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NAVIGATION ASSISTANCE FOR CALL HANDLING
IN MOBILE TELEPEONE SYSTEMS

o] = 10

The present invention relates to the use of time-
based multlple access methods such as Time Division
Multiple Access (TDMR) and Code Division Multiple Access
(CoMa) commiunications techniques in mobile cellular
radiotelephone communication systems, and more
particularly, to a scheme for cen*rolling the
transmitter power and timing of such transmissions in a

mobile station.
BACKGROUND OF THE INVENTION

The cellular telephone industry has made phenomenal
strides in commercial cperations in the United States as
we.l as the rest of the world. Growth in major
metropolitan areas has far exceeded expectations and is
outstripping system capacity. If this trend continues,
the effects of rapid growth will scon reach even the
smallest markets. Innovative solutions are required to
meet these increasing capacity needs as well as to
maintain high quality service and avoid rising costs.

' Throughout the world, one important step in
cellular s:’stems is to change from analog tc digital
transﬁission,_ Equal’y important is the choice of an
effective digital tr:nsmission scheme “»>r implementing

the next generation ¢f cellular techr ogy.

Furthermore, it is widely believed t..:c the first
generation of Personal Communication Networks (PCN),
(employing low cost, pocket-size, cordless telephones
that can be carried comfortably and used to make or
receive calls in the home, office, street, car, etc.),

SUBSTITUTE SHEET ot © ae

E SYSTERSS-cayd



well as the rest of the world. Gowh in major 20 netropolitan areas has
far exceeded expectations and is outstripping systemcapacity. If this
trend Contlﬁﬁﬁg 7; e effects of rapid gromh will soon reach even the

smal | est ma 5 | nnovative solutions, are required to nmeet RGTEEW4/10114

i ncreasing capacity needs as well as to 25 maintain high quality service
and avoid rising Tbn&ﬁaﬁwmhmmn the world, one inportant step in

cel lul ar systens | ontanalog to digital transm ssion. Equally
i mportant is the fective digital transm ssion schene for

I mpl ementing 30 e eneratlon of cellular technol ogy. Furthernore,

It is wdely belleved that the first generation of Personal Communication
Net wor ks ( PCN) , : 2

would be provided by the cellular carriers using the
next generation digital cellular system infrastructure

and the cellular frequencies. The key feature demanded
in these new systeﬁs is increased traffic capacity.

5 | In mobile cellular radio telephone systems using
time-based multiple access methods such as TDMA or CDMA,
it is often necessary fdr mobile transmitters to employ
an appfopriaté_transmitter power dependent on their
distances from the base station and the proper

10 transmitter timing associated with their various
propagation delays to the base station. Proper
transmitter power selection maintains all mobile
transmitcer signals received at the base station at
appfoximatelY'the saﬁe level to avoid excessive level

15 differences which can result in interference by stronger
signals.

'In a TDMA system, timing of the mobile transmitter
signals is controlled as a function of distance from the
base station to ensure that signals arrive at the base

20 station in their correct, assiéned time~slot, and do not
overlap. In a CDMA system, timing is controlled to
reduce the width of the timing uncertainty region over
which the code~correlating receiver must search,
particularly when the mobile station begins

25 tfénsmitting; In both types of systems, once a mobile
station achieves duplex communication with a base
station, information transmitted from the base station
can contindously control the mobile station
transmitter’s power and timing.

30 In CDMA appllcatlons, power and timing accuracy are
most dlffzcult to malntain. Maintaining the correct
power level is paramount when signals overlap in time
and frequency. The signals may be separated at the
receiver by ccrfelating the received signals with the
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‘(empl'oyi ng | ow cost, pocket-size, cordl ess tel ephones that can be carried
confortably and used to make or 35 receive calls in the hone, office,
street, camO¥Ys§7 2 woul d be provided by the cellul ar caoTiEssa/10634 NY

t he next generation digital cellular systeminfrastructure and the cellular
frequenci es. The key feature demanded in these new systems is increased
traffic capacith She&HaSBeenRZilfec{mbl | e cellular radio tel ephone systens using

ti me- based nult thods such as TDMA or CDMA, it is often
necessary fdr

ters to enpl oy
corresponding despreading codes if the differences in
power ‘levels are not substantial.
In a conventional CDMA receiver, the suppression of

unwanted signals_ln the correlation process is limited
5 by the so-called processing gain. If an unwanted signal

exceeds a desired signal by an amount greater than the

processing'gain, the desired signal cannot be decoded.

' In U.S. Patents 5,151,919 and 5,218,619, both,

entitled "CDMA Subtractive Demodulation™ by the present
10 inventor, systems are described in which all signals are

decoded at a base station in the order of strongest to

weakest signals. The stronger signals are subtracted

from the composite signal after decoding and before

3

"demddulating.the weaker signals. As a result, greater
15 level differences can be tolerated when the receiver
knows what signals are present and their signal strength
ranking. However, even the innovative subtractive CDMA
,systém has difficulty with the sudden, unexpected
appearanCe of a new signal at an arbitrary signal level.
20 " The present invention overcomes the problems of the
prior art by employing a method whereby a mobile station
can estimate the power and/or timing advance necessary
to make a first transmission to a base station.

25 - STUMM OF T TON

The present invention is a method and apparatus
whereby ihformation-broadéast by base stations of a
_ multiple access, spread spectrum communications system
3d allows a ﬁobiie statién to approximate its distance from
respective base stations based on an average received
signal strength and further allows a mobile station to
estimate the characteristics necessary to make a
transmission to a base station. In a basic embodiment,
35 the broadcast information includes the mean radial
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an appropriate transmtter power dependent on their distances fromthe base

station andvhgg‘ﬁﬁﬂper 10 transmtter timng associated with their
various propagati’al delays to the base station. Proper transnPETASM4MLL

sel ection_nmintains all nobile transmitter signals received at the base

station at approximately the sanme level to avoid excessive |level 15
differeﬂ%bsm%h@g can result in interference by stronger signals. In a TDVA
system tji ‘fﬂbile transmtter signals is controlled as a
function omthe base station to ensure that signals arrive at
t he base | n their correct, assigned time-slot, and do not

overlap. In a CDMA system timng is contrélled to

distribution of signal strength versus distance, and is
independent of its bearing direction. In a further
embodiment, the fact that the radial distribution of
signal strength may be different in different directions
§ is accounted for and the base stations additionally
broadcast information relating to different sectors.

"'A mobile station cam determine within which coarse
sector it is located in several ways. The mobile
station can determine which surrounding base stations it

10 céh'receive, or the base stations can illuminate
different coarse sectors with different frequencies, or
the base stations can broadcast a rotating signal
strength péttern using a pair of phased antennas, the
phase of the signal being relative to a marker in the

15 Dbroadcast data to allow the mobile station to determine
its bearing.

. The mobile station receives the base station
signals, and measures and averages their respective
signal strengths. After receiving the broadcast

20 information from the base statién; the mobile station
determines the propagation loss of the transmission to
the base station and thus the appropriate power to use
in the_reverse'direction. Moreover, the mobile station

.can.estimate_distancé from the base stations using the

25 ragial propagation law appropriate to the sector where
the mobile is.located. Conseqﬁently, the timing advance
required for the mobile station transmission to ke
received at the base station at a desired time can be
estimated.. . ,

30 Further, a mobile station can determine its sector
and bearing more accurately by modulating the broadcast
signal with a radio-navigatién modulation method that
varies according to the angle around the base station.
For example, the base station broadcast signal can be

3s radiated on two separate antennas with a continuously
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‘reduce the width of the timng uncertainty region over which the

code- cor r elyolos@gsgyecei ver nmust search, particularly when the ' ation
begi ns 25 transmtting. In both types of systens, once a lﬁgg@?;&g?%‘t i on

achi eves dupl ex conmuni cation with a base station, information transmtted
fromthe base-station can continuously control the nobile station
tifansmtter's p mg&ﬂand timng. 30 In CDMA applications, power and
t i mmgshest nost difficult to maintain. Maintaining the correct

\' nmount when signals overlap in tinme and frequency. The

powe
sign I\“\‘m rated at the receiver l%y correlating the received

signal's with the
rotating relative phase differsnce to produce a rotating
signal strength pattern. The phases selected are
related by a timing mark in the data modulation so that
the mobile station can determine its bearing relative to

5 the base station. This technique of radioc navigat:on is
known as the CONSOL systemn.

Often base stations use a different power, cover a
differant radius cell, and have a different signal
strength distribution within the cell with respect to

10 one another. Consequentiy, the broadcast information
must be adapted to each particular cell to enable the
mobile station to determine its power and timing.
Accordingly, a further embodiment of the invention
eliminates the need to conduct the expénsive signal-

15 strength survey operation necessary to adapt the
broadcast information to each cell. Rather, during
conversations with a base station, the mobile stations
report the signal strength they are receiving and the
timing advance they are using.‘ Therefofe, a base

20 station, knowing its own transmit ERP (Effective
Radiated Power) and the time-of-arrival of the mobile’s
signal, can determine the distance to the mobile station
and the relationship between signal strength and
distance, as reported by different mobile stations over

25 a period of time. '

A further embodiment of the invention is
implemented when the base stations are making CDMA
transmissicns. By correctly choosing the necessary
?arameters in a CDMA system, surrounding base stations

30 can re-use the same frequencies. Advantages in system
capacity including an increase in the number of
simultaneous conversations per squére kilometer per
nagahertz of spectrum that can be supported are
realized. 1In a CDMA system, a mobile station can

35 simultaneously receive broadcast information from

SUBSTITUTE SHEET (uLE 25)



3 correspondi ng despreading codes if the differences in power |levels are
not substantial. In a conventional CDVA receiver, the suppression of
unwant ed S|§W@P%W¥$Fthe correl ation process is linited 5 by t RETSISM/I0MI&A
proee55|ng~gale—44—aﬂ-unmanted signal exceeds a desired signal by an
anou t er than the processing gain, the desired signal cannot be

deco nt s 5,151,919 and 5,218,619, both, entitled "CDVA
Subt r & u H tlon by t-he present 10 inventor, systens are
. descri signals are decoded at a base statlon in the order

of strongest to
6

adjacent vase stations as well as its currently assigned
pase station. When all base stations on the same
frequency have synch:onized CDMA transmissions, a mobile
station can determine its position from the relative

5 timing of three diffe:ent'received base stations. The
broadcast information from the base stations to the
mobile stations can include absolute base station
ccordinateq_for determining the mobile station’s
absolute pesition or the broadcasting base station’s

10 rehge and bearing relative to a neighboring base

g statioh. This allows the mobile station to determine

its relative position. '

RIEF DESCRIPTION OF THE DRAWINGS
15 '

The present inVention will now be described in more
detail with reference to preferred embodiments of the
present invention, given only by way of example, and
illustrated in the accompanying drawings, in which:

20 Figure 1 is a cellular coverage pattern in an
exemplary cellular phone system;

Figure 2 is a block diagram of a base station
acceording to the present invention: and

Figure 3 is a block diagram of a mobile station

25 according to the present invention.

..

TLED DESCRIPTION OF R ED ODIMEN

While the following description is in the context
30 of cellular communiCations systems involving portable or
mobile radio telephones and/or personal communication
networks, it w111 be understood by those skilled in the
art that the present invention may be applled to other
communications applications. For example, the preferred
35 lmplementatlcn is described with respect to a CDMA
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weakest signals. The stronger signals are subtracted fromthe conposite

signal after decoding and before denodul ati ng the weaker signals. As a

rresul t, greatW@9y87587| evel differences can be tol erated when tRCTEWHiIQEH4

knows what—stgnals are present and their signal strength ranking. However,

even thefg% vative subfractive CDVA systemhas difficulty with the sudden
e

gﬁ“ﬁ new signal at an arbitrary signal level. 20

unexpect
The prese ercomes the problens of the prior art by enpl oying
a met hod

e station can estimate the power and/or timng
advance necessary to e a first transmssion to a base station. 25
SUMVARY COF | NVENTI ON The present invention isya nethod and apparatus

system, however, the invention may be applied to avoid
excessive signal level differences in FDMA or TDMA
‘systems, which can otherwise lead to difficult

_ specifications for receiver selectivity, or to the

§ prediction of a timing advance for initial transmission
in TDMA systems.

Figure 1 is a simplified cellular coverage pattern
showing a cell B, covered by a base station surrounded by
-adjacent cells B, to By, each covered by their own

10 réspective basa station. For purposes of illustration,
a mobile station is assumed to be located in the cell B,.
For simplicity cells are shown as circles of egqual size,
but in practice the areas illuminated by different base
station antennas can be sectors of a circle, ellipse, or
15 a variety of irregular shapes.

The base stations transmit CDMA signals on the same
frequency, but each base station uses different codes.
The mobile station receiver decodes the CDMA signals by
correlating known sequences with the codes of the base

20 station responsible for the mobile station and each of
the neighboring base stations, and listens to the
broadcast channels of the neighboring base stations.
Ooften it will be impossible for the mobile station to
pick up the transmission of certain base stations. For

25 example, a mobile station on the edge jz.ning cells B,
and B, will probably not receive transmissions from the
base station in cell B,. However, the mobile station
would know that it is located in an area where it cannot
receive that particular transmission and thus, would

30 have an indication as to which of the six coarse sectors
of cell B, it is located in.

