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BACKGROUND

The present invention relates generally to methods and
systems for mobile station access to radiotelephone
5 systems. More particularly, the present invention relates
to such methods and systems which eliminate interference
between mobile station access transmissions and other
communication traffic at a base station in cDMA
radiotelephone systemns.
10 Radiotelecommunication technology has exploded in the past
' decade as a convenient and efficient alternative to
conventional communication systems such as the telephone.
Mobile teiephones, in particular, have found widespread
acceptance as persbnal communication devices due to their
15 portability. The rapid growth in this industry has
mandated that system designers find ways to increase the
capacity of these systems to satisfy the rapidly growing
demand. Increasing capacity, however, presents numerous
challenges because the frequency spectrum available for
20 radiotelephone . systems is relatively 1limited. Thus
désigners must contend with the inherent tension between
the desire to increase capacity and maintain high quality
communications on the one hand, and the limited available
spectrum and interference considerations on the other hand.

25 New technologies have been developed to address the dilemma
posed by the desire for increased capacity and these
inherent difficulties. 1Initially, radiotelephone systems
were implemented using analog technology and frequency
division multiple access (FDMA) techniques method. In FDMA

" 30 systems, every call between a mobile station and a base
station occupies a pair of unique frequency channels until
either the call is completed or a handoff occurs.
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5 increase in capacity, a level which could not be realized

using analog technology and FDMA. In TDMA systems, each

transmitter is allocated a time slot on a frequency during

which it can transmit bursts of data. Other transmitters

can use the other time slots available on the same

10 frequency. Currently, many of the major radiotelephone
systems throughout the world are in the process of

converting existing technology to digital TDMA systems to

capture this additional capacity.

A third type of system has previously been proposed which

15 is expected to provide even more capacity than TDMA
systems. In code division multiple access (CDMA) systems,
different spread spectrum, coded signals are transmitted by
various transmitters' that overlap in both time and
frequency. When these signals are received, for example at

20 mobile station, they are decoded by correlating the
received signal with the unique code associated with the
particular channel that the mobile station is currently
using.

All of these radiotelephone systems must contend to some
25 degree with the difficulties posed by interference and
varying signal strength. Inherent in the operation of
mobile telephone systems is the continual change in signal
strength due to the changing distance between a mobile
station and a base station and the topographical conditions
30 between the mobile station and the base station which
reflect transmissions causing multipath fading loss and
propagation delay. For example, the received signal
strengths of a mobile station transmitting near the base
station and one transmitting near the edge of the cell may
35 differ by several orders of magnitude.
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the power output of the mobile stations so that the
received signal strengths at the base station on the same
frequency are as tlose to equal as possible. Every mobile
station using the same frequency in a CDMA system
interferes with other mobile stations using that frequency.
Thus, mobile stations which transmit at unnecessarily high
power levels reduce system capacity since these high power
signals interfere with the weaker signals transmitted from
other mobile stations on the same frequency.
Unfortunately, the processing gain of the circuitry used to
decode these transmissions can suppress only a certain
amount of interference.

One process for achieving equalized power control of mobile
station transmissions in CDMA systems is called dynamic
power control. Using dynamic power control techniques, a
base station transmits control signals to the mobile
station to adjust its transmission power based on the
received signal strength from that mobile station relative
to that of other mobile stations.

This technique works well for an assigned traffic channel
where a closed control loop can be used. However, for the
initial access attempt from the mobile station, a closed
control loop does not exist. Accordingly, during the
initial access attempt the mobile station can attempt to
control its output power by estimating interference based
on the received signal strength of signals from the base
station. However, experimentation has shown that this
technique is not sufficiently accurate due to measurement
errors and independent fading in the reverse (uplink)
channel which cannot be accurately estimated based on the
signals received from the base station.

To overcome this problem of dynamic power control during
the initial access attempt, it has been proposed that the
mobile station start the access with low output power and
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5 initiate communication with the base station and interfere
with other mobiles using the same frequency. This method,
however, may not work well in a fast fading environment.
For example, a rapidly moving mobile station may attempt to
initiate a call in a first 1location where multipath
10 propagation loss is very high. Accordingly, the first
attempt at a very low power level might be too weak. When
the mobile station increases the power level and attenmpts
access again, the new location of the mobile station may
have very favorable loss characteristics and the received
15 signal strength at the base station might then be stronger
than necessary for detection so that it interferes with
other channels unnecessarily.

Another technique for solving the difficulties presented by

unequal received signal strengths is subtractive CDMA

20 - demodulation. According to this technique, overlapping,

coded signals are decoded in order of strongest to weakest

signal strength. After each signal is decoded, it is

removed or subtracted from the received, composite signal

- before decoding the next strongest signal. Usirig such a

25 = system, signal strength differences between mobile stations

become less important and capacity is increased. By

removing higher strength signals first, their ability to
interfere with lower power signals is reduced.

Subtractive CDMA systems, however, are also_susceptible to

30 the interference problem which exists when mobile stations
initiate random access. Moreow}'er, to achieve subtractive
demodulation the signals received from the mobile station

must be properly time aligned by adjusting the signal

y o transmission to account for propagation delay between the
35 base and mobile station. As with the dynamic power control
technique, timing alignment is readily achieved when a
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These problems reduce the efficiency and capacity of
radiotelephone systems. As described above, continuously
increasing demand pressures system designers to expand the
capacity of such systems. Accordingly, it is highly

10 desirable to overcome the drawbacks of systems wherein the
initial access attempt by mobile stations creates
interference and timing alignment problems.

SUMMARY

These and other problems can be overcome by using methods
15 and systems according to the present invention. In a

preferred embodiment of the present invention, a radio

communication method and system ‘eliminates interference

caused by access initiation to channels already in use by

providing a plurality of special access slots during which
20 normal traffic and signalling channels are interrupted.

According to other preferred embodiments o©f the present

invention, the timing alignment difficulty is solved by

providing access slots which are long enough to receive

mobile Sjtation access signals having, for example, either
25 very high or very low propagation delay.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the present
invention will become more apparent from the following
i detailed description of preferred embodiments when read in
‘30 conjunction with the attached Figures in which:
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to an exempl ry embodiment of the present invention:

Figure 2 shows a block diagram of a base station according
to an exemplary embodiment of the present invention;

Figure 3 illustrates a more detailed block diagram of the
quadrature modulator and power amplifier of Figure 1;

Figure 4 illustrates a CDMA transmission format according
to another exemplary embodiment of the present invention;
and

Figure 5 shows the access slots in the transmission format
of Figure 4 in more detail.

