals of the low power signal transmitted from the fixed
radio port to the moving base station. In a similar fashion, any low signal
transmitted from the mobile unit 20 reaching the fixed radio port 50 will be
masked by the high power level signal transmitted from the moving base station
to the fixed radio port. As stated earlier, the antennas 100-105, 110, 111 are
preferably highly directional antennas with very little feedback from the transmit
signal to the receive signal. Feedback due to reflections and other extraneous
sources can be readily eliminated at the moving base station using well-known
noise cancellation techniques. |

When a mobile unit set is first powered up or first enters a service
area, the mobile unit must register in the manner described earlier, by
transmitting its unique address in the new service area. The address will be
received by the closest moving base station 30 and transmitted via a fixed radio
port and the gateway switch 60 to the telephone network. This registration
procedure is required so that an incoming call for the mobile unit can be
appropriately directed.

The spacing of mobile based stations 20 and the fixed radio ports
50 of FIG. 1, together with the strength of the signal transmitted between the
moving base stations and the fixed radic ports, determines the number of fixed
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novabl e base stations on each loop and to transmit an alert signal via one
.of the stationary interface units to a novable base station approaching
one of the opposite ends of a |oop and a novabl e base station receiving
the alert signal responsive to the alert signal to indicate to nobile
units communicating with a novabl e base-3¢ation receiving the alert signal

Lyt om ' n GRS PAERY %%’ﬁ%&ﬁéﬁﬁé h%%é?@?w%o@sqummm PO ¢ ono
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24. The |nte ratu I n acc eW|t claim1 wherein each of’
t he novabl pmba:eecmesaslgmis from thre&ammgabm stationsc e Wheaa fixed gadio portt he

o mobi | & ToRFives it pecomBasicd by fhe feniafin nliber GF5h inGlihg bk 2! <

station, the processor 150 (FIG. 2) computes a signal quality indication on the
| received signal. The signal quality indication is a figure of merit preferably
computed as a function of signal strength and signal-to-noise ratio. It is added
to the received data and added to the fiber optic ring 55 via the ADM 152. The
gateway 60 preferably receives the same data from several different ones of the

' fixed radio ports 50 and stores the data in an internal memory in the gateway 60
in association with the moving base station identification number and Walsh
finction spreading code. The address of the fixed radio port from which the
data has been received is stored in the memory of processor 64 as well.
Accordingly, multiple copies of the same data transmitted by a single moving
base staation are stored in the memory of the processor 64 in the gateway. The
sig’nal quality indications computed by the processors 150 in each of several
fixed radio ports are compared to a predefined signal quality indication
threshold, and the data corresponding to a signal quality indication below the
threshold value is discarded. Otherwise, the data is retained. A cyclic
redundancy code transmitted with the data is used to detect any TDM frame
errors. The best data, i.e., associated with the best signal quality indication is
transferred from the gateway 60 to the telephone network. Data received from
the telephone network at the gateway 60 and intended for a registered mobile
unit is stofed in the memory of the processor 150 in a register particularly
associated with the moving base station currently serving the mobile unit. This
data will be sent via the optical ring 55 to all fixed radio ports that are
identified in the memory of the processor 65 as fixed radio ports with an
acceptable signal quality indication. The received data will be transmitted from
each of the fixed radio ports which received the data together with the
identification code and Walsh function code of the moving base station to which
the data is directed. The transr_nissien of data from different fixed radio ports
will be staggered, delayed by different amounts, so that they can be received and
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associ ated service area. 25. The interface apparatus in
:accordance with claim1 wherein each of the novabl e base stations has an
associ ated service area and each of the novabl e base stations is operative
to performa plurality of functions including [ocating an identified nobile
uni.t in an associated service area. - ~17- 26. The interface
apparatus in accordance with claim6 wherein each of the novabl e base

tations ha I
. Separatc at g ﬂﬁvﬁgl’ﬁsﬁ%tﬁi@rﬁff angaragcel Vi né”?&ﬁc |€(;or#sﬁabrq eldat ive

stations is operative to perform hand-o
to exi sti ng mednssoffsynchronobs distribwution viai theaopticad oirige85; dn the SONETY exa.