‘The information broadcast from B, preferably
- includes a signal strength profile along the line -
joining B, to B, as well as signal strength profiles

35 along the lines By-B;, B,-B; etc. The exact format of the
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wher eby i nformation broadcast by base stations of a multi pl e access, spread

spectrum co ons MPE@Beenale Isve® a nobile station to approxi mate
its di stancgu?%ﬁ% spect ﬂﬁ m ns based on an averaggc'lr AL
nmake a

signal strength and furth ile station to estimate the
characteristics necessary to smssion to a base station. In a
basi ¢ enbodi nent, 35 t he broadcast |nfornation I ncl udes the nean radi al
4 distribution of signal strength versus distance, and is independent of
its bearing direction. In a further

8

signal strength profile information is not material.
For example, the signal strength profile can be a list
of expeéted signal strength values in dBm at egquispaced
distances from the cell center, or the delta between
5 successive equiépaced rings, or a list of distances for
equispaced signal strengths, or coefZicients such as a
power of the radial distance for use in a formula that
yields. signal strehgth'as a function of distance or
vice-versa. _Likewise; similar information is broadcast
10 from the other cells. Thus, if the mobile can place
itself in a sector _spanning the line By-B; by virtue of
receiving at least sometimes B, and sometimes B;, then
two alternative estimates of the distance along the line
B,~B, can be obi:_ained; one with B, as the origin and one
15 with B, as the origin. These two estimates are combined
to obtain a further estimate to reduce uncertainty. If
the mobile station can sometimes detect B, or Bs, then a
further estimate of the position is made.
In a preferred embodiment, the base stations
20 located in cells B,-Bs transmit with synchronized CDMA
codes, so that when the mobile station receives two base
stations simultaneocusly, or in quick succession, a
timing difference is obtained from the correlating
receiver which more accurately places the mobile station
25 on a certain hyperbola. Occasionally, receiving a third
station permits the mobile station to be precisely
located using this hyperbolic navigation system.
Further information necessary to locate the mobile
station, including the radial distances and bearings of
30 each station from its neighbors, is broadcast on each
base control channel. Therefoi'e B, broadcasts the
distance and bearing of the lines By~B;,, B¢-B;, BB,
etc., while B; broadcasts the distance and angle of the
line B,-By, B;-B;, B;~Bg among others. To assist the
35 mobile’s calculations, distances are described in delay
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embodi nent, the fact that the radial distribution of signal strength na be
different i nWO9508%&8nt directions 5 is accounted for and the bE 4101
addi tional ly broadcast |nfornat|onTMG$uﬂ ttmR. &&brent sectors. A nDblle
station can determine within mhlch is located in several
ways. The nobile station can detern1 undlng base stations it
10 can receive, or the base stations can unlnate di fferent coarse
sectors with different frequencies, or the base stations can broadcast a
rotating signal strength pattern using a pair of phased antennas, the phase
of the signal being relative to a marker in ¢ he 15 broadcast data to
allow the nobile station to determne its bearing.

terms in units of CDMA chip perlods'Lnstead of miles or
kilometers.
The mobile statlon uses Lts estimated position and
the base statlon's given positlon to determine the
5 distance to the base statlon in units of CDMA chip
periods. The apprcpriate tlme advance is then
determined for the moblle station’s first transmission
to a base station by twice the one-~way propagation time
relative to a timing reference derived from the received
10 base station signal, resulting in the signal being
received back at the base station with approximately the
same time alignment as the outgoing signals, there being
no more than a nominal difference in time alignment.
For example,. the base station broadcast information
15 may provide for ea:n angular sector, a table such as

~ Table 1l:
TABLE 1
20 IF MOBILE RECEIVES THIS THEN MOBILE PROBABLY LIES
SIGNAL STRENGTH: . AT THIS DISTANCE
-40dBm ' | 300 meters
-504Bm o 800 meters
-60d4dBm . ' 2315 meters
25 ~704Bm ' ' 5240 meters
.+ =80dBm | L. 8771 meters
-=904&Bm ) _ j' 14308 meters
-1004dBm S 23580 meters
~-110dBm o ' 40980 meters
30 ~120dBn - 65000 meters

The mobile station can then use the measured signal
strength value to interpolate between table entries to
as obtain an estimate of the distance. The mobile then
knows the round trip prdpagation delay corresponding to
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The nobile station receives the basnmgg th35| nal s, and nmeasures and

aver ages t heiyo yggRect i ve si gnal str celrlecel ving tgenpi Qﬁﬁ@ﬁft
20 information fromthe base stati station determ nes e
propagation | oss of the transnlsS|on tatlon and thus the

appropriate power to use in the reverse dlrectlon Mor eover, the nobile

station can estimate di stance fromthe base stations using the 25 radi,a

propagation | aw appropriate to the sector where the nobile is | ocated.

Consequently, the timng advance required for the nobile station

transm ssion to be received at the base station at a desired tinme can be

estimated. 30 Further, a nobile station can determne its sector
traversing twice this distance at the speed of light.
Thus, the mobile can calculate how much to advance its
transmit signal timing relative to the signal received
from the base station so.that_the return signal arrives

5 back at the base station with the desired timing
relationship. In practzce, the mobile may be saved a
great deal of calculatlon by broadcasting the distance
information. already scaled in uvnits of timing advance,
_ for example in units of % of a chip.

10 This is the crudest example of a positioen
determining system, and can suffer from the actual curve
of the signal strengthavé:sus distance not being
monotonic due to terrain irregularities or shadowing.

To reduce anomalies and enhance performance, distance

15 estimates from several recelvable base stations can be
employedﬁ If no neighboring base stations can be
received, it is likely that the mobile lies proximate to
the center of the cell'frbm_it which it can receive
transmission. Further.khown methods of enhancing the

20 accuracy of crude navigation systems employ Kalman
filters. These account for the mobile’s limited ability
to change position or velocity inétantaneously by
applying .2 smoothing to the estimated position, which
prevents instantaneous position or velocity changes and

25 permits only reasonable accelerations less than, for
example, 0.2qg. u

Further enhancements could include synchronizing
the CDMA transmissions from the base stations so that
the mobile could determine relative time-of-arrival of

30 the respective signals and thus the delta distance.

This forms the hyperbolic havigation system since the
locus of possible mobile positions with a given delta
distance from two bases is a hyperbola. There is also
the CONSOCL type_bearing determination system which can
as be used, in which the base station transmits a signal
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and bearing nore accurately by nodulati-ng-the broadcast signal with a

r;adi 0- navi gqbh gal.EpAul ation net hod thztatﬁari agcording to the %ﬁ%
t\

ngl e
around the basé&'station. For exd ce Rt ation broadcESE: YR can
be 35 radi ated on two separate “ ﬁk 1“ F conti nuously 5 rotating
rel ati ve phase difference to prod signal strength pattern
The phases selected are related by a timng nmark in the data nodul ation so
that the nobile station can determne its bearing relative to 5 t he base
station. This technique of radio navigation is

11

from an antenna array phased such that the signal the
mobile receives has a varying feature around 360 degrees
of bearing from the base. By measuring this feature,
the mobile determines its bearing. Determining bearing
5 from two stations thus locates the mobile. The base
station broadcast information should include station
coordinates for use in such calculations.
For example in a TDMA system, different mobiles are
allocated different time slots in the uplink and

10 downlink directions. Signals for a first mobile may be
located in a first time slot transmitted in the downlink
while signals for a second mobile are located in a
second time slot immediately following the first time
slot and so on. In contrast, in the uplink the first

15 mobile transmits on the second time slot, the second
mobile on a third time slot, etc. The first mobile
receives the first time slot and transmits during the
second time slot so that the mobile does not have to
transmit and receive at the samg time.

20 Because the mobiles are located at varying
distances from the base station, signals transmitted
from the base station are received with different time
delays. Therefore, if after receiving, the mobiles turn
around and transmit, the transmitted signals will be

25 received at the base station with a one time slot offset
plus the there-and-back delay. Thus, it is possible for
signals received from a distant mobile to be delayed so
much that they overlap and interfere with a signal from
a nearby mcbile in the next time slot. Accordingly,

30 TDMA mobiles can advance their transmit timing by twice
the loop propagation delay so that their transmissions
arrive in the correct time slot. To ensure that
transmit timing does not encroach into the receive
timing, the entire uplink slotting format is offset from

"35 the downlink slotting format by slightly more than one
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known as the CONSOL system Often base stations. use a different power,

cover a diffeygoéossgdi us cell, and have a different signal str
di-stribution within the cell with re eetﬁ‘EGmRemm anot her. #edfidsaonts

Consequently, the broadcast informati ted to each particul ar
cell to enable the nobile station to ower and tim ng.
Accordingly, a further enbodinent of the invention elimnates the need to
conduct the expensive signal- 15 strength survey operation necessary to
adapt the broadcast information to each cell. Rather, during conversations
with a base station, the nobile stations report the signal strength they
are receiving and the timng advance they ad8 using. Therefore, a base
time slot, i.e. by an amount corresponding to the
maximum timing advance a mchile may have to apply when
at maximum range. | ) | |
In CDMA systems, the transmission formats are not
5 necessarily divided into time slots. Typically, the
mobile signals are deliberately permitted to overlap.
However, avoiding excessive relative delay between
different mobile signals is still important for several
reasons. First, it may be desirable to use orthogonal
10 spreading codes for different mobiles. Orthogonal
spreading codes have zero cortelatiqn,between each
other. Thus, mobiles-using.these codes do not interfere
with each other even though they are overlapping in time
and frequency. " However, drthogonality can only be
15 maintained when the code words are aligned exactly on
top of each other. Orthogonality may be lost if the
codes have a relative shift of one chip or more. Thus,
it would be desirable to time advance the transmissions
of mobiles according to their distance away from the
20 base station so that their orthogonal CDMA codes are
received exactly on top of each othér to a fraction of a
chip accuracy. This can be achieved with a feedback
loop whereby the base station includes a bit in the
downlink transmission which periodically indicates that
25 g;small advance or lag is appropriate once two-way
conversation has been established. One of the objects
of the present invention is to get'reasonably close to
the proper timing prier to call set up and before two-
way conversation is established. This is desirable
30 Dbecause it is also more difficult for the base station
to detect a call from a CDMA mobile if it does not know
what code. alignment to use for despreading the CDMA
signal. The base station will search for a mobile call
using various shifts of the correlating codes in steps
35 of one chip. But, if the chips are only 0.8
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20 station, knowing its own transn1t ERP (Effectlve Radi at ed Power) and

the tinme- ofwgrgsmm# of the nobil B lagedt er mi ne t hepEiyBsaANBELIt O
the nobile station and the relatio |gnal strength and
di stance, as reported by different ns over a period of

time. A further enbodi nent of the |nvent|on S |nplenented when the base
stations are nmaking CDMA transm ssions. By correctly choosing the necessary
paraneters in a CDVA system surrounding base stations 30 can re-use the
sanme frequenci-es. Advantages in system capacity including an increase in

t he nunber of sinultaneous conversations Rg' square kil ometer per negahertz
of spectrumthat can be supported are

microseconds long and delay_uncertainty_due to distances
from 0-30 kilometers is 0~-200 microseconds for example,
it is difficult to search with 250 correlation code
shifts. Therefore it is desirable to preset the mobiles
5 transmit timing prior to'Call'set up to reduce the
timing uncertainty that the base station encounters.

A preferred'embodiﬁéht of the invention will now be
described with the_éid of FIGS. 2 and 3 which
respectively show the block diagrams of a suitable base

10 and mobile station. In FIG. 2 there is shown a base
station CDMA transmit:er 1 that transmits mulfiple,
overlapping signals on the same.frequency using
different codes. Some signals.are traffic carrying
channels which carry coded speech signals to different

15 mobiles. At least one of the overlapping signals is a
broadcast and calling channel that broadcasts some
information to all-mobiles, and also addresses certain
calls to specific mobiles by including a mobile ID code
or telephone number in the message. A control computer

20 3 provides the CDMA transmitter 1 with the broadcast
information for the mobile Statiéns relating to the
position estimating function. The following information
is included on the broadcast channel: (i) distance in
units of CDMA chip periods to each neighboring base

25 station; (ii) bearing in units of m/128 to each
nei%hboring base station; (iii) CDMA code in use at each
neighboring base station; (iv) base station transmitter
power in units of dBW; and (v) mean signal strength
expected at a mobile station receiver with 0 dB antenna

30 gain at various points along the line to each
neighboring base station in steps of one CDMA chip
period delay, the 51gnal strength being coded in terms
of the delta-dBs between each successive point with the
first value being an absolute value in dBm.
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reali'zed. In a CDVA system anobilé station can 35 si mul t aneously
receive broagf i%(&; ormation . f rR%heet Hsl m& lacthse stations gﬁﬁ%ﬂl & its
currently as ‘S ¥ase station. statlons on th 4/10114
frequency have synchroni zed CDI\/AM a nobile station can -
determine its position fromthe r |n1ng of three different

recei ved base stations. The broadcast infornation fromthe base stations to
‘the nobile stations can include absolute base station coordinates for
determ ning the nobile station's absolute position or the broadcasting base
station's

14'
The base suatlon control computer 3 collects
information from the moblle stations via CDMA receiver
2, thereby allqwzng control computer 3 to derive and
"continuously update the'broadcast information. The
S broadcast information is- transmltted to the base station
by the mobile shatlon durlng an angozng traiffic
conversation using a ‘channel called the associated
control channel (ACCH) that is multiplexed with traffic
information. The information transmitted by the mobile
10 stations includes: (i) the mobile station transmitter
power level in use; (ii) the mobile station timing
advance currently in use'in‘chip periods; (iii) the
signal strength in dBm currently being received from the
base station through which the current conversation is
15 being maintained; (iv)'the mean signal strength received
(i.e. over the last two seconds) from all surrounding
base stations on the same freéﬁency whose calling
channel has recently (i.e., within the previous two
seconds) been successfﬁlly'dehgdulated; and (v) the
20 relative delay between signals received from the other
base stations and the currently assigned base station in
CDMA chip periods.
The control computer 3 processes all the above
information in a coarse position determining program to
25 determine the posztlon of the mobile station. The
signal strength reported by the mobile station at the
determined position is averaged with all previous
repcrts from other mobile stations that approximately
indicated the same positibn to develop a signal strength
30 map within the cell. The average signal strength map
thereby provides the 1nformatlon that the base station
needs to broadcast. _
The mobile station block diagram for a preferred
embodiment is shown in FIG. 3. A mobile station CDMA
35 transmitter 5 and mobile station CDMA receiver 6 operate
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10 range and bearing relative to a nelghborlng base station. This allows
t he nobi | e swetasonssro det er m ne |tsThl86§Ih®tHas e tqn. BRI EF DpSfIgsioiN O
THE DRAW NGS 15 The present |nvent|o descrlbed in nore detai
with reference to preferred enbodine ysent i nvention, 'given
only by way of exanple, and illustrate |n onpanyi ng dramnngs I n
whi ch: 20 Figure 1 is a cellular coverage pattern in an exenplary
cel lul ar phone system Figure 2 is a block diagramof a base station
according to the present invention; and Figure 3 is a block diagramof a
mobi | e station ' . 15 -

with a fixed frequency offset, so that they can be
connected to the same mobile antenna using a duplexor 4.
The CDMA transmitter 5 in the mobile station only
~ transmits one CDMA coded signal. In contrast, the base
5 station CDMA transmitter 1 transmits using many
different codes. The code ﬁsed_by the mobile station
transmitter 5 is indicated by the mobile station control
processor 1. The mobile'station CDMA receiver 6
however, is able to correlate with many different codes
10 pfbviaed by the control_proces;or 7, and thus,
demodulates many overlapping CDMA signals together. The
demodulaticn technique employed is preferably
subtractive CDMA demodulation in conjuncition with
scrambled Walsh—Hadamard_drthogonal coding, as described
15 in the aforementioned U.S. Patents 5,151,919 and
5,218,619, but any CDMA receiver capable of demodulating
several overlappihg signals can be used.
Further, a teéhnique known as RAKE reception is
also used, for example as described in co-pending
20. allowed application Serial No. 857,433, entitled
wDiversity RAKE Receiver". With a RAKE receiver
correlation is performed with different time shifts of
the input signal samples to account for timing
uncertainties and echoes, and the correlated results are
25 combined by either coherent or non-coherent weighting.
The results of correlating with differenﬁ time shifts
are also sent to the control processor 7 to determine
time-of-arrival differences between different signals.
The signals demodulated by the mobile station
30 include the broadcast channel of the cell where the
mobile station is located and the broadcast channels of
any neighboring cells that are received strongly, i.e.
' that exceed a certain threshold. When a conversation is
established with the base station, the mobile station
3s receiver 6 also démodulatés a traffic bearing CDMA
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25 according to the present invention. DETAILED DESCRI PTI ON OF THE
PREFERRED ENggB% RS Wi | e thelhsBMQMMﬁgmﬂeﬁ sdeption is in tQQﬂﬁﬂglﬁﬁis3o
of cellular comuni cati ons syste rtabl e or nobile radio
t el ephones and/ or personal conmmu | mmﬂ ks, it will be understood by
those skilled in the art that the pres tion may be applied to other

conmmuni cations applications. For exanple, the preferred 35 I npl enent ati on
is described with respect to a CDVA 7 system however, the invention nmay

be applied to avoid
16

signal transmitted by the base station and the mobile
station transmitter is modulated with traffic signals
such as digitized, coded epeech.
The mobile station receives various data on the
S broadcast channel of its assigned base station. As a
result, the mobile station estimates its distance from
the base station in_timé‘delay units of CDMA chip
periods from the mean received signal strength. The
instantaneous signal strength indication is provided
10 from the CDMA receiver 2 to the control computer 3 in
the form of correlation meesurements on different time
shifts of the received signal. The control computer 3
combines the energy in the'cdrrelation measurements and
computes a moving average of the total energy.