DETAILED DESCRIPTION

To facilitate understanding of the present invention, an
exemplary embodiment in the context of a CDMA subtractive
demodulation system will now be described. Such a systen
is disclosed in U.S. Patent Applications Serial No.
07/628,359 filed on December 17, 1990, and Serial No.
07/739,446 filed on August 2, 1991, both entitled "“CDMA
Subtractive Demcdulation", which are héreby incorporated by
reference. However, those skilled in the art will
recognize that the present invention is not limited to CDMA
subtractive demodulation systems and can also be applied to
conventional CDMA systems or any other radio communication
systems in which it is desirable to eliminate interference
caused by random access call ‘attempts betweeﬁ radio
communication devices. '

In CDMA .subtractive demodulation systems, information
between plural mobile radio stations and a base station is
transmitted in blocks of codewords, e.g., forty-two
codewords per block. A convenient signal transmission
format comprises sequences of 128-bit éodewords transmitted
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The digitized composite signal is descrambied with a unique
scramkling code corresponding to the information having the
greatest received signal strength. The descrambled signal
is then correlated with ‘'spreading" codes known as

10 orthogonal {or bi-orthogonal) block codes that are

) associated with the information signals. The 128-bit
signal samples are decocded by an orthogonél block decoder
by determining which block code has the best correlation to
the sample signal, decoding that block code and producing

15 a signal identifying which of the block codes was decoded.
This signal is used to subtract the portion of the
composite signal relating to the decoded block prior to
attempting to decode the next strongest, coded information
signal.

20 In an exemplary embodiment of the present invention
illustrated in Figures 1 and 2, a mobile station
transmitter 10 includes a radio frequency (RF) power
amplifier 100 coupled to a duplex antenna 102. A frequency
synthesizer 104 generates the transmission carrier waveform

25 that is modulated with an information signal, e.g., speech,
by a gquadrature modulator 106. The guadrature modulator
106_‘ can implement a modulation technique such as impulse-
excited Quadrature Amplitude Modulation (QAM) in which
information bits are modulated alternately on the in-phase

30 (I) channel and  the quadrature (Q) channel using the
waveforms generated by two low-pass 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

35 analog form. The low-pass filters 108, 110 principally
remove the digital-to-analog conversion sampling frequency
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The digital information signals received by the complex
modulator 112 are produced by a block codeword generator

and scrambler 114. When the mobile station 10 is
transmitting a random access message, i.e., before speech
10 communication begins, the message is generated in the

control prdcessing unit 166 and input to the block codeword
generator and scrambler 114, for example, eight bits at a
time. However, when speech transmission commences, the
eight-bit input to the block codeword generator and

15 scrambler 122 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
_is controlled by the control processing unit 11s6. For
input to the block codeword generator and scrambler 114,

20 the control processing unit 116 selects either itself for
transmission of random access messages or the speech
encoder 122 for transmittihg conversation. Even after the
random access procedure 1is completed, the control
processing unit 116 can operate the switch 126 from time to

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

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

35 the codeword. Various aspects of scrambling codes and
their generation and application in this context are
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Gregory 2 %%@:gms.l.ey for "Multiple Access Coding for
Mobile Radio Communications," which is hereby incorporated |
by reference. The information bits and the scrambling code
originate from the control processing unit 116 that also
selects the carrier fregquency to be generated by the
frequency synthesizer 104 and transmits a power level
command to a power level controller 118. As discussed

"above, the power level controller 118 is used to adjust the

output powver of the mobile station once a closed control
loop has been established to maintain a mean received
signal stremgth at the base station 20.

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 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 Xnown
and the following techniques can be used as desired in the
present invention.

Because the power amplifier‘'s final stage might be
controllable within only a 20~-dB power range, a wide
transmission power control range is difficult to achieve by -
controlling the bias of only one stage of the power
amplifier. Accordingly, for a two-stage power amplifier
100, controlling both stages would yield a 40-dB control
range and providing a fixed 20-dB attenuator selectively

switched into the output of the power amplifier can achieve

the desired 60-Db range. Of course, if bias control of a
single ahplifier stage is preferred, two independently
controllable 20-dB fixed attenuators may be selectively
switched into the output, thereby achieving the same 60-dB
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~ power amplifier in which modulating in-phase (I) and
) quadrature (Q) signals are input to a quadrature modulator
106. The quadrature modulator 106 includes level-
switchable balanced modulators controlled by level control
bits B;-B; to provide a first 0-20 dB control. A first
frequency F; providing the carrier frequency is also input
10 to the quadrature modulator 106 from the transmitter
frequency synthesizer 104. The output of the quadrature
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
15 mixes the modulated signal (which is at a lower frequency
for technical convenience) with the higher, fixed second
frequency F, to translate it to a higher output frequency.
Conversely, a downconverter, or super heterodyne mixer, is
' generally employed in a receiver to convert a high
20 frequency signal received on the antenna to a 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

25 mixer to vary the frequency at the antenna.

The output of the converter 504 is input to a bandpass
filter 506 and fed to a driver 507. The gain on the driver
507 is controlled between 0-20 dB by power level controller
118. The output of the driver 507 is input to a power
30 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 total
transmission power control range of 0-60 dB. It will be
35 appreciated that variable attenuators may also be used.
Switchable and variable attenuators are commercially
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Figure 2 shows an exemplary base station receiver/
trapsaitter 20 for detecting mobile random accesses in a
5 communnications enviromment of overlapping, ongeing radio
tratfic signals. 2An antenna 200 receiwves a composite
signa} which is amplified by a low-noise, RP amplifier 202.
The amplified sigmal is spectrally shaped by a filter 204,
and a ¢&uwal analog-to—-digital converter 206 converts the

10 filtered analog signal into a stream of complex digitized
signals having real or in-pnase parts (I) and imaginary or
quadrature razts (Q). Alternatively, an intermediate

fregquency mixing stage may precede the amplifier 202 so
that amplification and filtering occur at a lower
15 intermediate frequency. '

After the frequency demodulation process, the complex,

digitized composite signal 1is processed by a CDMA

subtractive signal processor 208. Because the individual

signals to be demodulated are each scrambled with a unique

20 scrambling code generated by the mobile station's control

processing unit 116, the CDMA signal processor 208

sequentially descrambles the composite signal with each

scrambling c¢ode in order of greatest to weakest signal

strength. The descrambled signal is decoded by correlation

25 with all of the bi-orthogonal codes possibly used for

- encoding to extract eight bits of information for each 128-

bit bi-orthogonal code word. The decoded information bits

are transmj.tted to a base station control processor 212 for
further speech/data processing.