SDH format. The receiving moving base station, by means of its processor 130,
compares the multiple copies of thé received data signals, aligns them and
combines them for the best reception.

Each of the moving base stations will have one of N assigned
codes, where N may be any number, but prefefably is at least 3 or more. Seven
Walsh function codes are preferably_ used. The codes may be repeated in
sequence, as for example, ABCDEFGABCDEFG. The codes are assigned in
sequence to the irarious_ moving base stations_so that two moving base stations
having the same code will be physically separated by a sufficient distance to
prevent interference in the communications between fixed radio ports and
moving base stations having the same identity code. Thé operation of the fixed
base stations 70 is essentially the same as that of a standard fixed base station.
In congested traffic areas, a mobile unit which is stopped or slowly moving, e.g.,
less than 30 miles per hour, will preferably be serviced by one of the fixed base
stations 70. As the speed of travel of the mobile unit 20 increases, a handoff
will occur between_ the fixed base station and a moving base station. The
procedures for determining whether a mobile unit is to be served by é fixed
base station or a moving base station are the same procedures as described
earlier herein in determining which moving base station is selected to serve a
mobile unit, i.e., based on signal strength and error rate. Thus, when a call
involving a mobile unit is initiated or when it is determined that a handoff
should occur, the mobile unit may be handed from a moving station to a fixed
staﬁon, or vice versa. Each mobile unit monitors pilot signals from fixed and
moving base s.tations and synchronizes to the base station providing the best
signal. The mobile unit may "connect" with three fixed or moving base stations
while searching for a fourth in what is known as the "soft" hand-off mode. As
the speed of the vehicle increases, fixed or slow moving base stations will be
dropped. In more congested areas where traffic speed will vary between 0 and
60 miles per hour, base stations speed may, for example, be set to move at 30 -
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swith claim6 wherein each of the novable base stations has an associ at ed
service area and is operative to perform a plurality of functions,
including |ocating an identified nobile lgni t in an associated service

ar ea. .
mph. The moving base station should then be able to accommodate all traffic

- in the 0-60 mph range.
It will be understood that the above-described arrangement is
merely illustrative of the application of the principles of the invention and that
S other arrangements may be devised by those skilled in ih_e art without departing
from the scope of the invention as defined by the appended claims.
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28. © The apparatus in accordance with claim1 wherein the novable
interface unit is further responsive toladio signals received fromthe

tel ephone office via the stationary interface unit to locate an identified
mobile unit and to transmt to the identified nobile unit signals
corresponding to radio signals received fromthe telephone office.

29. The apparatus in accordance with claim 1l and conprising a plurality
of stationary interface units and wherein the area is defined relative to
the plurality of interface units. L S 30. A met hod of

si gnal conWHATWE GLAIM I&en a tel ephone switching office and a nobile
tel ephone unit noving in a specified direction and

1. Interface apparatus for establishing signal connections between
a telephone office connected to a telephone network and mobile telephone units
transmitting radio signals and moving in a specified direction, the interface
apparatus comprising:

a stationary interface unit connected to the telephone office via a
signal transmission connection;

a plurality of spaced apart movable base stations, each of the movable
base stations uniquely associated with the telephone office and supported on a
conveying device for limited movement in the specified direction independent of
movement of the mobile telephone units and within an area defined relative to the
stationary interface, the movable base stations each having an associated
geographical service area defined relative to the stationary interface and operative
to perform a plurality of call handling functions relative to mobile units in the

-associated geographical service area, the movable base stations each responsive to -

radio signals transmitted by the mobile telephone units to transmit corresponding
radio signals to the stationary interface unit and the stationary interface unit
responsive to the radio signals transmitted from the movable base stations to
transmit signals corresponding to the signals transmitted from the movable base
stations to the telephone office via the signal transmission connection.

