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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to systems
for minimizing interference caused by mobile radio
stations initiating and terminating communication
with fixed radio stations.

2. Description of Related Art

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

Three principal methods enable a radio
telephone system to support multiple, ongeing
conversations in a 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 continuocusly until the end
of the call. At present, mobile telephone systems
are changing from FDMA to time-based methods of

The term randonm

mobile station's fixed home base étation.

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 information. 1In 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 frequency.
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sf;ugtipns, significant uncertainty exists in determning the nobile's
transm ssion power level at the tinme of access. Three principal nethods
enable a radio 20 tel ephone systemto support multiple, ongoing
conyersations in.a given frequency band. Frequency Division Miltiple Access
‘(FDMA) is the traditional nethod, where every call connection between a
‘nobi |l e and a base station is allocated a uhique frequency 25 channel that
is occupied conti,nuously until the end of the call. At present, nobile-
t el ephone syst eMd R &0 o5t FFFHateth Widh ithe gesddefet hods of sharing
comuni cati ons spRRidhydhfdrmakiion [@iyrlan Mul tiple Access (TDVA),
different radio fransmttqns 39 5813 |QGURDRNWerdle Tafs TN @

physical distance between mobile stations and base

5 stations varies significantly. 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

10 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

- 15 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 system capacity. Unregulated, it is not

20 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 particularly important in

25 CDMA systems. In commonly assigned U.S. Patent
Application Serial No. 866,554, entitled "Duplex
Power Control" filed on April 10, 1992, the present
inventor describes a power requlation method and
‘apparatus for a CDMA system. That application is

30 incorporated herein by reference.

In other pending applications by the
present inventor, U.S. Patent No. 5,151,919 issued
September 29, 1992, and entitled "CDMA Subtractive
Demodulation," and U.S. Patent Application Serial No.

35 07/739,446, filed August 2, 1991, and entitled "CDMA
Subtractive Demodulation," incorporated herein by

reference, a CDMA subtractive demodulation system is
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mhtch they- transn1t bursts of information. In the third approach, Code

'Di vi Sion Miultiple Access (CDMA), different speech/information signals are
transmitted with different spread-spectrum codes so that the 35 coded
'signrals overlap in both time and frequency. The received CDVA signals are
.decoded by correl ation 2 with the codesjassociated with the desired
speech/information signal. In all nobile tel ephone systens, the physical
di stance bet weedes®bibedsiat whighadteP2appdng, Staleansiynaissare

significantly. dg@gdghgna

‘'strength. After each decoding, the decoded signal is
removed or subtracted from the received, composite

5 signal before decoding the next strongest signal.
Using such a CDMA subtractive demodulation systenm,
signal strength differences between mobiles become
less important and capacity is increased. In other
words, the signals having the greatest potential for

10 causing interference, i.e., the strongest signals,
are decoded and removed first. In this way,
potential sources of interference for weaker signals
are significantly reduced.

Even in such a CDMA subtractive

15 demodulation system, however, an interference problem
still exists when mobile stations initiate random
access call set-ups. Because of the difficulty in

the order of strongest to weakest signal

gauging an appropriate access power level, there is a
risk of at least momentarily interference with
20 ongoing conversations.

Another source of potential interference to
ongoing conversations during mobile random accesses
is time misalignment of the mobile random access
signals relative to the base station's frame timing.

25 For mobile station signals to be received in a
correct timeslot (TDMA) or correctly time-aligned to
a particular correlating code (CDMA), the mobile
‘station must adjust its access signal transmission
timing to account for the round-trip propagation

30 delay between the base and the mobile station.
Unfortunately, unless a recent contact has been made
with é base station, the mobile station lacks a
mechanism for establishing the correct time alignmeﬁt
for a random access. '

35 These problems undermine the efficient
operation of current and future cellular systems.

Given the frequency with which new calls are placed
kbl
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propagation | oss between a radio transnmitter and receiver varies as a
function of the fourth power of their nutual distance. As a result, large
differences nay arise in the strength of signals 10 received at the base
station fromdifferent nobiles. Al though conventional cellular radio

t el ephone systens enploy a nunber of technéques to avoid interference
between different signals, interference occurs nonethel ess as the disparity
bet ween t he 15 bysimpidllesthedreptiond savhscaribers ,nespgessialiyr das exrbabhi s

nterference prabieBtrelcdiiiddtdd Ardal)Ca 14 I iRt R P 2

nmobi l e signal that is twice as strong as another I gnal occupi es
tw ce the syst eMECHFEITY . f%mﬁwl@c%d:o imakes nandoy acGesEafo e Fher strong

nobi | e station iRetwodkSWilthout generating unnecessary interference.
5 It is also desirable to simply and effectively
establish a call connection from mobile to base
station that is synchroniéed with the time-alignment
structure of the base station.

SUMMARY OF THE INVENTION

10 - The present invention includes a method for
minimizing 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

15 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

20 until the message is eventually detected. When the
message 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
25 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 spectrum signal coding
including orthogonal block error-correction codes.

30 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

35 station to discontinue power level increases. The

- acknowledgment may also include time alignment
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signal s. at thousands of tines the strength of other nobile transm ssions.
The | oss of systemcapacity to such "strong"” nobile stations is
unaccept abl e, and thus power regulation is particularly inmportant in 25
CDVA systens. |In comonly assigned U S. Patent Application Serial No.
866, 554, entitled "Duplex Power Control" fgled on April 10, 1992, the
present inventor describes a power regul ati on nmethod and apparatus for a
CDMVA system- Thanfapphtdeni thaits iSOusednbyr pheamediber sktathpnr éherence. In

ot BSD) 20, BRAGRELIER hehieed’scells BAERLGE, chpenftbith, v,
Denpdul ati on," RAWen. Yevedt &at dngprminei shestimgl when sgbseguento 446,
filed August 2, pdB9ie 2B#mBRLChLEEn" EP¥RAsmissions should occur.

5 . 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

10 determines if a reply message has been received from
the other radio station. The mobile station has
means for retransmitting the access message at an
increased power level if the reply message is not
detected. The retransmitting means increases the

15 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

20 message. The mobile station additionally has means
for adjusting the time of transmission of the access
message based on the increased power level.

In another aspect of the invention, a
‘communication systenm inéluding plural mobile radio

25 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 transmitting

30 means; and control means for controlling said
regulating means depending on whether said access
message has been detected. The base station
includes: means for receiving a composite of signals
from said mobile stations; means for detecting mobile

35 access messages; means for decoding detected access
messages; and means for transmitting a reply message

____ to the mobile station corresponding to detected

-
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Subtracti ve Denodul ation,” incorporated herein by reference, a CDVA
subtractive denodul ati on systemis 3 described in which overl appi ng,
coded signals are decoded in the order of strongest to weakest signa
strength. Affer each decoding, the decoded signal is renoved or subtracted
fromthe received, conposite 5 signal beéf ore decodi ng the next strongest
‘'signal. Using such a CDMA subtractive denodul ati on system signal strength
di ff erences bet REERSFoBLSEIBacone | ess i nportant and capacity is
increased. In other wordsrhehgagegsghtibavicagthBe §heatast mehfAst gk for

ordering received signals that include access
messages according to signal strength; means for

5 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.

10 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

15 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

20 strength of the random access message detected in the
base station and a predete;mined signal strength, and
means for determining a time difference between the
times the random access was detected and a
predetermined time. Finally, the base station

25 detecting means searches for particular access
messages at staggered time intervals.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the
invention will become apparent from reading the

30 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; _

35 Fig. 2 is a functional schematic of a
transceiver portion of a base station according to
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10 . _causing interference, i.e., the strongest signals, are decoded and
renoved first. In this way, potential sources of interference for weaker
signals are significantly reduced. Even in such a CDVA subtractive 15
denodul ati on, system however, an interference problemstill exists when
nobil e stations initiate random access callz set-ups. Because of the
difficulty in gauging an appropriate access power level, there is a risk of
at | east nonent atheé ypresent eivwwertivnh 20 ongoi ng conversati ons. Anot her

" andom accesses |4 time. mEsl gree of PREmSERIT Al rdthatledP P
rel ative to the prriomiactess smessagetfrdmga mobile station;
Fig. 3B illustrates positional variation of
5 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
10 invention; and
Fig. 6 is a functional schematic of a
balanced modulator in accordance with the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
15 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
No. 5,151,919 is described. Those skilled in the art
20 will recognize that the present invention may be
appliéd 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 communications
25 devices.

. Briefly summarized, in the CDMA subtractive
demodulation system, information between plural
mobile radio stations and the base station is
transmitted in blocks of codewords, e.g., forty-two

30 codewords per block. A convenient signal

' transmission format is sequences of 128-bit codewords
transmitted serially over a radio communications
channel. A radio receiver amplifies, filters, |
samples, and converts the received composite signal,

35 which consists of overlapping communications signals,
into digital form for processing. The digitized
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25, For nobile station signals to be received.in a correct tinmeslot (TDWA)
or correctly time-aligned to a particular correlating code (CDMA), the
.:nobi | e station nust adjust its access signal transmission timng to account
.for the round-trip propagati on 30 del ay between the base and the nobile
'station. Unfortunately, unless a recent c@ntact has been made with a base
station, the nobile station | acks a_mechani smfor establishing the correct
time alignment FERPASiERISAPRRL48. dgscrambled withTacdBigW8h| ens under mi ne

the efficient ogperanbdinglcoger estraspohdingetscthyl shroymaeien G ven the
frequency with E@éﬁglnﬁgbﬁﬁg'En%rSrgééégg signal strength. The
descrambled signal is correlated with "spreading"

5 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—orthogbnal block decoder, by determining which
block code has the best correlation to the sample

10 signal, to produce an 8-bit information signal. The
decoded information signal, i.e., eight bits,
identifies which one of the 128-bit bi-orthogonal
codes was transmitted, the latter then being
subtracted from the composite signal before

15 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

20 (RF) power amplifier 100 coupled to a duplex antenna
102. A frequency synthesizer 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

25 implement a modulation technique such as impulse-
excited Quadrature Amplitude Modulation (QAM) in
which information bits are modulated alternately on
the in-~-phase (I) channel and the quadrature (Q)
channel using the waveforms generated by two low-pass

30 (LP) filters 108, 110. A complex modulator 112
calculates impulse response waveforms that correspond
to the polarities of received digital information
signals and converts those waveforms ihtb analog
form. The LP filters 108, 110'principally remove the

35 digital-to-analog conversion sampling frequency
components. Alternatively, the information signall

may be mixed initially to a convenient intermediate
. . .
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4 by mabil e tel ephone subscribers, especially in urban and ot her congested
areds, it is both desirable and necessary for nobiles to make random
accesses on the network w thout generating unnecessary interference. 5 I t
is also desirable to sinply and effectively establish a call connection
from nobil e to base station that is synchgoni zed with the tine-alignnent
'structure of the base station. SUMVARY OF THE | NVENTI ON 10 The
present inventifpedquendifesand NEidwdtdivertdd i ithe tHighert exdmrisnce caused

by, L2 0 O Lothelce) h b ALRH S P h o e Wikt Sl vr2l 1Y o
modulated intermediate frequency waveform with an
offset frequency.

5 : The digital information signals received by
the complex 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

10 speech communication 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. However, when speech transmission:
commences, the eight bit inputs to block codeword

15 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

20 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 conversation. Even
after the random access procedure is completed, the

25 control processing unit 116 can operate the switch
126 from time to time to select message transmission
and interrupt speech transmission. This is done, for
example, for high priority signalling message
exchange between the base sfation 20 and the mobile

30 station 10, such as Fast Associated Control Channel
(FACCH) messages.

In the block codeword geﬁerator and
scrambler 114, eight bits of information may be
spread using a suitable bi-orthogonal block code to a

35 128-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

his Sheet Has Been Reﬂlaced

I




station. An access message is transmitted fromthe 15 first radio station
at arelatively |low power level. A determination is made whet her or not the
access nmessage has been detected at the second radio station. If the
message has pot bheen detected, the access nessage is retransmitted at an
I ncreased | evel 20 until the nessage i§ibventually detected. Wen the

Is fixed at_the detected |evel

The Tirst st at M ettie RErPIbTLRE FO08 SRFAta, S PR Shoond
station my be pr&fessirgecursitit 1. that eabow essl enstss drtee i ¢t iexr ncl udes an
access code andﬂaé}glgfﬁi%{,cg%ig&&o#e&qﬁg%ﬁgiﬂge%é' rst station. Each
access nmessage 1's pre ably transmited i g~ spre spect rum si gnal
codi ng synthesizer 104 and transmits a power level command

5 signal to a power level controller 118.

The power level controller 118
advantageocusly comprises a combination of attenuators
and components for controlling the bias of the power
amplifier 100 to achieve the commanded power level

10 when transmitting each codeword. A combination of
attenuators and amplifier 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 combinations are

15 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

20 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 ranée and
providing a fixed 20-dB attenuator selectively

25 switched into the output of the power amplifier can
achieve the desired 60~dB range. Of course, if bias
control of a single amplifier stage is preferred, two
independently controllable 20-dB fixed attenuators
may be selectively switched into the output, thereby

30 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

35 a quadrature modulator 106. The quadrature modulator
106 includes level-switchable balanced modulators
controlled by level control bits:B,~B, to provide a

‘TN\“‘““*-~\\\‘\~‘ .
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i nel udi ng orthogonal block error-correction codes. 30 . Mreover, each
access nessage is scranbl ed before transm ssion using a scranbling code
selected froma reserved group of scranmbling codes. Wen the base station
‘has seceived, the access nessage it acknow edges the recei pt and conmands
the nobile 35 station to discontinue powar |evel increases. The

acknow edgnent may al so i nclude tine alignnment 5 information that is
used by the nobifliersst ®-20n dB comtjneict | @n flirst frequencys fyepsaviding

transm ssion poygls 846l r° AGIIAY 1% 1190 8 nifiE" USRI Yelldrature
modulator 106 from the transmitter frequency
synthesizer 104. The output of the quadrature

5 modulator 106 is input to an upconverter 504, which

is provided with a second frequency F, from the
transmitter frequency synthesizer 104. The
upconverter 504 heterodyne mixes the modulated signal
(which is at a lower frequency for technical

10 convenience) with the higher, fixed second frequency
F, to translate it to a higher output frequency.
Conversely, a downconverter, or super heterodyne
mixer, is generally employed in a receiver to convert
a high frequency signal received on the antenna to a

15 lower, fixed intermediate frequency at which
amplification is more conveniently achieved. 1In
either case, it is advantageous to modulate or
demodulate a signal at a lower, fixed frequency and
to change the oscillator that drives the mixer to

20 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 controller 118. The output of the

25 driver 507 is input to a power amplifier 508, the
gain of which is controlled 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

30 total transmission power control range of 0-60 dB.

It will be appreciated that variable attenuators may
also be used. Switchable and variable attenuators
are commercially available from number of sources,
such as Avantek, Inc., Santa Clara, California.

35 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

x
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nmopi | e .communi cati on transm ssions should occur. 5 I n one
aspect of the invention, a nobile radio station for comrunicating with at.
| east one other radio station includes neans for transmtting an access
nmessage to gnother radio station at a relgtively |ow power |evel. A
detecting neans 10 determnes if a reply nmessage has been received from

the other radl 9n843hka" cwli®pan E%dsh%hhﬁﬁtt}?é gB2ASaha cogblansmi tting

the access mes5age at an increased power |eve the reply e is not
detect ed. The Earchamnefixlatey ﬁ@&n§°WE€#§&§e§WﬂﬁeP§5reﬂoﬁgP Fé§§ t he

random access igh3RsMgd3ben 6i0Ba3C E05BINEae Vel teekamp £l whdthoareThe nobile
station al so has méans .for sel ect,i Sﬁ a s%&?nbllng &Rde froglgfllst of

avai | abl e scr aPEMPAGd: 599StHeT, ¥kl ry PEMA RRLT - e basé

5 symmetrically opposing transistors from 603a, 605b:;
603b, 605a of each pair are coupled together to form
the bridge wherein the local oscillator (transmitter
frequency synthesizer 104) supplying the carrier
frequency F, is connected in parallel to the bridged

10 circuit. The collectors of the transistors 603, 605
are cross-linked and form the output of the
quadrature modulator 106. The coupled emitters of
each balanced modulator 602 are coupled to the
collector of multiple emitter transistors 604, the

15 - bases of which are controlled by the respective
modulation inputs. Each of the emitters of each of
the multiple emitter transistors 604 are connected
together by respective series connected resistor
pairs R;-R,. The resistor pairs R;-R, are center

20 tapped with switchable current generators 606 (L,, I,
I, 1), which are controlled by control bits B,-B,.
The values of unbypassed emitter resistors R;-R, in
each balanced modulator 602 can be selected by
selectively energizing the tail current sources 606

25 associated with each center-tapped emitter resistor
R,~-R,, 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

30 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.