30 By selecting the scrambling codes corresponding to the
signals having the greatest signal strength, the base
station CDMA processor 208 demodulates the various
overlapping signals in order of predicted signal strength
from strongest to weakest. A signal strength tracker and

as sorter 210 predicts the signal strengths from past
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Having thus briefly described an exemplary subtractive CDMA
system in which speech communication, for example, can be
10 carried out after communication has been established
between a mobile station and a base station, a method and
system for providing randam access call initiation
according to an exemplary embodiment of the present -
invention will now be described. As shown in Figure 4,
15 access slots 300 are provided in the uplink (mobile-to-base
station) transmissions at regqular intervals. Every mobile
station using a channel on the same frequency will
interrupt regular CDMA transmissions, including voice
communication and other control signalling, at the same -
20 time to provide these access slots. In syst_enis where
transmissions in neighboring cells are synchronized with
each other, including the exemplary subtractive CDMA system
discussed above, mobile stations transmitting on the same
frequency in different cells will also provide access slots
25 at the same time.

Thus, according to this exemplary embodiment, idle mobile
stations 10 will transmit random access bursts only during
such access slots. This allows a mobile station to
transmit at a power level high enough to be detected by the
30 base station without concern for interference with other
communication traffic on the same frequency. The power
level of the access burst can, for example, be a
predetermined maximun power which has been broadcast by the
base station on the control channel. Alternately, the
35 mobile station can measure the received power from the base
station and use this value to calculate a suitable power
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5 Of course, interference is still possible between access
bursts transmitted by different mobile stations during the
same access slot. However, such interfering access
attempts can be solved by repetition according to known

‘'  access algorithms. One such algorithm is known as the

10 ALOHA algorithm. According to the ALOHA algorithm, a
mobile station that desires to make an access attempt
selects an access slot and transmits an access message.
When the base station receives that message it sends an
acknowledge message to the mobile station. If the mobile

15 station does not receive an acknowledge message, either due
to a collision caused by two mobiles selecting the same
access slot or simply due to transmission errors, the
mobile selects a new access slot after a random time period
and repeats the access message. This process can continue

20 -until an acknowledge is received or until the access has
failed a certain maximum number of times.

In the exemplary mobile station of Figure 1 the control
processing unit 116 of each mobile station 10 initiates
each of the access slot periods at predetermined, equally

25 spaced intervals by ‘operating the switch 126 so that data
from the control processing unit is selected to be output
from the. switch 126. At this time, if needed, an idle
mobile station 10 can initiate a random access burst.
Otherwise, no data is transmitted during the access slot

30 and any data input via microphone 124 is stored in a buffer
(not shown) within the speech encoder 122. At the end of
the access slot,' the control processing unit can operate
the switch so that the speech encoder 122 can transmit
data.



detai |l ed descri ption Tiis Pheet Has F‘?nants when read in conjunction with -
the atta | es in ure 1 illustrates a nobi '
transrﬁttrksga@eg%i ng témmmn enbodi ngpt of the preser{lceigtgwoﬂgﬁ
Figure 2 shows a bl ock diagram of a base station acc rm‘ggsﬂggam\samanl ary

enbodi ment of the present invention; Figure 3 illustrates A Uple ai ljed
bl ock di agram of the quadrature m)dul at or and power zJ 1;

Figure 4 111 uStigipe XALRE 462088 BEratd UrBlsdffaritedtih o 6! fmmer
exenpl ary- enbodlnent o] present invention

CDMA commum.catlon traffic, the bursts can be coded using

either CDMA methods or any other suitable coding method.

The access bursts could contain full identification

5 information and service requests. Since, however, the time

allocated to the access élots reduces overall capacity, it

is important to minimize the duty cycle of the access

slots. Therefore it is preferable to send very short

_ channel requests during the access slots, followed by

10 identification and service requests on a dedicated channel

after communication between the mobile station and the base

station has been established.

At the time of a random access attempt by' the mobile
station, the two~way propagation delay between the mobile
15 and the base station will not be known precisely.
Accordingly, as seen in Figure 5, the ‘duration of each
access slot 300 is established based on a minimum delay
(i.e., no delay due to propagation) and maximum two-way
propagation delay. In Figure 5, access burst 310
20 represents a transmission received at the base station with
a minimum delay and burst 320 represents a similar
transmission received with a maximum two-way propagation
delay. A minimum delay occurs when the mobile- station is
close to the base station and equals the amount of time
25 necessary for the mobile station transmitter to power up,
while the maximum delay occurs when the mobile station is
near the cell border. The length of the access slot is
established by adding the minimum delay, the maximum two-
way propagation delay, the length of the access burst, and
30 some guard time for power ramping down at the mobile
station.