15 The broadcast chennel'from the base station is
preferably organized in a time~-multiplex format of 16
message slots each of 20 mS duration, the cycle
repeating every 320 ms."'When the network calls a mobile

_ station, the call is sent in ong time slot according to,

'20 for example, the last digit or dlqlts of the mobile
telephone number or ID code. During the remaining time
slots, the mobile station_can'"sleep" and conserve
battery power for 15/16ths of the time and only awaken
to capture data in an assigned time slot. The mobile

25 stetions that may be called in a particular time slot
are collectively referred to as a "sleep-mode group”.
In general, the mobile stations in a sleep-mode group
are not necessarily_related by telephone number, rather
each is related by a separately programmed-in code.

30 Depending on the broadcast channel format, the
mobile stations may awaken in anocther time slot in which
the information relating to position estimation is
broadcast. In a preferred embodiment, this information
is broadcast in the idle time between network-originated

35 calls to mobile stations. All base stations are
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.excessi ve signal level differences in FDVA or TDNA systens, which can
otherwise lead to difficult specifications for receiver selectivity, or to
the 5  prewassorssof a timng ﬂ{l‘s&ééﬂ%sfménn dell al transm ssi ACTVUSIFDNM
systens. Figure 1 is a S|an|f|e erage pattern showi ng a cel
B[err] covered by a base statlon adj acent cells B[err] to
Bl[err], each covered by their C |ve base station. For

purposes of illustration, a nDblle statlon is assuned to be located in the
cell Blerr]. For sinplicity cells are shown as circles of equal size, but
in practice the areas illum nated by different base station antennas can be

sectors of a circle, ellipse, or 15 ° a vagkety -of irregular shapes.

preferably synchronized so that:this information is
broadcast simultaneously. This prevents the mobile
station from having to awaken in additional time slots
to receive adjacent base stations.

5 The mobile station control processor 7 receives
from CDMA receiver 6 signal strength and relative timing
measurements from all adﬁacent base stations that can be
detected, as well as broadcast information providing
relative distances and_bearings'between"the adjacent

10 base stations and expected signél strength profiles
along radial directions to adjacent base stations.

The mobile station control processor 7 processes
all the above information in a position-finding or
navigation program. The program includes different

15 modes which are operative based on whether adjacent
bases can be heard. In one mode, no adjacent base
stations can be heard, thus the navigation program must
estimate the distance fr¢m its assigned base station
'so;aly on the signal Stréngth received. It is possible

20 that the sector where the mobile'station is located can
be determined based on past-history. For example, if
the mobile station moves into the current cell B,, having
previously been locked to B;, then it is assumed that the
mobile station is in the sector straddling the line By~

25 B,- If no adjacent base station can be heard, then the
navigation program assumes the mobile is within 70% of
the cell maximum radius and proceeds to use broadcast
signal strength versus distance information to further
estimate the mobile station’s location.

30 In another mode, at least one adjacent base station
can bé heard. The distance from both base stations can
be estimated from the signal strength while the
difference in distance between the base stations can be
estimated based on the timing difference between the

35 received'signals. _ This provides a more accurate
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The Base stations transmt CDMVA-signal-s-en the sane frequency, but each
base statio Lfferent codes_.The Ie station receiver des t he
CDMA si gnal srhﬁ?g@?)s(rgr‘el ating known fhe codes of R t‘%z&ﬁé@'é“to
station responsible for the nobile H ch of the nei ghboring base
stations, and listens to the broade f the nei ghboring base
stations. Oten it wll be inpossible for the nobi l e station to pick up the
transm ssion of certain base stations. For exanpl e, a nobile station
on the edge joining cells Blerr] and B[err] mnll probably not receive
transm ssions fromthe base station in cell B4. However, the nobile station
woul d know that it is located in an area we8e it cannot receive that

particular transm ssion and thus, would .
estimate of the distance of the mobile station from its

own cell center. If three bases or more can be heard,
the mobile is pcsiticn410cated'by hyperbolic navigation
calculations. o ‘

5 . The accuracy of the position estimating program is
improved by accounting'fpr the'limited velocity of the
mobile station. The knd%ﬁ technique of Kalman filtering
for example, can be used to maintéin the estimate of
pos;tlon and velocity of the mobile station.

10 The Kalman technique cperates in the ‘following
manner: (1) using a past p051tzon_and velocity estimate
where the mobile station poéiﬁion_is extrapolated to
obtain a new position_estimaté; (2} using information

. broadcast from the base stations, where the signal

15 strength that should be received from different base
stations and the timing differential are predicted; (3)
actual signal strength and timing differential
measurements are cbmpared with the estimates, and the
position and velccity éStimateg are updated accordingly.

20 Once an estimate of the distance to the base
station is obtained, the mobile station uses an
appropriate time advance corresponding to twice the
propagation delay over this distance when transmitting a
signal to the base station for the first time. The

25 control processor 7 prov1des the timing advance to the
CDMA transmitter 5. _ _

The mobile station may'élso use a power level for
first contact dependent on the average signal strength
received. The underlylng assumptlon is that the mean

30 propagation loss from the mobile statlon transmitter to
the base station receiver is the same as the mean
propagation loss in the other direction. Thus, if the
base transmit power and the received signal strength are
known, the mobile transmit power for a desired receive

35 signal strength at the base can be computed.
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30 “"have an indication as to which-of"the si'x coarse sectors of ceT

Blerr] it isybogpisgfl in. The inforgnatdonbhroadeast from B[err]Pﬁq(,@gggﬁ@ﬁhy

i'ncludes a signal strength profile Joining Blerr] to B[err]
as well as signal strength profilesﬂ ﬁl m| ﬁ
Blerr]-B[err] etc. The exact forma

e lines B[err]-Bl[err],

, gnal strength profile
information is not material. For exanple, the signal strength profile can
be a Iist of expected signal strength values in dBm at equi spaced di stances
fromthe cell center, or the delta between 5 successi ve equi spaced rings,
or a list of distances for C : 19

The base station bfpadcést information will if
necessary contain information on the ERP of the
broadcast signal. - By relating the received signal
strength to the ERP, the mobile determines the

5§ propagation loss in the downlink direction. The mobile
then assumes that the propagation loss is identical in
the uplink direction, unless the base station has
broadcast information indicating_that its receive
antenna gain differs from its transmit antenna gain,

10 known as talk-out/talk~in difference. In this case, the
mobile uses this facto: £o convert the downlink
propagation loss to an uplink propagation loss estimate.

Random acceSs.messagés are sent from the mobile
station to the base station at the computed power level

1s and timing. The'principie information in the random
access message is'the mobile station identification
number. When the base station replies with a message
addressed to the same mobile station identification
number, the random access procedure is largely complete.

20 The message from the base station may command the mobile
station to switch to a different radio frequency and
code for maintaining the present call. Upon
establishing duplex contact, the mobile station reports
the information on received signal strengths and timings

25 to the base station as described above. The base
'stgtion control processor 3 processes this information
to update the signal strength map within the cell.

While particular embodiments of the present
invention have been described and illustrated, it should

30 be understood that the invention is not limited thereto
since modifications may be made by persons skilled in
the art. The present application contemplates any and
all modifications that fall within the spirit and scope
of the undetlying invention disclosed and claimed

35 herein.
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equi spaced signal strengths, or- coefficients such-as a power of the radial

di stance for_use in a fornula t al strength as aE&& ctiaon of
di stance or WP  sa. Likew s ' mgm tion is br oad Y4

fromthe other cells. Thus, if t place itself in a sector
spanning the line B[err]-B[err] ceiving at |east sonetines
Blerr] and sonetines B[err], then t wo alternatlve estimates of the distance
along the line B[err]-Blerr] can be obtained, one with Blerr] as the origin
and one 15 with B[err] as the origin. These tw estimates are conbi ned
to obtain a further estimate to reduce uncertainty. If the nobile station
can sonetinmes detect Blerr] or Blerr], thene further estimte of the
position is made. In a preferred enbodlnent t he base stations

CLAIMS:

1. A method for establishing communications
between a first radio station and a second radio station
5 including the steps of: '
receiving at said first station a broadcast
signal from the second Station including a timing
reference; . _ o '
estimating at said first station a propagation
10 délay to said second station according to the received
broadcast signal; |
determining a signal timing for a transmission
signal at said first station based on advancing said
timing reference by twice the propagation delay; and
15 transmitting said transmission signal from
said first station to’saidtsecond station with the
determined signAL timing.

2. In a multiple access,,spread spectrum
20 communications syStem, a method for establishing
communications between a mobile statlon and a base

station including the steps of:
broadcasting a signal to said mobile station

from at least one base station wherein the broadcast
25 sjgnal from said at least one base station includes

data; _
receiving at said mobile station the broadcast

signal of said at least one base station;
~ determining a mean signal strength for said
30 received broadcast signal; and
_estimating a distance between the mobile
station and said at least one base station based on said
data and said mean signal strength of sald recelved
broadcast szgnal.

35 . [N ) IIlll lllll | llll
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20 “located in cells Blerr]-Blerr] transnit W th synchronized CDVA codes,
so that when the nobile station rammmﬁwﬂ gwgtatlons si nul t aneousl vy,
or in qui ck woese®8von, a timng d| tal ned from tPET/USI4/10114
correl ating receiver mhich nor e acc the nobile station 25
on a certain hyperbola. GCccasional a third station permts
the nobile station to be precisely Iocated u3|ng this hyperbolic navigation
system Further information necessary to |locate the nobile station,
including the radial distances and bearings of 30  each station fromits
nei ghbors, is broadcast on each base control channel. Therefore B[err]
broadcasts the di stance and bearing of the Lines B[err]-B[err],
Blerr]-Blerr], Blerr]-B[err], etc., while E%err] broadcasts the distance

and angle of the 3. A method according to claim 2, further

including the steps of:

determining signal transmission timing based
on a timing reference in said data of the broadcast

5 slgnal and said estxmated distance; and

transmitting a signal from said mobile station
to said at least one base station in accordance with the
determined .signal transmission timing.

10 4. A method according.to claim 2, wherein said
data in said broa&cast signal includes signal strengths
at varying distances from said at least one base
station. '

1s S. A method according to claim 4, wherein said
data in said broadcast'signal'further includes at least
ocne of distance and propagation time delay from said at
least one base station to neighboring base stations.

20 6. A method'according to claim 5, wherein said
data in said broadcast signal further includes bearing
from said at least one base station to said neighboring
base stations.

25 - 7. A method according to claim 6, wherein said
data in said broadcast signal further includes an
absolute position of said at least one base station and
an identifier code to unlquely identify sald at least
one base station.

30 .

8. A method according to claim 2, further
including the step of reporting from said mobile station
to said at least one base station the estimated distance
 between sald at leas» one base station and said mobile

Hllllll Hllll Wi
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line Blerr]-Blerr], Blerr]-B[err], Blerr]-Blerr]: anDng others. To assi st
the 35 nobilg sul ations, di st I&SheffiR j.bed in dela&ﬁ$

in units of Cgl\/ﬁ/aﬁmp perlods i nst ea éi? ‘Refilometers eS%‘”tl “
station uses its estimated position ﬁi tation's given p03|t|on
to determine the 5 distance to the |n units of CDMA chip
peri ods. The appropriate tinme advance. is then determ ned for the nobile

station's first transm ssion to a base statlon by tw ce the one-way
propagatlon time .

22
station and the mean signal strength received by said
mobile station. |

9. A method according to claim 8, further
§ including the steps of:
determining signal_trénsmission timing based
on a timing reference iﬁfsaid data of the broadcast
signal and said estimated distance; and
reporting from said mobile station to said at
10 least one base station_the determined signal
transmission timing.

10. A method according'td claim 9, further
including the step of,determihing at said at least one
15 base station signal stréngths of said at least one base
station at different distances by averaging a previous
signal strength report from other mobile stations at
similar distances from said at least one base station.
20 11. A method according to claim 10, further
including: | J 
reportiﬁg from other mobile stations an
estimated distance between said other mobile stations
and said at least one base station;
25 _ identifying each other mobile staticn at a
. similar distance from said at least one base station
with the reported estimated distances.

12. A method according to claim 11, wherein other
30 base stations have a timing reference in common with
said at least one base station.

13. A method according to claim 12, further
including the steps of: '
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rel ative to a tining.réference derived-fromthe received 10 base st at
signal, resWoePH8?SBhH t he signal being re elee aek at the basRCHUIA41GHA4

Wi th approxi mately the sanme tine S

bei ng. no nore than a nom nal differ |gnnent For exanpl e,
base station broadcast information e for each angul ar
sector, a table such as Table 1: TABLE 1 20 | F MOBI LE RECEI VES THI S
THEN MOBI LE PROBABLY LI ES SI GNAL STRENGTH: AT THI S DI STANCE
-40dBm 300 neters -50dBm -

neters -60dBm

10

15

20

25

30

2315 netgys

reporting from said dthe: base stations to
said at least one base station time of arrival of the
mobile station signal relative to the timing reference
of said at least one base station over a radio link or
landline network; and

identifying said other mobile stations at
distances from said at least one base station using the
time of. arrival reports and reported estimated

distances.

