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RANDOM ACCESS IN MOBILE RADIO
TELEPHONE SYSTEMS

This application is a continuation of application Ser.
No. 07/867,149, filed Apr. 10, 1992.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to systems for minimiz-
ing interference caused by mobile radio stations initiat-
ing and terminating communication with fixed radio
stations.

2. Description of Related Art

In cellular radio telephone networks, a mobile sub-
scriber may freely choose when and where to initiate a
telephone call. This procedure is known as a random
access call set-up. The term random access also applies
to the mobile station’s first transmission in reply to a call
initiated through the mobile station’s fixed home base
station. In both situations, significant uncertainty exists
in determining the mobile’s transmission power level at
the time of access.

Three principal methods enable a radio telephone
system to support multiple, ongoing conversations in 2
given frequency band. Frequency Division Multiple
Access (FDMA) is the traditional method, where every
call connection between a mobile and a base station is
allocated a unique frequency channel that is occupied
continuously until the end of the call. At present, mobile
telephone systems are changing from FDMA to time-
based methods of sharing communications resources. In
Time Division Multiple Access (TDMA), different
radio transmitters are allocated short time slots in a
periodic cycle in which they transmit bursts of informa-
tion. In the third approach, Code Division Multiple
Access (CDMA), different speech/information signals
are transmitted with different spread-spectrum codes so
that the coded signals overlap in both time and fre-
quency. The received CDMA signals are decoded by
correlation with the code associated with the desired
speech/information signal.

In all mobile telephone systems, the physical distance
between mobile stations and base stations varies signifi-
cantly. The signal propagation loss between a radio
transmitter and receiver varies as a function of the
fourth power of their mutual distance. As a result, large
differences may arise in the strength of signals received
at the base station from different mobiles. Although
conventional cellular radio telephone systems employ a
number of techniques to avoid interference between
different signals, interference occurs nonetheless as the
disparity between the signal strengths from various
mobiles increases.

This interference problem is of particular concern in
CDMA systems where a mobile signal that is twice as
strong as another mobile signal occupies twice the sys-
tem capacity. Unregulated, it is not uncommon for a
strong mobile station to transmit signals at thousands of
times the strength of other mobile transmissions. The
loss of system capacity to such “strong” mobile stations
is unacceptable, and thus power regulation is particu-
larly important in CDMA systems. In commonly as-
signed U.S. patent application Ser. No. 07/866,554,
entitled “Duplex Power Control” filed on Apr. 10,
1992, the present inventor describes a power regulation
method and apparatus for a CDMA system. That appli-
cation is incorporated herein by reference.
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In other pending applications by the present inventor,
U.S. patent application Ser. No. 07/628,359, filed Dec.
17, 1990, and entitled “CDMA Subtractive Demodula-
tion,” now U.S. Pat. No. 5,151,919 and U.S. patent
application Ser. No. 07/739,446, filed Aug. 2, 1991, and
entitted “CDMA. Subtractive Demodulation,” now
U.S. Pat. No. 5,218,619 incorporated herein by refer-
ence, a CDMA subtractive demodulation system is
described in which overlapping, coded signals are de-
coded in the order of strongest to weakest signal
strength. After each decoding, the decoded signal is
removed or subtracted from the received, composite
signal before decoding the next strongest signal. Using
such a CDMA subtractive demodulation system, signal
strength differences between mobiles become less im-
portant and capacity is increased. In other words, the
signals having the greatest potential for causing interfer-
ence, i.e., the strongest signals, are decoded and re-
moved first. In this way, potential sources of interfer-
ence for weaker signals are significantly reduced.

Even in such a CDMA subtractive demodulation
system, however, an interference problem still exists
when mobile stations initiate random access call set-ups.
Because of the difficulty in gauging an appropriate
access power level, there is a risk of at least momen-
tarily interference with ongoing conversations.

Another source of potential interference to ongoing
conversations during mobile random accesses is time
misalignment of the mobile random access signals rela-
tive to the base station’s frame timing. For mobile sta-
tion signals to be received in a correct timeslot
(TDMA) or correctly time-aligned to a particular cor-
relating code (CDMA), the mobile station must adjust
its access signal transmission timing to account for the
round-trip propagation delay between the base and the
mobile station. Unfortunately, unless a recent contact
has been made with a base station, the mobile station
lacks a mechanism for establishing the correct time
alignment for a random access.

These problems undermine the efficient operation of
current and future cellular systems. Given the fre-
quency with which new calls are placed by mobile
telephone subscribers, especially in urban and other
congested areas, it is both desirable and necessary for
mobiles to make random accesses on the network with-
out generating unnecessary interference. It is also desir-
able to simply and effectively establish a call connection
from mobile to base station that is synchronized with
the time-alignment structure of the base station.

SUMMARY OF THE INVENTION

The present invention includes a method for minimiz-
ing the interference caused by radio communications
initiated between at least one of a plurality of first radio
stations and a second radio station. An access message is
transmitted from the first radio station at a relatively
low power level. A -determination is made whether or
not the access message has been detected at the second
radio station. If the message has not been detected, the
access message is retransmitted at an increased level
until the message is eventually detected. When the mes-
sage has been detected, the power level is fixed at the
detected level.

The first station may be a mobile radio telephone
station and the second station may be a base station. The
access message itself includes an access code and an
identification code identifying the first station. Each
access message is preferably transmitted using spread
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spectrum signal coding including orthogonal block
error-correction codes. Moreover, each access message
is scrambled before transmission using a scrambling
code selected from a reserved group of scrambling
codes. When the base station has received the access
message it acknowledges the receipt and commands the
mobile station to discontinue power level increases. The
acknowledgment may also include time alignment in-
formation that is used by the mobile station in conjunc-
tion with the access message transmission power level
to determine the time when subsequent mobile commu-
nication transmissions should occur.

In one aspect of the invention, a mobile radio station
for communicating with at least one other radio station
includes means for transmitting an access message to
another radio station at a relatively low power level. A
detecting means determines if a reply message has been
received from the other radio station. The mobile sta-
tion has means for retransmitting the access message at
an increased power level if the reply message is not
detected. The retransmitting means increases the power
level of the random access transmission in accordance
with a ramp function. The mobile station also has means
for selecting a scrambling code from a list of available
scrambling codes broadcast from the other radio station
to generate the random access message. The mobile
station additionally has means for adjusting the time of
transmission of the access message based on the in-
creased power level.

In another aspect of the invention, a communication
system including plural mobile radio telephone stations
and at least one fixed base station is disclosed in which
each mobile radio station has means for transmitting an
access message initially at a relatively low power level;
means for regulating the power level of said transmit-
ting means; and control means for controlling said regu-
lating means depending on whether said access message
has been detected. The base station includes: means for
receiving a composite of signals from said mobile sta-
tions; means for detecting mobile access messages;
means for decoding detected access messages; and
means for transmitting a reply message to the mobile
station corresponding to detected access message.