Timing alignment can also be achieved using systems and
methods according to the present invention. As mentioned
above, such alignment is needed when using subtractive CDMA
35 demodulation. Time alignment information is provided by
the base station transmitter 214 to a transmit timing



and Fi gure 5 shows them transm ssion format of Figure 4

in rmore detail . DETAILFEF%I&HI% e &c&§C|I|tate under st andi ng of the
present WQ@MMG?B an exT | he context of ®CIEEI3/00302
subtractive denndulation dcrib

di sclosed in U S. Patent App |c erlal No. 07/ ﬂﬂSSﬁﬂfEﬁ

Decenber 17, 1990, and Serl al No 07/ 739, 446 fil ed AugREPLACEDL 991, Joot h

entitled "CDVA Subt dul ation”, which are NETEDV. T NCQrNQOr db

ref erence.’ é FI’FO k???’@d%?’len ccfrhtero r?rﬂf?fsﬁggogﬁqu:g ?agt tryﬁ?
present inventi ores oﬁﬁbI&d“ﬁédeb@ﬁﬁ@Masmhhdmmiaucehmndasmwgulsthéehase
and can also be SERt] 1on tPansmitter 214 transmits reply information to the

mobile processing unit 116, such as the timing difference

5 between the time at which the mobile access transmission
was received by the base station 20 and a preset, target
timing value. Oother information includes difference

between the signal strength of the detected random access
message and a predetermined signal strength which can be

10 used to adjust the power level of subsequent transmissions
of the mobile station by power level controller 118.. The
time alignment information from the base station 20 could
either be an absolute timing advance for the mobile station
10 to use (in which case the access burst must include

15 information indicating what timing advance the mobile
station was already using) or the amount of adjustment the
base station wants the mobile staticn to apply.

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

20 that the invention is not 1limited thereto since
modifications may be made by persons skilled in the art.
For example, although the exemplary embodiments discussed
above refer to the remote unit as a mobile station, those
skilled in the art will appreciate that the present

25 invention can be applied to any type of remote unit (e.q.,
portable units). The present application contemplates any
and all modifications that fall within the underlying
invention disclosed and claimed herein.
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CDVA &y&g%ﬁ§ﬂ¢ks@@&1 cr-adi o conmuni cation systens in which’

it.is degig ¢dheeds® eI| rence caused by random ac
attenpts betvveen radi o devicesae I n CDVA, subtr g&?&e@%’&mz
denodul ati on systens, i tmeen plural nobile radio stations and
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1. A CDMA radio communication system comprising:

a base station for transmitting CDMA signals within a cell;
and

remote transmitting means for transmitting on uplink CDMA
channels to said base station, wherein said uplink CDMA

' channels comprise access slots during which random access

bursts can be transmitted to initiate communication with

said base station.

2. The system of claim 1 further comprising:

timing advance means for controlling the time at which said
remote transmitting means transmits to the base station
such that the base station receives all transmissions in

time synchronization.

3. The system of claim 1 wherein said access slots are
provided at equally spaced time intervals.

4. The system of claim 1 wherein said remote transmitting
means further comprises:

means for interrupting data communication at a beginning of
said access slots; and

means for selectively transmitting access bursts during
said access slots.

5. The system of claim 1 further comprising:
means for adjusting the output power of signals transmitted
by said remote transmitting means.

6. The system of claim 5, wherein said adjusting means
adjusts the output power of said remote transmitting means
to a predetermined power level for transmission of access

'bursts.

AR
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.serfally over a. radio comnuni cations channel . receiver anpl fies, filters,

sanpl es, and conver tyhisideeriasdicen Repleeasosi t e signal , which consi sts of

over | apwiones/efggguni cat i mdifferent transmttersp 3ﬁMﬁb§al

form for processing. T* i nposi t 7si gna

uni que scranbling code sponding to the i nf or mgtTithH Si‘liEiTrI@AS IBEEN]eat est
received signal strength. The descranbl ed signal i thenREHUKEDated i th
"spreadi ng" codes known as orthogona] (or bi nal JﬁLmK TV 't hat
are aSSOC|ated7mntﬁh?hﬁyﬁﬁﬁﬁwﬂﬁIQ%F%WgﬁaIghere*ﬁe%%fBH&? %ﬁ@ﬁ%?n§§nBP¥§r

are decoded by @fe®r tipoppahdbhedk €6Cerdd byefloter ntrangmiitshgh!fe&ns ody
has the best cor elatlon to the sanple signal, decoding that block code and
produci ng d base station.

8. The system of claim 6, wherein said remote transmitting
5 means further comprises:

means for measuring a received signal strength of signals

transmitted by said base station, wherein the predetermined

power level is calculated based on the received signal

strength.

10 9. The system of claim 1, wherein said access slots have
a length based on a minimum power ramp up delay and a
maximum propagation delay between the remote transmitting
means and the base station.

10. The system of claim 9, wherein said access slots have
15 a length equal to the sum of the minimum power ramp up
- delay, the maximum propagation delay, a length of the
access burst, and a guard time.
11. The system of claim 4, wherein said access bursts are
transmitted in CDMA format.

20 12. The system of claim 4, wherein access bursts are
transmitted in a non-CDMA format.

13. A method for initiating communication between an idle
remote station and a base station' in a CDMA radio
communication system, comprising the steps of:

25 providing accese,slots at predetermined time intervals on
a frequency during which regular CDMA communication traffic
on the frequency is interrupted; and
transmitting an access burst from the idle remote station
to be received by the base station during one of the access

A




a si gnal I denti fyi ngrnﬁsr@btmsgelggﬁg baedg codes was decoded. This signal is

used to t he conp05|te signal relatin
ngfzfiﬁés El‘ Hw“'ﬂ g’m decode gghe next F@F@ﬂgﬂiﬁ&iﬁx@zm”z
nbodi nent of thd BHSSHEETi WAS BEEN

decoded bl o prior to

information signal. In

illustrated in Figures 1 and 2, a nobile station trarfsm ttQEpgALEpnc! udgs a

radio frequency (RF) power anplifier 100 coupled to 102.

A frequency syridesiThe néﬁhgénefacéaimthtrwhgxktnismldastéproﬁape¢w1d1ng

that is nddul at h | g:by a quadrature
nodul at or 106. #%e&%]%a fig’ttusp g%{%xg{bo@%ecsa% ?é%nt a nmodul ati on

t echni que such dmtenpuptdngexeoice Qlacﬂ@tiurélmpﬂl terrnsmissdenof yamMnyn

whi ch remote stations already connected to said bases station

5 during the access slots; and
storing voice or data information generated at said already
connected remote stations in a buffer until said access
slot has ended.

15. The method of claim 13, further. comprising the steps
10 of: _ |

receiving, at said remote station, an output power level

for transmitting access bursts from said base station; and

transmitting said access bursts at said output power level.

16. The method of claim 13, further compriéing the steps
1s of: '
measuring a received power level of said base station;

calculating an output power level for said access bursts
based on said received power level:; and
transmitting said access bursts at said output power level.