2. The interface apparatus in accordance with claim 1 wherein the
mobile telephone units move along a roadbed and the conveying device extends
parallel to the roadbed.

3. The interface apparatus in accordance with claim 2 wherein the
conveying device comprises a rail movably supporting the movable base stations.

4, The interface apparatus in accordance with claim 2 wherein the
stationary interface unit is disposed on one side of the conveying device opposite
the roadbed. : '
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transmtting radio signals, the nethod conprising the steps of:

providing a fixed radio port connected-2®-the tetephone switching office;
novi ng a novabl e base station uniquely associated with the tel ephone
switching office in the specified direction within a limted area defined
relative to the fixed radio port; receiving at the novable
base station radio signals transmtted fromthe nobile tel ephone unit; and
transmtting fromthe novabl e base station to the fixed radio port radio
signal s correspondi §g to'Iﬂieenﬂeaﬁbeamiwmhmaocamemmmimﬂ whereinlthe e

gg' :ggopaﬁlﬁable base stations each com Bép bi'?c Festaldlo Cl @i m
station r aeang diffped e § Fﬁﬁ%ep i X‘Q@%‘W 8 S%rwg lgaﬂﬁgﬁﬁ
It

t r ansni ttdngctpd mwandéhmagn@yaa age wnit and wherein thestationary nt

comprises signal processing circuitry and a radio antenna directed toward the
movable interface unit, the movable interface unit responsive to radio signals
received at the first antenna to transmit corresponding radio signals via the second
antenna to the stationary interface unit and the stationary interface unit responsive
to radio signals received via the radio antenna of the stationary interface unit to
transmit corresponding signals to the telephone office via the signal transmission
connection.

3

6. Interface apparatus for establishing signal connections between
a telephone office and a plurality of mobile telephone units transmitting radio
signals, certain of the mobile telephone units moving in a specified direction, the
interface apparatus comprising:

a plurality of movable mterface umts umquely associated with the

- telephone office; and

a plurality of stationary interface units connected to the telephone
office via a signal transmission connection;

the movable interface units moving at a predeﬁned speed in the
specified direction and along an interface unit path within a limited area defined
relative to the stationary interface units and the movable interface units responsive
to radio signals transmitted by a mobile telephone unit to transmit corresponding
radio signals in the direction of the stationary interface units, each of the stationary
interface units responsive to radio signals transmitted from an adjacent movable unit
to transmit signals corresponding to the signals transmitted- from the aJjacent
movable unit to the telephone office via the signal transmission connection.

7. The interface apparatus in accordance with claim 6 wherein:

~ the movable interface units are movable along an interface unit path

extending in a direction parallel to the predefined path and having a first side
adjacent the predefined path; : '
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wherein the nobile telephone unit noves al ong a roadbed and wherein the
step of noving the novable base station conprises the step of noving the
novabl e base station in one direction

5 the stationary interface units are spaced apart and disposed on a
second side of the interface unit path opposite the first side of the interface unit
path; L

each of the movable interface units comprises signal processing

circuitry and an associated first radio antenna directed toward the first side and an

10 associated second radio antenna directed toward the second side;

each of the stationary interface units comprises signal processing
circuitry and an associated radio antenna directed toward the interface unit path;

each of the movable interface units is responsive to radio signals
received at the associated first antenna to transmit radio signals via the associated

15 second antenna to the stationary interface unit; and

each of the stationary interface units is responsive to radio signals
received via the associated radio antenna to transmit corresponding signals to the
telephone office via the signal transmission connection.

9. The interface apparatus in accordance with claim 6 wherein the
predefined speed is a function of an average speed of the plurality of mobile
telephone units.