14. In a multiple access, spread spectrum
communications system; a method for establishing
communications between a'mobile station and a base
station including the steps of:

broadcastlng a sxgnal to said mobile station
from a first base station wherein said first base
station broadcast signal includes first information
containing a signal stréngth pfofile at diffe-ent
distances from said first_base;station in a broad
direction of a secénd base’sﬁation;

broadcasting a signal to said mobile station
from said second base_station wherein said second base
station broadcast signal includes second information
containing a signal strength profile at different
dzstances from said second base station in a broad
difection of said flrs“ base station; '

measuring mean signal strengths of said first
base station broadcast signal and said second base
station broadcast signal;

determlnlng whether a bearing of the mobile
station from said first base station is in a broad
direction of said second base station based on said
first information, said second information, and the
measured mean;signal étrenéths; and

HIIIII! IHIII ] Hl!l " llll s SHEET (UL 29
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25 * - 70dBm == -5240- et ers. - 80dBm
08 neters -100dBm

8771 neters . %
23580 met er S 8% In ““SS“"“;’I%'WEE ¢rs 30 PCIALAAAg1L4

65000 neters The nobile station ca measured signal strength
val ue to interpol ate between table obtain an estinmate of
the distance. The nobile then knows the round trip propagati on del ay
corresponding to 10 :

24

estimating a distance from said mobile station
to said first base station uSLng said first base station
slgnal strength proflle i the bearing is in the broad
direction of the second_base station.

15. A method acccrdlng to clalm 14, wherein said
first information lncludes a unlque ldentlfler code to
identify said second base station.

10 ) i16. In a multiplefaCCess, spread spectrum
communications system, a method for establishing
communications between a mobile station and a base
station assigned to said mobile station including the
steps of: ' '

15 receiving at the mobile station broadcast
signals from the assigned base station;

measuring a received signal strength of the
broadcast signals; ' |

estlmatlng a posxtlon of the mobile station

20 based on the recezved szgnal strength, and

determlnlng an approprlate timing advance for
signal transmission from the mobile station to the
assigned base station accordlng to the estimated
position. '

25

-

17. A method'aceording to claim 16, further

"including the steps of: ' _
receiving broadcast signals from at least one

neighboring base station; and

30 measuring timing differences between the
broadcast signals received from said at least one
neighboring base station wherein said step of estimating
the position of the mobile station is further based on
the measured tlmlng dlfferences.

) A A 1y
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draversing twice this distance at the S eed of Iight. Thus, the nobile can
cal cul at e wowsn7s87 t 0 advance T timng rel BCTASY/Withe
signal received fromthe base s he return signal arrives 5
back at the base station with t ng relationship. In practice,
the nobile my be saved a great deal of calculatlon by broadcasting the

di stance information already scaled in units of timng advance, for exanple
inunits of [err] of a chip. 10 This is the crudest exanple of a
position determ ning system and can suffer fromthe actual curve of the
signal strength versus di stance not bein notonic due to terrain
irregularities or shadow ng. To reduce anonalies and enhance perfornmance,

SRS 18. A method according to claim 17, wherein said
broadcast signals from said at least one neighboring
baée station include a signal strength profile along a
line connecting the assigned base station with said at
5§  least one neighboring base station.

19. A method according to claim 18, further

including the step of receiving broadcast signals from a
first neighboring base station and a second neighboring

10 | base station including'radial distances and bearings
between said first neighboring base station and said
second neighboring base station, said first neighboring
base station being adjacent to said second neighboring
base station. '

15
20. A method according to claim 18, wherein said

broadcast signals received by the mobile station are
synchronized transmissions from said assigned base
station and said at least one neighboring base station.

20 -

21. A method according to clainm 16, wherein said
step of estimating position further includes the step of
' estimating velocity of the mobile station.

25 |
“22. A method according to claim 21, wherein the

estimated velocity is determined using a Kalman
filtering technique.

30 23. A method according to claim 16, wherein said
timing advance corresponds to twice a propagation delay.
over a distance from the mobile station to the assigned
base station. '

O R
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15 estimates from several recelvable ‘base stations can be enployed. If no

nelghborlng base stations can be ﬁWHdIka{ fceyl Kel'y that the nobile
i es proxi maMO¥¥7¥8e center of th Whl ch it can PECHESWA0114
transm ssion. Further known netho g the-20 accuracy of
crude navi gati on systens enpl oy Kalnan These account for the

nmobile's imted ability to change p05|t|on or velocity I nst ant aneously by
appl yi ng a-snoethi-ng to-the estimated position, which prevents

I nst ant aneo lejﬁﬁ @ @ vel ocity changes and 25 permts only reasonable

accel eratio ﬂ(w exanpl e, 0.2g. Further enhancenents could
i ncl ude syn transm ssi onggf romthe base stations so that

24. In a multiple access, spread spectrum
communications 5ystem; a'method.for establishing .
communications between a mobile station and a base
station assigned to sald mobile station including the

5 steps of:
broadcasting signals from the assigned base

-

station; : -
receiving at the mobile station broadcast
signals from the assigned base station, the broadcast
10 signals including a transmitted power level;
measuring 51gnal strength of the received
broadcast signals; and
determlnlng an appropriate power level for
signal transmission from said mobile station to said
15 assigned base station based on said signal strength and
said transmitted power level.
25. A method according to claim 24, further
including the stép df'transmit:ing a signal from said
20 mobile station to said assigned base station with the
determined power level.

26. In a multiple access, spread spectrum
communications system, a method for establishing
25 communications between a mobile station and a base
station assigned to said mobile station including the
steps of: - ' _
broadcasting signals from neighboring base
stations and the_assigned3base station, said broadcast
30 signals including bearing-ihformation;
receiving the broadcast signals at said mobile
station; : _
' calculating a bearing of said assigned base
station and said neighboring base stations with respect
35S to the mobile station based on the broadcast signals;
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the nobile could determine relative tine-of-arrival of 30 - the respective

signal s and del ta di stance. Th cady per bol i c | L Qn
Systen1since%ﬁ#%mpggbs of possible no [ j Lmﬁth a givéﬂﬂﬁ@ﬁﬁébﬁd
di stance fromtwo bases is a hyperbol o the CONSOL type
beari ng determ nation system which can 35 be used, in which the base
station transmts a signal 11 from an antenna array phased such that the
si gnal- the nobile receives has a varying feature around 360 degrees of

beariqﬁ fromthe base. By measuring this feature,

TR D | o

estimating distance from the mobile station to
the assigned base station and a signal timing for
transmitting a signal from Séid_mobile station to said
assigned base station_acco:ding to said calculated

S bearings; and _
transmitting said signal from said mobile
station to said assignéd base station with said
estimated signal timing. |
10 27. A method according to claim 26, wherein said
step of estimating further includes determining a
. propagation delay from said mobile station to said
assigned base station wherein said signal timing is
approximately twice said prcpagaticn delay.

15 _ .

28. A method according to claim 27, wherein said
broadcasting signals are broadcast using phased
antennas. '

20 29. A position finding system for deriving at a

mobile station a coarse estimate of at least one of

distance and propagation delay to a base station

assigned to said mobile station to establish

communications between said mobile station and the
25 assigned base station, said'system comprising:

! means, at saia assigned base station, for
broadcasting a signal with a timing reference to said
mobile station; |

means for receiving said broadcast signal at
30 said mobile station; '
means for estimating a propagation delay of
said broadcast signél; -
means for determining signal transmission
timing based on advancing said timing reference of said
35 broadcast signal by twice said propagation delay; and
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t he, nobi | e determnes its bearing. Determn nin atng 5 fromtwo

stations thldi%%géfes the nobile. isSh br oadcast pepirsssmiaion
+shoul d incld ion coordinates f \ cal cul ations. For
exanple in a TDVA system different W‘\ ocated different tinme
slots in the uplink and, 10 downlink'directions. Signals for a first
nobi l e may be located.in a first tine slot transmtted in the downlink
while signals for a second mobile are located in a second time sl ot
mnimnnm“ the first time slot-and so on. In contrast, in the
ugmﬂIWﬁ nobil e transmits on tgﬁosecond time slot, the second
mobil® on & tMird time slot, etc. The first bile receives the first tine
slot and transmts duri ngmteggxs, at said mobile station, for
transmitting a transmission signal to said assigned base

station using said signal transmission timing.
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second .time slot so that the nobile does not have to transmt and receive
at the same VOSN35 Because the nobiles are |ocated atpepusnandiig

di stances'fromthe base station, signals transmtted fromthe base station
are received with different tine delays. Therefore, if after receiving, the
mobi l es turn around and transmit, the transnmitted signals will be 25

recei ved at the base station with a onelt/fiBe slot offset plus the

t her e- and- back delay. Thus, it is possible for signals received froma

di stant nobile to be del ayed so nuch that they overlap and interfere with a
signal froma nearby nobile in the next time slot. Accordingly, 30 TDVA
nobi | es can advance their transmt timng by twice the | oop propagation
delay so that their transm ssions
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of fset from 35
12 tine slot, i.e.
a nobile nmay have to apply when at maxi mum range.
transm ssion fornats are not 5

arrive in the correct tinme slot.
encroach i ntwotgsgrssecei ve tim ng,

To ensure that transmit timng does not

neces

divided into tinme slots.

t he

the entire uplink slotting fROTMS94/18114
t he downlink slotting format by slightly nore than one
by an anmount corresponding to the maxi numtinm ng advance
I n CDVA systens,

~Typically, the nobile signals are deliberately permtted to overlap.
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.Howewer, avoidi ng excessive relative delay between different nobile signals
is, 5t 1| imponsmerss7for several reasons. First, it may be desPCEIBE®/0dIduSe
ort hogonal 10 spreadi ng codes for different nobiles. Othogonal
spreadi ng codes have-zero correl ation between each other. Thus, nobiles.
using these codes do not interfere with each other even though they are

OV erfnasnéenHasiBeen Replaced n frequej§¥ However g ogonality can only be 15
Hi e eXac

nalnt code words al i gned Iy on top of each other.

C}tho |l ost iif the codes haveg a relative shift of one chip or
nor e. us |t mould be desir adavance tne Jtransm ssions of
nobi | es accordlng to their distlance away f@mthe 20 fa%e station so that
their orthogonal CDVA codes_ar ;E
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ating codes in stPRSMOBILE TELEPHONE SYSTEMS

'FIELD OF THE INVENTION

The present invention relates to the use of time-
based multiple access methods such as Time Division
Multiple Access (TDMA) and Code Division Multiple Access
(COMA) communications techniques in mobile cellular
radiotelephone communication systemé, and more
particularly, to a scheme for cen*trolling the
transmitter power and timing of such transmissions in a
mobile station.

BACXGROUND OF TEZE INVENTION

The cellular telephone industry has made phehomenal
strides in commercial operations in the United States as_
we.ll as the rest of the world. Growth in major
metropolitan areas has far exceeded expectations and is
outstripping system capacity. If this trend continues,
the effects of rapid growth will scon reach even the
smallest markets. Innovative solutions are required to
meet these increasing capacity needs as well as to
maintain high quality service and avoid rising costs.

Throughout the world one important step in
cellular sstems is’ to _change from analog tc digital
transmission. Equal’ v important is the choice of an
effective digital tr nsmission scheme “»r implementing
the next generation cf cellular techr agy.

Furthermore, it is widely believed t. = the first
generation of Personal Communication Networks (PCN),
(employing low cost, pocket-size, cordless telephones
that can be carried comfortably'and used to make or

receive calls in the home, office, stre--, car, etc.),
This is the replacement sheet
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35 of one chip. But, if the chips are only 0.8 13 m croseconds | ong
and del ay uncertainty due to distances fromO0-30 kiloneters is 0-200

m croseconds for exanple, it is difficult to search with 250 correl ation
code shifts. Therefore it is desirable to preset the nobiles 5 transmt
timng prior to call set up to reduce the timng uncertainty that the base
station encounters. A preferred enbodi nent of the invention will now be
described with the aid of FIGS. 2 and 3 which respectively show t he bl ock

di agrans of a suitable base
2

would be provided by the cellular carriers using the
next generation digital cellular system infrastructure
and the cellular frequencies. The key feature demanded
in these new systems is increased traffic capacity.

5 In mobile cellular radio telephone systems using
time-~based multiple access methods such as TDMA or CDMA,
it is often necessary fdr mobile transmitters to employ
an appfcpriate'transmitter power dependent on their
distances from the base station and the proper

10 transmitter timing associated with their various
propagation delays to the base station. Proper
transmitter power selection maintains all mobile
transmitzer signals received at the base station at
approximately the same level to avoid excessive level

15 differences which can result in interference by stronger

' signals. '

-In a TDMA system, timing of the mobile transmitter
signals is controlled as a function of distance from the
base station to ensure that signals arrive at the base

20 station in their correct, assiéned time-slot, and do not
overlap. In a CDMA system, timing is controlled to
reduce the width of the timing uncertainty region over
which the code-correlating receiver must search,
particularly when the mobile station begins

25 transmitting. In both types of systems, once a mobile

" station achieves duplex communication with a base
station, information transmitted from the base statipn
can continuously control the mobile station ‘
transmitter’s power and timing. |

30 In CDMA applications, power and timing accuracy are
most difficult to maintain. Maintaining the correct
power level is paramount when signals overlap in time
and frequency. The signals may be separated at the
receiver by correlating the received signals with the

This is the replacement sheet
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10 and nobile station. In FIG 2 there is shown a base station CDVA
transmtter 1 that transmts nultiple, overlapping signals on the sane
frequency using different codes. Some signals are traffic carrying
channel s which carry coded speech signals to different 15 nobiles. At

| east one of the overlapping signals is a broadcast and calling channel

t hat broadcasts sone information to all nobiles, and al so addresses certain
calls to specific nobiles by including a nobile I D code or tel ephone nunber
in the nessage. A control computer 20 3 pgovides the CDVA transmtter 1
with the broadcast information for the nobile stations relating to the

posi tion estiNdri@dodndimy dddréaaing aadesl QoM it drudssiedign the
broadcast channel : (i) distance 1n )
povwer levels are not substantial.
In a conventional CDMA receiver, the suppression of
unwanted signals in the correlation process is limited
5 by the so-called processing gain. If an unwanted signal
exceeds a desired signal by an amount greater than the
processing gain, the desired signal cannot be decoded.
In U.S. Patents 5,151,919 and 5,218,619, both,
entitled "CDMA Subtractive Demodulation® by the present
10 inventor, systems are described in which all signals are
decoded at a base station in the order of strongest to
weakest signals. The strongex signals are subtracted
from the composite signal after decoding and before
demodulating the weaker signals. As a result, greater
15 level differences can be tolerated when the receiver
knows what signals are present and their signal strength
ranking. However, even the innovative subtractive CDMA
system has difficulty with the sudden, unexpected )
appearance of a new signal at an arbitrary signal level.
20 . The present invention overcomes the problems of the
| prior art by employing a method whereby a mobile station
can estimate the power and/or timing advance necessary
to make a first transmission to a base station.