20 17. The method of claim 13, further comprising the step
of:
encoding said access burst in CDMA format.

18. The method of claim 13, further comprising the step

of:
25 encoding said access burst in a non-CDMA format.
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i nf or'mat i ‘on bits ar eThWeiﬁmBﬁ"nﬁr&%l y on the in-phase (1) channel and
t he quadraiure cha l wavef orms generated by two | ow pass
filters 16}9,;%388%-,_00 I 112 cal cul ates i npul se ridsh5tga/00302

waveforms that correspond to the polarities of recei T mat i on
signals and converts those waveforns into anal og for g cmspaés
filters 108, 110 principally renove tgﬁ/gi gital-to-a RERLABEB on
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m xed initially t ﬁsgﬁgyaaseemwﬁeﬂaﬂﬂhedlate frequency and then converted
to fhe haﬂger carrler frequency by het erodyne n1§gﬁ@ t he
nodul at e 84 at vef ormwith gn offset freg E93100302
digital infor rrat i on si recel ved by the conpfigis SHERT ARQT %@ are
produced by a bl ock codemord generator and scrjnbl er B n- the
nobile station 10 is transmtting 2 gndon1 el , before
g

speech comuni cation begins, the nmessdge is generated in the control
processing unit 166 and i nput to-the bI ock codevvord generat or and scranbl er
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_The' speech encodeThislrket RESBARRD) chophone signal froma m crophone 124

Spgcgg;%gyﬁl ?;%wuummﬂ dﬂ ch 126 is controlled by rl’?ﬂ‘/ﬁﬁ?i 3%02

to the bl fe adewpr.d gener ator
scranbler 114, the ing unit 'IHszSHEEJtﬂAgl -

transm ssi on of random access nessages or the qu;gpm 5

transmtting conversation. Even after3tfe ramgo el prgeedure s
conpleted, the control processing unit 116 can operate the switch 126
fromtinme to tine to select nessage transm ssion and interrupt speech
transm ssion. This is done, for ( for high priority signalling
message exchange between the base &t atioph 20 and the nobile station 10,
such as Fast Associated Control CH&wnel (FACCH) messages.

|tself for
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I'n the bl ock code\/\:gp?sﬁﬁﬂﬁm °@tranbl er 114, eight bits of .
i nflor maty e s H ui tabl e orthogonal (or bi PQTYSEIB700302
bl ock cgvd@a?gﬁa?‘gr e it codeword._.__The 128-bi.t codeword can

t hen be scranbl ed by nodul o-2 addi ng a uni que W@WEE'Q;@@Q £ q the

codewor d. Vari ous, aspects of scranbling coges _anﬁﬂg D ge ation and
application in this context are obddecri bed—i $ Patent
Application Serial No. 866865 , filed on April 10, 1992, by Paul W

Dent and G egory E. Bottom ey for "Multiple Access Coding for
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Sparcopy
Mobi |€ Radi o Communi cations,” which is hereby incorporated by refenmodagy
The information bits and. the scranbl i ng code originate fromthe control
processing unit 116 that al so selects the carrier frequency to be generated
by the frequency synthesizer 104 and tra%_ntts a power |evel conmmand to a

pover | evel “cont 1ol | oy on Alosk£6UR8R8aR0NE 8 iR el cont 1ol e

118 is used to adjust t e output power
control |oop has been established to maintain a nmean received signal
strength at the base station 20. The power |evel controller 118

advant ageousl ses a conbi nation of attenyators and conponents for
control | i n3& SEgDof the power anplifier 100 to achi eve the conmanded
power | evel when transmitting each codeword. A

The present invention relates generally to methods and
'systems for mobile station ' access to radiotelephone
systems. More particularly, the present invention relates
to such methods and systems which eliminate interference
between mobile station access transmissions and other
communication traffic at a ©base station in cDMA
radiotelephone systems.

Radiotelecommunication technology has exploded in the past
decade as a convenient and efficient alternative ¢to
conventional communicat;on systems such as the telephone.
Mobile telephones, in particular, have found widespread
acceptance as personal communication devices due to their
portability. The rapid growth in this industry has
mandated that system designers find ways to increase the
capacity of these systems to satisfy the rapidly growing
demand. Increasing capacit&, however, presents numerous
challenges because the frequency spectrum available for
radiotelephone . systems is relatively 1limitéd.  Thus
designers must contend with the inherent tension between
the desire to increase capacity and maintain high quality
communications on the one hand, and the limited available -
'spectrum and interference considerations on the other hand.

New technologies have been developed to address the dilemma
posed by the desire for increased capacity and these
inherent difficulties. 1Initially, radiotelephone systems
were implemented using analog technology and frequency
division multiple access (FDMA) techniques method. In FDMA
systems, every call between a mobile station and a base
station occupies a pair of unique frequency channels until
either the call is completed or a handoff occurs .

REPLACEMENT SHEET
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conbi.nati on of attenuators and anplifier bias control is useful in
achieving a suitably wi de transm ssion power level control range, e.g.,
60 dB, and it wll be appreciated that a wide variety of conbinations
are known and the follow ng techni ques cap be used as desired in the
present invention. Because the power anplifier's final stage m ght be
control | abl ghiehithese ysyseemqumwalrmgeperataade:a rspecificationser

ctage of ¢ hERBoRERSaHNA e AEEeRFER ErbaCiEY 20 £k BelogRitof P
100, contr othangdlngu.ltasll Zechnaldgly wisdnl & e d:B.‘cmwol muhhgplendccess
Phovi &' o9 Acbiiad ok T AR] W01 a B8 ke rouhay ¥ e 19 ocb PEeR 1B ©f

the power afmp
increase in capacity, a level which could not be realized

using analog technology and FDMA. 1In TDMA systems, each
transmitter is allocated a time slot on a frequency during
which it can transmit bursts of data. Other transmitters
can use the other time slots available on the same
frequency. Currently, many of the major radiotelephone
systems throughout the world are in the process of
converting existing technology to digital TDMA systems to
capture this additional capacity.