10.  The intetface apparatus in accordance with claim 6 and further
comprising a plurality of mobile telephone units moving along another path in an
opposite direction opposite the specified direction and a plurality of movable
interface units movable in the opposite direction and wherein:

5 the plurality of mobile telephone units moving in the specified
direction move along a first roadbed and the plurality of mobile telephone tnits
moving in the opposite direction move along a second roadbed spaced apart from
the first roadbed;

: the plurality of movable interface units movable in the specified

- 10  direction are disposed along one side of the first roadbed adjacent the second
roadbed;
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“the roadbed for alimted di'stance and the step of reversing direction of
‘travel of the novable base station when the novabl e base station reaches

one end of the limted distance. 33. The nethod in
accordance with claim30 wherein the sf%{)' of noving a novabl e base station
conprises moving a pl uréeinlyrality efompwaple inferface Jinits movable inrthe gppesitei ed
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each of the phabedt bhd Of novabl e base stations and the step of selecting a
preferred quality signal. The nethod i n accordance
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with a code di access, sequence,
plurality of movable interface units:movable in the opposite direction.

I1.  The interface apparatus in accordance with claim 6 and further
comprising a plurality of stationary interface units connected to the telephone office
via a signal transmission connection and responsive to radio signals transmitted by a

mobil.e telephone unit to transmit corresponding signals to the telephone office.

12.  The interface apparatus in accordance with claim 1 wherein the
radio signals transmitted between the movable interface unit and the stationary
interface unit are transmitted in accordance with a code division multiple access,

direct sequence, spread spectrum transmission signalling protocol.

13.  The interface apparatus in accordance with claim 12 wherein
signals transmitted from the mobile telephone unit to the movable interface unit are
transmitted at a first power level and signals transmitted from the movable interface
unit to the stationary interface unit are transmitted at a second power level higher

than the first power level.

14,  The interface apparatus in accordance with claim 1 wherein
the movable interface unit is responsive to radio signals received from the stationary
interface unit to transmit corresponding radio signals to the mobile telephone unit
and wherein signals transmitted from the stationary interface unit to the movable

5 interface unit are transmitted at a first power level and signals transmitted from the
~ movable interface unit to the mobile telephone unit are transmitted at a second

power level higher than the first power level.
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spectrum transm ssi on protocol. 35. The nethod in
_accordance with claim31 wherein the radio signals transmtted fromthe
nobi | e tel ephone unit to the novabl e bazse- station are transnmtted at a
first power level and radio signals transmtted fromthe novabl e base
station to the fixed radio port are transmitted at a second power | evel
|l ower than the first poygr |ENeinterface apparatus in accorddite withl Elainid 2 holskrein
accordance with claim 31 wherein radio silggr?l s transmtted fromthe fixed

radio port tclathisansvitied detseese the stetionary intenfacs it andthe movable; intorfage wait
| evel and whqg ?ria sxﬁﬁl‘gh%%i é"d?viéiéfi"aﬁgiieﬁ {,'xr.om t he novabl e base station
phone uni tte

to the nobil e tele are transm at a second power |evel higher
than the first power |evel.

16.  The interface apparatus in accordance with claim 12 wherein
data transmitted between the stationary interface unit and the movable interface unit

is transmitted in a frequency division duplex manner.

17.  The interface apparatus in accordance with claim 12 wherein
each movable interface unit is synchronized to a selected stationary unit by

transmission of pilot signals to the selected unit.

18.  The interface apparatus in accordance with claim 6 wherein the
telephone office is connected to a telephone network and wherein a plurality of
stationary interface units are responsive to fgdio signals transmitted by an identified
one of the movable interface units and each stationary interface unit respoﬁsive to
radio signals from the identified movable interface unit is operative to compute a
signal quality indication for data represented by the transmitted radio signals and to
transmit to the telephone office data signals corresponding to the transmitted radio
signals together with a corresponding signal quality indication, the telephone office
responsive to the receipt of the data signals and signal quality indication to transmit
to the telephone network data received from a selected one of the stationary interface

units- having a preferred signal quality indication.