The base station further includes means for ordering
received signals that include access messages according
to signal strength; means for selectively decoding the
strongest signals; and means for removing the decoded
signal from the received composite signal. The mobile
station includes means for encoding scrambled access
messages using bi-orthogonal block codes and means
for scrambling access messages using scrambling codes.
The base station transmitting means broadcasts a list of
reserve scrambling codes separate from scrambling
codes used for other radio communications.

The mobile station includes means for adjusting the
time of transmission of the access message based on
regulated power level and means for detecting time
alignment information in the reply message. The base
station includes means for determining the difference
between the signal strength of the random access mes-
sage detected in the base station and a predetermined
signal strength, and means for determining a time differ-
ence between the times the random access was detected
and a predetermined time. Finally, the base station de-
tecting means searches for particular access messages at
staggered time intervals.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the invention will
become apparent from reading the following detailed
description in conjunction with the drawings, in which:

FIG. 1 is a functional schematic of the transmitter of
a mobile station according to the present invention;

FIG. 2 is a functional schematic of a transceiver por-
tion of a base station according_to the present invention;

FIG. 3A is an exemplary signal format for a random
access message from a mobile station;

FIG. 3B illustrates positional variation of random
access message startcode sequences;

FIGS. 4A—4E illustrate the underlying operation of a
RAKE receiver;

FIG. 5 is a functional schematic of multi-stage power
amplifier in accordance with the present invention; and

FIG. 6 is a functional schematic of a balanced modu-
lator in accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

To facilitate an understanding of the invention, an
exemplary embodiment in the context of the CDMA
subtractive demodulation system such as disclosed in
the above-incorporated U.S. patent application Ser. No.
07/628,359, now U.S. Pat. No. 5,151,919 is described.
Those skilled in the art will recognize that the present
invention may be applied to any radio communications
system, including all cellular radio telephone systems, in
which it is desirable to minimize interference caused by
a random access call attempt between two radio com-
munications devices.

Briefly summarized, in the CDMA subtractive de-
modulation system, information between plural mobile
radio stations and the base station is transmitted in
blocks of codewords, e.g., forty-two codewords per
block. A convenient signal transmission format is se-
quences of 128-bit codewords transmitted serially over
a radio communications channel. A radio receiver am-
plifies, filters, samples, and converts the received com-
posite signal, which consists of overlapping communi-
cations signals, into digital form for processing. The
digitized composite signal is descrambled with a unique
scrambling code corresponding to the information sig-
nal having the greatest signal strength. The descram-
bled signal is correlated with “spreading” codes known
as orthogonal (or bi-orthogonal) block codes that are
associated with the information signals. The 128-bit
signal samples are decoded by bi-orthogonal block de-
coder, by determining which block code has the best
correlation to the sample signal, to produce an 8-bit
information signal. The decoded information signal, i.e.,
eight bits, identifies which one of the 128-bit bi-ortho-
gonal codes was transmitted, the latter then being sub-
tracted from the composite signal before attempting to
decode the next strongest, coded information signal.

In an exemplary embodiment of the present invention
illustrated in FIGS. 1 and 2, a mobile station transmitter
10 includes a radio frequency (RF) power amplifier 100
coupled to a duplex antenna 102. A frequency synthe-
sizer 104 generates the transmission carrier waveform
that is modulated with an information signal, e.g.,
speech, by a quadrature modulator 106. The quadrature
modulator 106 may implement a modulation technique
such as impulse-excited Quadrature Amplitude Modula-
tion (QAM) in which information bits are modulated
alternately on the in-phase (I) channel and the quadra-
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ture (Q) channel using the waveforms generated by two
low-pass (LP) filters 108, 110. A complex modulator
112 calculates impulse response waveforms that corre-
spond to the polarities of received digital information
signals and converts those waveforms into analog form.
The LP filters 108, 110 principally remove the digital-
to-analog conversion sampling frequency components.
Alternatively, the information signal may be mixed
initially to a convenient intermediate frequency, and
then converted to the higher carrier transmission fre-
quency by heterodyne mixing the modulated intermedi-
ate frequency waveform with an offset frequency.

The digital information signals received by the com-
plex modulator 112 are produced by either a block
codeword generator and scrambler 114 or a speech
encoder 122. When the mobile station 10 is transmitting
a random access message, i.e., before speech communi-
cation begins, the message is generated in the control
processing unit 166 and input to the block codeword
generator and scrambler 114 eight bits at a time. How-
ever, when speech transmission commences, the eight
bit inputs to block codeword generator and scrambler
114 come from a speech digitizer and encoder 122. The
speech encoder 122 receives a microphone signal from
a microphone 124 and outputs eight-bit words. A
switch 126 controlled by the control processing unit
116. For input to the block codeword generator and
scrambler 114, the control processing unit 116 selects
either itself for transmission of random access messages
or the speech encoder 122 for transmitting conversa-
tion. Even after the random access procedure is com-
pleted, the control processing unit 116 can operate the
switch 126 from time to time to select message transmis-
sion and interrupt speech transmission. This is done, for
example, for high priority signalling message exchange
between the base station 20 and the mobile station 10,
such as Fast Associated Control Channel (FACCH)
messages.

In the block codeword generator and scrambler 114,
eight bits of information may be spread using a suitable
bi-orthogonal block code to a 128-bit codeword, for
example. The 128-bit codeword may then be scrambled
by modulo-2 adding a unique scrambling code to the
codeword. The information bits and the scrambling

code originate from a control processing unit 116 that 45

also selects the carrier frequency to be generated by the
frequency synthesizer 104 and transmits a power level
command signal to a power level controller 118.

The power level controller 118 advantageously com-
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dently controllable 20-dB fixed attenuators may be se-
lectively switched into the output, thereby achieving
the same 60-dB control range. An example of a multi-
stage power amplifier is shown in FIG. 5.

FIG. 5 is a functional schematic of a multi-stage
power amplifier 50 in which modulating in-phase (I)
and quadrature (Q) signals are input to a quadrature
modulator 106. The quadrature modulator 106 includes
level-switchable balanced modulators controlled by

10 level control bits Bj-Bs to provide a first 0-20 dB con-

trol. A first frequency F; providing the carrier fre-
quency is also input to the quadrature modulator 106
from the transmitter frequency synthesizer 104. The
output of the quadrature modulator 106 is input to an

15 ypconverter 504, which is provided with a second fre-

quency F2 from the transmitter frequency synthesizer
104. The upconverter 504 heterodyne mixes the modu-
lated signal (which is at a lower frequency for technical
convenience) with the higher, fixed second frequency
F; to translate it to a higher output frequency. Con-
versely, a downconverter, or super heterodyne mixer, is
generally employed in a receiver to convert a high
frequency signal received on the antenna to a lower,
fixed intermediate frequency at which amplification is
more conveniently achieved. In either case, it is advan-
tageous to modulate or demodulate a signal at a lower,
fixed frequency and to change the oscillator that drives
the mixer to vary the frequency at the antenna.