35 Fig. 2 shows an exemplary base station
receiver/transmitter 20 for detecting mobile random
accesses in a communications environment of
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other radio station to generate the random access 20 nessage. The nobile
station additionally has neans for adjusting the tinme of transm ssion of

t he access nessage based on the increased power |evel. In another aspect of
the invention, a conmunication systen1|nci%ding plural nobile radio 25

t eFephone statiodns and at | east one fixed base station is disclosed in

whi ch each mblda@efza&bplﬁ tbﬁ@oﬂ ﬁaaﬂs éﬁéfiié@f@;ﬁél@g aAnaccess

nessage |n|t|al at_a ative | evel ns, f tegul ating the
pover Level of HFEPRE A0 FrFREYeD S EaMROSLAR Tt D s o
control ling saiampkifiedi by achos-depsedi R amplLheiéer262i d Beeess message

L‘gfm ggf{‘edg} egltfxggﬂf‘feéaéfgﬁ&ft §9NshAGLYLEPy JRAPSaTO) LCFEI¥LPO @
5 204 and a dual analog-to-digital converter 206
converts the filtered analog signal into a stream of
complex digitized signals having real or in-phase .
parts (I) and imaginary or quadrature parts (Q).
Alternatively, an intermediate frequency mixing stage
10 may precede the amplifier 202 so that amplification
' and filtering occur at a lower intermediate
frequency.
After the frequency demodulation process,
the complex, digitized composite signal is processed
15 by a CDMA subtractive signal processor 208. Because
the individual signals to be democdulated are each
scrambled with a unique scrambling code generated by
the mobile station's control processing unit 116, the
CDMA signal processor 208 sequentially descrambles
20 the composite 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-orthogonal codes possibly used for encoding
to extract eight bits of information for each 128-bit
25 Dbi-orthogonal code word. Correlation may be carried
out by using for example the Fast Walsh-Hadamard
transform processor described in the present
inventor's pending U.S. Patent Application Serial
No. 07/735,805 filed July 25, 1991 and entitled "“Fast
30 Walsh Transform Processor". The decoded information
bits are transmitted to a base station control
processor 212 for further speech/data processing.
_ By selecting the scrambling codes
corresponding to the signals having the greatest
35 signal strength, the base station CDMA processor 208
demodulates the various overlapping signals in order
of predicted signal strength from strongest to
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from said nobile stations; neans for detecting nobile 35 access nessages;
means for decodi ng detected access messages; and neans for transmtting a
reply nmessage to the nobile station corresponding to detected 6 access
message. The,base, station further includes nmeans for ordering received
signals that include access nessages accondi ng to signal strength; neans
for 5 selectively decoding the strongest signals; and neans for renoving.
t he decoded si gwehkiestm t Ae sienaly et renugths itrackegnand Sbetewb2ie station

I ncl udes means predicts the signal strengths from past observations
and orders them. Recognizing that power levels
change over time, the signal strength tracker and

5 sorter 210 freely reorders the signal decoding
sequence to accommodate relative power level changes.
Expected signal strength levels may be predicted
based on a history of past power levels by
extrapolating a next power level using an estimated

10 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

15 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 beiné decoded.

20 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
nminimized. .

25 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 powef in small increments, e.g., 0.1 4B,

30 after each successive codeword is transmitted. These
successive power increases continue for the total
number of codewords making up the random access
message. Preferably, the powér level increases
according to a ramp function with the ramp slope

35 determining the magnitude of the power increase
increment. A ramp function is readily implemented

\\\\,~;~Efg‘ffﬁgiifies the signal strength prediction process
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fqQr encodi ng scranbl ed access nessages using bi- orthogonal bl ock codes and
nmearis for scranbling 10 access messages using scranbling codes. The base
station transmtting neans broadcasts a |ist of reserve scranbling codes
separate fraom scranbling codes used for other radio comunications. - The
-nmobil e station includes nmeans for 15 adji¥sting the time of transmission of
the access nessage based on regul ated power | evel and neans for detecting

time alignment 9hieheRasm sFRtRP relgnrhdsagier BRd BREEE 411 i ncl udes

means for det ergadh Nguédesslivé et entamini iwe ot hthe i giedor® tacceds engt h of
t he random access nNesSsS

si gnal st r engt HReSHP est e%sxg%kgf]éelr R‘?’é}%#}ejggrgsﬁ %@%{%‘ﬁ%k}%ﬁggﬁf [nhged
level greater than the preceding access message
5 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
10 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
15 mobile increases its transmitted power level by only
0.1 4B per codeword, the power lével'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
20 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. 1In
this way, the present invention allows mobiles to
25 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 random access messages, the first two
30 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 codewords because thét is also
the length of speech coder frames in the present
35 system. When transmittiné speech traffic, the first
two codewords also take on the value "“AA.." to
indicate when speech frames are transmitted in full,

\
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ti'mes the random access was detected and a predetermined time. Finally, the
base station 25 detecting neans searches for particul ar access nessages
at staggered tinme intervals. BRI EF DESCRI PTI ON OF THE DRAW NGS The f eat ures
and advant agges of, the invention wll becogf apparent fromreading the 30
followi ng detail ed description in conjunc i%n with the drawi ngs, in which:

rcoording Lo ¢ nd Lt T e, U s SAdHE Vi oflp %, TR A | O,
schematic of a timdesinesd Ywrindircatfe thats dhet atemaindagrd® ng to
codewords in the following speech frame are not going
to be transmitted because the speaker was momentarily
5 silent. This so-called discontinuous transmission or
"DTX" is described in commonly assigned U.S. Patent
Application Serial Number 866,555 entitled
"Discontinuous CDMA Reception" filed on April 10,
1992.

10 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 attempts.

15 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 receiver can predict when "AA" should
occur, and thus does not have to search for AA on all

20 codewords in every frame.

If the AA sequence is not detected
immediately because the first mobile access attempt
was made at a low power level, the next time the base
receiver searches for AA the power level will have

25 increased 42 x 0.1 @B, 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

30 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

35 level between codewords.

One objective behind the invention is that
the base station 20 should detect random access
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7‘Lh§ present invention; Fig. 3Ais an exenplary signal

format for a random

access nessage froma nobile station; Fig. 3B illustrates positional
variation of 5 random access nessage startcode sequences; Figs. 4A-4E

illustrate the ungderlying opération of a RAKE receiver;

Fig. 5is a

functional schematic of nulti- stage pomeﬁjénplifier I n accordance with the

present 10, LIUERe YA hndy i S Y SR Dol anced

r esent
low to interfere with ongoing traffic,

nodul at or

and subsequent

to detection, to subtract them out as their power
rises toward a target level. If a random access was

5 below a detectable level on a previous 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 seguence
10 is illustrated in Fig. 3A, which shows forty-two
codewords in the sequence produced by the control
processing 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

15 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

20 hundred twenty-eight possible Walsh-Hadamard
codewords that are used to indicaté 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

25 of the reserved scrambling codes, then correlates for
"A" to determine whether a random access has bequn.
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

30 democdulates the remaining forty codewords. The

codewords A, A are also used to synchronize

‘communications between the mobile station 10 and base.

station 20 as described in more detail below.
To avoid overloading the base station 20 by
35 requiring it to look for all the aAA sequenées for all
scrambling codes in the same 128~bit blocks of the

42-codeword sequence, the position of the AA sequence

: Thls Sheet Has Been Reﬂ

MR




i nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS(S) 15

To facilitate an understandi ng of the invention, an exenplary enbodi nent in
the context of the CDVA subtractive denodul ati on system such as di scl osed
in the above;incofporated U S. Patent No..5, 151,919 is described. Those
skilled in the art 20 w | recognize that the present invention may be

applied to any r@db?§?%§n£§ n§£§g§@h bael wdi-ogyr3hkh | @l ar radio

t el ephone systens, eS|r to mnimze erence caused
by a random acc¥§&dga@iS Mtl%@tlﬁeeﬁe't kexr %I@ecéﬁiféﬁlpé&moﬁ@d%

devi ces. Brlef'El&ﬂE&&fpb%dtlb& tag ieYBnsUareaproveadan@de &hieon system
| nformation bet@penlqlng scrambling codes. 1In this way, the base
'

5 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. '

10 ' In a preferred embodiment of the present
invention, each mobile station random access message
transmission uses a scrambling code selected from
several available scrambling codes that are not
presently allocated to traffic communications. These

15 are indicated in a broadcast 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

20 codes. The mobile station 10 selects an available
code and transmits a scrambled random access message.
The presently unused scrambling codes on a
-predetermined frequency Fd, are identified in a
broadcast transmission using one of the CDMA signals

25 overlapping on frequency Fd,. Preferably this is the
strongest of the downlink signals on first frequency
F4q, 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

30 mobile demodulator. The aim is that each frequency
channel is self-supporting as far as broadcasting
information is concerned. Once the access is
detected and recognized as an access code, the base
station control processor 212 removes that code from

35 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

m
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mobi | e radi o -stations and the base station is transmtted in blocks of
codewords, e.g., forty-two 30 codewords per bl ock. A convenient signal
transm ssion format is sequences of 128-bit codewords transmtted serially
over; a radi o.comuni cati ons channel. A ragéo receiver anplifies, filters,
sanpl es, and converts the received conposiie signal, 35 which consists of

Quer| apping CoMTYBE ogb! gRgeS AR hb1L gediabhalof Lp L@iePEOSESH N0 The

digitized 8 conposite si escra a_unique scranbling
code correspondthgseor?nélnhnsrﬁatﬁbnlnternally stored list.

Random access transmissions start at a

specific boundary (i.e., the start of a 42-codeword
5 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

10 searching for random access messages. As a result,
the control processor 212 only needs to search at one
time interval for a fraction of the possible random
access scrambling codes for each block decoding
operation. The CDMA signal processor 208 also

15 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

20 the base station transmitter 214 to a transmit timing
controller 120 from the processing unit 116. In
response to detecting a random access message, the
base station transmitter 214 transmits reply
information to the mobile processing unit 116, such

25 as the timing difference between the time at which
the mobile access fransmission was received by the
base station 20 and a preset, target timing value.
Other information includes the difference between the
signal strength of the detected random access message

30 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

35 established timing synchronization with the base
station 20 at the 42-codeword frame level as well as
at the spreading code chip level.
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signal having the greatest signal strength. The descranbled signal is
correlated with "spreading" 5 codes known as orthogonal (or

bi - ort hogonal ) bl ock codes that-are associated with the information
signals. The.128-bit signal sanples are dﬁgpded by bi -orthogonal bl ock
decoder, by determ ning which bl ock code s the best correlation to the

sanple 10 signal, to prQﬂ&gﬁ?&g%%tgéa&ﬁrprl@tﬂa%i%&paéhe The decoded

information signal, i.e., ‘eight ] ] I fies chone of the 128-bit
bi - ort hogonal cdREinging rkesmi kistening Yatthe aaidingighannead racted from

t he co_rrpos_i te simdég@rﬁ& thlB 3@ td 3k il %.Odq-ﬁé‘lesi%]_ strongest,
coded informati Osr‘}:r.?t;cqcntiill'é <|JrP t?l?e eéaelrapinzg ycheanxgx%dll r;%.nsto chor;[sr}.es sr eosfe qxtz-
5 codeword messages beginning with "AA.." The mobile
thus knows the time of occurrence of AA on the
downlink calling channel, from which the time-stagger
of all other codewords is defined. For example, if
we use the notation that the calling channel employs
10 scrambling code Co, and traffic channels may use
scrambling codes Cl1l, C2, etc., then the time of
occurrence of AA in the signal scrambled with code C1l
will be two codewords after the time of occurrence on
the calling channel; likewise, the time of occurrence
15 of AA in the signal scrambled with codeword €2 will
be four codewords after AA on the calling channel,

and so forth.

Calling channel:
CCOOM........--.OOI.C.COCO'OAA...DODOO

20 Signal using Cl:

Signal using C2:

Q.......AA...C........C......I..AA.I....

It is necessary to obtain synchronization
25 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
30 transmits many such chips to convey each bit of
| information.

To correctly descramble a codgword and
perform a 128-bit correlation it is necessary to
align the descrambling code with the'receiVed signal

35 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

i



invention illustrated in Figs. 1 and 2, a nobile station transnitter 10

i ncl udes a radio frequency 20 (RF) power anplifier 100 coupled to a
dupl ex antenna 102. A frequency synthesizer 104 generates the transm ssion
carrjer wavekormthat is nodulated with an_information signal, e.qg.,
speech, by a quadrature nodul at or 106. The! quadrature nDduIator 106 may 25

i mpl enent a nod echnr ue such as exc adr at ur.e

Agglitude Nbdulg %h g cg n?SFﬂﬁt?bﬂng 3gﬁ§gu98?e8f

alternately on Gaepoasphagec@dpwohdnpeslamdnshénquhdrﬁrame ¢Qruchunael
using the “avefeﬁaEAﬂeeeggaﬁéebxst&9§%8%5865§ QhroﬁkE%t?bhtéasﬁﬁQﬁ 110.

A conpl ex nodul ator_ 112 | cul ates 1 hpul se re onse waveft or s
correspond to tHespbukirp Bgaps ﬁGEEFWéElEGgFPthFﬁhoPﬁa%?6nP°551ble

5 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
10 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 alignment that is related to that received
15 from the base station 20. In other words, the base
station 20 is the master timing reference to which
all mobile stations 10 synchronize and thus are able
to transmit signals with a determined time relation.
Due to unequal distances from different
20 mobile stations 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 étation 20.
Therefore the transmit code generator 114 is told by
25 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
30 measuring 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 message to the mobile station 20
giving the amount (e.g., number of chips + or -) that
35 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
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srgnals and converts those waveforns into analog form The LP filters 108,
110 principally renove the 35 dlgltal-to anal og conversi on sanpling
frequency conponents. Alternatively, the information signal nmay be m xed
initially toga cofnvenient internediate frequency, and then converted to
t he higher carrier transm ssion frequency 2By heterodyne m xing the

nodul ated internediate fre L rgrm%tﬁ gn offseg fre encx
The digital inf3FREEPoNT gﬁgﬁg Fe&é 52B§™t he*EBNGY ¥ ﬁBaBﬂé &R 312 are
produced by erthémlngbtoctheoﬂemmnq gienbaat pecaidedcr athus; thé basa
station 20, by comparing its timing on the outgoing
calling channel with the timing of the received
5 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
received. It can then, in the reply confirming
10 reception of the random access transmission, send
information to the mobile station 10 enabling the
mobile station 10 to adjust its transmit timing to
the right position. This information could either be
an absolute timing advance for the mobile station 10
15 to use (in which case the base station 20 needs to
know what timing advance the mobile 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
20 know the amount of timing advance the mobile station
10 is already using).
The choice between these is not critical to
the invention, and is a matter of system philosophy.
At present the preferred approach is that the mobile
25 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 station 20
additionally adjusts the signal and sends the
30 absolute values back to the mobile station 10. The
mobile 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. )
35 As an éxample of a mobile random access
message, 40 codewords of data present in the 42-word
frame and a rate 1/2 error correction code, yield 20
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speech encoder 122. When the nobile station 10 is transnitting a random
access nessage, i.e., before 10 speech comuni cation begi ns, the nessage
is generated in the control processing unit 166 and i nput to the bl ock
codeword generatog and scranbler 114 eight,bits at a time. However, when
speech transm ssion commences, the eight Bt inputs to bl ock codeword 15

generator and Sggea@ B iﬁ%b&-ﬁ%ﬂ:hog‘féeﬁp%egd%gt'%ﬁésénﬂ eagoﬁ% 122.

The speech enco receives a m crophone si froma nm crophone 124
and outputs ei ghe- ﬁf-’—PlﬂUPés inpthe Féﬁdﬂ?%aeeﬁﬁ?oln?ﬁﬁaﬁ? tRefedhoWsrF

processing unit 116. For input to the 20 bl ockyassigy®remenernatipgtand
scranbl er 114, the control processing unit 1 selectﬁnﬁgthpr itg§%é for

transm ssion of random access nessages or th

5 Mobile Identlflcatlon number: 4 bytes
Power level in use to nearest 0.5db: 1 byte

Timing advance in use to nearest 1/4 chip: 1 byte

Called number (mobile originated call): 8 bytes

Spare bytes for future use: 2 bytes

10 Cyclic redundancy check code: 2 bytes
Total 20 bytes

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

Message type: 1 byte

Message number: 1 byte

Mobile Identification number: 4 bytes

20 Power level in use to nearest 0.5db: 1 byte
Timing advance in use to nearest 1/4 chip: 1 byte

Spare bytes for future use: 11 bytes
Cyclic redundancy check code: 2 bytes

25 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
30 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 4uS) by some integer. For example,
- 35 in one implementation, a 12.8 MHz clock is divided by
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eneoder. 122 for transmtting conversation. Even after the random access
procedure is conpleted, the 25 control processing unit 116 can operate
the switch 126 fromtinme to tine to sel ect nessage transm ssion and
inteyrupt speech fransmssion. This is dogg, -for exanple, for high priority
signal li ng nessage exchange between the base station 20 and the nobile 30
station 10, suchgatoFpFoddsedphllstit Giond cHiphagratiosCH) Eaemsages. In

the blook codeugl RN ahel ' Sl el WSROl Aael deror et on
codeword, for emhapldnfﬂhthZBSm1th@0@ewsndtwsystbuncha Sinerttuae by
nodul o- 2 addinga%y“%ﬁ%%%g?%hﬁ@@éﬂ@%t?@%ﬁf&%cEq%nQOQ?“QrghiEhe i nf ormati on
5 resolution if need be. 1In 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
10 only necessary to specify the target or destination
value to an accuracy or resolution of 1/4 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
i5 the others, on average say 0.71 chips, this can be
rounded up to 3/4 of a éhip and the timing advance
byte value would be changed by 3 and conﬁeyed to the
mobile in a timing adjustment message. Over the next:
few codewords, the mobile would ramp its timing in
20 1/48th of a chip steps per codeword, taking in total
36 codewords or around 18 mS to make the adjustment
of 3/4 chip. This is fast enough for practical
purposes.
In the above format, the "spare bytes" may
25 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
30 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
35 from the mobile station 10 contains:
Power byte = 0;

-_ Timing advance = 0.