19.  The interface apparatus in accordance with claim 6 wherein
each bf the stationary units is responsive to a data message received from the
telephone office to transmit a corresponding radio message to selected ones of the
movable interface units and wherein the telephone office is operative to transmit a

_ predet_err‘nined data message intended for a selected one of the movable interface
units to selected ones of the stationary interface units and each of the selected ones

of the stationary interface units is responsive to receipt of the predetermined data



- 28 - 37. The nmethod in accordance wth cl ai m SHEET

the radio signals transmtted between the fixed radio port and the novabl e
base station are transmitted in a tinme-@vi sion dupl ex manner.
38. The nethod in accordance with claim 37 and further

message to transmit corresponding radio signals to the selected one of the movable
interface units.

20.  The interface apparatus in accordance with claim 19 wherein
the predetermined data message is transmitted to each of the selected ones of the
stationary interface units in a timed sequence and the selected ones of the stationary
interface units transmits the corresponding radio signals in a corresponding timed
sequence.

22. A mobile telephone system comprising:

first and second telephone offices connected to a telephone network;

first closed loop having opposite ends and a second closed loop
having opposite ends, one of the opposite ends of the first loop disposed adjacent
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conprising the step of synchronizing the novabl e base station to a sel ected
interface unit by transmtting a pirlot signal fromthe novabl e base station
to the selected interface unit. -25- 39. A nethod of handling

t el ephone calls between a tel ephone office and a nobile tel ephone unit
noving in a specified direction, the nmethod .conprising the steps of:

nmovi ng a plurali 0 i i ' Ll Lr Lon.

cat abli ahy ng BCIERRBE S PERE 3ot 196, hch of PRBL: hivably'Fghorilg e
unit via a s«ﬂ@gﬁ@(},m@v@ie interfdve\umitkie base st-ations;

nmoni toring signal comunication frogmthe mobile tel ephone unit at the

sel ected one of the bageplyxality efstaionary. itenfane) ynity disposse adjacenticagh 9k dke
st ati on -hand &Ipfs QJcht finéc‘?#c?&h&%eof:@kltel %t&ﬁcéel ected base station to
%e P y of novi ng i ’

anot her of t 1 0ral’ ase stations.
each movable interface unit responsive to radio telephone signals

transmitted by a mobile telephone uiiit to transmit corresponding radio signals to one
-of the stationary interface units;

the telephone offices operative to record position of each of the
movable base stations on each loop and to transmit an alert signal via one of the
stationary interface units to a movable base station approaching one of the opposite
ends of a loop and a movable base station receiving the alert signal responsive to the
alert signal to indicate to mobile units communicating with a movable base station

receiving the alert signal to transfer connections to another base station.

23. The syst'gih in accordance with claim 22 wherein one of the
opposite ends of one of the loops overlaps one of the opposite ends of another of the

loops.

24.  The interface apparatus in accordance with claim 1 wherein each
of the movable base stations has an associated service area and each of the movable
base stations is operative to hand-off and receive existing calls to mobile units in an

associated service area.

25.  The interface apparatus in accordance with claim 1 wherein each
of the movable base stations has an associated service area and each of the movable
base stations is operative to perform a plurality of functions including locating an

identified mobile unit in an associated service area.

26.  The interface apparatus in accordance with claim 6 wherein each
of the movable base stations has an associated service area and each of the movable '
base stations is operative to perform hand-off and receiving functions relative to

existing calls for mobile units within an associated service area.
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27.  The interface apparatus in accordance with claim 6 wherein each
of the movable base stations has an associated service area and is operative to perform
a plurality of functions, including locating an identified mobile unit in an associated

service area.