The output of the converter 504 is input to a bandpass
filter 506 and fed to a driver 507. The gain on the driver
57 is controlled between 0-20 dB by power level con-
troller 118. The output of the driver 507 is input to a
power amplifier 508, the gain of which is controlled

35 between 0-20 dB by gain control of the power level

controller 118. The output of the final amplifier 508 is
input to the antenna 102 for broadcast. This circuit
permits a total transmission power control range of
0-60 dB. It will be appreciated that variable attenuators

40 may also be used. Switchable and variable attenuators

are commercially available from number of sources,
such as Avantek, Inc., Santa Clara, Calif.

A suitable balanced modulator for the quadrature
modulator 106 for controlling gain may be provided as
shown in FIG. 6. The circuit of FIG. 6 includes twin
balanced modulators 602¢ and 6025. Each modulator
602 comprises twin paired transistors 603a, 6035; 605a,
6055, the emitters of which are coupled together within
each pair. The bases of symmetrically opposing transis-

prises a combination of attenuators and components for 50 tors from 603a, 605b; 603b, 605a of each pair are cou-

controlling the bias of the power amplifier 100 to
achieve the commanded power level when transmitting
each codeword. A combination of attenuators and am-
plifier bias control is useful in achieving a suitably wide
transmission power level control range, e.g., 60 dB, and
it will be appreciated that a wide variety of combina-
tions are known and the following techniques can be
used as desired in the present invention.

Because the power amplifier’s final stage might be
controllable within only a 20-dB power range, a wide
transmission power control range is difficult to achieve
by controlling the bias of only one stage of the power
amplifier. Accordingly, for a two-stage power amplifier
100, controlling both stages would yield a 40-dB control
range and providing a fixed 20-dB attenuator selectively
switched into the output of the power amplifier can
achieve the desired 60-dB range. Of course, if bias con-
trol of a single amplifier stage is preferred, two indepen-

pled together to form the bridge wherein the local oscil-
lator (transmitter frequency synthesizer 104) supplying
the carrier frequency F is connected in parallel to the
bridged circuit. The collectors of the transistors 603,

55 605 are cross-linked and form the output of the quadra-

ture modulator 106. The coupled emitters of each bal-
anced modulator 602 are coupled to the collector of
multiple emitter transistors 604, the bases of which are
controlled by the respective modulation inputs. Each of

60 the emitters of each of the multiple emitter transistors

604 are connected together by respective series con-
nected resistor pairs Ri;-R4. The resistor pairs R1-R4
are center tapped with switchable current generators
606 (11, I, I3, L), which are controlled by control bits

65 Bi-Bs. The values of unbypassed emitter resistors

R1-R4 in each balanced modulator 602 can be selected
by selectively energizing the tail current sources 606
associated with each center-tapped emitter resistor

10
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R|-Ry, thus resulting in a balanced modulator circuit 60
with a binary programmed output level.

Controlling the transmitted power level can also be
achieved by numerically scaling the digital I, Q values
generated in the complex modulator 112 before they are
converted to analog form for the quadrature modulator
106. The control range is somewhat limited, but the gain
can be easily and precisely selected, for example in
0.1-dB steps.

FIG. 2 shows an exemplary base station receiver/-
transmitter 20 for detecting mobile random accesses in a
communications environment of overlapping, ongoing
radio traffic signals. An antenna 200 receives a compos-
ite signal which is amplified by a low-noise, RF ampli-
fier 202. The amplified signal is spectrally shaped by a
filter 204, and a dual analog-to-digital converter 206
converts the filtered analog signal into a stream of com-
plex digitized signals having real or in-phase parts (I)
and imaginary or quadrature parts (Q). Alternatively,
an intermediate frequency mixing stage may precede
the amplifier 202 so that amplification and filtering
occur at a lower intermediate frequency.

After the frequency demodulation process, the com-
plex, digitized composite signal is processed by a
CDMA subtractive signal processor 208. Because the
individual signals to be demodulated are each scram-
bled with a unique scrambling code generated by the
mobile station’s control processing unit 116, the CDMA
signal processor 208 sequentially descrambles the com-
posite signal with each scrambling code in order of
greatest to weakest signal strength. The descrambled
signal is decoded by correlation with all of the bi-ortho-
gonal codes possibly used for encoding to extract eight
bits of information for each 128-bit bi-orthogonal code
word. Correlation may be carried out by using for ex-
ample the Fast Walsh-Hadamard transform processor
described in the present inventor’s pending U.S. patent
application Ser. No. 07/735,805 filed Jul. 25, 1991 and
entitled “Fast Walsh Transform Processor”. The de-
coded information bits are transmitted to a base station
control processor 212 for further speech/data process-
ing.

By selecting the scrambling codes corresponding to
the signals having the greatest signal strength, the base
station CDMA processor 208 demodulates the various
overlapping signals in order of predicted signal strength
from strongest to weakest. A signal strength tracker and
sorter 210 predicts the signal strengths from past obser-
vations and orders them. Recognizing that power levels
change over time, the signal strength tracker and sorter
210 freely reorders the signal decoding sequence to
accommodate relative power level changes. Expected
signal strength levels may be predicted based on a his-
tory of past power levels by extrapolating a next power
level using an estimated change of power level.

A random access by a mobile station 10 using low
power levels is detected only after stronger signals are
decoded. In addition to decoding information or traffic
signals, the base station processor 208 searches for and
decodes each coded mobile access signal according to
its detected power level. Because the mobile access
message is transmitted initially at a low power level, it
does not interfere with stronger signals being decoded.
As soon as an access message is detected, the processor
208 subtracts the access message from the composite
signal so that interference with signals decoded later in
the signal strength sorted order is minimized.
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The power level of the initial random access message
from the mobile station 10 is set by the power controller
118 at a low power level. The power controller 118
gradually increases the transmission power in small
increments, e.g., 0.1 dB, after each successive codeword
is transmitted. These successive power increases con-
tinue for the total number of codewords making up the
random access message. Preferably, the power level
increases according to a ramp_function with the ramp
slope determining the magnitude of the power increase
increment. A ramp function is readily implemented and
simplifies the signal strength prediction process of the
base station signal tracker and sorter 210. Each succes-
sive transmission of the random access message by the
mobile station 10 occurs at a power level greater than
the preceding access message transmission until the base
station 20 detects the access message and transmits a
reply message to the mobile station 10. Once that reply
message is received and the base station 20 indicates
that the mobile power level is in the desired signal
strength range, the mobile station 10 fixes its transmitted
power at a level specified by the base station 20 in the
reply message.