A third type of system has previously been proposed which
is expected to provide even more capacity than TDMA
systems. 1In code division multiple access (CDMA) systems,

- different spread spectrum, coded signals are transmitted by
various transmitters that overlap in both time and
frequency. When these signals are received_, for example at
mobile station, they are decoded by correlating the
received signal with the unique code associated with the
particular channel that thé mobile station is curren‘tly
using. :

All of these radiotelephone systems must contend to some
degree with ‘the difficulties i)o'sed' by interference and
_varying signal strength.  Inherent in the operation of
mobile telephone Eystems is the continual change in signal
strength due to the changing distance between a mobile
station a.nd a base station and the topographical conditions
between the mobile station and the base station which
reflect transmissions causing multipath fading loss_ and
propagation delay. For example, the received signal
strengths of a mobile station transmitting near the base
station and one transmitting near the edge of the cell may
differ by several orders of magnitude. REPLACEMENT SHEET

2 § APR 1997




the desired 60-Db range. O course, if bias control of a single anplifier
stage is preferred, two i ndependently controllable 20-dB fixed attenuators
may be selectively switched into the outgut, thereby achieving the sanme
60- dB 10 control range. An exanple of a multi-stage power anplifier is
shown in FIgucbMA $ystems3 ishois panticukawly sdmpoattiantofta regulateage

e | 2P khk polBr hERpE A kAL | HBLANZSE sebluigtld b aghat! eneQ

signals are€ |npg? g&rature nmodul a 106. i]qn guadr at ure

nodul at or rggelvacklsum;galmm;pngths at the base station on the same
frequency are as tlose to equal as possible. Every mobile
station using the same ‘ frequency in a CDMA system
interferes with other mobile stations using that frequency.
Thus, mobile stations which transmit at unnecessarily high
power levels reduce systém capacity since these high power
signals interferé with the weaker signals transmitted from
other mobile stations on the same frequency.
Unfortunately, the processing gain of the circuitry used to
decode these transmissions can suppress only a certain
amount of interference. ' '

One process for achieving equalized power control of mobile
station transmissions in CDMA systems is called dynamic
power control. Using ,clyn'gmic power control techniques, a
base station transmits control signals to the mobile
station to adjust its transmission power based on the
received signal strength from that mobile station relative
to that of other mobile stations.

This technique works well for an assigned traffic channel
wvhere a closed control loop can be used. However, for the
initial access attempt from the mobile station, a closed
control loop does not exist. Accordingly, during the
initial access attempt the mobile station can attempt to
control its output power by estimating interference based
on the received signal strength of signals from the base’
‘'station. However, experimentation has shown that this
technique is not sufficiently accurate due to measurement
errors and independent fading in the reverse (uplink)
channel which cannot be accurately estimated based on the
signals received from the base station.

To overcome this problem of dynamic power control during
the initial access attempt, it has been proposed that the
mobile station start the access with low output power and

REPLACEMENT SHEET
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swi t chabl e bal anced nodul ators .controlled by | evel control bits B1-B4 to
provide a first 0-20 dB control. A first frequency Fl1 providing the carrier-
frequency is also input to the quadrature nodul ator 106 fromthe '
transmtter frequency synthesizer 104. The4out put of the quadrature

nmodul ator 106 is input to an upconverter 504, which is provided with a
second frequespeat? iftr onithegradusidilyt cin¢reaaingy powemheehtdl tbe bRse

upconver t or S0de DEhEIUIG Thd5se! EReilil abed stingle (Wil drs clead typer

frequency for technical convenTence ) hi gl fixed secon
frequency FXhbstWiddl pxevent those gRebidg: flatiensefdpsecsndheebpse
downconver t e§ta €iofiUPEFol €Il Nanflet¥ssdSi DENHigH Y poweR! O¥egnald
rocel ver 10 iRPEYSEL cmmallcatiBICI' e pESEoRESTioh tha TS °
| oner, fixedft _
with other mobiles using the same frequency.  This method,
however, may not work well in a fast fading environment.
For example, a rapidly moving mobile station may attempt to
initiate a call in a first 1location where multipath
propagation loss is very high. | Accordingly, the first
attempt at a very low power level might be too weak. When
the mobile station increases the power level and attempts
access again, the new location of the mobile station may
have very favorable loss characteristics and the received
signal strength at the base station might then be stronger
than necessary for detection so that it interferes with
other channels unnecessarily.
Another technique for solving the difficulties presented by
unequal received signal strengths is subtractive CDMA
demodulation. According to this technique, overlapping,
coded signals are decoded in order of strongest to weakest
signal  strength. After each signal is decoded, it is
- removed or subtracted from the received, composite signal
before decoding the next strongest signal. Using such a
systen, signal strength differences between mobile stations
become 1less important and capacity is increased. BY
removing higher strength signals first, their ability to
interfere with lower power signals is reduced. |

Subtractive CDMA systems, however, are also susceptible to
the interference problem which exists when mobile stations
initiate random access. Moreover, to achieve subtractive
demodulation the signals received from the mobile station
must be properly time aligned by adjusting the signal
transmission to account for propagation delay between the
base and mobile station. As with the dynamic power control
technique, timing alignment is readily achieved when a

REPLACEMENT SHEET
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internedi ate frequency at which anplification is nore conveniently
achieved. In either case, it is advantageous to nodul ate or denodul ate a
signal at a lower, fixed frequency and to change the oscillator that drives
the m xer to vary the frequency at the antenna. The out put of the converter
504 is input to a bandpass filter 506 and3fed to a driver 507. The gain on
the driver 507 is controlled between 0-20 dB by power |evel control l er 118.
The out put cfleseddr FEBEIRG7 logmpRxists Fﬁﬁ%?rarﬁ)l ighapneds hage BaeR of

which is cordipbbadelettygetng- &%ui&é)yseatmoﬁont rFdr ofhéhd niesen Iﬁaﬁaom

controller 118. The qutput of t fln% i.S i ut to f

antenna 102 2FGRSSpr eotg?r' b@f‘mitas"‘ksd &t &€ &fénce

transm ssi oni pppehatdony Q’ted&@@ﬂ&ryf t@r fé‘st‘&blishvwbtrbet time alignment
for the access transmission.

These problems reduce the efficiency and capacity of
radiotelephone systems. As described above, continuously
increasing demand pressures system designers to expand the
capacity of such systems. Accordingly, it is highly
desirable to overcome the drawbacks of systems wherein the
initial access attempt by mobile stations creates
interference and timing alignment problems..