28.  The apparatus in accordance with claim 1 wherein the movable
interface unit is further responsive to radio signals received from the telephone office
via the stationary interface unit to locate an identified mobile unit and to transmit to the
. identified mobile unit signals corresponding to radio signals received from the

telephone office.

29. The apparatus in accordance with claim 1 and comprising a
plurality of stationary interface units and wherein the area is defined relative to the

plurality of interface units.

30. A method ;)f signal communication between a telephone
switching office and a mobile telephone unit moving in a specified direction and
transmitting radio signals, the method comprising the steps of:

providing a fixed radio port connected to the telephone switching office;

moving a movable base station uniquely associated with the telephone
switchiné office in the specified direction within a limited area defined relative to the
fixed radio port; .

receiving at the movable base station radio signals transmitted from the
mobile telephone unit; and

transmitting from the movable base station to the fixed radio port radio

signals corresponding to the radio signals transmitted from the mobile telephone unit.

_ 31.  The method in accordance with claim 30 and further comprising
the steps of receiving at the movable base station radio signals transmitted from the
fixed radio port; and

transmitting from the movable base station to the mobile telephone unit

radio signals transmitted from the fixed radio port.
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32.  The method in accordance with claim 31 wherein the mobile

~ telephone unit moves along a roadbed and wherein the step of moving the movable
base station comprises the step of moving the movable base station in one direction
along a path having opposite ends and extending substantially parallel to the roadbed
for a limited distance and the step of reversi;lg direction of travel] of the movable base

station when the movable base station reaches one end of the limited distance.

33, The method in accordance with claim 30 wherein the step of
moving a movable base station comprises moving a plurality of moving base stations
in the specified direction and further comprising the step of determining signal quality
of received signals originating from an identified mobile telephone unit at each of the

plurality of movable base stations and the step of selecting a preferred quality signal.

34,  The method in accordance with claim 30 and further comprising
the step of transmitting radio signals between the movable base station and the fixed
radio port in accordance with a code division multiple access, direct sequence, spread

spectrum transmission protocol.

35.  The method in accordance with claim 31 wherein the radio
signals transmitted from the mobile telephone unit to the movable base station are
transmitted at a first power level and radio signals transmitted from the movable base
station to the fixed radio port are transmitted at a second power level lower than the

- first power level.

36.  The method in accordance with claim 31 wherein radio signals
transmitted from the ﬁxed radio port to the movable base station are transmitted at a
first power level and wherein radio signals transmitted from the movable base station to
the mobile telephone unit are transmitted at a second power level higher than the first

power level.
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37. The method in accordance with claim 31 wherein the radio
signals transmitted between the fixed radio port and the movable base station are
transmitted in a time division duplex manner.

38. The method in accordance with claim 37 and further
comprising the step of synchronizing the movable base station to a selected
interface unit by transmitting a pilot s1gnal from the movable base station to the
selected interface unit.

39. A method of handling telephone calls between a telephone
office and a mobile telephone unit moving in a specified direction, the method
comprising the steps of:

moving a plurality of movable base station in the specified direction;

establishing a telephone call between the telephone office and the
mobile unit via a selected one of the movable base stations;

monitoring signal communication from the mobile telephone unit at

the selected one of the base stations and controlling at the selected base station-- - -~ -

hand-off of the telephone call from the selected base station to another of the
plurality of moving base stations.
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A mobile communication system employs moving base statlons moving in the direction of flow of traffic moving along a roadway.
The moving base station communicates with fixed radio ports connected to a gateway office. A plurality of moving base stations are spaced
apart on a closed loop and move with the flow of traffic along one roadway on one leg of the loop and with a flow of traffic on another
roadway ini another leg of the loop. The moving base stations communicate with a plurality of fixed radio ports connected by a signal
transmission link to a gateway office which, in turn, is connected to the wire line network. The moving base stations are each provided
“with a pair of directional antennas with one antenna directed toward the flow of traffic and another antenna directed to the fixed radio ports.