It takes approximately 0.5 milliseconds to serially
transmit a single 128-bit codeword. If the mobile in-
creases its transmitted power level by only 0.1 dB per
codeword, the power level’s rate of change is 200 dB
per second, which will be recognized as a high rate of
change. Since the typical received power level range
for traffic or access signals is on the order of 60 dB,
fewer than six hundred codewords need be transmitted
before the base station detects the access message. Thus,
the worst-case delay in access detection is only about
300 milliseconds. In this way, the present invention
allows mobiles to randomly access the cellular network
without noticeable delay to the mobile subscriber and
without interference to other communications signals.

To simplify the base-station’s task of detecting ran-
dom access messages, the first two codewords out of
every 42-codeword message are fixed at a first value, A.
Thus, a 42-codeword message begins “AA . .. ” For
simplicity, message lengths are chosen to be 42 code-
words because that is also the length of speech coder
frames in the present system. When transmitting speech
traffic, the first two codewords also take on the value
“AA ..." toindicate when speech frames are transmit-
ted in full, but may also take on a second value “BB . .
. »” when it is desired to indicate that the remaining 40
codewords in the following speech frame are not going
to be transmitted because the speaker was momentarily
silent. This so-called discontinuous transmission or
“DTX” is described in commonly assigned U.S. patent
application Ser. No. 07/866,555 entitled “Discontinu-
ous CDMA Reception” filed on Apr. 10, 1992 now U.S.
Pat. No. 5239,557.

The base station receiver’s capability to search for
occurrences “AA ... " or “BB. .. " is therefore, in the
preferred system, used for dual purposes of identifying
DTXed speech frames as well as random access at-

tempts.
The staggering of the relative position of occurrences
of “AA ... ” codewords is linked to the choice of

codeword so that, for a particular codeword, the re-
ceiver can predict when “AA” should occur, and thus
does not have to search for AA on all codewords in
every frame.

If the AA sequence is not detected immediately be-
cause the first mobile access attempt was made at a low
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power level, the next time the base receiver searches for
AA the power level will have increased 42 0.1 dB, i.e.,
4.2 dB. Although it appears that access attempts could
equally well have been increased in power in one 4.2 dB
step between attempts, instead of in a smooth ramp-
function fashion of 42 smaller steps of 0.1 dB, it is much
simpler for the operation of the base station 20 after
detection of a random access attempt that the mobile
station’s power should increase smoothly, as the base
station 20 then decodes every codeword and is able
more easily to track small changes of power level be-
tween codewords.

One objective behind the invention is that the base
station 20 should detect random access messages while
they are still at a power level too low to interfere with
ongoing traffic, and subsequent to detection, to subtract
them out as their power rises toward a target level. If a
random access was below a detectable level on a previ-
ous attempt, it is unlikely that a 4.2 dB increase in signal
level before the base station looks for it again would
represent a significant interference hazard.

An exemplary random access message sequence is
illustrated in FIG. 3A, which shows forty-two code-
words in the sequence produced by the control process-
ing unit 116. The first two 128-bit codewords A, A have
fixed bit patterns that are recognized by the base station
control processor 212 as random access messages; the
remaining forty codewords 3, 4, 5, 6, . . ., 42 contain the
mobile station’s identification code/telephone number
in error-correction coded form and communication
information.

The codeword A is one of preferably one hundred
twenty-eight possible Walsh-Hadamard codewords that
are used to indicate random access, and is scrambled
with one of a number of reserved scrambling codes
unused for traffic. The base station 20 descrambles the
received signal with each of the reserved scrambling
codes, then correlates for “A” to determine whether a
random access has begun. The base station 20 must
detect one of the A codewords in order to detect a
random access start, and once A is detected, the base
station 20 demodulates the remaining forty codewords.
The codewords A, A are also used to synchronize com-
munications between the mobile station 10 and base
station 20 as described in more detail below.

To avoid overloading the base station 20 by requiring
it to look for all the AA sequences for all scrambling
codes in the same 128-bit blocks of the 42-codeword
sequence, the position of the AA sequence is varied in
accordance with the scrambling code used, as shown in
FIG. 3B for three scrambling codes. Similar position
variations are provided for the remaining scrambling
codes. In this way, the base station 20 searches for the
codewords A, A at different times for each scrambling
code, and so avoids the processing load that would
occur if the AA sequences for all scrambling codes had
to be detected simultaneously.

In a preferred embodiment of the present invention,
each mobile station random access message transmis-
sion uses a scrambling code selected from several avail-
able scrambling codes that are not presently allocated to
traffic communications. These are indicated in a broad-
cast message transmitted by the base station 20 over a
designated CDMA channel on the same frequency. A
mobile station 10 attempting an access to the network
tunes to that frequency and scans the broadcast list of
available scrambling codes. The mobile station 10 se-
lects an available code and transmits a scrambled ran-
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dom access message. The presently unused scrambling
codes on a predetermined frequency Fd; are identified
in a broadcast transmission using one of the CDMA
signals overlapping on frequency Fd;. Preferably this is
the strongest of the downlink signals on first frequency
Fd; so it can be decoded by any mobile station 10. This
effectively acts as a “calling channel” in which the
signal serves as a pilot signal to assist the mobile demod-
ulator. The aim is that each frequency channel is self-
supporting as far as broadcasting information is con-
cerned. Once the access is detected and recognized as
an access code, the base station control processor 212
removes that code from the broadcast list and proceeds
to decode the access message as described previously.
Alternatively, the access codes currently in use can be
broadcast as a list so that the mobile station 10 can select
from those remaining on an internally stored list.

Random access transmissions start at a specific
boundary (i.e., the start of a 42-codeword message
block “AA ... ") that divides a mobile access message
into a specific number of codewords, e.g., 42. Each two
word scrambled start code AA is staggered in time, as
explained above, to distribute as evenly as possible the
base station’s task of searching for random access mes-
sages. As a result, the control processor 212 only needs
to search at one time interval for a fraction of the possi-
ble random access scrambling codes for each block
decoding operation. The CDMA signal processor 208
also searches for random accesses using the scrambling
codes of mobile stations 20 in neighboring cells that are
received at a signal strength strong enough to produce
interference.

Time-alignment information is provided by the base
station transmitter 214 to a transmit timing controller
120 from the processing unit 116. In response to detect-
ing a random access message, the base station transmit-
ter 214 transmits reply information to the mobile pro-
cessing unit 116, such as the timing difference between
the time at which the mobile access transmission was
received by the base station 20 and a preset, target tim-
ing value. Other information includes the difference
between the signal strength of the detected random
access message and a predetermined signal strength.

The mobile station 10, even before random access,
listens to the calling channel (i.e., the strongest of the
CDMA signals overlapping on the same frequency). It
locks to this signal and thus has established timing syn-
chronization with the base station 20 at the 42-
codeword frame level as well as at the spreading code
chip level.