This Sheet Has Been R,

T



10, bits and the scranbling code originate froma control processing unit
116°that also selects the carrier frequency to be generated by the
frequency synthesizer 104 and transmts a pomer | evel command 5 signal to
a power level controller 118. The power vel controller 118 advant ageously
:Eonprlﬁesha COﬁbInatIanOf attenuators aﬁ% conponents for controlling the
"bias of the power anplifi t ERRAed 10
when transmtting each C(}g{em%ll%A co :é;r?{latllhgn&%1 attenl?g)\(l)i?gcrlae%\dé%
amplifier bi as idshpavey oy, Agppo¥imately 0.1dB per codeword so that

the first repeat message will begin at about 4.1dB

higher power than the first message. With 0.5 dB
5 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
10 station 10 is at a significant distance. The maximum
distance normally envisaged for cellular
communications is 30Km, for which 200us relative
timing advance is needed to compensate for the round-
trip delay. Thus, at maximum power, the timing byte
15 included in the random access repeat message would
indicate an advance in the 200uS range. Because
other reasons than distance can require the mobile
station 10 to use higher powers, for example local
shadowing, it can be desirable not to employ the
20° maximum time advance but about 100uS less, which
leaves 100uS 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 4uS long. With these example
25 figures, 1/4 chip is 1uS long, and the timing byte
value represents microseconds of timing advance
currently emplpyed by the mobile station 20.
If the mobile station signal was first
detected by the base station 20 at the seventh
30 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
35 still quite weak and it is desirable for the mobile
station 10 to continue increasing power by, for
example 16dB, to bring it into the target range.
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ach|eV|ng a suitably wde transm ssion power |evel control range, e.g., 60
dB, and it will be appreciated that a wide variety of conbinations are 15
known and the follow ng techni qgues can be used as desired in the present

i nvention. Bgcause the power anplifier's fidgual stage m ght be controllable
within only a 20-dB power range, a w de transm ssion power control range is
20 di fflfu:ct tqaoaeémame, bﬁh@@ﬁ&ﬁﬂélsﬂﬂ;ﬁé@ vmsa&i&fedﬁ&d( témeoéflg%ﬁ: of the
power anplifier. or a_ two- ower i fier

control ling bot I"P Ry m% iﬁ%? f%“aﬁf%fgq@otﬁ}\% %e SERFISS ding a
fixed 20-dB att epmaterr@lmlngelmr_iﬁbw. S\itHes ltebd ttmattiion @ put of the
pover anplifier cagAphldydnddle Sesldfd LAMP YT ofa iPWine. 11 bias

5 values:

Power to use byte
Timing to use byte

60+16/0.5 = 92.
40+20 = 60.

The mobile station 10, upon receipt of this message,
would continue to ramp its power and timing until the

10 commanded values are reached.
Dué_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

15 mobile station 10 will make at least one more attempt
(e.g., power=68, timing=42) before an acknowledgement
meésage 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 18us

20 of the desired optimum timing. The base station 20
thus sends another acknowledgement message with the
values:

Power to use byte 68+12/0.5 = 92
. Timing to use byte = 42+18 = 60
25 The base station 20 thus gives the mobile station 10
consistent instructions, so that the mobile station
10 will eventually adopt the desired parameters.

Based on this information, the processing

unit 116 directs the timing controller 120 to advance

30 the timing of the transmission of the mobile access
message by a timing advance factor to compensate for
the propagation delay caused by the distance between
the mobile station 10 and the base station 20. The
access transmission timing factor may be zero and

35 then increase to effect earlier transmission times as
the access message transmission power level
increases. The greater the power level required, the

—_—
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control. of 'a single anplifier stage is preferred, two i ndependently
controll able 20-dB fixed attenuators nay be selectively swtched into the
out put, thereby 30 achi eving the sane 60-dB control range. An exanple of
a multi-stage power anplifier is shown in_Fig. 5. Fig. 5 is a functional
schematic of a nulti-stage power anplifie?750 I n which nodul ating in-phase

105, "The. quadr SEBRESkoRhPaRdEtange) RBkHAES FBscPObdiEcREBFE Batinced
nodul at ors cont andll €Hebpakevsktataonr 30, bahd fher pardiprothdeaacessfir st
0-20 dB Contro'meésLQESEuEEeﬂgeggﬁt[%Brbepﬁggbgkﬂg time aligned. 1It.
is preferable for the base station transmitter 214 to
5 broadcast information that will allow the mobile
station control unit 116 to more accurately adapt the
timing controller 120 to the time advance/power level
increase relationship to the propagation law
pertaining to that base station's cell, in the manner
10 described above. Such information includes the base
transmitter's effective radiated power and the radial
propagation loss profile in different directions.
An issue that is also solved by the message
exchange between mobile station 10 and base station
15 20 is to ensure that the mobile station 10 can
receive the base station transmissions using the
traffic scrambling code father than the calling
channel code, and to confirm this to the base station
20 so that the base station 20 can cease
20 transmissions on the calling channel in order to save
calling channel capacity. '
Moreover, the other mobile stations 10 in
the cell could be disturbed by the sudden appearance
of a new base station transmission at arbitrary power
25 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.
. The preferred means for the base station 20
to begin transmission on a previously unused code is
30 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
0.1dB per 0.5mS codeword. At the same time, the code
is removed from the list of unallocated codes, or
35 rather, added to the iist of used codes broadcast
from the base station 20.
The format for the list of codes in use
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the carrier frequency is also input to the quadrature nodul ator 106 from
the‘transmtter frequency synthesizer 104. The output of the quadrature 5
nmodul ator 106 is input to an upconverter 504, which is provided with a -
second frequency [err] fromthe transmtter frequency synthesizer 104. The
;Jpconverte][ 504 hﬁteroldyne m xes-the nodd&ted signal (which is at a | ower
requency for technical 10 conveni ence) with the higher, fixed second
frequency [err]breadeast| f0B FBet%@%ghﬁﬁﬁE%°Bu¥%u}s?rgquency. Conversely, a
downconverter, gimS&Pesfhebgegdyneusexer, is geperedl yapnplojes in a
receiver to congédé Bulib@h &6festronyest guidnabceivetl 3h) thebdwsenna to a 15
| ower, fixed internedinte freqemdcy*at whighahnpliéfcad@) oh bitsore
conveni ently achieved. ln . . . .

Code number of 15th strongest (1 of 17) 5 bits
Code number of 16th strongest (1 of 16) 4 bits

10 -* - * L] L] -*
Code number of 23rd strongest (1 of 9) 4 bits
Code number of 24th strongest (1 of 8) 3 bits
Total bits 5+8x5 + 8x4 + 4x3 + 2x2 + 1 = 115 bits
15
Therefore, within a 20-byte data message, the bytes
can be allocated to the above broadcast message as
follows:
Message type: 1 byte
20 Code order as above: 15 bytes
Spare for future use: 2 bytes
Cyclic redundancy check code: . 2 bytes
Total: 20 bytes
25

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
30 mobile station 10 and may be used to determine the
traffic loading on each frequency channel it scans,
thus enabling it to choose to make a random access on
the most lightly loaded frequehcy channel.
Because the power level with which the base
35 station 20 begins transmission is unlikely to be more
than 35dB below the strongest signal, it takes only
360 codewords (180mS) to increase from weakest to
strongest position at the rate of 0.1dB per codeword.
During this time, in the case of a mobile station 10
40 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
_— T T T
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ei t-her case, it is advantageous to nodul ate or denodul ate a signal at a

| oner, fixed frequency and to change the oscillator that drives the m xer
to 20 vary the frequency at the antenna. The out put of the converter 504
is input to a bandpass filter 506 and fed,fo a driver 507. The gain on the
driver 57 is controlled between 0-20 dB by power |evel controller 118. The

output of the Zéalil.ga' ¥ﬁ£séQZbé§ agpyh %Qralrerehewfhél saﬁgﬂéu&ne gai n

of which is contro bet ween 0-2 aln _contro power |eve
control | er 118. °fh€aBGPEuPCGPSFhEn¢|HﬁF bﬁpﬁ?¥¥€$ withi it; npin ebheke

antenna 102 f0rwaQQQCﬁaklnEhtﬁeCn.éﬁﬂ’»l1ﬁ6rBbhﬁeét§gn otéhgk transm ssion

ower control ra eci ated that vari able
gttenuators nay nﬂulganeously w1Lﬁ gﬁe compfggion of random access

5 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

10 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

15 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 =
20 Macknowledge"- i '
Message number: 1 byte
Mobile Identification number: 4 bytes
Message number of base message acknowledged: 1 byte

- Signal strength ordering of detected own code: 1 byte

(ther base calling channel strengths: 8 bytes
Spare bytes for future use: 2 bytes

Cyclic redundancy check code: 2 bytes

TOTAL 20 bytes

30

The mobile station 10 repeats this message with
incrementing message numbers until the base station
20 ceases to transmit the power and time alignment
message type and sends a new message type or traffic.
35 The progress of the base/mobile interchahge 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
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al'so be.used. Switchable and variable attenuators are conmercially
avail abl e from nunber of sources, such as Avantek, Inc. Santa d ar a,

California. 35 A suitabl e bal anced modul ator for the guadr at ure
nodu at or 106 for,controlling gain may beéPrOV|ded as shown in Fig. 6. The
circuit of Fig. 6 12 includes twin bal &Ped nodul ators 602a and 602b.

Each modul at or %d?rgom f]\_% %lﬁ%}ﬂ%’fjt Atsitoq{,.shl ! eeﬂﬁ?q:’g),trpe%a

605b, the emtters are co er Wt pai 1.~ The
bases of 5 symlrl%étthp@ﬂg 'Rh%l@@ﬁm dhannedo Al 1®udnion

message indicates to the mobile station 10 that the
_ random access has been accomplished and that the
5 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 message is sent to the mobile station 10,

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 contrel loop

15 functions in accordance with the system described in
a pending application "Duplex Power Control," U.S.
Patent Application Serial No. 866,554, filed on April
10, 1992, and incorporated above by reference. More
generally, however, the traffic channel allocation

20 message may include a command to change a CDMA code
from a random access code which may be common to all
mobiles attempting random accesses to an assigned
code for traffic communication. 1In addition, the
traffic channel allocation message could include a

- 25 command to change to another frequency. The
procedure 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

30 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

35 application, Serial No. 866,554 mentioned above.

To compensate for time-dispersion and

echoes on the radio channel as well as uncertainty in
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608b, 605a of each pair are coupled together to formthe bridge wherein the
| ocal oscillator (transmitter frequency synthesizer 104) supplying the
carrier frequency [err] is connected in parallel to the bridged 10

circuit. The coll|ectors of the transistogf 603, 605 are cross-linked and
formthe output of the quadrature nodul ator 106. The coupled emtters of

each bal anced npglyl 802 upke h Lple
emtter transistorse%%%,g?hg?%EVSQbggegaégoﬁhggﬁggé:ﬁégﬁ?g%?Fggﬁ%y t he
respective noduFBYRORLGRPLt BrocaeRobf 20fcPERATesEeS Severth diffexentitiple

emtter transi s§Rist8§04ratReCPBBEEVEL, | @U§1 PEEBYs IGERECEANIELSETARE
connected resistor aiés #err%b Tge res'étorfpairs éﬁiﬁl fﬂeacenter 20
tapped with smn?%ﬂ%g?% chheefiecgds rﬁ?ﬁ?@ 0B [ RFTH
5 .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
originally transmitted signal appears aligned at a

10 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 Cl, then the signals
appear as represented in Fig. 4B. In general, the

15 RAKE receiver anticipates a number of echoes to be
received at To, To+dT, To+2dT, To+3dT ...... and with
respecf'amplitudes Co, C1, €2, C3, etc., as shown in
Fig. 4cC.

The positions and amplitudes expected are

20 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

25 for a signal 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 total possible spread of the

30 taps on the deiay 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, corresponding to up to
around 128uS time delay.

35 When taps containing significant energy
have been identified, detection of the signal
proceeds by setting several RAKE taps to collect

Rﬁ-—_
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[err], .which are controlled by control bits [err]. The val ues of unbypassed
em tter resistors [err] in each bal anced nodul ator 602 can be sel ected by
selectively energizing the tail current sources 606 25 associated with
edch center-tapped emtter resistor [err] 32thus resulting in a bal anced
modul ator circuit 60 with a binary programred output |evel. Controlling the
transmtted powanarsie from thaoge fdne fhitds @and)adst ithe [Sapscalithy t he

digital 30 |, Quildife QRO R ith s iGRTY Paddigmiornol kbief ore they

are converted to anal Qg form for the quadrature nodulator 106. The contr ol
range i s somewh@d idRYFLSHRACE FETAn ddh The Prafermath sNsiEWe the
sel ected, for exatadle sprdad -of tdppthald are combined Airg thisshays ian

exenpl ary basse %t%l{l%. 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 1lie
within an 8-chip window.somewhere in that 32 chip
range. This is more a practical simplification that

10 is found to be permissible without undue loss of
performance, 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-

15 zero while taps 0, 1, 2 and 3 are given zero weight.
This arrangement would combine energy received
starting at the first time position T4, and decode
it. In Fig. 4E, taps 4, 5, 6 and 7 are zeéro but taps
0, 1, 2 and 3 have the values that taps 4, 5, 6 and 7

20 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

25 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

30 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

35 10 has transmitted the last traffic frame, it goes
into the discontinuous transmission mode more fully

described in a U.S. Patent Application Serial No.
-
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receiver/transmtter 20 for detecting nobile random accesses in a
communi cat i ons environnent of 13 overl apping, ongoing radio traffic
signals. An antenna 200 receives a conposite signal which is anplified by a
| ow-noi se, RE anplifier 202. The anplifiedssignal is spectrally shaped by a
filter 5 204, and a dual anal og-to-digital converter 206 converts the
filtered anal ogggiegsals, I rétnctléu%rd msa‘oxﬁ:qmo% &DBiat Réeﬁps:lwl s having

real or in-phase, arts d |na adrature
Al ternatively, & R 31?5 geg!pggg 4% gt)) the

42 codewords transmltted per frame in a manner

01 )]

which other receivers are aware of, leaving only the
5 two codewords out of the 42 designated as "DTX FLAGS"
: being transmitted. These are transmitted at
gradually diminishing power levels equivalent to -4dB -
per 42-word frame, approximately. After 10 frames
the signal level has been reduced 40dB and the
10 transmission can now be terminated, this having taken
only about 200mS. 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 random access on that code. '
15 While particular embodiments of the present
invention 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
20 contemplates any and all modifications that fall
within the spirit and scope of the underlying
invention disclosed and claimed herein.
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10. “nay‘precede*rhe—anplifier 202 so that anplification and filtering
occur medi ate frequency. After the frequency denodul ation
proce !'ﬂ mellﬁmid' gitized conposite signal is processed 15 by a
racti ve S gial processor 208. ause the individual signals to
be denDduIated are each scranbled wi th a uni que scranbling code generated
by the nobile s¢git®. S control processing unit 116, the CDMA signal
processor 208 sequentially descranbl es 20 t he, conposite signal with each
scrambl i ng code in order if ghcBeERPdt Eoncmiainizing i ntey BCe The
descranbl ed si gtwhséed ﬁycmmbaomﬁﬁéati&msmﬁbtﬂie@fbém&h-@tt hogonal

codes possi bly yigedh 1 Ghe °0FOF! Bhubfr 865" SF e LEE RS Sad fQLTBEGON for
' 5 a second radio station, comprising the steps of:
transmitting from said at least one first
radio station an access message at a relatively low
power level:;
determining whether said access message has
10 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,
15 transmitting power setting information 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 station is a base station. '

20 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-
25 spectrum signal coding.