SUMMARY

These and other problems can be overcome by using methods
and systems according to the present . invention. In a
preferred embodiment of the present invention, a radio
communication method and system ‘eliminates interference
caused by access initiation to chgnhgl_s already in use by
providing a plurality of spéci.al access slots during which
normal traffic and signalling channels are interrupted.

According to other preferred' enbodiments of the present
invention, the timing alignment di.fficulty is solved by
providing access slots which are long enough to receive
mobile station access signals having, for example, either
very high or very low propagation delay.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the present
invention will become more apparent from the following
detailed description of preferred embodiments when read in
conjunction with the attached Figures in whj.ch ] REPLACEMENT&HF" '
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appreci ated that variable attenuators nmay al so be used. Swi tchable and -
vari able attenuators are comercially 11 avail abi e from nunber of
sources, such as Avantek, Inc., Santa Céara, California. Figure 2 shows an
exenpl ary base station receiver/ transwitter 20 for detecting nobile random
accesses i Figurgmiuildasitgiatend nohidf s§RRN tEansHl teaASRPFRRD

traffic sigaby oAeniii£PPeRBBAiREALY ST TneO BN dift SAVahtiBheh i s
anplified by a |lownoise,” RF anplifier 202. The anplified signal is
spectrally shaped by a filter 204, :

Figure 2 shows a block diagram of a base station according
to an exemplary embodiment of the present invention:

Figure 3 illustrates a more detailed block diagram of the’
quadrature modulator and power amplifier of Figure 1;

Figure 4 illustrates a CDMA transmission format according
to another exemplary embodiment of the present invention;
and '

Figure 5 shows the access slots in the transmission format
of Figure 4 in more detail.

DETAILED DESCRIPTION
To facilitate understanding of the present invention, an
exemplary emb_odinient in the context of a CDMA subtractive
demodulation system will now be described. Such a systen
is disclosed in U.S. Patent Applications Serial No.
07/628,359 filed on. December 17, 1990, and Serial” No.
07/739,446 filed on August 2, 1991, both entitled “CDMA
Subtractive Demodulation®, which are hereby incorporated by
reference. However, those skilled in the art will
recognize that the present invention is not limited to CDMA
subtractive demodulation systems and can also be applied to
" conventional CDMA systems or any other radio communication
systems in which it is desirable to eliminate interference
caused by random access call attempts between radio
communication devices. '
In CDMA subtractive demodulation systems, information
between plural mobile radio stations and a base station is
transmitted in blocks of codewords, e.g., forty-two
codewords per block. A convenient signal transmission
format comprises sequences of 128-bit codewords transmitted
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and a dual anal og-to-diqital converter 206 converts the filte}

signal into a streamof conplex digitized signals having real
parts (1) and imaginary or quadrature parts (Q. Al ternati
i nt er medi ate frequency m xing stage mayyprecede the anplifier
anplification and filtering occur at a |ower internedi af

After the bleaqueiy derdud atiaddigr conmtn iidet tons| eaharmtgliu
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signal is processed b tive proc ecapse t he
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conposite sigQ
digital form for processing.

The digitized composite signal" is descrambled with a unique
scrambling code corresponding to the information having the
greatest received signal strength. The descrambled signal
is then correlated with “spreading® codes known as
orth'ogonai (or bi-orthogonal) block codes that are

associated with the information signals. The

128-bit

signal samples are decoded by an orthogonél block decoder
by determining which bleck code has the best ‘correlation to
. the sample sxgnal, decoding that block code and producing
s a signal identifying which of the block codes was decoded.

This signal is used .to subtract the portion

of the

composite signal relating to the decoded block prior to
attempting to decode the next strongest, coded information

signal.

~ In an exemplary embodiment of the present invention

illustrated in Figures 1 and 2, a mobile

station

transmitter 10 includes a radio frequency (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 can 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 guadrature (Q) channel using the

waveforms generated by two low-pass filters 108,

1106. 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 low-pass filters 108, 110 principally
remove the digital-to~analog conversion sampling freguency



scranmbling code in order of greatest to weakest signal str,rﬂﬁplercﬁMgNT SHEET}
!

descranbl ed signal is decoded by correlation with all of the bl - or thogonal
codes possibly used for encoding to extract eight bits of n1 5LAPR 1997
each 128- bit bi-orthogonal code word. The decoded infornmaji Its are

transmitted to a base station control prodessor 212 for fuft 1er speech/ data

t | s
Povi ng t e gEomRritds | MR CELiTRelpp HEC é?éﬁ%%%%ﬂ%’-g%%—'ocesso
denodul at es me(&ﬂarhfbh}'sl@hb‘!lh*ppa ngOBVQnAIES‘tl rm&ecmedifatm equLNEy gand
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210 predicts the signal strengths from pas
P by hetegrodyne m.?cing the n?odulated intermediate frequency

waveform with an offset frequency.

The digital information signals received by the complex
modulator 112 are produced by a block codeword generator
and scrambler 114. When the mobile station 10 is
transmitting a random access message, i.e., before speech
communication begins, the message is generated in the
control processing unit 166 and input to the block codeword
generator and scrambler 114, for example, eight bits at a
time. However, when speech transmission commences, the
eight-bit input to the block codeword generator and
scrambler 122 come from a speech digitizer and encoder 122.
The speech encoder 122 receives a microphone signal from a
microphone 124 and outﬁnts eight-bit words. A switch 126
is controlled by the control processing unit 116. For .
input to the block codeword generator and scrambler 114,

- the control prooessing unit 116 selects -either itself for
transmission of random ‘access messages or the speech
encoder 122 for transmitting conversation. Even after the
random _access prooedure is oompleted, the control
processing unit 116 can operate the switch-126 from. tine to
time to seleot_ message transmission.and interrupt _speech
: trensmission. This is done, for example, for high priority
signalling nessage exchange between the base station 20 and
the mobile station 10, such as Fast Associated Control
Channel (FACCH) messages. -