The mobile station 10 has from the beginning been
listening to the calling channel broadcast from the base
station 20. The signal structure on the calling channel
also consists of 42-codeword messages beginning with
“AA ...”. The mobile thus knows the time of occur-
rence of AA on the downlink calling channel, from
which the time-stagger of all other codewords is de-
fined. For example, if we use the notation that the call-
ing channel employs scrambling code Co, and traffic
channels may use scrambling codes C1, C2, etc., then
the time of occurrence of AA in the signal scrambled
with code C1 will be two codewords after the time of
occurrence on the calling channel; likewise, the time of
occurrence of AA in the signal scrambled with code-
word C2 will be four codewords after AA on the call-
ing channel, and so forth.

12
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Calling channel:
Signal using Cl:
Signal using C2:

It is necessary to obtain synchronization to a finer
resolution than merely determining the 0.5 mS slot in
which the first A might occur. Each codeword such as
A in fact consists of 128 “chips”. “Chips” in CDMA
terminology is really the same as “bits”, and is used to
signify that CDMA in fact transmits many such chips to
convey each bit of information.

To correctly descramble a codeword and perform a
128-bit correlation it is necessary to align the descram-
bling code with the received signal to an accuracy of
one chip. This is what is meant by having achieved
synchronization at the chip level as well as at the frame
structure level. Synchronizing to the frame structure
means finding at which one of 42 possible codeword
positions in the frame structure the AA sequence is
expected; synchronization to chip resolution means
determining to which of 128 possible chip positions
within that codeword period the descrambling code
must be aligned. This is actually done by trying several
positions and analyzing how much correlation is found
on each position.

The above refers to operation of the mobile receiver;
however, the timing so found is conveyed from the
mobile receiver to the mobile transmitter parts such as
block code generator and scrambler 114 so that they
produce signals with a frame, codeword and chip align-
ment that is related to that received from the base sta-
tion 20. In other words, the base station 20 is the master
timing reference to which all mobile stations 10 syn-
chronize and thus are able to transmit signals with a
determined time relation.

Due to unequal distances from different mobile sta-
tions 10 to the same base station 20, however, even if
mobile stations 10 transmitted signals aligned at the
same instant in time, they would not be received aligned
at the base station 20. Therefore the transmit code gen-
erator 114 is told by the control processing unit 116 to
produce transmit signals a little earlier to account for
the loop propagation delay from base to mobile station
10 and back again. The exact amount of timing advance
needed may be determined by the base receiver measur-
ing the time alignment of the received mobile signals,
determining how early or late they are with respect to
a predetermined position, and then transmitting a mes-
sage to the mobile station 20 giving the amount (e.g.,
number of chips + or —) that the mobile station 10 shall
adjust its time advance.

When the mobile station 10 makes a first transmission
to the base station 20 during random access, it relates its
transmit frame, word and chip timing to the timing it
has received. Thus, the base station 20, by comparing its
timing on the outgoing calling channel with the timing
of the received mobile signal can determine the round
trip delay. The base station 20 determines how early or
late the mobile timing is with respect to a predetermined
time alignment desired for all mobile signals to be re-
ceived. It can then, in the reply confirming reception of
the random access transmission, send information to the
mobile station 10 enabling the mobile station 10 to ad-
just its transmit timing to the right position. This infor-
mation could either be an absolute timing advance for
the mobile station 10 to use (in which case the base
station 20 needs to know what timing advance the mo-
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bile station 10 was already using), or the amount of
adjustment or A the base station 20 wants the mobile
station 10 to apply (in which case the base station 20
does not need to know the amount of timing advance
the mobile station 10 is already using).

The choice between these is not critical to the inven-
tion, and is a matter of system philosophy. At present
the preferred approach is that the mobile station 10
includes, in its random access transmission, not only its
mobile ID but also details of the power level and timing
advance that the transmission used. Then the base sta-
tion 20 additionally adjusts the signal and sends the
absolute values back to the mobile station 10. The mo-
bile station 10 then continues to ramp its power and its
timing at the same, gentle rate until it hits the target
values received from the base station 20 most recently.

As an example of a mobile random access message, 40
codewords of data present in the 42-word frame and a
rate  error correction code, yield 20 bytes of informa-
tion after decoding. These bytes can be deployed in the
random access message as follows:

Message type: 1 byte
Message number: 1 byte
Mobile Identification number: 4 bytes
Power level in use to nearest 0.5db: 1 byte
Timing advance in use to nearest } chip: 1 byte
Called ber (mobile origi d call): 8 bytes
Spare bytes for future use: 2 bytes
Cyclic redundancy check code: 2 bytes

Total 20 bytes

The reply from the base station to the mobile upon
detection of first transmission can be of similar form:

Message type: 1 byte
Message number: 1 byte
Mobile Identification number: 4 bytes
Power level in use to nearest 0.5db: 1 byte
Timing advance in use to nearest } chip: 1 byte
Spare bytes for future use: 11 bytes
Cyclic redundancy check code: 2 bytes
Total 20 bytes

There are 42 codewords in a frame, the frame being
the coarsest unit of timing resolution. Each codeword
contains 128 chips, codewords and chips being finer
units of timing resolution, but in addition, a chip, which
in the preferred system is about 4 microseconds long is
generated by dividing an even higher frequency clock
(i.e., producing pulses even shorter than 4 uS) by some
integer. For example, in one implementation, a 12.8
MHz clock is divided by 48 to produce pulses of one
chip duration. Each pulse of the 12.8 MHz clock is thus
of 1/48th of a chip duration, so the present system can
fine-tune any timing adjustment to fractions of a chip
resolution if need be. In practice, we do so also as it is
desirable not to alter timing in large steps for the same
reason as it is not desirable to alter power level in large
steps, but to ramp smoothly in smaller steps between
one value and the next. It is only necessary to specify
the target or destination value to an accuracy or resolu-
tion of } of a chip period, however. For example, if it is
detected by the base station receiver that a particular
mobile signal is arriving between 0 and 1 chip earlier
than the others, on average say 0.71 chips, this can be
rounded up to § of a chip and the timing advance byte
value would be changed by 3 and conveyed to the mo-
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bile in a timing adjustment message. Over the next few
codewords, the mobile would ramp its timing in 1/48th
of a chip steps per codeword, taking in total 36 code-
words or around 18 mS to make the adjustment of §
chip. This is fast enough for practical purposes.

In the above format, the “spare bytes” may be used
by the base station 20 to command the mobile station 10
to switch to a less heavily loaded frequency channel.

An example of the use of the above message format
assumes a mobile station 10 begins a random access
transmission at the lowest power level. If a signal at this
level has a chance of establishing communication, the
mobile station 10 cannot be very far away from the base
station 20, and therefore zero timing advance is used.
According the first message from the mobile station 10
contains:

Power byte=0;
Timing advance=0.