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

6. A method according to claim 4 wherein

30 said transmitting step includes: '
scrambling said access message using a
scrambling code selected from a reserved group of

/
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25+ bi-~
exanpl e th;
pr esent inv

filed July 25 1991 a

code word.” Correlation may be carried out by using for

U.S. Patent Application Serial No. 07/735, 805
entitled "Fast 30 Wal sh Transform Processor".

ug nard transf orm processor described in the
n

decoded |nfornat|on bits are transnmtted to a base station control

processor 212 f

/ data processing. By selecting the

Uordah 1

scranbl i ng codes correquﬁdlng to the signals having the greatest 35

si gnal strength,

various overlapping signals, i mofiéiodadtSAATRG IS | ANPim S§ vaitdsA r om

strongest to

10

15

20

25

t he base station CDVA processor 208 denodul ates the

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 acknowledging step includes commanding said
first station to discontinue power level increases.

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

11. A method according to claim 8 wherein
acknowledging step includes transmitting time
alignment information.

12. A method according to claim 8 wherein
acknowledging step includes transmitting power
adjustment information.

13. A method according to claim 1 further
comprising 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 ﬁo.claim 13 wherein
said terminating step includes entering a
discontinuous transmission mode.

o
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14. weakest. A S|Enal strength tracker and sorter 210 predicts the signal

ftrérg UNINHEWUH ﬂ"lﬁﬂﬂervatlons and orders them Recognizing that power
evel s

the signal strength tracker and 5 sorter 210
freely feordefs The S|gnal decodi ng sequeRge to acconmodate rel ative power
| evel changes. Expected signal strength |levels may be predicted based on a

history of past power |evalss @yngﬁhg@qu@hbn@t&ta@htfagmer | evel using an
estimated 10 change ,of . power vel ndon1a%§§%§ % station
o agoid Fed®

10 using | ow pofePURFSASING &EF F@dlﬁﬁl e P Mre
decoded. In addbbhpwﬂsing°

means for transmitting from said mobile
5 station to said other radio station a random access
message at a relaﬁively low power level;
means for detecting an reply message from
said other radio station; and
means for commanding said transmitting
10 means to retransmit said random access message at an
increased power level if said reply message has not
been detected to include an acknowledgement supplying
povwer setting information.

16. The mobile station according to claim
15 15, wherein said retransmitting 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
20 a list of scrambling codes broadcast from said other
radio station to generate said random access message.

18. The mobile station according to claim
15, further comprising:
means for adjusting the time of
25 transmission of said access message based on said
increased power level.

19. A communications system, comprising:
plural mobile rad@otelephone stations, each
mobile station including: '
30 - means for transmlttlng an access
message initially at a relatively low power level;
means for regulating the power level of
said transmitting means; and

e
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deCGGTﬁﬁ—Tﬁ?B?ﬁation or traffic signals, the base 15 station processor
208 decodes each coded nobil e access signal according to
its Emmﬂmﬁl“m]m vel . Because the nobile access nessage is transmtted
initrally at a |dw power level, it does 2§ interfere with stronger signals
bei ng decoded. 20 As soon as an access sage is detected, the processor
208 subtracts the access ness fiat
interference with signals dec%?g‘dé]{oq'[ e%?lr?t e ?loé%aﬁ%ﬁ'[qq{&%%h&;orted or der
is mninzed. 2%egulating meams depending, @n shether sadidalagassgom access

nmessage from t hgdmhide® R ideddh HeterteRi; by the power controller 118 at a

| ow power | evel. The ‘power caontraller 118 gradugl Iy ,incregses the
at least one base station including:

5 means for receiving a composite of
signals from said mobile stations;
means for detecting said access
messages; and
_ means for transmitting a reply message
10 to the mobile station corresponding to said detected
access message. |

20. The system according to claim 19,
wherein said base station further comprises:
' means for ordering received signals
15 1nclud1ng said access messages according to signal
strength;
means for selectively decoding the
strongest signal; and '
means for removing said decoded signal from
20 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
25 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
30 access messages. ;

23. The system according to claim 22,
wherein said base station transmitting means
broadcasts a list of said reserved scrambling codes

| Prosdcastss
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transnh55|on power i I ncrenments, e.g., 0.1 dB, 30 after each
successi vmm“mm“ \ “Msm tted. These successive power increases

conti nue er of codewords naking up the random access
nmessage. Preferably, the power |evel incrggses according to a ranp function
with the ranp sl ope 35 determ ni ng the nmagni tude of the power increase

increment. A ragRatueahbesi thbe&ébhlei eeheqent ¢d aetermiplel Gines the signal
strength prediction gégces Hﬁ t he base station signal tracker and
sorter 210. EacAvedd §|9§°PF§n§ §sion of the random access

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

25. The system according to claim 22,
wherein said base station transmitting means
10 broadcasts a list of said reserved scrambling codes
used for other radio communications.

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

15 27. The system according to claim 19,
wherein each mobile station includes means for
adjusting the time of transmission of said access
message based on said regulated power level; and
means for detecting time alignment information in

20 said reply message.

28. The system according to claim 27,
wherein said base station includes means for
determining the difference between the signal
strength of said random access message detected at

25 said base station and a predetermined signal
strength.

29. The system according to claim 28,
wherein said determining means determines a time
difference between the time said random access was

3o detected and a predetermined time.
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nessa € by the nobile station 10 occurs at a power |evel greater than the
precedlng a I“ﬁ uﬁlﬂmﬁﬁlﬁu! ansm ssion until the base station 20 detects
t he -access mu g ts a reply nmessage to the nobile station 10.
Ond& t hat reply neésage i s received and t base station 20 indicates that
the nobile power level is in the desired signal strength 10 range, the

nobil e station 10 flxes |§§ tqaasgygﬁeﬂ Q@ggfdghgatbeagglﬁpgglfled by the
base station 20 in the re

E ag ﬁgrOX|natel¥

m | 1iseconds tovReFRIP §2 FaﬁgﬁFPv n@lﬂﬁ?ﬁsliﬁcﬁ e HEeABF JLOF ¢ the 15
nobi | e |ncreaseaetéetingnpﬁeséedsmgnsl peteerhy assyclatedBwpeth sadéword,
t he power | evel te hange I's 200 dB per second, which wll be
recogni zed as aflrsg messa&

5 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

10 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:

15 selecting, by at least one of said first
stations, a lightly loaded channel of said at least
one second stations; and,

' following a random access procedure
including

20 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

25 at a relatively low power level; and

gradually increasing, by said first
station, said power level of said transmitted message
until an acknowledgement message is received from
saia second_station;

30 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
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hlgh raIE’BT”ﬂaénge Slngi the typi cal received power |evel range for

traffit o mg s on 20 the order of 60 dB, fewer than siXx
hundr ed c&umnﬂm

ransn1tted before the base station detects the
acceag, nessageé. Fhu§, the worst-case del ay igg access detection is only
about 300 n1II|seconds In this way, the present invention allows nobiles

to 25 randon1y &ngwngixadxaIﬁﬂgquénammyk w t hout noticeable delay to
t he nobil e subscri ber and w .} hou |nterR$%F ce to other communi cati ons
S

signals. To sinplify the base: ﬁ%ﬂHQﬁ¥QS 5 &8 ERFPNESFEAISH access

nmessages, the firsmamnslﬁ)andxMemords out of every 42-codeword nessage are

fixed at a first val ue, I CAAL L "
For simplicity, message len%sec@in‘bz L dgHnd TeIdReC Aadna w%h
clear receptlcn 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
10 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
15 transmitted by a first station;
transmitting, by said second station, an
acknowledgement message upon receipt and decoding of
said transmitted message using said selected code;
transmitting, by said first station, a
20 second message to said second station upon detection
of said acknowledgement message; and
ceasing transmission of said
acknowledgement message by said second station upon
receipt and decoding of said second message.

25 ' 37. A method according to claim 33, wherein
said acknowledgement message is transmitted on a
common calling channel and includes an timing
adjustment information by said second station.

38. A method according to claim 36, wherein
30 said second station transmits said acknowledgement:
message initially at a low power level and gradually
increases said power level until receipt of -said
second message.
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are chaggﬁ\FB‘bE\42\cQgg!9rds because that is also the | ength of speech

coder f resent 35 system \Wen transmtting speech traffic,
the-flr also take on the value "AA ." to indicate when

-spﬂech fraNESL tted in full, 16 but may al so take on a second
valie "BB.. . " when'it*is desired to indi4hte that the remai ni ng 40

codewor ds |n the foll ow ng speech frane are _not going {o be transnitted
because the speaker was ngﬂenbaP?F9°@ acgprding g THFLaip. 36y | gRereln

di scontinuous t&A{ENEE6bAA REsSETE" ihs1d@esr shesal nseoamgrthy assi gned U. S.

Pat ent . .
information.

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

41. A method according to claim 33 further
comprising the step of terminating said communication
10 including gradually diminishing said power level of
said transmitted message and terminatihg said
communication when said power level is diminished by
a predetermined extent.

42. A method for minimizing interference
15 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 communication segment;
20 _ 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 39, wherein
25 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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Appftication Serial Nunber 866, 555 entthqufﬁiscontinuous CDVA Recepti on”

filgd on April 10, 1992. 10

" Thé base station receiver's

.capability to search for occurrences "AA..." or "BB.." is therefore,
preferred system, used for dual purposes gf identifying DTXed speech franes

as wel |

as random access attenpts. 15

rel ative poSition of occurrenceSTREACT AF . THE OshersEuRses | i nked to the

in the

The staggering of the

choi ce of codeword so that, for a particular codeword, the receiver can

predi ct when "AA" should occur,

al |

20

10

15

method for minimizing interference between two radio
stations, e.g., a mobile radio telephone and a fixed
base station, at the initiation of a radio
communication. A mobile station initiates a random
access at the lowest power level and increases the
transmission power level until the base station
detects the access signal. Once detected, the power
level of the message is maintained at the detected

- level so that the signal interference is avoided.

The present invention also provides a mechanism for
synchronizing random access communications between
mobile stations and the base station despite
variation in distances between the mobile and base
stations.
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t he -base station 20 shoul d detect random access 17 messages while they
are still at a power level too lowto interfere with ongoing traffic, and
subsequent to detection, to subtract %p%rggg%ig their power rises toward a
target level. If a random access was w a detectable |evel on a
previous attenpt, it is unlikely that a 4.2 dB increase in signal |evel
before the base station | ooks for it again would represent a significant

i nterference hazard. An exenplary random access nessage sequence 10 i S
illustrated in Frg. 3A, WIICN SNOWS TOIty-1tWo
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codewords in the sequence produced by the control processing unit 116. The
first two 128-bit codewords A A have fixed bit patterns that are

recogni zed by the base station contro% %%&%iﬁsor 212 as random 15 access
nessages; the remaining forty codewor g i’ 4 2 6, . . . , 42 contain the
nobile station's identification code/tel ephone nunber in error- correction
coded form and comruni cation information. The codeword A is one ‘of

preferably one 20 hundred twenty-ei ght possible Wal sh- Hadamar d codewor ds

that are used to indicate random access, and i s sch led with one of a
nunber of reserved scranbling codes unused for traf®Jc. The base station 20
descranbl es the received signal with each 25 of reserved scranbling

codes, then correl ates for
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"A" to determ ne 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 30 denodul ates t he
remaining forty codewords. The code/dt§86:80742, ¢ 3| so used to synchronize
conmuni cations between the nobile station .10 and base station 20 as
described in nore detail below To avoid overloading the base station 20 by
35 requiring it to look for all the AA sequences for all scranbling codes
in the same 128-bit bl ocks of the 42-codeword sequence, the position of the

AA sequence Lo
~I=. A
To t
= ‘ | Co
= J | @
N~ To T =1
~ 62
- o 3
T—xA ° | Ci I
o T 12 13
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T/ | l | ¥ '
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rs varjed in accordance with the scranbling code used, as shown in Fig. 3B
for three scranbling codes. S|n1lar position variations are provided for
“the tenmining scranbling codes. EP ég@& he base 5 station 20
searches for the codewords A A at ? i mes for each scranbling
code, and so avoids the processing Ioad that would occur if the AA
sequences for all scrambling codes had to be detected simultaneously. 10
In a preferred enbodi nent of the presen ention, each nobile station
random access nessage transm ssion useg a s-ranbllng code selected from
several avail able scranbling codes t@gt are|not presently allocated to

traffic comuni cations. These 15 are® i ndigqated in a broadcast nessage
transmtted by
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t he. base station 20 over a designated CDVA channel on the same frequency. A
mobi | e *station 10 attenpting an access to the network tunes to that
frequency and scans the broadcast I| Fqﬁ A&able scranbli ng 20 codes
The nobile station 10 sel ects an avail able code and transmits a scranbl.ed
random access nessage. The presently unused scranbling codes on a
predeterm ned frequency [err] are identified in a broadcast transm ssion

. using one of the CDVA signals 25 over |l appi ng on frequency [err].
Preferably this is the strongest of the downlink signals on first frequency
[err] so it can be decoded by any nobile station 10. This effectively acts
as a "calling channel” in which the signal serves as a pilot signhal to

assi st the 30 nobi | e denodul ator. The aimis that each frequency
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channel is sgItT-su TIng as 1ar as proagcasti ng T 1 ‘_\rﬂqf
Once the accpss HEpFBé’ECéEDeﬂ'léEa'Sr ecdBi zed as angr; *gg{’c e, t'he™Pa %8G
station cont r@ c,r-},l essor 12__r§m)ves that} code {r _'(‘ S 6@%_(:’855?*“’6"3 “35
list and proﬁgé)s ‘e Eds- HESSage a$ PrEVT ouPyliaged f
‘Al ternativel j¥ Giwishccemaedodds t@eﬁgednt AM fin use mgﬁfo*a@a%’tg stba?nas« -----

19 list so tj@AtDrkegmapbRidsial it®pagkd .can jsel ect fsse rRagad Arig pagedn.

internal l'y sf@rgdiddist . -apdem, t-farjsm ssi pns start at a speC|f|c
boundary (i.p-, the start of a igﬁgiﬁéﬁﬁfc 1; DATE OF RECEIPT 22:$HN)991

RANDOM ACCESS IN MOBILE TELEPHONE SYSTEMS

BACKGROUND OF THE INVENTION
1. : Field of the Invention
, The present invention relates to systems
5 for minimizing interference caused by mobile radio
stations initiating and terminating communication
with fixed radio stations.
2. Description of Related Art
In cellular radio telephone networks, a -
10 mobile subscriber 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 mcobile station's first
transmission in reply to a call initiated through the
15 mobile station's fixed home base station. In both
situations, significan£ uncertainty exists in
determining the mobiie's transmission power level at
the time of access.
Three principal methods enable a radio
20 telephone system to support multiple, ongoing
conversations in a 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
25 channel that is occupied continuously until the end
of the call. At present, mobile telephone systenms
are changing from FDMA to time-based methods of
sharing communications resources. In Time Division
Multiple Access (TDMA), different radio transmitters
30 are allocated short time slots in a periodic cycle in
which they transmit bursts of information. In the
third approach, Code Division Multiple Access (CDMA),
different speech/information signals are transmitted
with different spread-spectrum codes so that the
35 coded signals overlap in both time and frequency.
The received CDMA signals are decoded by correlation
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5 nmessage block "AA ... ") that divides a nobile access nessage into a
speci fic nunber of codewords, e.g., 42. Each two word scranbled start code
AATi s staggered in tine, as explained above, to distribute as evenly as
possi bl e the base station's task of 10 searching for random access
nmessages. As a result, the control processor 212 only needs to search at
one tine interval for a fraction of the possible random access scranbling
codes for each bl ock decodi ng operation. The CDVA signal processor 208 al so
15 searches for random accesses using thegscranbling codes of nobile
stations 20 in neighboring cells that are received at a signal strength
strong enough to pwfthcthé nécdd aisstedatBdmeithi gheedésirddr mation is

provided by speech/information signal.
In all mobile telephone systems, the
physical distance between mobile stations and base
5 stations varies significantly. 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
10 received at the base station from different mobliles.
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
15 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 system capacity. Unregulated, it is not
20 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 péwer regulation is particularly important in
25 CDMA systems. In commonly assigned U.S. Patent
Application Serial No. 866,554, entitled "Duplex
Power Control" filed on April 10, 1992, the present
inventor describes a power regulation method and
apparatus for a CDMA system. That application is -
30 incorporated herein by reference. _

' In other pending applications by the
present inventor, U.S. Patent No. 5,151,919 issued
September 29, 1992, and entitled "CDMA Subtractive
Demodulation," and U.S. Patent Application Serial No.