25 S Y OF INVENTION

The present invention is a method and apparatus

- whereby information broadcast'by base stations of a

multiple access, spread spectrum communications systenm
30 allows a mobile station to approximate its distance from

respective base stations based on an average received

signal strength and further allows a mobile station to

estimate the characteristics necessary to make a

transmission to a base station. 1In a basic embodiment,
3s the broadcast information includes the mean radial

(i3 1s the replacement sheet
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units of CDVA chip periods to each nei ghboring base 25 station; (ii)
bearing.in units of [err]/128 to each nei ghboring base station; (iii) CDVA
code in use at each nei ghboring base station; (iv) base station transmtter
power i‘n units of dBW and (v) nean signal strength expected at a nobile
station receiver with O dB antenna 30 gain at various points along the
line to each nei ghboring base station in steps of one CDMA chip period
del ay, the signal strength being coded in terns of the delta-dBs between
each successive point with the first val ue eing an absolute value in dBm
distribution of signal strength versus distance, and is
independent of its bearing direction. 1In a further
embodiment, the fact that the radial distribution of
signal strength may be different in different directions
5 is accounted for and the base stations additionally
broadcast information relating to different sectors.

A mobile station canm determine within which coarse
sector it is located in several ways. The mobile
station can determine which surrounding base stations it

10 can receive, or the base stations can illuminate
different coarse sectors with different frequencies, or
the base stations can broadcast a rotating signal
strength pattern using a pair of phased antennas, the
phase of the signal being relative to a marker in the

15 broadcast data to allow the mobile station to determine
its bearing.

The mobile station receives the base station
signals, and measures and averages their respective
signal strengths. After receiving the broadcast .

20 information from the base statién, the mobile station
determines the propagation loss of the transmission to

. the base station and thus the appropriate power to use
in the reverse direction. Moreover, the mobile station
.can estimate distance from the base stations us;ng the

25 radial propagation law appropriate to the sector where
the mobile is located. Consequently, the timing advance
required for the mobile station transmission to be
received at the base station at a desired time can be
estimated. ‘

30 Further, a mcbile station can determine its sector

" and bearing more accurately by modulatinglthe broadcast
signal with a radio-navigation modulation method that
varies according to the angle around the base station.
For example, the base station broadcast signal can be
35 radiated on two separate antennas with a continuously
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14 The base station control conmputer 3 collects information fromthe nobile
stations via CDVA receiver 2, thereby allow ng control conputer 3 to derive
and continuously update the broadcast information. The 5 - broadcast
information is transmtted to the base station by the nobile station during
an ongoing traffic conversation using a channel called the associ ated
control channel (ACCH) that is nultiplexed with traffic information. The
information transmtted by the nobile 10 - stations includes: (i) the
nmobil e station transmitter power level in ufe; (ii) the nobile station
timng advance currently in use in_chi eriods; (iii) the signal strength
in ng1currentI§°E§Fﬁ§g¥§@&qﬁﬁYqrﬂﬁﬁ%%%éifferencg t°)Pr°ducega rotatlé%

signal strength pattern. The phases selected are
related by a timing mark in the data modulation so that
the mobile station can determine its bearing relative to

5 the base station. This technique of radio navigat.on is
known as the CONSQOL system.

Often base stations use a different power, cover a
different radius cell, and have a different signal
strength distribution within the cell with respect to

10 one another. Consequently, the broadcast information
must be adapted to each particular cell to enable the
mobile station to determine its power and timing.
Accordingly, a further embodiment of the invention
eliminates the need to conduct the expensive signal-

15 strength survey operation necessary to adapt the
broadcast information to each cell. Rather, during
conversations with a base station, the mobile stations
report the signal stfength they are receiving and the -
timing advance they are using.' Therefore, a base

20 station, knowing its own transmit ERP (Effective
Radiated Power) and the time-of-arrival of the mobile’s
signal, can determine the distance to the mobile station
and the relationship between signal strength and
distance, as reported by different mobile stations over

25 a period of time.

A further embodiment of the invention is
implemented when the base stations are making CDMA
transmissions. By correctly choosing the necessary
parameters in a CDMA system, surrounding base stations

30 can re-use the same frequencies. Advantages in system
capacity including an increase in the number of
simultaneous conversations per square kilometer per
r2gahertz of spectrum that can be supported are
realized. In a CDMA system, a mobile station can

35 simultaneously receive broadcast information from
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base station through which the current conversation is 15
mai nt ai ned; (iv) the nean signal strength received (i.e.
seconds) fromall surrounding base stations on the sane f

bei ng
over the last two
requency whose

calling channel has recently (i.e., within the previous two seconds) been

successful ly denodul ated; and (v) the 20 rel ative del ay
received fromthe other base stations and the currently a
station in CDVA chip periods. The control computer 3 proc
above information in a coarse position detergr ning progra
determ ne the position of the nobile station. The signal

bet ween signal s
ssi gned base
esses all the

mto 25

strength reported

by the mobile shalianm Bdike AAHIBAEhPAeil 0hsi $r3VehbRERALIY st igned

previ ous

base station. When all base stations on the same

frequency have synchronized CDMA transmissions, a mobile

station can determine its position from the relative

5§ timing of three different received base stations. The

broadcast information from the base stations to the

mobile stations can include absolute base

station

coordinates for determining the mobile station’s

absolute position or the broadcasting base station’s

10 réhge and bearing relative to a neighboring base

station. This allows the mobile station to determine

its relative position.

BRYIEF DESCRIPTION OF THE DRAWINGS

15
The present invention will now be described in more
detail with reference to preferred embodiments of the
present invention, given only by way of example, and
illustrated in the accompanying drawings, in which:
20 Figure 1 is a cellular coverage pattern in an

exemplary cellular phone system;

Figqure 2 is a block diagram of a base station

according to the present invention; and

Figure 3 is a block diagram of a mobile station

25 according to the present invention.

DETAILED DESCRIPTION O PREFERRED

ODIMENTS

While the following description is in the context
30 of cellular communications systems involving portable or
mobile radio telephones and/or perscnal communication
networks, it will be understood by those skilled in the
art that the present invention may be applied to other

communications applications. For example

, the preferred

35 implementation is described with respect to a CDMA
This is the replacement sheet
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reports fromother nobile stations that approximately indicated the sane
position to develop a signal strength 30 map within the cell. The
average signal strength map thereby provides the information that the base
station needs to broadcast. The nobile station block diagramfor a
preferred enbodinent is shown in FIG 3. A nobile station CDVA 35
transmitter 5 and nobile station CDVA receiver 6 operate 15 with a fixed
frequency offset, so that they can be connected to the sane nobil e antenna
usi ng a dupl exor 4.

7

system, however, the invention may be applied to avoid
excessive signal level differences in FDMA or TDMA
systems, which can otherwise lead to difficult
specifications for receiver selectivity, or to the

5 prediction of a timing advance for initial transmission
in TDMA systems.

Figure 1 is a simplified cellular coverage pattern
showing a cell B, covered by a base station surrounded by
adjacent cells B, to B;, each covered by their own

10 réspective base station. For purposes of illustration,

' a mobile station is assumed to be located in the cell B,.
For simplicity cells are shown as circles of equal size,
but in practice the arsas illuminated by different base
station antennas can be sectors of a circle, ellipse, or

15 a variety of irregular shapes.

The base stations transmit CDMA signals on the same
frequency, but each base station uses different codes.
The mobile station receiver decodes the CDMA signals by
correlating known sequences with the'codes of the base

20 station responsible for the mobile station and each of
the neighboring base stations, and listens to the
broadcast channels of the neighboring base stations.
Often it will be impossible for the mobile station to
pick up the transmission of certain base stations. For

25 example, a mobile station on the edge jc-.ning cells B,
and B, will probably not receive transmissions from the
base station in cell B,. However, the mobile station
would know that it is located in an area where it cannot
receive that parﬁicular transmission and thus, would

30 have an indication as to which of the six coarse sectors
of cell B, it is located in.

The information broadcast from B, preferably

- includes a signal strength profile along the line
joining B, to B, as well as signal strength profiles

35 along the lines B,-B,, B,~B; etc. The exact format of the
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The CDVA transmitter 5 in the nobile station only transmts one CDVA coded
signal. In contrast, the base 5 station CDMA transmtter 1 transmts
usi ng many di fferent codes. The code used by the nobile station transmtter
5 is indicated by the nobile station control processor 7. The nobile
station CDVA receiver 6 however, is able to correlate with nmany different
codes 10 provi ded by the control processor 7, and thus, denodul ates many
over |l appi ng CDVA signals together. The denodul ati on techni que enpl oyed is
preferably subtractive CDVA denpodul ation in gonjunction with scranbled

Wal sh- Hadamard ort hogonal codi ng, as described 15 in the aforenenti oned

US. Patents 5 151g0l0 &0ckfiy@kipPdfi10Uin2BmEOYR SRR wARADE ) Of
J. For example, the signal strength profile can be a list

of expected signal strength values in dBm at equispaced
distances from the cell center, or the delta between
5 successive equispaced rings, or a list of distances for
equispaced signal strengths, or coefiicients such as a
power of the radial distance for use in a formula that
yields. signal strength as a function of distance or
vice-versa. Likewise, similar information is broadcast
10 from the other cells. Thus, if the mobile can place
itself in a sector spanning the line B,~B;, by virtue of
receiving at least sometimes B, and scmetimes B,, then
two alternative estimates of the distance along the line
By~B, can be obtained, one with B, as the origin and one
15 with B; as the origin. These two estimates are combined
to obtain a further estimate to reduce uncertainty. If
the mobile station can sometimes detect B, or B, then a
further estimate of the position is macde. i
In a preferred embodiment, the base stations
20 located in cells By~B; transmit with synchronized CDMA
codes, so that when the mobile station receives two base
stations simultaneously, or in quick succession, a
timing difference is obtained from the correlating
, receiver which more accurately places the mobile station
25 on a certain hyperbola. Occasionally, receiving a third
station permits the mobile station to be precisely
located usixig this hyperbolic navigation systemn.
Further information necessary to locate the mobile
station, including the radial distances and bearings of
30 each station from its neighbors,.is broadcast on each
" base control channel. The#efore B, broadcasts the
distance and bearing of the lines By~B,, B¢-B;, B¢—B;,
etc., while B, broadcasts the distance and angle of the’
line B;-B,, B,~B,, B,-B; among others. To assist the

35S mobile’s calculations, distances are described in delay
This is the replacement sheet
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several overl apping signals can be used. Further, a techni que known as RAKE
reception is also used, for exanple as described in co-pending 20 al | oned
application Serial No. 857,433, entitled "Diversity RAKE Receiver"” Wth
a RAKE receiver correlatlon is performed with different tinme ShlftS of the
I nput signal sanples to account for timng uncertainties and echoes, and
the correlated results are 25 conbi ned by either coherent or non-coherent
wei ghting. The results of correlating with digfferent tine shifts are also’
sent to the control processor 7 to determne tine-of-arrival differences

bet ween differenga@mgnghsunike sicgesia d:mtgﬁlﬂétﬁhé)ym@@embbfemﬂa&' gg 30
|nclude t he bro%ggfséegggn?el of the cell where the
The mobile station uses its estimated position and
the base station’s given position to determine the
5 distance to the base station in units of CDMA chip
pericds. The appropriate time advance is then
" determined for the mobile station’s first transamission
to a base station by twice the one-way propagation time
relative to a timing reference derived from the received
10 base station signal, resulting in the signal being
received back at the base station with approximatelv the
same time alignment as the outgoing signals, there Being
no more than a nominal difference in time alignment.
For example, the base station broadcast infbrmation
15 may provide for ezz: angular sector, a table such as

Table 1:
TABLE 1
20 IF MOBILE RECEIVES THIS THEN MOBILE PROBABLY LIES
SIGNAL STRENGTH: AT THIS DISTANCE
~40dBm 300 meters
~504Bm 800 meters
-604Bm E&__ 2315 meters
25 -704Bm - : 5240 meters
~-804Bm 8771 meters
~-930d4dBEm : 14308 meters
-100dBm 23580 meters
=~110dBn 40980 meters
30 -120dBm 65000 meters

The mobile station can then use the measured signal
strength value to interpolate between table entries to
35 obtain an estimate of the distance. The mobile then
knows the round trip propagation delay corresponding to
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mobil e station is |located and the broadcast channels of any nei ghboring

cells that are received strongly, i.e. that exceed a certain threshold.
When a conversation is established with the base station, the nobile
station 35 . receiver 6 also denodul ates a traffic bearing CDVA 16

signal transmtted by the base station and the nobile station transmtter
I's nodul ated with traffic signals such as digitized, coded speech. The
nobi |l e station receives various data on the 5 broadcast channel of its
assi gned base station. As a . : 10
traversing twice this distance at the speed of light.
Thus, the mobile can calculate how much to advance its
transmit signal timing relative to the signal received
from the base station so that the return signal arrives
5 back at the base station with the desired timing
relationship. In practice, the mobile may be saved a
great deal of calculation by broédcasting the distance
information.already scaled in units of timing advance,
for example in units of % of a chip.

10 " This is the crudest example of a position
determining system, and can suffer from the actual curve '
of the signal strength versus distance not being |
monotonic due to terrain irregqularities or shadowing.

To reduce anomalies and enhance performance, distance

15 estimates from several receivable base stations can be
employed. If no neighboring base stations can be '
received, it is likely that the mobile lies proximate to
the center of the cell from it which it can receive
transmission. Further known methods of enhancing the

20 accuracy of crude navigation systems employ Kalman
filters. These account for the mobile’s limited ability
to change position or velocity instantaneously by
applying a smoothing to the estimated position, which
prevents instantaneous position or velocity changes and

25 permits only reasonable accelerations less than, for
example, 0.2g. _

Further enhancements could include synchronizing
the CDMA transmissions from the base stations so that
‘the mobile could determine relative time-of-arrival of
30 the respective signals and thus the delta disténce.
This forms the hyperbolic navigation system since the
locus of possible'mobile positions with a given delta
distance from two bases is a hyperbola. There is also
“the CONSOL type bearing determination system which can
35 be used, in which the base station transmits a signal
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result, the nobile station estimates its distance fromthe base station in
time delay units of CDVA chip periods fromthe nean received signa
strength. The instantaneous signal strength indication is provided 10
fromthe CDVA receiver 2 to the control conputer 3 in the form of
correlation nmeasurenents on different tinme shifts of the received signal
The control conputer 3 conbines the energy in the correlation neasurenents
and conputes a noving average of the total energy. 15 The broadcast
channel fromthe base station is preferablyiorganized in a time-nultiplex
format of 16 nessage slots each of 20 nf duration, the cycle repeating
every 320 nS. \ihesmtdwe antennk asrhy phasleld ewimttlat the ssbhalsthent in

one time sl ot aCCb féngeceiVes has a varying feature around 360 degrees
of bearing from the base. By measuring this feature,
the mobile determines its bearing. Determining bearing

S from two stations thus locates the mobile. The base
| station broadcast information should include station
coordinates for use in sach calculations.
For example in a TDMA system, different mobiles are
allocated different time slots in the uplink and

10 downlink directions. Signals for a first mobile may be
located in a first time slot transmitted in the downlink
while signals for a second mobile are located in a
second time slot immediately following the first time
slot and so on. In contrast, in the uplink the first

15 mobile transmits on the second time slot, the second
mobile on a third time slot, etc. The first mobile
receives the first time slot and transmits during the
second time slot so that the mobile does not have to
transmit ané receive at the samg tinme.