The mobile station 10 continues to increase its power
by approximately 0.1 dB per codeword so that the first
repeat message will begin at about 4.1 dB higher power
than the first message. With 0.5 dB quantizing of the
power byte, the value included in the message would be
9. No change to the timing advance would be needed
until the power levels reached much higher values
without an acknowledgement from the base station 20,
indicating that the mobile station 10 is at a significant
distance. The maximum distance normally envisaged
for cellular communications is 30 Km, for which 200 uS
relative timing advance is needed to compensate for the
round-trip delay. Thus, at maximum power, the timing
byte included in the random access repeat message
would indicate an advance in the 200 uS range. Because
other reasons than distance can require the mobile sta-
tion 10 to use higher powers, for example local shadow-
ing, it can be desirable not to employ the maximum time
advance but about 100 uS less, which leaves 100 uS to
be coped with by the base station’s capacity to accept
delayed signals up to a certain maximum delay of, for
example, 32 chip periods, a chip being for example 4 uS
long. With these example figures, 1 chip is 1 uS long,

and the timing byte value represents microseconds of 45

timing advance currently employed by the mobile sta-
tion 20.

If the mobile station signal was first detected by the
base station 20 at the seventh attempt when it had
reached about half the maximum power (in dBs) (i.e., a
power byte value of 60), the mobile station 10 employed
a timing advance byte value of 40, for example. The
base station 20 detected the mobile station 10 while its
signal was still quite weak and it is desirable for the
mobile station 10 to continue increasing power by, for
example 16 dB, to bring it into the target range. More-
over, the mobile signal was detected to be, for example,
20 uS late compared with the base station’s preferred
timing window. The base station 20 acknowledgement
message would thus contain the values:

Power to use byte=60+16/0.5=92.

Timing to use byte=40+-20=60.

—_
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Due to processing delay in the base station 20 and the
mobile station 10, or failure due to temporary radio
noise to detect the first acknowledgement message, it is
probable that the mobile station 10 will make at least
one more attempt (e.g., power =68, timing=42) before
an acknowledgement message is received. This will also
be detected by the base station 20 at a higher power
level that is now within 12 dB of the target range and
within 18 uS of the desired optimum timing. The base

0 station 20 thus sends another acknowledgement mes-

sage with the values:
Power to use byte=68+12/0.5=92
Timing to use byte=42+18=60

The base station 20 thus gives the mobile station 10
consistent instructions, so that the mobile station 10 will
eventually adopt the desired parameters.

20 Based on this information, the processing unit 116

directs the timing controller 120 to advance the timing
of the transmission of the mobile access message by a
timing advance factor to compensate for the propaga-
tion delay caused by the distance between the mobile
station 10 and the base station 20. The access transmis-
sion timing factor may be zero and then increase to
effect earlier transmission times as the access message
transmission power level increases. The greater the
power level required, the greater the distance between

30 the mobile station 10 and the base station 20, and the

earlier the access message must be sent to be properly
time aligned. It is preferable for the base station trans-
mitter 214 to broadcast information that will allow the
mobile station control unit 116 to more accurately adapt

35 the timing controller 120 to the time advance/power

level increase relationship to the propagation law per-
taining to that base station’s cell, in the manner de-
scribed above. Such information includes the base trans-
mitter’s effective radiated power and the radial propa-

40 gation loss profile in different directions.

An issue that is also solved by the message exchange
between mobile station 10 and base station 20 is to en-
sure that the mobile station 10 can receive the base
station transmissions using the traffic scrambling code
rather than the calling channel code, and to confirm this
to the base station 20 so that the base station 20 can
cease transmissions on the calling channel in order to
save calling channel capacity.

Moreover, the other mobile stations 10 in the cell

sg could be disturbed by the sudden appearance of a new

base station transmission at arbitrary power level. The
same random access issue of avoiding interference by
sudden appearance of a new code therefore has to be
solved in the reverse direction.

ss  The preferred means for the base station 20 to begin

transmission on a previously unused code is to begin at
a power level lower than any of the ongoing signals and
to ramp it up slowly, just like the mobile station 10, at
the approximate rate of 0.1 dB per 0.5 mS codeword. At

60 the same time, the code is removed from the list of

unallocated codes, or rather, added to the list of used
codes broadcast from the base station 20.

The format for the list of codes in use broadcast for
the base station 20 is:

The mobile station 10, upon receipt of this m ge,
would continue to ramp its power and timing until the
commanded values are reached.

65
Number of codes in use (1 to 24) 5 bits
Code number of strongest signal (1 of 31) 5 bits
Code number of 2nd strongest signal (1 of 30) S bits

14
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-continued

Code number of 15th strongest (1 of 17) 5 bits
Code number of 16th strongest (1 of 16) 4 bits
Code number of 23rd strongest (1 of 9) 4 bits
Code number of 24th strongest (1 of 8) 3 bits

Total bits S + 8 X 5 + 8§ X 4 +4 X 3 +2 X 2 + 1 = 115 bits

Therefore, within a 20-byte data message, the bytes can
be allocated to the above broadcast message as follows:

Message type: 1 byte
Code order as above: 15 bytes
Spare for future use: 2 bytes
Cyclic redundancy check code: 2 bytes
Total: 20 bytes

This message may be read by mobile stations 10, other
than that attempting random access, to warn them of
the imminent commencement of transmission with a
previously idle code. It is also readable by an idle mo-
bile station 10 and may be used to determine the traffic
loading on each frequency channel it scans, thus en-
abling it to choose to make a random access on the most
lightly loaded frequency channel.

Because the power level with which the base station
20 begins transmission is unlikely to be more than 35 dB
below the strongest signal, it takes only 360 codewords
(180 mS) to increase from weakest to strongest position
at the rate of 0.1 dB per codeword. During this time, in
the case of a mobile station 10 originated call, the base
station 20 can already pass the called number to the land
network so that the delay in the land network making
connection to the called subscriber is in parallel with
the completion of random access and not in series with
it. In other words, making the land-line connection
occurs simultaneously with the completion of random
access rather than sequentially.