35 07/739,446, filed August 2, 1991, and entitled "CDMA
Subtractive Demodulation," incorporated herein by
reference, a CDMA subtractive demodulation systenm is
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20 the base station transmtter 214 to a transmt timng controller 120
fromthe processing unit 116. In response to detecting a random access
nessage, the base station transmtter 214 transmits reéeply information to
the nobil e processing unit 116, such 25 as the timng difference between
the tinme at which the nobile access transm ssion was received by the base
station 20 and a preset, target timng value. Qther information includes
the difference between the signal strength of the detected random access
message 30 and a predeterm ned signal stredgth. The nobile station 10,

Strongest of the COVRESTObet ol picl, SVRELERPLAG. <SOHFT AIGRENE, 781t | ocks
to this signal and fkcedédsin the order of strongest to weakest signal
' strength. After each decoding, the decoded signal is
removed or subtracted from the received, composite
. 5 signal before decoding the next strongest signal.
Using such a CDMA subtractive demodulation system,
signal strength differences between mobiles become
less important and capacity is increased. In other
words, the signals having the greatest potential for
10 causing interference, i.e., the strongest signals,
are decoded and removed first. In this way,
potential sources of interference for weaker signals
are significantly reduced.
Even in such a CDMA subtractive
15 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 momentarily interference with
20 ongoing conversations.

, Another source of potential interference to
ongoing conversations during mobile random accesses
is time misalignment of the mobile random access
signals relative to the base station's frame timing.

25 For mobile station signals to be received in a
correct timeslot (TDMA) or correctly time-aligned to
a particular correlating code (CDMA), the mobile
station must adjust its access signal transmission
timing to account for the round-trip propagation

30 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. "

35 These problems undermine the efficient
operation of current and future cellular systems.
Given the frequency with which new calls are placed
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35 established timng synchronization wth the base station 20 at the
42-codeword franme |level as well as at the spreading code chip |evel. 20
The nobile station 10 has fromthe begi nning been listening to the calling
channel broadcast fromthe base station 20. The signal structure on the
calling channel also consists of 42- 5 codeword nessages beginning with
"AA.." The nobile thus knows the tinme of occurrence of AA on the downlink

calling channel, fromwhich the tine-stagger of all other codewords is"
defined. For exanple, if 4

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 without generating unnecessary interference.

5 It is also desirable 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

10 The present invehtiqn includes a method for
minimizing 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

15 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

20 until the message is eventually detected. When the
message 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

25 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 spectrum signal coding
including orthogonal block error-correction codes.

30 Moreover, each access message is scrambled before
transmission using a scrambling code selécted from a
_reser#ed group of scrambling codes. When the base
station has received the access message it
acknowledges the receipt and commands the mobile

35 station to discontinue power level increases. The
acknowledgment may also include time alignment
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we use the notation that the calling channel enploys 10 scranbling code
Co,.and traffic channels may use scranbling codes Cl, C2, etc., then the
time of occurrence of AAin the signal scranbled with code C1 will be two
codewords after the time of occurrence on the calling channel; |ikew se,

the tine of occurrence 15 of AAin the signal scranbled with codeword C2
w Il be four codewords after AA on the calling channel, and so forth.

Cal l'ing channel: 20 ~ signal using CL: Sigpal using C2: It is necessary
to obtain synchronization 25 to a finer resolution than nerely determ ning

the 0.5 nB slot in MEdhalthenl that fisMedd BiF e nbBElle station in
conjunction with the access message transmission
power level to determine the time when subsequent
mobile communication transmissions should occur.

.5 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

10 determines if a reply message has been received from
the other radio station. The mobile station has
means for retransmitting the access message at an
increased power level if the reply message is not

. detected. The retransmitting means increases the

15 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
1ist of available scrambling codes broadcast from the
other radio station to generate the random access

20 message. The mobile station additionally has means
for adjusting the time of transmission of the access
message based on the increased power level.

In another aspect of the invention, a-
‘communication system including plural mobile radio

25 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 transmitting

30 means; and control mearis for controlling said
regulating means depending on whether said access
message has been detected. The base station
includes: means for receiving a composite of signals
from said mobile stations; means for detecting mobile

35 access messages; means for decoding detected access
messages; and means for transmitting a reply message
to the mobile station corresponding to detected
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codemofd such as A in fact consists:of 128 "chips”. "Chips" in CDVA
termnology is really the sane as "bits", and is used to signify that CDVA

in fact 30 transmts nmany such chips to convey each bit of informati'on.

To correctly descranble a codeword and performa 128-bit correlation it is
necessary to align the descranbling code with the received signal 35 to
an accuracy of one chip. This is what is neant by having achieved

synchroni zation at the chip level as well ag at the frame structure |evel.
Synchr oni zi ng 21

access message.

The base station further includes means for
ordering received signals that include access
messages according to signal strength; means for

5 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

10 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

15 adjusting the time of transmission of the access
message based on regulated power level and means for
detecting time alignﬁent information in the reply
message. The base station includes means for
determining the difference between the signal

20 strength of the random access message detected in the
base station and a predetermined signal strength, and
means for determining a time difference between the
times the random access was detected and a
predetermined time. Finally, the base station

25 detecting means searches for particular access
messages at staggered time intervals.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the
invention will become apparent from reading the

30 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;

35 ' Fig. 2 is a functional schematic of a
transceiver portion of a base station according to

‘:;f;
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to the frame structure nmeans finding at which one of 42 possible codeword
posictions in the frame structure the AA sequence is expected;

synchroni zation to chip resolution nmeans determning to which of 128
possible 5 chip positions within that codeword period the descranbling
code nust be aligned. This is actually done by trying several positions and
anal yzi ng how nuch correlation is found on each position. The above refers
to operation of the nobile 10 receiver; homever the timng so found is
conveyed fromthe nobile receiver to the nmobile transnitter parts such as

bl ock code generatth% g §§é3€b15¥ %%ﬁhsp that they produce signals with a

frame, codeword and rgnnen Is related to that received 15
fromthe base station 20. |nF&Fhetr it &P exqBPRAXE signal format for a

random access message from a mobile station;
Fig. 3B illustrates positional variation of
. 5 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
10 invention; and
Fig. 6 is a functional schematic of a
balanced modulator in accordance with the present
invention. '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (8)
15 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
No. 5,151,919 is described. Those skilled in the art
20 will recognize that the present invention may be
applied to any radio communications system, including
all ce;lular radio telephone systems, in which it is
desirable to minimize interference caused by a random
access call attempt between two radio communications
25 devices.

Briefly summarized, in the CDMA subtractive
demodulation system, information between plural
mobile radio stations and the base station is
transmitted in blocks of codewords, e.g., forty-two

30 codewords per block. A convenient signal '
transmission format is sequences of 128-bit codewords
transmitted serially over a radio communications
channel. A radio receiver amplifies, filters,
samples, and converts the received composite signal,

35 vwhich consists of overlapping communications signals,
into digital form for processing. The digitized
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station 20 is the nmaster timng reference to which all nobile stations 10
synchroni ze and thus are able to transmt signals with a determned tine
.relation. Due to unequal distances fromdifferent 20 nmobi | e stations 10
to the same base station 20, however, even if nobile stations 10
transmtted signals aligned at the sane instant in tinme, they would not be
received aligned at the base station 20.- Therefore the transmt code
generator 114 is told by 25 the control pgocessing unit 116 to produce
transmt signals a little earlier to account for the |oop propagation delay
from base to nobi |gondoditen signandidadésagmbledlvdthxactniguent of tim ng

e oot TR LA b iGodifd P sidordiesti 10 (he
signal having the greatest signal strength. The
descrambled signal is correlated with "spreading"

5 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 decoder, by determining which
block code has the best correlation to the sample

10 signal, to produce an 8-bit information signal. The
decoded information signal, i.e., eight bits,
identifies which one of the 128-bit bi-~-orthogonal
codes was transmitted, the latter then being
subtracted from the composite signal before

15 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

20 (RF) power amplifier 100 coupled to a duplex antenna
102. A frequency synthesizer 104 generates the
transmission carrier waveform that is modulated with
an information signal, e.g., speech, by a gquadrature
modulator 106. The quadrature modulator 106 may

25 implement a modulation technique such as impulse-
excited Quadrature Amplitude Modulation (QAM) in
which information bits are modulated alternately on
the in-phase (I) channel and the quadrature (Q)
channel uéing the waveforms generated by two low-pass

30 (LP) filters 108, 110. A complex modulator 112

' calculates impulse response waveforms that correspond
to the polarities of received digital information
signals and converts those waveforms into analog
form. The LP filters 108, 110 principally remove the

35 digital-to-analog conversion sampling frequency
components. Alternatively, the information signal
may be mixed initially to a convenient intermediate -
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signals, determning how early or |late they are with respect to a
predeterm ned position, and then transmtting a nessage to the nobile
station 20 giving the anount (e.g., nunber of chips + or -) that 35 t he
mobil e station 10 shall adjust its tine advance. Wen the nobile station 10
makes a first transm ssion to the base station 20 during random 22
access, it relates its transmt franme, word and chip timng to the timng
it has received. Thus, the base station 20, by conparing its timng on the
out goi ng cal ling channel with the tining of The received

frequency, and then converted to the higher carrier
transmission frequency by heterodyne mixing the
modulated intermediate frequency waveform with an
offset frequency. _

.5 The digital information signals received by
the complex 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 méssaée, i.e., before

10 speech communication 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. However, when speech transmission
commences, the eight bit inputs to block codeword

15 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

20 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 conversation. Even
after the random access procedure is completed, the

25 control proéessing unit 116 can operate the switch-

. 126 from time to time to select message transmission
and interrupt speech transmission. This is done, for
example, for high priority signalling message
exchange between the base station 20 and the mobile

30 station 10, such as Fast Associated Control Channel
(FACCH) messages. .
In the block codeword geﬂerator and
scrambler 114, eight bits of information may be
spread using a suitable bi-orthogonal block code to a
35 128-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
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5 nobile signal can determne the round trip delay. The base station 20
determ nes how early or late the nobile timng is with respect to a
predeterm ned tine alignment desired for all nobile signals to be received.
It can then, in the reply confirmng 10 reception of the random access
transm ssion, send information to the nobile station 10 enabling the nobile
station 10 to adjust its transmt timng to the right position. This
informati on could either be an absolute timeg advance for the nobile
station 10 15 to use (in which case the base station 20 needs to know what
ti mi ng advance t hheébifemiand &he serarbling ardeexiginiate) from aheonkdeht of

adj ustment or A t herdeessitipinit 3Q6WeRaE alfo NBdldtssithlel eBrieto apply
(in which case t hefxbgét?ex%f tﬂoo %ezgeﬂ%ité‘&t b{r] e&(;je tf)requency
synthesizer 104 and transmits a power level command
5 signal to a power level controller 118.

The power level controller 118
advantageously comprises a combination of attenuators
and components for controlling the bias of the power
amplifier 100 to achieve the commanded power level

10 when transmitting each codeword. A combination of
attenuators and amplifier 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 combinations are

15 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, & wide transmission power control range is

20 difficult to achieve by controlling the bias of only
one stage of the power amplifier. Accordingly, for a
two-stage power amplifier 100, cbntrolling both
stages would yield a 40-dB control range and
providing a fixed 20-dB attenuator seledtively

25 switched into the output of the power amplifier can
achieve the desired 60-dB range. Of course, if bias
control of a single amplifier stage is preferred, two
independently controllable 20-dB fixed attenuators
may be selectively switched into the output, thereby

30 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

35 a quadrature mocdulator 106. The quadrature modulator
106 includes level-switchable balanced modulators
controlled by level control bits B,~B, to provide a
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20 know t he anmount of tim ng advance the nmobile station 10 is al ready
using). The choice between these is not critical to-the invention, and is a
matt er of system phil osophy. At present the preferred approach is that the
nmobi | e 25 station 10 includes, in its random access transm ssion, not
only its nobile ID but also details of the power |evel and tim ng advance
that the transm ssion used.. Then the base station 20 additionally adjusts

t he signal and sends the 30 absol ute val ueg,back to the nobile station
10. The nobile station 10 then continues to ranp its power and its timng

at the same, gentle gigke bARD| aBtcdntizol.he A Figet FReyesndPas pedviadmgt he

base station 20 nDSHﬂﬁF%ﬁQ&er frequency is also input to the quadrature
modulator 106 from the transmitter frequency
synthesizer 104. The output of the quadrature

. 5 modulator 106 is input to an upconverter 504, which
is provided with a second frequency F, from the
transmitter frequency synthesizer 104. The
upconverter 504 heterodyne mixes the modulated signal
(which is at a lower frequency for technical

10 convenience) with the higher, fixed second frequency
F, to translate it to a higher output'frequency.
Conversely, a downconverter, or super heterodyne
mixer, is generally employed in a receiver to convert
a high frequency signal received on the antenna to a

15 lower, fixed intermediate frequency at which
amplification is more conveniently achieved. 1In
either case, it is advantageous to modulate or
demodulate a signal at a lower, fixed frequency and
to change the oscillator that drives the mixer to

20 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 controller 118. The output of the

25 driver 507 is input to a power amplifier 508, the
gain of which is controlled between 0-20 4B 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

30 total transmission power control range of 0-60 dB.
It will be appreciated that variable attenuators may
also be used. Switchable and variable attenuators
are commercially available from number of sources,
such as Avantek, Inc., Santa Clara, California.

35 : 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
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35 As an exanple of a nobile random access nessage, 40
codewords of data present in the 42-word frame and a rate 1/2 error

correction code, yield 20 23 bytes of information after decodi ng. These
byt es can be deployed in the random access nessage as follows: Message
type: 1 byte Message nunber: 1 byte 5 : Mobi | e

| dentification nunber: 4 bytes Power |evel in use to nearest 0.5db: 1

byte Tim ng advance in use to nearest 1/4 cMp: 1 byte Called nunber

nmobile originated,call): .8 byte
( 9 incluaes twinygaianced_modulators 602a and 602b.

Each modulator 602 comprises twin paired transistors
603a, 603b; 605a, 605b, the emitters of which are
coupled together within each pair. The bases of

5 symmetrically opposing transistors from 603a, 605b;
603D, 605a,of each pair are coupled together to form
the bridge wherein the local oscillator (transmitter
frequency synthesizer 104) supplying the carrier
frequency F, is connected in parallel to the bridged

10 circuit. The collectors of the transistors 603, 605
are cross~linked and form the output of the
quadrature modulator 106. The coupled emitters of
each balanced modulator 602 are coupled to the
collector of multiple emitter transistors 604, the

15 Dbases of which are controlled by the respective
modulation inputs. Each of the emitters of each of
the multiple emitter transistors 604 are connected
together by respective series connected resistor
pairs R-R,. The resistor pairs R,~R, are center

20 tapped with switchable current generators 606 (,, 1,,
I;, I,), which are controlled by control bits B,-B,.
The values of unbypassed emitter resistors R,-R, in
each balanced modulator 602 can be selected by
selectively energizing the tail current sources 606

25 associated with each center-tapped emitter resistor
R,-R,, 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

30 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.

35 Fig. 2 shows an exemplary base station
receiver/transmitter 20 for detecting mobile random
accesses in a communications environment of
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Spare bytes for future use: 2 bytes 10 Cycli c redundancy
check code: 2 bytes Total _ 20 bytes The reply
frromthe base station to the 15 nobi | e upon detection of first '
transm ssion can be of simlar form Mssage type: 1 byte Message nunber:
1 byte Mobile Identification nunber: 4 bytes 20 Power level in
use to nearest 0.5db: 1 byte Timng advance in use to nearest 1/4 chip: 1

byte Spare bytes for future use: 11 bytes OA3ic redundancy check code: 2
g¥26222§odemords iﬁogﬁﬁ%égﬁgﬁqfhgngoing radio traffic signalgq bxaes There

antenna 200 receives a composite signal which is
amplified by a low-noise, RF amplifier 202. The
amplified signal is spectrally shaped by a filter
5 204, and a dual analog-to-digital converter 206
converts the filtered analog signal into a stream of
complex digitized signals having real or in-phase
parts (I) and imaginary or quadrature parts (Q).
Alternatively, an intermediate frequency nmixing stage
10 may precede the amplifier 202 so that amplification
and filtering occur at a lower intermediate
frequency. .
After the frequency demodulation process,
the complex, digitized composite signal is processed
15 by a CDMA subtractive signal processor 208. Because
the individual signals to be demodulated are each
scrambled with a unique scrambling code generated by
the mobile station's control processing unit 116, the
CDMA signal processor 208 sequentially descrambles
20 the composite 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-orthogonal codes possibly used for encoding
to extract eight bits of information for each 128-bit
25 Dbi-orthogonal code word. Correlation may be carried
out by using for example the Fast Walsh-Hadamard
transform processor described in the present
inventor's pending U.S. Patent Application Serial
No. 07/735,805 filed July 25, 1991 and entitled "Fast
30 Walsh Transform Processor". The decoded information
bits are transmitted to a base station control
processor 212 for further speech/data processing.
‘ By selecting the scrambling codes
corresponding to the signals having the greatest
35 signal strength, the base station CDMA processor 208
demodulates the various overlapping signals in order
of predicted signal strength from strongest to
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frame being the coarsest unit of timng resolution. Each codeword contains
128 chi ps, codewords and chi ps-30 being finer units of timng resolution,
but in addition, a chip, which in the preferred systemis about 4

m croseconds long is generated by dividing an even higher frequency clock
(i.e., producing pulses even shorter than 4uS) by sone integer. For
exanpl e, 35 i n one inplenentation, a 12.8 VMHz cl ock is divided by 24
48 to produce pul ses of one chip duration.lﬁgch pul se of the 12.8 M1z cl ock
is thus of 1/48th of a chip duration, so the present system can fine-tune

weakest. A signal strength tracker and sorter 210
predicts the signal strengths from past observations
and orders them. Recognizing that power levels
change over time, the signal strength tracker and

5 sorter 210 freely reorders the signal decoding
sequence to accommodate relative power level changes.
Expected signal strength levels may be predicted
based on a history of past power levels by
extrapolating a next power level using an estimated

10 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

15 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 beiné decoded.