20 Because the mobiles are located at varying _
distances from the base station, signals'transmitted
from the base station are received with different time
delays. Therefore, if after receiving, the mobiles turn
around and transmit, the transmitted signals will be

25 received at the base station with a one time slot offset
plus the there-and-back delay. Thus, it is possible for
signals received from a distant mobile to be delayed so
much that they overlap and interfere with a signal from
a nearby mobile in the next time slot. Accordingly,

30 TDMA mobiles can advance their transmit timing by twice
the loop propagation delay so that their transmissions
arrive in the correct time slot. To ensure that
transmit timing does not encroach into the receive
timing, the entire uplink slotting format is offset from

35 the downlink slotting format by slightly more than one
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20 for exanple, the last digit or digits of the nobile tel ephone nunber
or ID code. During the remaining tine slots, the nobile station can "sl eep”
and conserve battery power for 15/16ths of the tinme and only awaken to
capture data in an assigned tine slot. The nobile 25 stations that nmay be
called in a particular tine slot are collectively referred to as a

"sl|l eep-node group”. In general, the nobile stations in a sl eep-node group
are not necessarily related by tel ephone nunber, rather each is related by
a separately programed-in code. 30 Eﬁbending on the broadcast

channel fornat,n%he HD?I|E stati | %; I_n anot‘g{ ti glot I n
whi ch the infornatFgn® 8|atﬁn§ t p&ﬂ PENAES GRASTCTEDY 02acHR In a
preferred enbodi merimumhitdmimgoadyiainge a mobile may have to apply when

at maximum range.
In CDMA systems, the transmission formats are not
5 necessarily divided into time slots. Typicélly, the
mobile signals are deliberately permitted to overlap.
However, avoiding excessive relative delay between
different mobile signals is still important for several
. reasons. First, it may be desirable to use orthogonal
10 sﬁfeading codes for different mobiles. Orthogonal
spreading codes have zero correlation between each
other. Thus, moblles using these codes do not interfere
with each other even though they are overlapping in time
and frequency. However, orthogonality can only be
15 maintained when the code words are aligned exactly on
top of each other. Orthogonality may be lost if the
codes have a relative shift of one chip or more. Thus,
it would be desirable to time advance the transmissions
of mobiles according to their distance away from the
20 base station so that their orthogonal CDMA codes are
received exactly on top of each other to a fraction of a
~ chip accuracy. This can be achieved with a feedback
loop whereby the base station includes a bit in the
downlink transmission which periodically indicates that
25 a small advance or lag is appropriate once two-way
convefsatlon has been established. One of the cbjects
#Méntion is to get reasonably close to

of the present llﬁ
the proper timing prior to call set up and before two-
way conversation is established. This is desirable

30 because it is also more difficult for the base station
to detect a call from a CDMA mobile if it does not know
what code alignment to use for despreading the CDMA
signal. The base station will search for a mobile call
using various shifts of the correlating codes in steps

35 of one chip. But, if the chips are only 0.8
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I's broadcast in the idle tinme between network-originated 35 calls to
nobi l e stations. All base stations are 17 preferably synchroni zed so
that.this information is broadcast simultaneously. This prevents the nobile
station fromhaving to awaken in additional tinme slots to receive adjacent
base stations. 5 The nobil e station control processor 7 receives
from CDVA receiver 6 signal strength and relative timng neasurenents from
al | adjacent base stations that can be detggted, as well as broadcast

i nf ormati on providing

microseconds long and delay uncertainty due to distances
from 0-30 kilometers is 0-200 microseconds for example,
it is difficult to search with 250 correlation code
shifts. Therefore it is desirable to preset the mobiles
5 transmit timing prior to call set up teo reduce the
timing uncertainty that the base station encounters.

A preferred embodiment of the invention will now be
described with the aid of FIGS. 2 and 3 which
respectively show the block diagrams of a suitable base

10 and mobile station. In FIG. 2 there is shown a base
station CDMA transmitter 1 that transmits multiple,
overlapping signals on the same frequency using
different codes. Some signals are traffic carrying
channels which carry coded speech signals to different

15 mobiles. At least one of the overlapping signals is a
broadcast and calling channel that broadcasts some
information to all mobiles, and also addresses certain
calls to specific mobiles by including a mobile ID code
or telephone number in the message. A control computer

20 3 provides the CDMA transmitter 1 with the broadcast
information for the mobile stations relating to the
position estimating function. The following information
is included on the broadcast channel: (i) distance in
units of CDMA chip pericds to each neighboring base

25 station; (ii) bearing in units of m/128 to each
neighboring base station; (iii) CDMA code in use at each
neighboring base station; (iv) base station transmitter
power in units of dBW; and (v) mean signal strength
expected at a mobile station receiver with 0 4B antenna

30 gain at various points alohg the line to each
neighboring base station in steps of one CDMA chip
period delay, the signal strength being coded in terms
of the delta-dBs between each successive point with the
first value being an absolute value in dBnm.
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rel ative di stances and bearings between the adjacent 10 base stations and
expected signal strength profiles along radial directions to adjacent base
stations. The nobile station control processor 7 processes all the above
information in a position-finding or navigation program The program
includes different 15 nodes which are operative based on whet her adjacent
bases can be heard. In one node, no adjacent base stations can be heard,

t hus the navigation programnust estinmate the distance fromits assigned
base station solely on the signal strength rek¢eived. It is possible 20

that the sector where the nobile station is |ocated can be determ ned based
on past history. For Fhenpase istatiomumntral atomputtexes ¢atbedct® current

cell Blerr], havkﬂgormation from the mobile stations via CDMA receiver
2, thereby allowing control computer 3 to derive and
continuously update the broadcast information. The
S broadcast information is transmitted to the base station
by the mobile station during an ongoing traific
conversation using a channel called the associated
control channel (ACCH) that is multiplexed with traffic
information. The information transmitted by the mobile
10 sEations.includes: (i) the mcbile station transmitter
power level in use; (ii) the mobile station timing
advance currently in use in chip periods; (iii) the
signal strength in dBm currently being received from the
base station through which the current conversation is
15 being maintained; (iv) the mean signal strength received
(i.e. over the last two seconds) from all surrounding
base stations on the same fregquency whose calling
channel has recently (i.e., within the previous two
seconds) been succeséfully dempdulated; and (v) the
20 relative delay between signals received from the other -
base statipns and the currently assigned base station in
CDMA chip periods. | |
The control computer 3 processes all the above
information in a coarse position determining program to
25 determine the position of the mobile station. The
signal strength reported by the mobile station at the
determined position is averaged with all previous
reports from other mobile stations that approximately
indicated the same position to develop a signal strength
30 map within the cell. The average signal strength map
thereby provides the information that the base station
needs to broadcast. -
The mobile station block diagram for a preferred
embodiment is shown in FIG. 3. A mobile station CDMA
35 transmitter 5 and mobile station CDMA receiver 6 operate
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previ ously been |locked to Blerr], then it is assuned that the nobile
station is in the sector straddling the line Blerr]- 25 Blerr]. If no
adj acent base station can be heard, then the navigation program assunes the
nobile is within 70% of the cell maxi mum radi us and proceeds to use '
broadcast signal strength versus distance information to further:- estimte
the nobile station's |ocation. 30 I n anot her node, at |east one

adj acent base station can be heard. The di stance from both base stations
can be estimated fromthe signal strength whBle the difference in distance

bet ween the base,statiqgns can be estimated based on the timng difference
bet ween the 35 WikBcdj fdged Fxamienchiaf fseli s Ehabprehaycorat de

connected to the same mobile antenna using a duplexor 4.
The CDMA transmitter 5 in the mobile station only
transmits one CDMA coded signal. In contrast, the base
5 station CDMA transmitter 1 transmits using many
different codes. The code used by the mobile station
transmitter 5 is indicated by the mobile station control
processor 7. The mobile station CDMA receiver 6
however; is able to correlate with many different codes
10 pfbvided by the control procéssor 7, and thus,
demodulates many overlapping CDMA signals together. The
demodulaticn technique employed is preferably
subtractive CDMA demodulation in conjunction wi
scrambled Walsh-Hadamard orthogonal coding, as described
15 in the aforementioned U.S. Patents 5,151,919 and
5,218,619, but any CDMA recsiver capable of demodulating
several overlapping signals can be used.
Further, a technique known as RAKE reception is ~
also uSed, for example as described-in co-pending
20 allowed application Serial No. 857,433, entitled
"Diversity RAKE Receiver". With a RAKE receiver
correlation is performed with different time shifts of
the input signal samples to account for timing
uncertainties and echoes, and the correlated results are
25 combined by either coherent or non-coherent weighting.
The results of correlating with different time shifts
are also sent to the control processor 7 to determine
time-of-arrival differences between different signals.
The signals demodulated by the mobile station
30 include the broadcast channel of the cell where the
mobile station is located and the broadcast channels of
any neighboring cells that are received strongly, i.e.
that exceed a certain threshold. When a conversation is
established with the base station, the mobile station
35 receiver 6 alsoc demodulates a traffic bearing CDMA
This is the replacement sheet
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estimate of the distance of the nobile station fromits own cell center. If
three bases or nore can be heard, the nobile is position-|ocated by
hyper bol i ¢ navi gation cal cul ations. 5 The accuracy of the position
estimating programis inproved by accounting for the limted velacity of
the nobil e station. The known technique of Kalman filtering for exanple,
can be used-to maintain the estimte of position and velocity of the nobile
station. 10 The Kal man techni que operates in the foll ow ng manner:
(1) using a past position and velocity estjigrate where the nobile station
position is extrapolated to

signal transmitted by the base station and the mobile

station transmitter is modulated with traffic signals
such as digitized, coded speech.
The mobile station receives various data on the

5 broadcast channel of its assigned base station. 2s a
result, the mobile station estimates its distance from
the base station in timéédelay units of CDMA chip
periods from the mean received signal strehgth. The
instantaneous signal strength indication is provided

10 frbm the CDMA receiver 2 to the control computer 3 in -
the form of correlation measursments on different time
shifts of the received signal. The control computer 3
combines the energy in the correlation measurements and
computes a moving average of the total energy.

15 The broadcast channel from the base station is
preferably organized in a time-multiplex format of 16
message slots each of 20 mS duration, the cycle
repeating every 320 mS. When the network calls a mobile
station, the call is sent in ong time slot according to,

20 for example, the last digit or digits of the mobile
telephone number or ID code. During the remaining time
slots, the mobile station can "sleep" and conserve
battery power for 15/16ths of the time and only awaken
to capture data in an assigned time slot. The mobile

25 stations that may be called in a particular time slot
are collectively referred to as a "sleep-mode group".
In general, the mobile staﬁions in a sleep~mode group
are not necessarily related by telephone number, rather
each is related by a separately programmed—in'code.

30 Depending on the broadcast channel format, the
mobile stations may awaken in another time slot in which
the information relating to position estimation is
broadcast. In a preferred embodiment, this information
is broadcast in the idle time between network-originated

35 calls to mobile stations. AJl base stations are -
This is the replacemen
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obtain a new position estimate; (2) using information broadcast fromthe
"base stations, where the signal 15 strength that should be received from
different base stations and the timng differential are predicted; (3)
actual signal strength and timng differential neasurenents are conpared
with the estimates, and the position, and velocity estimates, are updated
accordingly. 20 : Once an estimate of the distance to the base station
is obtained, the nobile station uses an appropriate tinme advance '
corresponding to twi ce the propagation deI?y over this distance when
transmtting a signal to the base station Tor the first time. The 25

control processpiedrPh Y 85achoniiZBdNE AR K Os t I CRYRLLLANST tter 5.

broadcast simultaneously. This prevents the mobile
station from haviﬁg to awaken in additiénal time slots
to receive adjacent base stations.

] The mobile station control processor 7 receives
from CDMA receiver 6 signal strength and relative timing
measurements from all adjacent base stations that can be
detected, as well as broadcast information providing
relative distance: and bearings between the adjacent

10 base stations and expected signal strength profiles
along radial directions to adjacent base stations.

The mobile station control processor 7 processes
all the above information in a position-finding or
navigation program. The program includes different

15 modes which are operative based on whether adjacent
bases can be heard. In one mode, no adjacent base
stations can be heard, thus the navigation program must
estimate the distance from its assigned base station
so;ély on the signal strength received. It is possible

20 that the sector where the mobile station is located can
be determined based on past history. For example, if
the mobile station moves into the current cell By, having
préviously been locked to B,, then it is assumed that the
mobile station is in the sector straddling the line By~

25 B,. If no adjacent base station can be heard, then the
navigation program assumes the mobile is within 79% of
the ctell maximum radius and proceeds to use broadcast
signal strength versus distance information to further
estimate the mobile station’s location. _

30 In another mode, at least one adjacent base station
can be heard. The distance from both base stations can
be estimated from the signal strength while the
difference in distance between the base stations can be

~ estimated based on the timing difference between the
3s received signals. This provides a more accurate .
This is the replacement sheet
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The nobile station may al so use a power | evel for first contact dependent
on the average signal strength received. The underlying assunption is that
t he nean 30 propagation loss fromthe nobile station transmtter to the
base station receiver is the sanme as the nean propagation loss in the other
direction. Thus, if the base transmt power and the received signal
strength are known, the nobile transmt power for a desired receive 35
signal strength at the base can be conputed. , 19 The base station
broadcast information will if - 18

estimate of the distance of the mobile station from its

own cell center. If three bases or more can be heard,

the mobile is position-located by hyperbolic navigation

calculations. | '

5 The accuracy of the position estimating program is
improved by accounting for the limited velocity of the
mobile station. The known technique of Kalman filtering
for example, can be used to maintain the estimate of
position and velocity of the mobile station.

10 " The Kalman technique operates in the ‘following
manner: (1) using a past position and velocity estimate
where the mobile station position is extrapolated to
obtain a new position estimate; (2) using information
broadcast from the base stations, where the signal

15 strength that should be received from different base
stations and the timing differential are predicted; (3)
actual signal strength and timing differential
measurements are compared with the estimates, and the
position and velocity estimates are updated accordingly;

20 Once an estimate of the distance to the base
station is obtained, the mobile station uses an
app;opriate time advance corresponding to twice the
propagation delay over this distance when transmitting a
signal to the base station for the first time. The

25 control processor 7 provides the timing advance to the
CDMA transmitter 5.