During this period, the mobile station 10 continues to
demodulate the common calling channel as well as
listening for the base signal to appear using the mobile’s
own scrambling code. The base station 20 transmits the
same data on both the calling channel and the mobile’s
code, thus facilitating detection of the signal by the
intended mobile station 10 as well as subtraction of the
signal by other mobile stations 10. When the mobile
station 10 has successfully detected the signal using its
own scrambling code, it acknowledges this fact to the
base station 20 by use of an uplink acknowledgement
message format as follows:

Message type: 1 byte = “acknowledge”
Message number: 1 byte
Moble Identification number 4 bytes
M ber of base 1 byte
acknowledged:

Signal strength ordering of detected 1 byte
own code:

Other base calling channel 8 bytes
strengths:

Spare bytes for future use: 2 bytes
Cyclic redundancy check code: 2 bytes

TOTAL 20 bytes

The mobile station 10 repeats this message with incre-
menting message numbers until the base station 20
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ceases to transmit the power and time alignment mes-
sage type and sends a new message type or traffic. The
progress of the base/mobile interchange thus achieves
the objective of the invention: the establishment of a
duplex, base-mobile link on a unique channel. Once the
base station 20 is satisfied with the power level and
time-alignment, it sends a “traffic channel allocation”
message to the mobile station 10. The traffic channel
allocation message indicates to the mobile station 10
that the random access has been accomplished and that
the mobile station 10 may proceed to the next stage of
call set-up. For mobile initiated call set-ups, the mobile
station 10 transmits the telephone number of the party
being called. When the traffic channel allocation mes-
sage is sent to the mobile station 10, the mobile station
10 switches to the code/frequency parameters indicated
in the message. Thus, a closed-loop control of timing
and power level is formed between the mobile station 10
and the base station 20. Preferably, the power level
control loop functions in accordance with the system
described in a pending application “Duplex Power Con-
trol, ” U.S. patent application Ser. No. 07/866,554, filed
on Apr. 10, 1992, and incorporated above by reference.
More generally, however, the traffic channel allocation
message may include a command to change a CDMA
code from a random access code which may be com-
mon to all mobiles attempting random accesses to an
assigned code for traffic communication. In addition,
the traffic channel allocation message could include a
command to change to another frequency. The proce-
dure beyond this point is termed the completion of “call
set-up” and could include other message exchanges for
the purposes of authenticating the mobile station 10 in
the accessed network, or vice versa. In addition, the
transmission power levels that the mobile station 10 and
base station 20 adopt beyond the cessation of power and
time alignment messages may be controlled using the
technique of “Duplex Power Control” disclosed in a
separate application, Ser. No. 07/866,554 mentioned
above.

To compensate for time-dispersion and echoes on the
radio channel as well as uncertainty in the time-of-
arrival of random access messages, the CDMA signal
processor 208 processes several different shifts of the
received, digitized signal samples and combines the
decoded results of each shift in a conventional RAKE
detector receiver.

A RAKE receiver anticipates that the signal has
come through a channel that adds delayed echoes. FIG.
4A shows that a desired component/shift of the origi-
nally transmitted signal appears aligned at a distinct
point in time To at amplitude Co. If on the other hand
an echo is added over the transmission path causing the
desired signal component also to appear at T1 with
amplitude C1, then the signals appear as represented in
FIG. 4B. In general, the RAKE receiver anticipates a
number of echoes to be received at To, To+dT,
To+2dT, To+3dT ... and with respect amplitudes Co,
C1, C2, C3, etc., as shown in FIG. 4C.

The positions and amplitudes expected are predicted
from past history and a number of RAKE taps placed at
the expected positions in a delay register to collect the
echoes, which are then added with appropriate weights.

Thus, the RAKE receiver is able to search for a sig-
nal at an earliest possible time of arrival To by placing
one RAKE tap at To; the receiver is also able to search
for the signal arriving at a delayed time To+dT by
placing a single RAKE tap at To+dT, and so on. The
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total possible spread of the taps on the delay register
determines the total amount of uncertainty in the time
of arrival that can be searched. In the preferred system,
up to 32 chips of time delay can be searched, corre-
sponding to up to around 128 uS time delay.

When taps containing significant energy have been
identified, detection of the signal proceeds by setting
several RAKE taps to collect energy from those time
shifts and add the taps with suitable weighting to maxi-
mize the signal to noise and interference ratio. In the
preferred system, the total spread of taps that are com-
bined in this way is 8 chips; that is, the taps that contain
significant energy can be delayed by up to 32 chips, but
all those selected to be added for detection have to lie
within an 8-chip window somewhere in that 32 chip
range. This is more a practical simplification that is
found to be permissible without undue loss of perfor-
mance, than a matter of principle. To illustrate how
manipulating the RAKE taps adapts the receiver to
accept signals that are more or less delayed, FIG. 4D
shows taps 4, 5, 6 and 7 being non-zero while taps 0, 1,
2 and 3 are given zero weight. This arrangement would
combine energy received starting at the first time posi-
tion T4, and decode it. In FIG. 4E, taps 4, 5§, 6 and 7 are
zero but taps 0, 1, 2 and 3 have the values that taps 4, 5,
6 and 7 had in FIG. 4D. The RAKE receiver is thus
adapted to receive precisely the same signal as in the
first case, just when an earlier time of arrival To instead
of T4. Thus, by adjusting the positions and relative
values of the tap weights, the RAKE receiver is able to
receive signals with more or less propagation delay.

A similar issue of interference avoidance may exist
when a call is terminated. There is less of a danger of
causing interference due to the sudden disappearance of
a signal than due to the sudden appearance of a new
signal, but even the residual danger may be eliminated
by adoption of a soft termination procedure as follows:

After the base station 20 or mobile station 10 has
transmitted the last traffic frame, it goes into the discon-
tinuous transmission mode more fully described in a
U.S. patent application Ser. No. 07/866,555, entitled
“Discontinuous CDMA Reception” filed on Apr. 10,
1992 now U.S. Pat. No. 5,239,557. This removes 40 out
of the 42 codewords transmitted per frame in a manner
which other receivers are aware of, leaving only the
two codewords out of the 42 designated as “DTX
FLAGS” being transmitted. These are transmitted at
gradually diminishing power levels equivalent to —4
dB per 42-word frame, approximately. After 10 frames
the signal level has been reduced 40 dB and the trans-
mission can now be terminated, this having taken only
about 200 mS. The base station 20 then removes the
access code used from the broadcast list of codes in use,
so that another mobile station 10 is free to start a ran-
dom access on that code.

While particular embodiments of the present inven-
tion have been described and illustrated, it should 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 underlying invention disclosed and claimed herein.

What is claimed is:

1. A method for minimizing co-channel interference
caused by radio communications initiated between at
least one of a plurality of first radio stations and a sec-
ond radio station, comprising the steps of:
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communicating from said at least one of a plurality of

first of radio stations to said second radio station

using the same radio frequency subject to co-chan-
nel interference;

transmitting from said at least one first radio station

an access message at a relatively low power level;
determining whether said access message has been
detected by said second radio station;
retransmitting said access message at an increased
power level until said access message is detected;
and
upon detecting said access message, transmitting
power setting information including a specific
power increase quantity for said first station from
said second station.

2. A method according to claim 1 wherein said first
station is a mobile radio telephone and said second sta-
tion is a base station.

3. A method according to claim 1 wherein said access
message includes an access code and an identification
code of said first station.

4. A method according to claim 1 wherein said access
message is transmitted using spread-spectrum signal
coding.

§. A method according to claim 4 wherein said access
message includes orthogonal block error-correction
codes.

6. A method according to claim 4 wherein said trans-
mitting step includes:

scrambling said access message using a scrambling

code selected from a reserved group of scrambling
codes.