20 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.

25 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,

30 after each successive codeword is transmitted. These
successive power increases continue for the total
number of ccdewords making up the random access
message. Preferably, the power level increases
according to a ramp function with the ramp slope

35 determining the magnitude of the power increase
increment. A ramp function is readily implemented
and simplifies the signal strength prediction process
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any timng adjustnment to fractions of a chip 5 resolution if need be. In
practice, we do so also as it is desirable not to alter timng in large
steps for the same reason as it is not desirable to alter power level in

| arge steps, but to ranp snoothly in smaller steps between one val ue and
the next. It is 10 only necessary to specify the target or destination
value to an accuracy or resolution of 1/4 of a‘chip period, however. For
exanple, if it is detected by the base statign receiver that a particul ar
nmobile signal is arriving between O and 1 chip earlier than 15 the others,
on average say 0.7lofltinhes baisei statibobesignakidiragkeroagdiserter 2ty and t he

timng advance byt egyg %a&ggqvaetfaﬁaﬂf&m 3 ARGeCPaKAYRasGeddie DI | e

in a timng adjustnme nessa
g : message by the mo Llie séﬁégon 10 occurs at a power

level greater than the preceding access message
5§ 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
10 range, the mobile station 10 fixes its transmitted
povwer 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
15 mobile increases its transmitted power level by only
0.1 dB per codeword, the power level's rate of change
is 200 4aB 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
20 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. 1In
this way, the present invention allows mobiles to
‘25 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 random access_meésages, the first two
30 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 codewords because that is also
the length of speech coder frames in the present
35 system. When transmitting speech traffic, the first
two codewords also take on the value "AA.." to
indicate when speech frames are transmitted in full,
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few codewords, the nobile would ranp its timng in 20 1/48th of a chip
steps per codeword, taking in total 36 codewords or around 18 nS to neke
the adjustnent of 3/4 chip. This is fast enough for practical purposes. In

the above format, the "spare bytes" may 25 be used by the base station 20
to command the nobile station 10 to switch to a | ess heavily | oaded
frequency channel. An exanple of the use of the above nessage fornat
assunes a nobile station 10 begins a randomg0 access transm ssion at the
| owest power level. If a signal at this |level has a chance of establishing
communi cati on, thepaebnae £1is8 itdkel @ncansetohe valye "tBB.away Whem fihe base

station 20, and'th§£e&8£f%é§“éb indicate that the remaining 40
codewords in the following speech frame are not going
to be transmitted because the speaker was momentarily

5 silent. This so-called discontinuous transmission or
upTX"® is described in commonly assigned U.S. Patent
Application Serial Number 866,555 entitled
spiscontinuous CDMA Reception" filed on April 10,
1992. :

10 The base station receiver's capability to
search for occurrences "AA..." or "BB.." is
therefore, in the preferred éystem, used for dual
purposes of identifying DTXed speech frames as well
as random access attempts.

15 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 receiver can predict when "AA" should
qdcur, and thus does not have to search for AA on all

20 codewords in every frame. ' _

If the AA sequence is not detected
immediately because the first mobile access attempt
was made at a low power level, the next time the base
receiver searches for AA the power level will have

25 increased 42 x 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 4B step between
attempts, instead of in a smooth ramp-function
_fashion of 42 smaller'steps of 0.1 dB, it is much
30 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

35 level between codewords.

One objective behind the invention is that

the base station 20 should detect random access

oY
A
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timng advance is used. According the first nessage 35 fromthe nobile
station 10 contains: Power byte = 0; Tim ng advance = 0. 25 The nobile
station 10 continues to increase its power by approxi mately 0.1dB per
codeword so that the first repeat nessage will begin at about 4.1dB hi gher
power than the first nmessage. Wth 0.5 dB 5 quanti zi ng of the power byte,
the val ue included in the nessage would be 9. No change to the tim ng
advance woul d be needed until the power |evels

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-
5 below a detectable level on a previous attempt, it is
unlikely that a 4.2 dB increase in signal level
before the base station loocks for it again would
represent a significant interference hazard.
An exemplary random access message segquence
10 is illustrated in Fig. 3A, which shows forty-two
codewords in the sequence produced by the control
processing 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
15 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
20 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
25 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
30 demodulates the remaining forty codewords. The
codewords A, A are also used to synchronize
communications between the mobile station 10 and base
station 20 as described in more detail below.
To avoid overloading the base station 20 by
35 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
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reached much hi gher val ues wi thout an acknow edgenent fromthe base station
20, indicating that the nobile 10 station 10 is at a significant

di stance. _The maxi num di stance nornal |y envi saged for cellular

comuni cations is 30Km for which 200uS rel ative timng advance is needed
to conpensate for the round- trip delay. Thus, at maxi num power, the timng
byte 15 included in the random access repeat message would indicate an
advance in the 200uS range. Because ot her remsons than di stance can require
the nmobile station 10 to use hi gher powers, for exanple |ocal shadow ng, it

can be desirable nbs$ varx##ﬂin/QQGQIﬂéncﬁaWiﬁﬁnF4¢rﬁ?ﬁiﬂh%@gg §@feabout 100uS
| ess, which | eaves,d09USd Gt ARETiyi.t BBDYot Nehies escriaaibldngs codpaci ty to

accept del ayed Slgggkflgp 5ésf%f§§wvyflations are provided for the
remaining scrambling codes. In this way, the base
5 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 scrambllng codes had to be detected
simultaneously.

10 In a preferred embodiment of the present
invention, each mobile station random access message
transmission uses a scrambling code selected from
several available scrambling codes that are not
presently allocated to traffic communications. These

15 are indicated in a broadcast 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

20 codes. The mobile station 10 selects an available
code and transmits a scrambled random access message.
The presently unused scrambling codes on a
predetermined frequency Fq, are identified in a
broadcast transmission using one of the CDMA signals

25 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

30 mobile demodulator. The aim is that each frequency
channel is self-supporting as far as broadcasting
information is concerned. Once the access is
detected and recognized as an access code, the base
station control processor 212 removes that code from

35 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
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maxi mum del ay of, for exanple, 32 chip periods, a chip being for exanple
4uS.long. Wth these exanple 25 figures, 1/4 chip is 1uS long, and the
timng byte value represents mcroseconds of timng advance currently

enpl oyed by the nobile station 20. If the-nobile station signal was first
detected by the base station 20 at the seventh 30 attenpt when it had
reached about half the maxi nrum power (in dBs) (i.e., a power byte val ue of
60), the nobile station 10 enployed a tim ng~advance byte val ue of 40, for

the mobi | ! advance | e of
S anal vas 35 oti 11 -tk > Shat°LRE' albLIE SRR A RR ndbel b 2

urte wea ] station
10 to continue i ncrek@shFerRidingy on ap intexnallysdored biskg it into the
target range. Random access transmissions start at a

specific boundary (i.e., the start of a 42-codeword
s message block "AA....") that divides a mcbile 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

10 searching for random access messages. As a result,
the control processor 212 only needs to search at one
time interval for a fraction of the possible random
access scrambling codes for each block decoding
operation. The CDMA signal processor 208 also

15 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

20 the base station transmitter 214 to a transmit timing
controller 120 from the processing unit 116. 1In
response to detecting a random access message, the
base station transmitter 214 transmits reply
information to the mobile processing unit 116, such

25 as the timing difference between the time at which
the mobile access transmission was received by the
base station 20 and a preset, target timing value.
Other information includes the difference between the
signal strength of the detected random access message

30 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

35 established timing synchronization with the base

- station 20 at the 42-codeword frame level as well as.
at the spreading code chip level.
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26 Moreover, the nobile signal was detected to be, for exanple, 20uS | ate
conpared with the base station's preferred timng w ndow. The base station
20 acknow edgenent nessage would thus contain the 5 values: Power to use
byte = 60+16/0.5 = 92. Timng to use byte = 40+20 = 60. The nobile
station 10, upon receipt of. this message, would continue to ranp its power:

and timng until the 10 commanded val ues are reached. Due to processing
delay in the base station 20

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-

5 codeword messages beginning with "AA.." The mobile
thus knows the time of occurrence of AA on the
downlink calling channel, from which the time-stagger
of all other codewords is defined. For example, if
we use the notation that the calling channel employs

10 scrambling code Co, and traffic channels may use
scrambling codes C1, €2, etc., then the time of
occurrence of AA in the signal scrambled with code Cl1
will be two codewords after the time of occurrence on
the calling channel; likewise, the time of occurrence

15 of AA in the signal scrambled with codeword C2 will
be four codewords after AA on the calling channel,
and so forth. '

Calling channel:

....m...l..........Q.......A_A......Q.

20 Signal using Cl:

C...... lC..l...........QCOOIO.AA......D
Signal using C2:

........M‘...........O.........M.‘..!..

It is necessary to obtain synchronization
25 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
30 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 descrambling code with the received signal

35 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
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20 and the nobile station 10, or failure due to tenporary radi o noise to
detect the first acknow edgenent nessage, it is probable that the 15

nobile station 10 will rmake at | east one nore attenpt (e.g., power=68,

ti m ng=42) before an acknow edgenent nessage is received. This wll 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 18uS 20 of the desired optinum
timng. The base station 20 thus sends anotl2ar acknow edgenent nessage
with the values: Power to use byte = 68+12/0.5 = 92 Timng to use byte =
42+18 = 60 25 tﬂwé’-hsa&ayﬁaﬁsﬁc%ﬂt RRanf Fdading apoyirichions &f 10
consi st ent |nstruct|«zngossdbnbabodéuond&pdsntﬁaﬂs dn the frame structure

the AA sequence is expected; synchronization to chip
resolution means determining to which of 128 possible
5 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
10 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 alignment that is related to that received .
15 from the base station 20. In other words, the base
station 20 is the master timing reference to which
all mobile stations 10 synchronize and thus are able
to transmit signals with a determined time relation.
Due to unequal distances from different
20 mobile stations 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 generator 114 is told by
25 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
30 measuring 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 message to the mobile station 20
giving the amount (e.g., number of chips + or -) that
35 the mobile station 10 shall adjust its time advance.
When the mobile station 10 makes a first
transmission to the base statiorn 20 during random
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10 will eventually adopt the desired paranmeters. Based on this information,
the processing unit 116 directs the timng controller 120 to advance 30
the timng of the transm ssion of the nobile access nessage by a tinng
advance factor to conpensate for the propagation delay caused by the

di stance between the nobile station 10 and the base station 20. The access
transm ssion timng factor may be zero and 35 then increase to effect
earlier transmssion tines as the access neggage transm ssion power |evel

i ncreases. The greater the power |evel required, the 27

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
5 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
'received. It can then, in the reply confirming
10 reception of the random access transmission, send
information to the mobile station 10 enabling the
mobile station 10 to adjust its transmit timing to
the right position. This information could either be
an absolute timing advance for the mobile station 10
15 to use (in which case the base station 20 needs to
know what timing advance the mobile 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
20 know the amount of timing advance the mobile station
10 is already using).
The choice between these is not critical to
the invention, and is a matter of system philosophy.
At present the preferred approach is that the mobile
25 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 station 20
additionally adjusts the signal and sends the
30 absolute values back to the mobile station 10. The
mobile 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. '
35 As an example of a mobile random access
message, 40 codewords of data present in the 42-word
frame and a rate 1/2 error correction code, yield 20
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greater the distance between the nobile station 10 and the base station 20
and.the earlier the access nessage nust be sent to be properly tine
aligned. It is preferable for the base station transmtter 214 to 5
broadcast information that will allow the nobile station control unit 116
to nore accurately adapt the timng controller 120 to the tinme

advance/ power | evel increase relationship to t he propagation | aw pertaining
to that base station's cell, in the nmanner descrlbed above. Such

i nformation includeﬁgﬁhe bas %) tter éfeq& r ate%ﬁgomer and
the radial propagat PSHh®F 02 {ﬁ ? °H 8FFF§r Rt ECt i PEsER™t hat
is also solved by the deployrd dit ey rapdomcancessmessage asn fodlawd: base
station 15 20 is to ensure that the nobile statiMysshgeC8fpe: 1 byte

Message number: 1 byte

5 Mobile Identification number: 4 bytes

' Power level in use to nearest 0.5db: 1 byte
Timing advance in use to nearest 1/4 chip: 1 byte

Called number (mobile originated call): 8 bytes

Spare bytes for future use: 2 bytes

10 _ Cyclic redundancy check code: 2 bytes
Total 20 bytes

‘The reply from the base station to the
15 mobile upon detection of first transmission can be of
similar form: .
Message type: 1 byte
Message number: 1 byte
Mobile Identification number: 4 bytes
20 Pover level in use to nearest 0.5db: 1 byte
Timing advance in use to nearest 1/4 chip: 1 byte
Spare bytes for future use: 11 bytes
Cyclic redundancy check code: 2 bytes

25 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

30 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 4usS) by some integer. For example,

35 in one implementation, a 12.8 MHz clock is divided by
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receive the base station transm ssions using the traffic scranbling code
rather than the calling channel code, and to confirmthis to the base
station 20 so that the base station 20 can cease 20 transm ssions on the
calling channel in order to save calling channel capacity. Moreover, the
other nmobile stations 10 in the cell could be disturbed by the sudden
appearance of a new base station transm ssion at arbitrary power 25

| evel . The sane random access issue of avo24ling interference by sudden
appearance of a new code therefore has to be solved in the reverse

di-rection.  The preft8rtedpredite RI1Sef 0FaoBesPRiP ANIAFiqR e FRFD
transni ssion on a pa¥éous! yhemm.a Mdelosk3ist thiegif LMasthpogea | evel

lower than any of Eﬂ?p duration, so the present system can fine-tune
any timing adjustment to fractions of a chip
5 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
10 only necessary to .specify the target or destination
value to an accuracy or resolution of 1/4 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
15 the others, on average say 0.71 chips, this can be
rounded up to 3/4 of a chip and the timing advance
byte value would be changed by 3 and conveyed to the
mobile in a timing adjustment message. Over the next
few codewords, the mobile would ramp its timing in
20 1/48th of a chip steps per codeword, taking in total
' 36 codewords or around 18 mS to make the adjustment
of 3/4 chip. This is fast enough for practical
purposes. ' .
In the above format, the "spare bytes" may
25 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
30 access transmission at the lowest power level. 1If 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
35 from the mobile station 10 contains:
Power byte = 0;
Timing advance = 0.
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ongoing signals and to ranp it up slowy, just like the nobile station 10,
At the sane tine, the

at the approximate rate of 0.1dB per 0.5n5 codeword.
code is renoved fromthe list of unall ocated codes,

or

35 rat her,

added to

the list of used codes broadcast fromthe base station 20. The format for
the list of codes in use 28 broadcast for the base station 20 is: Nunber

of codes in use

(1 to 24) 5 bits Code nunber of strongest signal

(1 of 31) 5 bits 2nd " signal (1 of 30) ®%bits

10

15

20

25

30

35

The mobile station 10 continues to increase
its power by approximately 0.1dB per codeword so that
the first repeat message will begin at about 4.1dB
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 30Km, for which 200us 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 200uS range. Because
other reasons than distance can require the mobile
station 10 to use higher powers, for example local
shadowing, it can be desirable not to employ the
maximum time advance but about 100uS less, which
leaves 100uS 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 4uS long. With these example
figures, 1/4 chip is 1us long, and the timing byte
value represents microseconds of timing advance
currently employed by the mobile station 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 16dB, to bring it into the target range.
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5 . Code nunber of 15th strongest (1 of 17) 5 bits Code
nunber of 16th strongest (1 of 16) 4 bits Code nunmber of 23rd strongest
(1 of 9) 4 bits Code nunber of 24th strongest (1 of 8 3 bits Total bits
5+8x5 + 8x4 + 4x3 + 2x2 + 1 = 115 bits 15 Therefore, within a 20-byte data
nmessage, the bytes can be allocated to the above broadcast nessage as

foll ows: Message type: 1 byte 20 Code order as above: . 15
bytes Spare for future use: 2 bytes Cycl#® redundancy check code: 2

bytes T :
: y_.s .otal 20 QX%ggver, the mobile signal was detected to be, for

example, 20uS late compared with the base station's
preferred timing window. The base station 20
acknowledgement message would thus contain the
5 values:
Power to use byte = 60+16/0.5 = 92.
Timing to use byte = 40+20 = 60.
The mobile station 10, upon receipt of this message,
would continue to ramp its power and timing until the
10 commanded values are reached.
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
15 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 18usS
20 of the desired optimum timing. The base station 20
thus sends another acknowledgement message with the
values: ‘
Power to use byte = 68+12/0.5 = 92
_ Timing to use byte = 42+18 = 60
25 The base station 20 thus gives the mobile station 10
consistent instructions, so that the mobile station
10 will eventually adopt the desired parameters.
Based on this information, the processing
unit 116 directs the timing controller 120 to advance
30 the timing of the transmission of the mobile access
message by a timing advance factor to compensate for
the propagation delay caused by the distance between
the mobile station 10 and the base station 20. The
access transmission timing factor may be zero and
35 then increase to effect earlier transmission times as
the access message transmission power level
increases. The greater the power level required, the
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25 This nmessage may be read by nobile stations 10, other than that
attenpting random access, to warn them of the inmm nent commencenent of
transm ssion with a previously idle code. It is also readable by an idle 30
nmobile station 10 and may be used to determine the traffic | oading on each
frequency channel it scans, thus enabling it to choose to nake a random
access on the nost lightly | oaded frequency channel. Because the power

| evel with which the base 35 station 20 beg?ns transm ssion is unlikely
to be nore than 35dB be] ow t.he

es nal es only 360
codewords (180nS) tgreAteRRe ¢ jtﬁﬁ%%&k%?%"gﬁnsﬁ%n‘bﬁk nOR 3P the
rate of 0.1dB per cadéwchel. bMIS‘@ﬁﬂWlSZDI.rTBndlthef‘arhm ¢heaagobsse

station 10 message must be sent to be properly time aligned. It

is preferable for the base station transmitter 214 to

5 broadcast information that will allow the mobile

' station control unit 116 to more accurately adapt the
timing controller 120 to the time advance/power level
‘increase relationship to the propagation law
pertaining to that base station's cell, in the manner

10 described above. Such information includes the base
transmitter's effective radiated power and the radial
propagation loss profile in different directions.