The mobile station may also use a power level for
first contact dependent on the average signal strength
received. The underlying assumption is that the mean

30 propagation loss from the mobile station transmitter to
the base station receiver is the same as the mean
propagation loss in the other direction. Thus, if the
base transmit power and the received signal strength are
known, the mobile transmit power for a desired receive

- 35 signal strength at the base can be computed.
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necessary contain information on the ERP of the broadcast signal. By
relating the received signal strength to the ERP, the nobile determ nes the
5 propagation lLoss in the dowlink direction. The nobile then assunes
that the propagation loss is identical in the uplink direction, unless the
base station has broadcast information indicating that i'ts receive antenna
gain differs fromits transmt antenna gain, 10 known as tal k-out/talk-in
difference. 1In this case, the nobile uses this factor to convert the
downl i nk propagation loss to an uplink propgation | oss estinmate. Random
access nessages are sent fromthe nobile station to the base station at the
conput ed power | eveFhesbasgngtatiiony bropReasy nenfprmationn¥itdniifn t he

random necessary contain information on the ERP of the
broadcast signal. By relating the received signal
strength to the ERP, the mobile determines the
- prcpagation loss in the downlink direction. The mobile
then assumes that the propagation loss is identical in
the uplink direction, urless the base station has
broadcast information indicating that its receive
antenna gain differs from its transmit antenna gain,
10 known as talk-out/talk-in difference. 1In this case, the
mobile uses this factor to convert the downlink
. propagation loss to an uplink propagation loss estimate.
Random access messages are sent from the mobile
station to the base station at the computed power level
15 and timing. The principle information in the random
access message is the mobile station identification
number. When the base station replies with a message
addressed to the same mobile station identification =~
number, the random access procedure is largely complete.
20 The message from the base station may command the mobile
station to switch to a different radio fregquency and
code for maintaining the present call. Upon ‘
establishing duplex contact, the mobile station reports
the information on received signal strengths and timings
25 to the base station as described above. The base
station control processor 3 processes this information
to update the signal strength map within the cell.
While particular embodiments of the present
invention have been described and illustrated, it should
30 be understood that the invention is not limited thereto
since modifications may be made by persons skilled in
the art. The present application contemplates any and
all ﬁodifications that fall within the spirit and scope
of the underlying invention disclosed and claimed

35 herein.
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access nessageTs tHe nobile station identification nunber. Wen the base
station rephh§§m¥hhg3am e addressed to the sane nobile station

identificati - random access procedure is largely conplete. 20
The nessage fﬂmnm tation may command the nobile station to switch
to a differen uency and code for maintaining the present call
Upon establishing duplex contact, the nobile station reports the
informati on on received signal strengths and timngs 25 to the base
station as described above. The base statign control processor 3 processes
this information to update the signal strength map wthin the cell. Wile

particul ar enmbogtpemEs of the present invention have been described and
illustrated, it should '

1. A method for establishing communications
between a first radio station and a second radio station
5 including the steps of:
receiving at said first station a broadcast
signal.from the second station including a timing
reference; .
estimating at said first station a propagation
10 délay to said second station according to the received
broadcast signal;
determining a signal timing for a transmission
signal at said first station based on advancing said
timing reference by twice the propagation delay; and
15 ' transmitting said transmission signal from
said first station to said second station with the
determined signal timing.

2. In é multiple access,, spread spectrum
20 communications system, a method for establishing
communications between a mobile station and a base
station including the steps of:
‘broadcasting a signal to said mobile station
from at least one base station wherein the broadcast
25 signal from said at least one base station includes
data; .
receiving at said mobile station the broadcast
signal of said at least one base station; _
determining a mean signal strength for said
30 received broadcast signal; and '
‘estimating a distance between the mobile
station and said at least one base station based on said
data and said mean signal strength of said received
broadcast signal.
35S —

L
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30 be understood that the invention is not limted thereto since

rodi fi cati ons may be-made. hy persons skilled in the art. The present

appllcatldhmsmﬂg Iates any and all nodifications that fall within the
spirit and ﬁw erlying invention disclosed and clai med 35

her ei n. n a multiple access, spread spectrum
connunlcatlon met hod for establishing comunications between a
nobi | e statlon and at | east one base station,.said nmethod including the
steps of: broadcasting a signal to said nobile station from at
| east one base station 21

3. A method according to claim 2, further

including the steps of:

determining signal transmission timing based
on a timing reference in said data of the broadcast

5 signal and said estimated distance; and

transmitting a signal from said mobile station
to said at least one base station in accordance w1th the
determined .signal transmission timing. '

10 4. A method according to claim 2, wherein said
data in said broadcast signal includes signal strengths
at varying distances from said at least one base
station.

15 5. A method according to claim 4, wherein said
data in said broadcast signal further includes at least
one of distance and propagation time delay from said at
least one base station to neighboring base stations.

20 6. A method according to claim 5, wherein said
data in said broadcast signal further includes bearing
from said at least one base station to said neighboring
base stations.

25 7. A method according to claim 6, wherein said
data in said broadcast signal further includes an
absolute position of said at least one base station and
an identifier code to uniquely identify said at least
one base station.

30 '

8. A method according to claim 2, further
including the step of reporting from said mobile station
"to said at least one base station the estimated distance
between said at least one base station and said mobile

I
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wherein the broadcast _signal. fromsaid at |east one base station includes
data; receiving at said nobile station the broadcast signal of said at

| east one basg;s§RbiHasBeen B ning a nean signal strength for said

recei ved broa d 10 estimating a distance between

t he nobile staf\wmgm“‘ t | east one base station based on said data
and said nean sk I rength of said received broadcast signal. 2. A
met hod according to claim1, further including the steps of: determ ning an
initial transmt power |evel to be used by22aid nobile station 15 in

initiating transmssion to said at |east one base station using said
esti mated di st &@Eion and A£heiRran 2t ngcrengthi rpgeived: bar sadid udi ng
the ‘steps of: qREId MG FdwNal transm ssion timng based on a timng
reference in said data of the broadcast signal and said estinated di stance;
and _

9. A method according to claim 8, further

5 including the steps of: _
determining signal transmission timing based
on a timing reference in said data of the broadcast
signal and said estimated distance; and
reporting from said mobile station to said at
10 least one base station the determined signal
transmission timing. '

10. A method according to claim 9, further
including the step of determining at said at least one
15 base station signal strengths of said at least one base
station at different distances by averaging a previous
signal strength report from other mobile stations at
similar distances from said at least one base station.”
20 11. A methed according to claim 10, further
including:
reporting from other mobile stations an
estimated distance between said other mobile stations
and said at least one base station; _
25 | identifying each other mobile station at a
similar distance from said at least one base station
with the reported estimated distances.

12. A method accbrding to claim 11, wherein other
30 base stations have a timing reference in common with

said at least one base station.

13. A method according to claim 12, further
including the steps of:

(TN et o tsament e
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20 ~,,uansn’i—-t--t'i“ng"'a signal fromsaid nobile station to said at |east
one base station i rdance with the determ ned signal transm ssion
tImIHJTHhﬁwﬁHr according to claim2, wherein said data in said
broadcas ﬁﬁ es S|gnal strengths at varying distances from said
at Ieast 5. A nmet hod according to claim4,
wher ei n sald data in sald broadcast - 21 - signal further includes at

| east one of distance and propagation tinme gelay fromsaid at |east one
base station to neighboring base stations. 6. A et hod according to

claim5, wherein Sald(ﬁﬂﬁb 6&§ﬁﬁ§ Premdsash st HHH&*E%aﬁiE%#d@§
beari ng fronlsal %Fst one bage station to said nelgnpon
ld at east one base station time of arrival of the

mobile station signal relative to.the timing reference

of said at least one base station over a radio link or
5 landline network; and

_ identifying said other mobile stations at
distances from said at lIeast one base station using the

time of. arrival reports and reported estimated

distances.’
10 ) .

14. In a multiple access, spread spectrum
communications system, a method for establishing
communications between a mobile station and a base
station including the steps of:

) broadcasting a signal to said mobile station

from a first base station wherein said first base
station broadcast signal includes first information
containing a signal strength profile at diffe-ent -
distances from said first base station in a broad
20 direction of a2 second base station;

broadcasting a signal to said mobile station
from said second base station wherein said second base
station broadcast signal includes second information
containing a signal strength profile at different

25 distances from said second base station in a broad
direction of said first base station;

measuring mean signal strengths of said first
base station broadcast signal and said second base
station broadcast signal;

30 determining whether a bearing of the mobile
station from said first base station is in a broad
direction of said second base station based on said
first information, said second information, and the
measured mean signal strengths; and

This is the replacement sheet

Date: 23 AUG 19%

* c L N S *



5  base stations.—7——-A nethod according to claim®6, wherein said data

i'n said ﬁﬁgﬁﬂ&ﬁé& Si further includes an absol ute position of said at
| east one ﬁ?i' d an identifier code to uniquely identify said at

| east one A met hod according to claim2, further
including portlng 10 fromsaid nobile station to said at

| east one base statlon the estimated di stance between said at | east one
base station and said nobile station and the nean signal strength received
by said nobile station. 9. A method acegyding to claim8, further

I ncluding the steps of: determ ning signal transm ssion timng based on a
timng reference in sai daé:Smatm:yaaoaikhenbeoaﬂeas@asjdgmibﬂrwl statiion

esti mated di stance; tlng | bi_l e .St N to. s east
one base stati%h iian‘éfldn"g’[ ae%eseéégg]o g%gﬂ? e tﬂ%%‘ agéLA‘?#‘%Jﬂ hod
accordlng to dimgmal Stfendtierprofildi if the bespiofg is in the broad

- direction of the second base station.

15. A methad according to claim 14, wherein said
first information includes a unique identifier code to
identify said second base station.

10 ", 16. In a nmultiple access, spread spectrum
communications system, a method for establishing
communications between a mobile station and a base
station assigned to said mobile station including the
steps of:

15 :eceiving at the mobile station broadcast
signals from the assigned base station;

measuring a received signal strength of the
broadcast signals; ' .
estimating a position,of the mobile station

20 based on the received signal strength; and
| '~ determining an appropriate timing advance for
signal transmission from the mobkile station to the
assigned base station according to the estimated
position.

25

17. A method according to claim 16, further
including the steps of:
receiving broadcast signals from at least one
neighboring base station; and '

30 - measuring timing differences between the
broadcast signals received from said at least one
neighboring base station wherein said step of estimating
the position of the mobile station is further based on
the measured timing differences.

e
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| east one b 1 on at different distances by averagi ng a previous
signal stre on1other nDblle stations at simlar distances from
said at | east one ation. A met hod according to claim 210,
further including: reporting fron1other nobi |l e stations an estimated
di stance between said other nobile stations and said at | east one base
station; - 22 - identifying each other nobile station at a simlar
di stance fromsaid at | east one base station with the reported esti mted
di stances. 12. A met hod according to cl ai#® 11, wherein ot her base
stations have a timng reference in commn wth said at | east one base
station. 18. A method according to claim 17, wherein said
broadcast signals from said at least one neighboring
base station include a signal strength profile along a
line connecting the assigned base station with said at

5 least -one neighboring base station.

determnin % Ha@BeaﬁRgﬁl ggt one base station signal strengths of said at

19. A method according to claim 18, further
including thp.steé of receiving broadcast signals from a
first neighboring base station and a second neighboring

10 base station including radial distances and bearings
between said first neighboring base station and said
second neighboring base station, said first neighboring
.base station being adjacent to said second neighboring
base station.

15 | _

20. A method according to claim 18, wherein said
broadcast signals received by the mobile staticn are
synchronized transmissions from said assigned base
station and said at least one neighboring base station.

20 - |
21. . A method according to claim 16, wherein said

step of estimating position further includes the step of
estimating velocity of the mobile station.

25

22. A method according to claim 21, wherein the
estimated velocity is determined using a Kalman
filtering technique. -

30 23. A method according to claim 16, wherein said
timing advance corresponds to twice a propagation delay
over a distance from the mobile station to the assigned
base station.
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5 13. A met hod according to claim 12, further including the
steps of: reporting fromsaid other base stations to sai.d at | east one base
station tine of arrival of the nobile station signal relative to the timng
r ef er enc eThisBhespiiad Badn R # one base station over a radio link or |andline
net wor k; aﬁ said other nobile stations at distances fromsaid
at | east o tation using the tinme of arrival reports and
reported estinated distances. 14. In a multiple access, spread spectrum
comuni cations system a nethod for establi3&ing communi cations between a
nobil e station and a base station including the steps of: broadcasting a
signal to said nobil 24st afinoa mudmiplie ricdssse spreadnspeetrun 15 sai d
first base stat}] Si i ng| T [ | ontaining a
si gnal strengthcp’3$%g§q§§%@5fFgggﬁp'd%%#gﬁ%g%ifé%ﬁhé%ﬁ%ﬁi%%@?ngaSe station
in a broad di recompnndtationsobetveen & mahide (Feakientand a bagral to

sai d nobile staghgR;bhoXs3digheetdNE A tolfAld Wration including the
5 steps of:

broadcasting signals from the assigned'base
station; *
receiving at the mobile station broadcast
signals from the assigned base station, the broadcast
10 signals including a transmitted power level;
' measuring signal strength of the received
broadcast signals; and
determining an appropriate power level for
signal transmission from said mobile station to said
15 assigned base station based on said signal strength and
said transmitted power level.
- .
25. A method according to claim 24, further
including the step of transmit%{ing a signal from said
20 mobile station to said assigned base station with the
determined power level.

26. In a multiple access, spread spectrum
communications system, a method for establishing
.25 communications between a mobile station and a base
station assigned to said mobile station including the
steps of:
broadcasting signals from neighboring base
stations and the assigned base station, said broadcast

30 signals inclq%}ngﬁbearing info

receiving the broadcastfgignals at said mobile

station;
calculating a bearing of said assigned base
station and said neighboring base stations with respect

3s to the mobile station based on the broadcast signals;
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mhereln sai d second”basest ati on br oadcast signal includes second

|nfornat|on'ﬂ&3h ﬂ A4 signal strength profile at different

di st ances fro ase station in a broad direction of said first

base station; signal strengths of said first base station

br oadcast S|g cond base station broadcast signal; determ ning
whet her a bearlng of the nobi l e station fromsaid first base 25 station

is in a broad direction of said second base station based on-:said first

i nformation, said second information, and the&%heasured nean signal

strengt hs; and estimating a distance from said nobile station to said first
base station using - 23 estimatingsdiskaacet frioon thiegmebiske aatathion to

proflle if the U%Héf&kéf@ﬂéﬁtﬂsséreeﬂtﬂbheshaoa signal timing for
transmltting a signal from said moblle station to said
assigned base station according to said calculated
5 Dbearings; and
transmitting said'signal from said mobile
station to said assignéd base station with said
estimated signal timing.