7. A method according to claim 6 wherein said
scrambling codes are identifiable from information
broadcast on a common calling channel.

8. A method according to claim 1 further comprising:

acknowledging at said second station reception of

said access message.

9. A method according to claim 8 wherein said ac-
knowledging step includes commanding said first sta-
tion to discontinue after a specified delay power level
increases.

10. A method according to claim 1 wherein a time of
transmission of said access message is based on a power
level currently in use.

11. A method according to claim 8 wherein acknowl-
edging step includes transmitting time alignment infor-
mation.

12. A method according to claim 8 wherein acknowl-
edging step includes transmitting power adjustment
information.

13. A method according to claim 1 further compris-
ing the step of terminating said radio communication
including gradually diminishing said power level and
terminating said communication when said power level
has diminished by a predetermined extent.

14. A method according to claim 13 wherein said
terminating step includes entering a discontinuous
transmission mode.

15. A mobile radio station for communicating with at
least one other radio station, comprising:

communicating from said mobile radio station to said

at least one other radio station using the same radio
frequency subject to co-channel interference;
means for transmitting from said mobile radio station
to said at least one other radio station a random
access message at a relatively low power level;
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means for detecting an reply message from said at

least one other radio station; and

means for commanding said transmitting means to

retransmit said random access message at an in-
creased power level if said reply message has not
been detected to include an acknowledgement sup-
plying power setting information comprising a
specific power increase quantity.

16. The mobile station according to claim 15, wherein
said retransmission commanding means increases said
power level according to a ramp function.

17. The mobile station according to claim 15, wherein
said transmitting means includes:

means for selecting a scrambling code from a list of

scrambling codes broadcast from said other radio
station to generate said random access message.

18. The movbile station according to claim 15, further
comprising:

means for adjusting the time of retransmission of said

access message based on said increased power
level.

19. A communications system with minimized co-
channel interference, comprising:

plural mobile radiotelephone stations, each mobile

station including:

means for transmitting an access message initially at a

relatively low power level;

means for regulating the power level of said transmit-

ting means; and

control means for controlling said regulating means

depending on whether said access message has
been detected;

at least one base station including:

means for receiving a composite of overlapping sig-

nals transmitted from said mobile stations on the
same frequency channel subject to co-channel in-
terference;

means for detecting said access messages; and

means for transmitting a reply message including

power setting information comprising a specific
power increase quantity to the mobile station cor-
responding to said detected access message.

20. The system according to claim 19, wherein said
base station further comprises:

means for ordering received signals including said

access messages according to signal strength;
means for selectively decoding the strongest signal;
and

means for removing said decoded signal from said

received composite signal.

21. The system according to claim 20, wherein each
mobile station includes:

means for encoding access messages using orthogonal

or bi-orthogonal codes to produce coded access
messages; and

means for scrambling said coded access messages

using unique scrambling codes.

22. The system according to claim 21, wherein said
scrambling codes are reserved for random access mes-
sages.

23. The system according to claim 22, wherein said
base station transmitting means broadcasts a list of said
reserved scrambling codes that enables the mobile sta-
tion to determine an available access code.

24. The system according to claim 22, wherein said
base station transmitting means broadcasts a list of said
reserved scrambling codes separate from scrambling
codes used for other radio communications.
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25. The system according to claim 22, wherein said
base station transmitting means broadcasts a list of said
reserved scrambling codes used for other radio commu-
nications.

26. The system according to claim 19, wherein said
access message includes a mobile station identification
code and a random access code.

27. The system according to claim 19, wherein each
mobile station includes meansfor adjusting the time of
transmission of said access message based on said regu-
lated power level; and means for detecting time align-
ment information in said reply message.

28. The system according to claim 27, wherein said
base station includes means for determining the differ-
ence between the signal strength of said random access
message detected at said base station and a predeter-
mined signal strength.

29. The system according to claim 28, wherein said
determining means determines a time difference be-
tween the time said random access was detected and a
predetermined time.

30. The system according to claim 19, wherein said
receiving means includes means for correlating with a
predetermined signal spreading code associated with
said access messages.

31. The system according to claim 30, wherein said
detecting means is a RAKE detector.

32. The system according to claim 19, wherein said
base station detecting means searches for particular
access messages at staggered time intervals.

33. A method for establishing radio communications
between at least one of a plurality of first radio stations
and at least one second radio station, comprising the
steps of:

selecting, by one of said first stations, a lightly loaded

channel subject to co-channel] interference of said

at least one of said second stations; and,

following a random access procedure including

selecting, by said first station, a scrambling code
identified from a list of codes broadcast by said
second station;

transmitting, by said first station, a call initiation
message including said selected code at a rela-
tively low power level; and

gradually increasing, by said first station, said
power level of said transmitted message until an
acknowledgement message is received from said
second station, said acknowledgement message
including a specific power increase quantity.

34. A method according to claim 33, wherein said
channel selection step includes

receiving and decoding signals on channels from one

or more of said second radio stations at various
radio frequencies;

determining the load on each received channel; and

selecting a lightly loaded channel with clear recep-

tion qualities.

35. A method according to claim 33, wherein said
random access procedure further includes

starting said random access procedure upon receipt

of an call initiation signal transmitted by one of said
first station and said second station.

36. A method according to claim 35, wherein said
random access procedure further includes

determining, by said second station, whether a code

from said list of codes is being transmitted by a first
station;
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transmitting, by said second station, an acknowledge-
ment message upon receipt and decoding of said
transmitted message using said selected code;
transmitting, by said first station, a second message to
said second station upon detection of said acknowl-
edgement message; and
ceasing transmission of said acknowledgement mes-
sage by said second station upon receipt and decod-
ing of said second message.

37. A method according to claim 33, wherein said
acknowledgement message from said second station is
transmitted on a2 common calling channel and includes
timing adjustment information for timing further trans-
missions from said first station.

38. A method according to claim 36, wherein said
second station transmits said acknowledgement mes-
sage initially at a low power level and gradually in-
creases said power level until receipt of said second
message.

39. A method according to claim 36, wherein said
second message includes signal strength information.

40. A method according to claim 35, wherein said
first station receives said acknowledgement message
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from both common calling channel and said selected
channel.

41. A method according to claim 33 further compris-
ing the step of terminating said communication includ-
ing gradually diminishing said power level of said trans-
mitted message and terminating said communication
when said power level is diminished by a predetermined
extent.

42. A method for minimizing interference caused by
termination of radio communications between a first
radio station and a second radio station, comprising the
steps of:

entering a call termination mode after a last commu-

nication segment;

gradually diminishing a transmission power level; and

terminating transmission when said power level has

diminished by a predetermined extent.

43. A method according to claim 42, wherein said
termination mode is a discontinuous transmission mode
in which frames of data are reduced to no more than

two flags.
* * * * *
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