An issue that is also solved by the message
exchange between mobile station 10 and base station

15 20 is to ensure 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

20 transmissions on the calling channel in order to save
calling channel capacity.

Moreover, the other mobile stations 10 in
the cell could be disturbed by the sudden appearance
of a new base station transmission at arbitrary power

25 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.

The preferred means for the base station 20
to begin transmission on a previously unused code is

30 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
0.1dB per 0.5mS codeword. At the same time, the code
is removed from the list of unallocated codes, or

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

The format for the list of codes in use
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40 originated call, the base station 20 can already pass the called
nunber to the land network so that the delay in the land network making
connection to the 29 cal l ed subscriber is in parallel with the
conpl etion of random access and not in series with it. In other words,
maki ng the | and-1ine connection occurs simultaneously wth the conpletion
of random access 5 rat her than sequentially. During this period, the
nobi-l e station 10 continues to denodul ate tf§g conmmon cal ling channel as
well as listening for the base signal to appear using '

. broadcast for the base station 20 is:

Number of codes in use (1 to 24) 5 bits
COde number of strongest signal (1 of 31) 5 bits
v 2nd " signal (1 of 30) 5 bits

5 L ] L] L] L ] - L]

Code number of 15th strongest (1 of 17) 5 bits
Code number of 16th strongest (1 of 16) 4 bits

10 * L 2 L L] . . L
Code number of 23rd strongest (1 of 9) .4 bits
Code number of 24th strongest (1 of 8) 3 bits
Total bits 5+8x5 + 8x4 + 4x3 + 2x2 + 1 = 115 bits
15 '
Therefore, within a zo-byte data message, the bytes
can be allocated to the above broadcast message as
follows:
Message type: 1 byte
20 Code order as above: 15 bytes
Spare for future use: 2 bytes
Cyclic redundancy check code: 2 bytes
Total: 20 bytes
25

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
30 mobile station 10 and may be used to determine the
traffic loading on each frequency channel it scans,
thus enabling it to choose to make a random access on
the most lightly loaded frequency channel.
Because the power level with which the base
35 station 20 begins transmission is unlikely to be more
than 35dB below the strongest signal, it takes only
360 codewords (180mS) to increase from weakest to
strongest position at the rate of 0.1dB per codeword.
During this time, in the case of a mobile station 10
40 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
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the nobile's own scranbling code. The base station 10 20 transmts the
sane data on both the calling channel and the nobile's code, thus
facilitating detection of the signal by the intended nobile station 10 as
wel | as subtraction of the signal by other nobile stations 10. Wen the
nmobil e station 10 15 has successfully detected the signal using its own
scranbling code, it acknowl edges this fact to e base station 20 by use of
an uplink acknow edgenent nmessage format as follows: Message type: 1 byte =

20 "acknow edge" Messalked subwcriberbis dn\Vippratleéelioritlf ithet complukiber: 4
bytes Message nunber obgbasadie areassaskdtWtedacderids Riith it. In other
words, making the land-line connection occurs
simultaneously with the completion of random access
5 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

10 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
15 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 =
20 "acknowledge®
Message number: 1 byte
Mobile Identification number: 4 bytes
Message number of base message acknowledged: 1 byte
Signal strength ordering of detected own code: 1 byte
Qther base calling channel strengths: 8 bytes
Spare bytes for future use: 2 bytes
Cyclic redundancy check code: 2 bytes
TOTAL 20 bytes

30

The mobile station 10 repeats this message with
incrementing message numbers until the base station
20 ceases to transmit the power and time alignment
message type and sends a new message type or traffic.
35 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
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Signal strength ordering of detected own code: 1 byte other base calling
channel strengths: 8 bytes Spare bytes for future use: 2 bytes Cyclic
redundancy check code: 2 bytes TOTAL 20 bytes 30 The nobile station
10 repeats this nmessage with increnenting nessage nunbers until the base
station 20 ceases to transmt the power and tine alignnment nessage type and
sends a new nessage type or traffic. 35 The progress of the base/nobile

i nterchange thus achi eves the objective of 8Re invention: the establishnent

of 2,dupl ex. base- 10llikeql W02 MLANS, SISl QUeg LIS bage gt on 20
mobile station 10. The traffic channel allocation
message indicates to the mobile station 10 that the
random access has been accomplished and that the

5 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 message is sent to the mobile station 10,

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

15 functions in accordance with the system described in
a pending application "Duplex Power Control," U.S.
Patent Application Serial No. 866,554, filed on April
10, 1992, and incorporated above by reference. More
generally, however, the traffic channel allocation

20 message may include a command to change a CDMA code
from a random access code which may be common to all
mobiles attempting random accesses to an assigned
code for traffic communication. In addition, the
traffic channel allocation messdge could include a

25 command to change to another frequency. The
procedure 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

30 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

35 application, Serial No. 866,554 mentioned above.

To compensate for time-dispersion and

echoes on the radio channel as well as uncertainty in
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30 sends a "traffic channel allocation"” nmessage to.the nobile station 10.
Thestraffic channel allocation nessage indicates to the nobile station 10

t hat the random access has been acconplished and that the 5 nobile station
10 may proceed to the next stage of call set-up. For nobile initiated cal
set-ups, the nobile station 10 transmts the tel ephone nunber of the party
being called. Wen the traffic channel allocation nessage is sent to the

nobile station 10, 10 the nobile station 1@®w tches to the code/frequency
paranmeters indicated in the nessage. Thus, a_cl osed-
_ 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

5 conventional RAKE detector receiver. .

' A RAKE receiver anticipates that the éignal
has come through a channel that adds delayed echoes.
Fig. 4A shows that a desired compbnent/shift of the
originally transmitted signal appears aligned at a

10 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 Tl with amplitude Cl1, then the signals
appear as represented in Fig. 4B. In general, the

15 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. 4cC. : _

The positions and amplitudes expected are

20 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

25 for a signal 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 total possible spread of the

30 taps on the deiay 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, corresponding to up to
éround 128us time delay.

35 When taps containing significant energy
have been identified, detection of the signal
proceeds by setting several RAKE taps to collect
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.loop control of timng and power level is fornmed between the nobile station
10 .and the base station 20. Preferably, the power |evel control |oop 15
functions in accordance with the system described in a pending application
"Dupl ex Power Control," U 'S. Patent Application Serial No. 866,554, filed
on April 10, 1992, and incorporated above by reference. Mre generally,
however, the trafflc channel allocation 20 gessage may i nclude a command
to change a CDMA code from a random access G8de which may be common to al

mobi | es attenpting %r@_i@ﬁrmf%ﬁeéﬁ%e;?xﬁé‘ éﬁiﬂ&“%ﬂdlcggatf:gé éissfdﬁnc oul d
Icggmuggc:t |Zgn. lnrr%ﬂ'lt cﬁgﬁggi:ia {h%t ai“%"@q?rbﬁc?gg‘mg geo‘&%ﬁe beyond
this point is tern@nd iaterfprencenratio. In the preferred system, the
total spread of taps that are combined in this way is
5 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
10 is found to be permissible without undue loss of
performance, 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-
15 zero while taps 0, 1, 2 and 3 are given zero weight.
This afrangement would combine energy received
starting at the first time position T4, and decode
it. 1In 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
20 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
25 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

30 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

35 10 has transmitted the last traffic frame, it goes
into the discontinuous transmission mode more fully"
described in a U.S. Patent Application Serial No.
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of "call set-up" and could include other message exchanges for the purposes
of authenticating the nobile station 10 in the accessed network, or vice 30
versa. In addition, the transm ssion power |evels that the nobile station
10 and base station 20 adopt beyond the cessation of power and tine

al i gnnment nessages may be controll ed using the techni que of "Dupl ex Power
Control" disclosed in a separate 35 application, Serial No. 866, 554
ment i oned above. To conpensate for tine-disp#?sion and echoes on the radio

chaqnel as well as HE&?éééﬂrﬁﬂ%iélea d%iscontinuous CDMA Reception®

' filed on April 10, 1992. 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 -4dB
per 42-word frame, approximately. After 10 frames
the signal level has been reduced 40dB and the

10 transmission can now be terminated, this having taken
only about 200mS. 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 random access on that code.

15 " While particular embodiments of the present
invention 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

20 contemplates any and all modifications that fall
within the spirit and scope of the underlying
invention disclosed and claimed herein.

This is the replacement sheet

Date: 22 JAN m



»

t he time-of-arrval—ef—+random access nessages, the CDMVA signal processor

208. processe different shifts of the received, digitized signal
sarrpl mu ﬂll @mi ll! e decoded results of each shift inab5

conve tor receiver. A RAKE receiver anticipates that the
si gnal has conme through a channel that adds del ayed echoes. Fig. 4A shows

that a desired conponent/shift of the Oflgl£§||y transmtted signal appears
aligned at a 10 distinct point intime To at anplitude Co. |If on the

ot her hand an echocigmesided over the transnlsS|on path causing the desired
sianal component als0 0 apRear Rluakhell EBe WPk A pniditeblie O
anticipates a nunbeausgdehyungdﬁq)qgmmunications initiated between at
least one of a plurality of first radio stations and
5 a second radio station, comprising the steps of:
transmitting from said at least one first
radio station an access message at a relatively low
povwer level;
determining'whether said access message has
10 Dbeen 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,
15 transmitting power setting information 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 station is a base station.

20 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 acccfding to claim 1 wherein
said access message is transmitted using spread-
25 spectrum signal coding.

S. A method according to claim 4 wherein

said access message includes orthogonal block error-
‘correction codes.

6. A method according to claim 4 wherein
30 said transmitting step includes:

scrambling said access message using a
scrambling code selected from a reserved group of
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received at To, To+dT, To+2dT, To+3dT ...... and with respect anplitudes
Co, :C1, HI shown in Fig. 4C. The positions and anplitudes
expect ed *Ilmﬂ,l},mﬂ”uljimlled from past history and a nunber of RAKE taps

pl aced at "thé& ekxpetted positions in a delay register to collect the echoes,
whi ch are then added with appropriate weights. Thus, the RAKE receiver is

able to search 25 for a signal at an earliest possible time of arrival To
by placing one RAKE tap at To; the receiver B8 also able to search for the

signal arriving at a_.del d ti To+dT by placing a single RAKE tap at
To+dT, and so on. Tﬁgr?8$¥$n505€$§ﬁé spread of the 30 taps on the del ay
regi ster determ nes the total

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

5 8. A method according to claim 1 further
comprising: - C
acknowledging at said second station
reception of said access message.

9. A method according to claim 8 wherein
10 said acknowledging step includes commanding said
first station to discontinue power level increases.

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

15 11. A method according to claim 8 wherein
acknowledging step includes transmitting time
alignment information.

12. A method according to claim 8 wherein
acknowledging step includes transmitting power
20 adjustment information.

13. A method according to claim 1 further
- comprising the step of terminating said radio
communication including gradually diminishing said
power level and terminating said communication when
25 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.
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anount of uncertainty in the time of arrival that can be searched. In the
preferred-—system up to 32 chips of tine delay can be searched,

correspo ound 128uS time delay. 35 When taps
cont ai ni Hm“im ﬂ“ﬁwﬂmﬂergy have been identified, detection of the signal
pr oceeds ng several RAKE taps to collect 32 energy fromthose

time shifts and add the taps with suitable weighting to naxim ze the signa

to noise and interference ratio. In the prefdred system the total spread
of taps that are conbined Inlgbli nodilé radio station for

.communicating with at least one other radio station,
comprising:
means for transmitting from said mobile
5 station to said other radio station a random access
message at a relatively low power level;
means for detecting an reply message from
said other radio station:; and
means for commanding said transmitting
10 means to retransmit said random access message at an
increased power level if said reply message has not
been detected to include an acknowledgement supplyiné
power setting information.

16. The mobile station according to claim
15 15, wherein said retransmitting 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
20 a list of scrambling codes broadcast from said other
radio station to generate said random access message.

18. The mobile station according to claim
15, further comprising:
means for adjusting the time of
25 transmission of said access message based on said
increased power level.

19. A communications system, comprising:
plural mobile radiotelephone stations, each
mobile station including:
30 means for transmitting an access
message initially at a relatively low power level;
means for requlating the power level of
said transmitting means; and
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8 chips; that is—the taps that contain significant energy can be
ed by up to 32 Chl , but all those selected to be added for detection

.hsva; i RN 11 p v poow soreupere 1 that “52"chrp range s

is found to be perm ssible
wi t hout *undue” | dss “of performance, than a matter of principle. To

il'lustrate how mani pul ating the RAKE taps adapts the receiver to accept
signals that are nore or |ess delayed, Fig. 4P shows taps 4, 5, 6 and 7
bei ng non- 15 zero while taps 0, 1, 2 and 3 are given zero weight. This
arrangenent woul d conbi ne ener gy controbgueans tfoxy contradling s$aid ne
fos' tloon T4, and degQifilialting mEhfls déperidingg 4n WheGhardsdiarscaess but
aps 1, 2 and 3 havsesat heh\(aasl ee%ntggée&@&? 4, 5, 6 and 7
at least one base station including:
5 means for receiving a composite of
signals from said mobile stations;
means for detecting said access
messages; and
| means for transmitting a reply message
10 to the mobile station corresponding to said detected
access message.

20. The system according to claim 19,
wherein said base station further comprises:
means for ordering received signals
15 including said access messages according to signal
strength; '
: ‘means for selectively decoding the
strongest signal; and
means for removing said decoded signal from
20 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
25 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 randonm
30 access messages.

23. The system according to claim 22,
vwherein said base station transmitting means
broadcasts a list of said reserved scrambling codes

-
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had i n Fig.—4b—Fhe RAKE receiver is thus adapted to receive

preC| lgnal as in the first case, just when an earlier tine
of ar , l@ of T4. Thus, by adjusting the positions and relative
val ues= Of¢ s hts, the RAKE receiver is able 25 [

to receive
signals with nore or | ess propagation delay. A simlar issue of

I nterference avoi dance may exi st when a caII Is termnated. There is |ess
of a danger of causing interference due to 3Bhe sudden 30 disappearance of

doorgnal Lhan duechgy! BRabIdd YhERREANY Raliof £5% even the
resi dual danger I m nat ed adoption of a so t tern1nat|on
procedure as foIIBME 1¢P%Era??ﬁﬁﬁxﬁ§§%nzﬂn on 20 or nobile station

24. The system according to claim 22,
wherein said base station transmitting means
5 broadcasts a list of said reserved scrambling codes

separate from scramblin§ codes used for other radio
communications.

25. The system according to claim 22,
wherein said base station transmitting means
10 broadcasts a list of said reserved scrambling codes
used for other radio communications.

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

15 27. The system according to claim 19,

" wherein each mobile station includes means for
adjusting the time of transmission of said access
message based on said regulated power level; and
means for detecting time aligmment information in

20 said reply message.