10 ) 27. A method according to claim 26, wherein said
step of estimating further includes determining a
propagation delay from said mobile station to said
assigned base station wherein said signal timing is :
approximately twice said propagaticn delay.

15
28. A method according to claim 27, wherein said
broadcasting SLgnals are broadcast using phased
antennas.
20 29. A position finding system for deriving at a

mobile station a coarse estimate of at least one of
distance and propagation delay to a base station
assigned to said mobile station to establish
communications between said mobile station and the
25 assigned base station, said system comprising:
means, at said assigned base station, for
broadcasting a signal with a timing reference to said
mobile station;
means for receiving said broadcast signal at
30 said mobile station;
means for estimating a propagation delay of
said broadcast signal;
- means for determining signal transmission
timing based on advancing said timing reference of said
35 broadcast signal by twice said propagation delay; and
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“of the second base station.-15. A net hod according to claim 14, wherein
said firstinformation includes a unique identifier code to identify said

second basgﬂayahhaﬁkdﬂmimxd‘ 16. In a nultiple access, spread spectrum

comuni cat | thod for establishing communications between a
nobi l e stati station assigned to said nobile station including

the steps of \ celving at the nobile station broadcast signals fromthe

- assigned base station; 10 measuring a received signal strength of
the broadcast signals; estimating a positio®8f the nobile station based on
the received signal strength; and dete nining an aggnogriate timng advance
for signal transmssion fr $ie FpoFREAPAPLLR FE2EAERasEPTned base

station accordi Rgandite ired | Aot Lanpwission. signal to said’assiémed Mate
according to cl dpelon WD <A 18' 4649 ' PRafLRREsShh tinming.
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rece| Vi ng Joroadcast—&gnaJ s fromat |east one neighboring base station; and

reasur i di fferences bet ween t he broadcast si gnal s received from

sai d at ee r| ng base station wherein said step of estimating
t he posi |Ie station is further based on the neasured timng
differen A nmet hod according to claim17, wherein said

br oadcast SI gnal s from sai d at | east one nei ghboring base station include a
signal strength profile along a |ine connecting the assigned base station
with said at |east one nei ghboring base Zation. 109. A nmet hod accordi ng
to claim 18, further including the step of 25 recei vi ng broadcast
signals froma first neighboring base station and a second - 24 -

- NAVIGATION ASSISTANCE FOR CALL HANDLING IN MOBILE TELEPHONE

- SYSTYEMS

ABSTRACT

Ina mobﬂe radio telephone system employing TDMA or CDMA, mobile units (5,7)
often must determine the timing and approximate power necessary for transmissions to a base
station. Information broadcast by base stations allows the mobile station to approximate its
distance from each base station (1) based on an average signal strength received and thereby
determine the coarse sector location. Broadcast information may include the mean radial
distribution of signal strength versus distance. From the broadcast information, the mobile
station (5,7) determines the propagation loss for a transmission to the base station and the
appropriate.power level and timing for transmissions. - Accordingly, the mobile station (5,7)
transmits signals to the base station (1) at the determined signal timing and power level.

FIGURE 3 |
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. nei.ghboring base station including radial distances and bearings between
isaid first neighboring base station and said second nei ghboring base
station, said first neighboring base station being adjacent to said second
nei ghbori ng base station. 20. A nmet hod according to claim 18, wherein
sai d broadcast signals 5 recei ved byjye nobile station are synchronized
transm ssions fromsaid assigned base statian and said at |east one

nei ghbori ng base station. 21. A nmet hod according to claim 16, wherein
said step of estimating position further includes the step of estimating
velocity of the nobile station. 22. A met hod according to claim 21,
wherein the estimated velocity is 10 determ ned using a Kalman filtering
t echni que. 23. A net hod according to claim 16, wherein said tining
advance corresponds to twi ce a propagation delay over a distance fromthe
nobile station to the assigned base station. 24. In a nmultiple access,
spread spectrum comruni cati ons system a .
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. N 2 NG B

Date:



<15 met hod for establishing conmuni cati ons between a nobile station and a
- base station assigned to said nobile station including thé steps of:
broadcasting signals from nei ghboring base stations and the assi gned base
station, said broadcast signals including bearing i nformation; receiving
the broadcast signals at said nobile st, 2g|on calculating a
beari ng of said assigned base station a sai d nelghborlng base stations
with respect to the nobile station based on the broadcast signals;
estimating disstance fromthe nobile station to the agﬁigned base station
and a signal transm-tting a signal fromsafd nobilg station to
sai d assi gned base stafion according to said cal cul ated bearings; and 25
transmtting said signal fromsaid nobile station to said assijgned base
station '
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- 25 - with said estimated signal timng. 25. A nmet hod according to claim
24, wherein said step of estimating further includes determning a
propagation delay fromsaid nobile station to said assigned base station
wherein said signal timng is approxi rraﬁ}lég twice said 5 propagati on

del ay. 26. A met hod according to clai wherein said broadcasting
signal s are broadcast using phased antennas. - 26 24. In a nmultiple
access, spread spectrun1connunLEations system a nethod for establishing
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conmuni;cati ons between a nobile station and a
nobtl e station inctuditg the 5 . steps of: bro

AMEADSD Co?h‘
base station assigned to said
adcasting signals fromthe

statiqn broadcast sianals

?fglmgﬂm"mlmmgﬂ receiving at the nobile

station, the broadcast
transm'tt &d power ; measuring signal stre
broadcast signals; and determ ning an Q%rppri
transm ssion fromsaid nobile station tod said
based on said signal strength and said transm

What is claimed is:

10 RS ANCHEMENT GHESTSg aSG

ndt Breadiiitha :pegel ved paged ..
At Cpowes; | evated 3P 15 nagal 25

15 Drasmeghesdaase: & ahian =

1. In a multiple access, spread spectrum communications system, a

method for establishing communications between a mobile station and at least one

i)ase station, said method including the steps of:

5 broadcasting a signal to said mobile station from at least one base station

wherein the broadcast signal from said at least

one base station includes data;

receiving at said mobile station the broadcast signal of said at least one base

- station;
‘ determining a mean signal strength for

said received broadcast signal; and

10 | estimating a distance between the mobile station and said at least one base

station based on said data and said mean éignal strength of said received broadcast

signal.

2. A method according to claim 1,

further including the steps of:

determining an initial transmit power level to be used by said mobile station

15  in initiating transmission to said at least one base station using said .estimated

distance.

" ' 3. A method according to claim 2,
determining signal transmission timing
data of the broadcast signal and said estimated

further including the steps of:
based on a timing reference in said
distance; and

20 transmitting a signal from said mobile station to said at least one base station

in accordance with the determined signal transmission timing.

4. A method according to claim 2,

wherein said data in said broadcast

signal includes signal strengths at varying distances from said at least one base

station.

25 5. A method according to claim 4,

wherein said data in said broadcast
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25. A nethod according to claim24, further including the step of
transm t ttng—astgnhal-—+f+rom-sai d 20 nobi |l e station to said assigned base

station w ; ' power level. 26. In a multiple access, spread
spectrum clmimqm;w?lnmgtem a nethod for establishing 25

comuni cat 10Ng bile station and a base station assigned to said
nobi |l e station including the steps of: brgf]gcasti ng signals from

nei ghboring base stations and the assi gned“base station, said broadcast 30
signals including bearing information; receiving the broadcast signals at

said nobile station, . .
signal further includes at least one of distance and propagation time delay from said

at least one base station to neighboring base stations.

6. A method according to claim 5, wherein said data in said broadcast
signal further includes bearing from said at least one base station to said neighboring

5 base stations.

7. A method according to claim 6, wherein said data in said broadcast
" signal further includes an absolute position of said at least one base station and an

identifier code to uniquely identify said at least one base station.

8. A method according to claim 2, further including the step of reporting
10  from said mobile station to said at least one base station the estimated distance
 between said at least one base station and said mobile station and the mean signal

strength received by said mobile station.

9. A method according to claim 8, further including the steps of:
determining signal transmission timing based on a timing reference in said
15 data of the broadcast signal and said estimated distance; and
N reporting from said mobile station to said at least one base station the
determined signal transmission timing.

10. A method according to claim 9, further including the step of
determining at said at least one base station signal strengths of said at least one base
20  station at different distances by averaging a previous signal strength report from

other mobile stations at similar distances from said at least one base station.

11. A method according to claim 10, further including:
reporting from other mobile stations an estimated distance between said other

mobile stations and said at least one base station;

\
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cal cul ati ng--a- beari-ng—of—sai-d assi gned base station and sai d nei ghboring

base statiog ] 5 o the nobile station based on the
br oadcast QB | I ﬂ@ j’ i.mating distance fromthe nobile station to the
assigned b i signal timng for transmtting a signal from

said nobile station to said assigned base station according to said
cal cul ated 5 bearings; and transmtting §%5q signal fromsaid nobile
station to said assigned base station with said

identifying each other mobile station at a similar distance from said at least
one base station with the reported estimated distances.

12. A method according to claim 11, wherein other base stations have a

timing reference in common with said at least one base station.

5 13. A method according to claim 12, further including the steps of:
reporting from said other base stations to said at least one base station time
o of arrival of the mobile station signal relative to the timing reference of said at least
one base station over a radio link or landline network; and
identifying said other mobile stations at distances from said at least one base

10  station using the time of arrival reports and reported estimated distances.

14. In a multiple access, spread spectrum communications system, a
method for establishing communications between a mobile station and a base station
including the steps of:

broadcasting a signal to said mobile station from a first base station wherein

15  said first base station broadcast signal includes first information containing a signal
strength profile at different distances from said first base station in a broad
o/ direction of a second base station;

broadcasting a signal to said mobile station from said second base station

wherein said second base station broadcast signal includes second information
20  containing a signal strength profile at different distances from said second base
station in a broad direction of said first base station;

measuring mean signal strengths of said first base station broadcast signal
and said second base station broadcast signal;

determining whether a bearing of the mobile station from said first base

25  station is in a broad direction of said second base station based on said first
information, said second information, and the measured mean signal strengths; and

estimating a distance from said mobile station to said first base station using
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estimated signal tinmng. 10 27. A method according to claim 26,
wher ei n sai ng .further includes determ ning a propagation
delay from jlﬂ“‘ﬂﬂﬁ“ﬂ““g‘“l}n to said assigned base station wherein said
signal timng I'$ apprbxifat®ely tw ce said propagation delay. 15 28. A

met hod according to claim 27, wherein said broadcasting signals are

br oadcast usi ng phased antennas. 20 A position finding system
for deriving at a nobile station a coarse és’timate of at |east one of

di stance and propagation delay to a base station assigned to said nobile

station to ‘establish L. . L
said first base station signal strength profile if the bearing is in the broad direction

of the second base station.

15. A method according to claim 14, wherein said first information

includes a unique identifier code to identify said second base station.

5 16. In a multiple access, spread spectrum communications system, a
method for establishing communications between a mobile station and a base station
W assigned to said mobile station including the steps of:
receiving at the mobile station broadcast signals from the assigned base
station;
10 measuring a received signal strength of the broadcast signals;
estimating a position of the mobile station based on the received signal
strength; and
determining an appropriate timing advance for signal transmission from the

mobile station to the assigned base station according to the estimated position.

15 17. A method according to claim 16, further including the steps of:
receiving broadcast signals from at least one neighboring base station; and
o measuring timing differences between the broadcast signals received from
said at least one neighboring base station wherein said step of estimating the position
of the mobile station is further based on the measured timing differences.

20 18. A method according to claim 17, wherein said broadcast signals from
said at least one neighboring base station include a signal strength profile along a
line connecting the assigned base station with said at least one neighboring base

station.

19. A method according to claim 18, further including the step of
25  receiving broadcast signals from a first neighboring base station and a second
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communi,cations between said nobile station and the 25 assigned base
station, -said-systenrconprising. neans, at said assigned base station, for

broadcast| ‘timng reference to said nobile station; neans
for receivi @ l@immm m signal at 30 said nobile station, neans for
estimating awi 0f ay of said broadcast signal; neans for

determ ni ng si gnal transm ssion timng bagsged on advancing said timng

reference of said 35 broadcast signal by tw ce said propagation del ay;
and

neighboring base station including radial distances and bearings between said first
neighboring base station and said second neighboring base station, said first
neighboring base station being adjacent to said second neighboring base station.

20. A method according to claim 18, wherein said broadcast signals
5  received by the mobile station are synchronized transmissions from said assigned

base station and said at least one neighboring base station.

w 21. A method according to claim 16, wherein said step of estimating
position further includes the step of estimating velocity of the mobile station.

22. A method according to claim 21, wherein the estimated velocity is

10  determined using a Kalman filtering technique.

23. A method according to claim 16, wherein said timing advance
corresponds to twice a propagation delay over a distance from the mobile station to

the assigned base station.

-24. In a multiple access, spread spectrum communications system, a
L | 15  method for establishing communications between a mobilc' station and a base station
assigned to said mobile station including the steps of:
broadcasting signals from neighboring base stations and the assigned base
station, said broadcast signals including bearing information;
receiving the broadcast signals at said mobile station;
20 calculating a bearing of said assigned base station and said neighboring base
stations with respect to the mobile station based on the broadcast signals;
estimating distance from the mobile station to the assigned base station and
a signal timing for transmitting a signal from said mobile station to said assigned
base station according to said calculated bearings; and
25 transmitting said signal from said mobile station to said assigned base station
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28 neans, at._said.nobile station, for transmitting a transm ssion signal to
' ssi gned base“ﬁ“ii“liiii'ﬁilll ng said signal transm ssion timng.
UM L

- 25 -
with said estimated signal timing.

25. A method according to claim 24, wherein said step of estimating
further includes determining a propagation delay from said mobile station to said
assigned base station wherein said signal timing is approximately twice said

5  propagation delay.

26. A method according to claim 25, wherein said broadcasting signals

are broadcast using phased antennas.
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NAVIGATION ASSISTANCE FOR CALL HANDLING IN MOBILE TELEPHONE
SYSTYEMS :

ABSTRACT

In a mobile radio telephone system employing TDMA or CDMA, mobile units (5,7)
often must determinc the timing and approximate power necessary for transmissions to a base
station. Informahon broadcast by base stations allows the moblle station to approxlmate its
distance from each base station (1) based on an average sxgnal strength received and thereby
determine the coarse sector location. Broadcast information may include the mean radial
distribution of signal strength versus distance. From the broadcast information, the mobile
station (5,7) determines the propagation loss for a transmission to the base station and the
: appropriate'powcr level and timing for transmissions. Accordingly, the mobile station (5,7)

transmits signals to the base station (1) at the determined signal timing and power level.

FIGURE 3
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