28. The system according to claim 27,
wherein said base station includes means for
determining the difference between the signal
strength of said random access message detected at

25 said base station and a predetermined signal
strength. '

29. The system according to claim 28,
wherein said determining means determines a time
difference between the time said random access was

30 detected and a predetermined time.
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35 10 has transmi-ttedthe last traffic frame, it goes into the
di seontTAUOUS trans“ﬁg “ﬁn node nore fully described in a U S. Patent

Appl.i cat ﬁm““m 33 866, 555, entitled "Discontinuous CDVA
Recept i okn‘\‘

10, 1992. This renoves 40 out of the 42 codewords
transmtted ﬁerLfrane i n a manner which other receivers are aware of,

| eaving only the 5 two codewords out of t 42 designated as "DTX FLAGS
being transm.tted. These are transmtted at ‘gradually di m nishing power

| evel s equival ent to -4dB peragl2-mie @yctafitaceppd did "Ed dlaimAiber 10 franes
wherein said receiving means includes means for

detecting preset signal patterns associated with said
first message.

' 5 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
10 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:

15 selecting, by at least one of said first
stations, a lightly loaded channel of said at least
one second stations; and,

following a random access procedure
including

20 ‘ 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

25 at a relatively 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. '

30 ' 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
-
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the signal Ievel has beemrteduced 40dB and the 10 transmi ssion can now be

S
t erm nat eﬁu ' | ken only about 200nt. The base station 20 then
renoves - , ﬂﬁ, ﬂgﬂp%[ ed fromthe broadcast list of codes in use, so
t hat anot her thobi | e ssat+on 10 is free to start a random access on that

code. 15 Whi l e particul ar enbodi mrents of the present invention
have been described and illustrated, it should be understood that the

invention is not limited thereto since nodi #Pcations may be made by persons

skilled in the art,__The_pr nt applicati on 20 contenpl ates any and al
modi fi cations that Fait ﬁﬁf§§§°tﬁﬁg ??é%eiind scope of the underlying
i nvention disclosed and cl ai fetiermiring the load on each received

channel; and
' selecting a lightly loaded channel with
5 clear reception qualities.

35. A method according teo claim 33, wherein
said random access procedure further includes
starting said random access procedure upon
receipt of an call initiation signal transmitted by
10 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
15 transmitted by a first station:;
transmitting, by said second station, an
acknowledgement message upon receipt and decoding of
said transmitted message using said selected code;
transmitting, by said first station, a
20 second message to said second station upon detection
of said acknowledgement message; and
ceasing transmissién of said
acknowledgement message by said second station upon
. receipt and decoding'of said second message. '

25 ' 37. A method according to claim 33, wherein
sald acknowledgement message is transmitted on a
common calling channel and includes an timing
adjustment information by said second station.

38. A method according to claim 36, wherein
30 said second station transmits said acknowledgement
message .initially at a low power level and gradually
increases said power level until receipt of said
second message. '
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34 What is claimed is:—1— A nmethod for mininizing co-channel .
I nt;erference caused by radi o communications initiated between at | east one

of a pl \“ﬂmmuum‘jﬂm adi o stations and a second radi o station,
'conprisﬂMﬂ WO L 5 communi cating fromsaid at | east one of
a plurality of ¥ifst “of radio stations to said second radio station using
the sane radio frequency subject to co-channel interference; transmtting
fromsaid at |east one first radio station agjaccess nmessage at a

relatively | ow power |evel; 10 det ermi ni ng whet her sai d access
message has been detected by 3aidasmetinad resbaxdingt toneladhr36s whidreds sai d

._access message al anji}'seshd RA¥EAgl Clit1uddd lsidfhd strength

information.

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

41. A method according to claim 33 further
comprising the step of terminating said communication
10 including gradually diminishing said power level of
said transmitted message and terminating said
communication when said power level is diminished by
a predetermined extent.

42. A method for minimizing interference
15 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 coomunication segment;
20 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 39, wherein
25 said termination mode is a discontinuous transmission
mode in which frames of data are reduced to no more
than two flags.

I ————
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access message i s detected; and upon detecting said access nessage,
transmtting power setting information 15 “including a specific power

i ncrease quantity for said first station fromsaid second station. 2. A
met hod according to claim1l wherein said first station is a nobile radio
t el ephone and said second station is a base station. 3. A et hod

according to claim1l wherein said accesi nmessage i ncludes 20 an access
code and an identification code of said*first station. 4. A et hod
according to claim1l wherein said access nessage is transmtted using

A1 a acobes massags THEPURCACGFRRoINRAPERHAC REERFAPRED Y RRRET! (ol

gon error-correction codes.

ABSTRACT OF THE DISCLOSURE

The present invention includes a system and
method for minimizing interference between two radio
stations, e.g., a mobile radio telephone and a fixed

5 Dbase station, at the initiation of a radio

' communication. A mobile station initiates a random

access at the lowest power level and increases the
transmission power level until the base station '
detects the access signal. Once detected, the power

10 1level of the message is maintained at the detected
level so that the signal interference is avoided.
The present invention also provides a mechanism for
synchronizing random access communications between
mobile stations and the base station despite

15 variation in distances between the mobile and base
stations.
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35 6. Aﬁ{—Hed—aeeer—dﬁLng—t-g claim4 wherein said transmtting step
I ncl udes: “ml I.ng _sai d access nessage using a scranbling code sel ected

from asr ese u ﬂl mbl i ng codes. 5 |
said scranbling c g, a‘?%farﬁé%ﬁﬁ Sﬁﬁﬁﬁﬁfrcﬁﬁ
Sar

according t

I nformation broadcast on a common cal | i ng channpe SCTIDUOR PRgCA od- @cerdi. g
to claiml further conprising: acknow edgi n3¢a 3&”§%<\,oncp&§§§ﬁ‘ﬁm paged %1,
reception of said access message. 9. A neth d"‘" FHIPg” Raged Laiton fhged .o,
wherein said acknow edgi ng step 10 i ncl udes HRely saieged iITL.3b @gaa!_-p_n
to di scontinue after Wh&ﬁcdl%%@ ig.el ay power |gevel increases. 10. A

met hod according to CTarm erein a tine of frBATEi €Fi Rﬂcgjvpz_iggza
nmessage i s based on a power |evel currently in use. IT A-Trethot—

according to claim 81wher ejn aﬂclzod”ui)wlﬁggllnglzqngst eph:!mrﬁ%{ ude ST erence caused by radio

communications initiated between at least one of a plurality of first radio stations
and a second radio station, comprising the stepé of:

-5 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-channel
interference; )

transmitting from said at least one first radio statidn an access message at a
relatively low power level;
10 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
15  including a specific power increase quantity for said first station from said second

station.

2. A method accordmg to claim 1 wherem said first station is a moblle

radio telephone and sald second station is a base station.

3. A method according to claim 1 wherein said access messagé includes

20 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.

5. Amethod according to claim 4 wherein said access message includes

orthogonal block error-correction codes.

z
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15 transmitting tinme alignment information. 12. A nmet hod according to
claim8 wherein acknow edgi ng step includes transmtting power adjustnent

i nf or nati , d according to claim1 further conprising the
step _of t ﬂ“l“mlu “Imluﬂlirl adi o conmmuni cation including gr adtrjrgl ly ?

di m ni shing s&id-pdwer’ 20 level and term nating said comunication when
sai d power |evel has dimnished by a pred rmned extent. 14. A net hod
according to claim 13 wherein said termnating step 36 includes entering
a di scontinuous transm ssion nodé. 15, A mobil e radi o station for

communi cating with at | east one other, radi o, station, r| Si
_ 6. A method according to cla?m wherem s ans?mttmg step

includes:
scrambling said access message using a scrambling code selected from a

reserved group of scrambling codes.

5 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 acknowledging step
10  includes commanding said first station 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 acknowledging step includes
15  transmitting time alignment information.

12. A method according to claim 8 wherein acknowledging step includes

transmitting power adjustment information.

13. A method according to claim 1 further comprising the step of
terminating said radio communication including gradually diminishing said power
20  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
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comuni cati%adi 0 station to said at | east one other
radio 5  station usi radi o frequency subject to co-channel

| nterf;erence“mm nsmtting fromsaid nobile radio station to said
at | east onell m'” %ﬁ&l on a random access nessage at a relatively

| ow power | evél ;¢ meana r tecting an reply nessage fromsaid at | east
one other radio station; and 10 meggns for comandi ng said
transmtting neans to retransmt said random access nessage at an increased
pO\iiver\MI e\éel if said Ireply nmessage has not been detected to include an
acknow edgenent suppl yi ng power setting infor.mation conprising a specific
power increase inghides extering a discoptinuoystyagstaission Hp cco?gi ng tg cl a!om 15,

wherein said retransm ssion 15 comandi ng means i ncreases said power
| evel according to a ranp function. 17. The nmobil e station according to
cl ai m 15, wherein sal$l. tr Anmobile iradionstation fonjopuaenicatingnwith it least oseiataera
scranbling code froma |list of ,scranbling codes
radio station, comprising:
communicating from said mobile radio station to said at least one other radio
5  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;
means for detecting an reply message from said at least one other radio
station; and _
10 means for commanding said transmitting means to retransmit said random
access message at an increased power level if said reply message has not been
detected to include an acknowledgement supplying power setting information

comprising a specific power increase quantity.

16.  The mobile station according to claim 15, wherein said retransmission
15 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.

20 18.  The mobile 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:

25 plural mobile radiotelephone stations, each mobile station including:
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broadcast fromsaid other radio station to generate said random access
nmessage. . ’ . nobi | e station according to claim15,
further co la3d L ans for- adjusting the tinme of retransm ssion of said
access WSWHngﬁm ﬂﬂ'g i ncreased power |evel. 109. A commruni cati ons

systemw th [ Mannel interference, conprising: 25
pl ural nobile radiotel ephone stations, ea nobi | e station including: 37
means for transmtting an access nessage ihitially at a relatively |ow
power Ievgl; rreanis for regulating the power level of said transmtting
means; and contr [ ' ' '

trol nmeans for controlling said re%{iﬁil ng rﬁa%g/selydl%evendl ng on

whet her means for transmitting an access message y at'a powe
level; |
means for regulating the power level of said transmitting means; and
control means for controlling said regulating means depending on whether
5 said access message has been detected;
at least one base station including:
means for receiving a composite of overlapping signals transmitted from said
. mobile stations on the same frequency channel subject to co-channel interference;
means for detecting said access messages; and
10 means for transmitting a reply message including power setting information
comprising a specific power increase quantity to the mobile station corresponding

to said detected access message.

20. The system according to claim 19, wherein said base station further
comprises:
15 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
20  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.

25 22.  The system according to claim 21, wherein said scrambling codes are

reserved for random access messages.
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5 saim been detected; at |east one base station

includl I ving a conposite of overlapping signals
transmtﬂmmmn mnm |Ie stations on the same frequency channel subject
to co-channel Ln e; neans for detecting said access nessages; and

10 means for transmitting a reply 3ssage including power setting
I nformati on conprising a specific power increase quantity to the nobile
station corresponding to said detected access nessage. 20. The system

according to claim 1933 whahei §ystehh Cachadings tat ¢lain 20, RpErei®aAid NS¢ skition
means for ordering received signals including said access nessages

accor f" ng Ej o si yrasmittingomgans breadoasts pdist of Faid mesrved sa@@ddmgonﬁ%ﬂut cr(sjabg@st
signal; and nea m sai d receive
conposite si gnaﬁ'fe é‘?ﬁﬂé &gﬁgﬂ Egd?ﬁ%#ﬁggggﬁggﬁgabﬂ[% '20, wherei n each
nobil e station
24. The system according to claim 22, wherein said base station
5 transmitting means broadcasts a list of said reserved scrambling codes separate from
scrambling codes used for other radio communications.

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 communications.

10 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 means for adjusting the time of transmission of said access message based
on said regulated power level; and

15 means for detecting time alignment information in said reply message.

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

29.  The system according to claim 28, wherein said determining means
20 determines a time difference between 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
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20 |ncw’modl ng access nessages using orthogonal or

bi - ort hogonal duce coded access nessages; and neans for
scranbl | n \g m&“ﬁ“ S messages using unique scrambling codes. 25
The ordirg to claim21, wherein said scranbling codes are
reserved fof random access nmessages. 383%3. The system according to
~claim 22, wherein said base station transmtting neans broadcasts a |i st
of said reserved scranbli ng codes that enables the nobile station to
determ ne an awithlsaid sccesanessagesde. 24. The system according to claim

22, wherein said base station

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
5  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
10  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
15 selected code at a relatively 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 ciuantity.

34. A method according to claim 33, wherein said channel selection step
20  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 reception qualities.

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

25  procedure further includes starting said random access procedure upon receipt of an
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5 transmg\n%asts a list of said reserved scranbling codes
separat e w Spranmbl in s used for other radio comunications. 25,
The syste WW aim 22, wherein said base station transmtting
nmeans broadcast’s) M/ sai d reserved scranbling codes used for other
. radi o conmuni cat|i orfs. s107% 26. Thé0syst em according to clai m 19,
" wherein said access nessage includes a nobile station identification code

and a random access code. 27. The system according to claim19, wherein

each nobi | e st alalIGhitiatich Wigaal BRIy Gielj ofsaidfirst station s said second statien.on
of said access nmessage based on said regul ated power |evel; and 15
nmeans for detecting tinme alignnent information in said reply nessage. 28.

The system accordin 0 cla] , 21 N Say e i Qi d dodE ns
for determ ning the%aé'ffebe%e%g%ﬁghmg gtla%a ’s?@g%?%ag‘ legi d faan gm

2tC ‘r3 g?\ St ?S 3 gge ﬁ?;ﬁgﬁlgegtrﬂier aﬁmﬂegdetenﬁmmgl, by said decong station swhétherth endgrfedm
neansg - said list gf co(caig ?scl;:e%g tlzrglgmﬁio {)?Iar}llr%tsétat%n%r ein said determ ning
5 transmitting, by said second station, an acknowledgement 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 acknowledgement message; and | _
ceasing transmission of said acknowledgement message by said second station

10  upon receipt and decoding of said second message.

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

15 38. A method according to claim 36, wherein said second station
transmits said acknowledgement message initially at a low power level and gradually

increases said power level until receipt of said second message.

39. A method according to claim 36, wherein said second message

includes signal strength information.

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

41. A method according to claim 33 further comprising the step of

terminating said communication including gradually diminishing said power level
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20 det er mi nes a time di-fference between the tine said random access was
~detected anﬂ,ﬂm tinme. 30. The system according to claim 19,
"~ wherei,n sai ﬂ "E includes neans for correlating with a

HSp

;predeternlneﬂ
- messages.

si gna ng code associ at ed wi th said access
The system according to cl4l m 30, wherein said detecting

nmeans is a RAKE detector. 32. The system according to claim19, wherein

sai d base stat

ion detecting 5 means searches for particular access

messages at st aggﬁa%n&mﬁeed' RbRhYAATE teBRinating' si{ddatndricationt vilhén sdid poweadi o

conmmuni cati ons

etween at |east one of a plurality of first radio stations

and at |east olevebisodinudnishadi by 8 paedetermingdrgxt¢nti ng t he steps of:

10

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 communication segment;

gradually diminishing a transmission power level; and

terminating fransmission 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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35. A nmet hod according to claim 33, wherein said random access 25
procedure further includes starting said random access procedure upon .
recei pt "of dn 40 call initiation signal transmtted by one of said firs
station and said second station. 36. A nmet hod according to claim 35,
wherein said random access procedure further includes determ ning, by said
second station, whether a code from sai ®ist of codes is being transmtted
by a first station; 5 transmtting, by said second station, an
acknow edgenent nessage upon recei pt and decoding of said transmtted
nmessage using said selected code; transmtting, by said first station, a
second nessage tq.said.second station upon detection of said
acknow edgenent fressage; and ceasing transmi ssion of said acknow edgengnt

message by said g$eco St=trom
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10 upon recei pt and decodi ng of said second nessage. 37. A et hod
according to claim33, wherein said acknowl edgenent nessage from said
second 'station is transmtted on*a common cal ling channel and incl udes
timng adjustnment information for timng further transm ssions fromsaid
first station. 15 38. A nmet hod according to claim 36, wherein
said second station transmts said ackh%ﬁ?edgenent nessage initially at a
| ow power |evel and gradually increases said power |evel until receipt of
sai d second nessage. 39. A nmet hod according to claim36, wherein said
second nmessage includes signal strength information. 20 : 40. A
nmet hod according to claim35, wherein said first station receives said
acknow edgenent nessage from both conmon calling nel and said sel ected
channel . 41. A met hod according to claim33 furt conprising the step

of term nating said comunication including gradual di m ni shing said
power | evel
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of said transmtted nmessage and term nating said conmmunication when said
power level is dimnished by a predeterm ned extent. 42. A net hod for
mnimzing interference caused by termnation of radi o comrunications
between a first radio station and a second radi o station, conprising 5

the steps of: entering a call termnatio / de after a |last communi cation
segnent; gradually di mnishing a transm on power level; and term nating
transm ssi on when said power |evel has dimnished by a predeterm ned
extent. 10 43. A met hod according to claim42, wherein said

term nation node is a discontinuous transm ssion node in which franes of
data are reduced to no nore than two fl ags.
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