In the block codeword generator and scrambler 114, eight
bits of information can be spread using a suitable
orthogonal (or bi-orthogonal) block code to, for example,
a 128-bit codeword. - The 128-bit codeword can then be
scrambled by modulo-2 adding a unique scrambling code to
the codeword. Various. aspects of scrambling codes and
their generation and application in this context are



12 observations and orders them Recogni zi ng that power |evels change
over time, the signal strength tracker and sorter 210 freely reorders the
si gnal decodi ng sequence to acconmodate rel ati ve power |evel changes.
Expected signal strength |levels may be préﬁicted based on a history of past

pover | evel fditrEptié@PhatbRpeaditg énts/ve_rpatgyxed: Nﬁb!ﬂﬁlcalti%t igr&tiagi_ W?:QDE/A
Systom i 1 bR ol commni kT b BN {BPE Lhaiive LTty DY BARLeH oAt t or
communi cat i @ndhaGrégeny &t aBbtsbrllepetfimmen"Multhplle Aedesy eodinghaey
station, a g%ﬂ¥¥£éﬁghio Communications,"™ which is hereby incorporated
by reference. The information bits and the scrambling code
originate from the control processing unit 116 that also
selects the carrier frequency to ke generated by ¢the
frequency synthesizer 104 and tramsmits a power level
command to a power level controller 118. As discussed
above, the power level controller 118 is used to adjust the
output powver of the mobile station once a closed control
lcop has been established to maintain a mean received -
signal stremgth at the base station 20. '

The power level controller 118 advantageously comprisés a
combination of attenuators and components for controlling
the bias of the power amplifier 100 to achieve the
commanded power level ‘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 known
and the following techniques can be used as desired in the
present invention. ' H '

Because the power amplifier's f£inal stage might be
control]._able' within only a 20~dB power range, a wide
transmission power control range is di'.fficult' 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 jieid a 40-4dB control
range and providing a fixed 20~dB attenuator selectively
switched into the output of the power amplifier can achieve
the desired 60-Db range. Of course, if bias control of a
single amplifier stage is preferred, two ihdépéndently
controllable 20-dB fixed attenuators may be selectively
switched into the output, thereby achieving the same 60-dB
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system. for providing random access <call initiatio cording to janf
exenpl ary enbodi ment of the present invention wll ndw jbe2dp@pni bed. {As
shown in Figure 4, access slots 300 are provided in the juglLink _

(nobi | e-to-base station) transmi ssions atOregular interJals. Every nobiTe
station using a channel on the sanme frequency wll inte ul ar CDVA
transm ssi onsontrmhcnatg;e/m dn cexanpl € 20 f on Mkt btseageopever Amphafieng,
at the sane NeJs]y sq access slots. In systens where

transm ssi ons%F%I'Irlel gh%r E;‘t‘gg ?s are synchroni zed with each ot her,

i ncluding the. exenplary subtractive CDVA system di scussed above, rmbi |l e
stations fapdghbdd N9 Ghdbe WTPuhbedenaly senehhtecerds cal lureilsahge

rovi de access ‘slots at. the sa time,
P power amplifier nfn which modulating in-phase (I) and

quadrature (Q) signals are input to a quadrature modulator
106. The gquadrature modulator 106 includes level-
switchable balanced modulators controlled by level control
bits B;-B; to provide a first 0-20 dB control. A first
frequency F; providing the carrier frequency is also input
to the quadrature modulator 106 from the transmitter
frequency synthesizer 104. The output of the quadrature
modulator 106 is input to an 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 convenience) with the higher, fixed second
frequency F, to translate it to a h'igher output frequency.
Conversely, a downconverter, or super heterodyne mixer, is
' generally -eniplojred in a receiver to convert a - high
frequency signal received on the antenna to a lower, fixed
intermediate frequency at which amplification is more
conveniently achieved. In either case, it is advantageous
to modulate or demodulate a signal at a lower, fixed
frequency and .to change the oscillator that drives the
mixer to vary the frequency at the antenna.

The output of the converter 504 is input to a bandpass
- filter 506 and fed to a driver $07. The gain on the driver
507 is controlled between 0-20 dB by power level controller
118. The output of the 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 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



LAl 1] I.ﬂ\nll-l'lh_l‘l WP Al ¥ ]
Thus, according to this exenplary enbodi nent, idle nobile tz[t ions 10 w |
transmt random access bursts only during such access sl ot §. ZEAERaIQBB

a nobile station to transnmit at a power |evel high enough §o

the base station without concern for intgerference wth otfer communication
traffic on the sane frequency. The power |evel of the acc
for exanpl eavablabpreedtam nhinabiera i neeposes wweh has BvaRtiekoadnsi - by

t he base stgé‘heg eg_agge ANt @dpenghannel Alternately, the nobile station
can measure the recei ved power )fromthe base station and use this value to
cal cul ate a suitable power

Figure 2 shows an exemplary base station receiver/

trapsmitier 20 for detecting mobile random accesses in a
commuriicatlons e:w:.rorment of overlapping, ongoing radio
tratfic sigrals. kn antenna 200 receives a composite
signal which is amplified by a low—-noise, RF ampl:.fle_r 202,
The amplified sigmal is spectrally shaped by a filter 204,
and a dual analog~to-digital converter 206 converts the
fiktered analog signal into a stream of complex dlqitlzed
s:.gnala having real or in-pnase parts (I) and imaginary or
quadrature pazts (Q). Alternatively, an intermediate
frequency mixing stage may precede the amplifier 202 so
that amplification and filtering occur at a lower
intermediate frequency.

After the frequency demodulation éroceSs, the complex,
dig_it_i'zed' composite signal is processed 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 statior's control
processing “unit 11, the CDMA signal pz‘ocessor 208
sequentially descrambles 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 bi-orthogonal code word. The decoded information bits
are transmitted to a base station control processor 212 for
" further speech/data processing.

By selecting the scrambling codes correéponding to the
signals having the greatest signal strength, .the base
station CDMA processor 208 demodulates the various
overlapping signals in order of predicted signal strength
from strongest to weakest. A signal strength tracker and
sorter 210 predicts the signal strengths from past



13 level for the access burst. This could be done, for exanple, by
subtracting the received power of the base station signal from sone

predet erm ned power which has previously been broadcast by the base
station. OF course, interference is still2 possible between access bursts
transm tt edobgediviaftdroarst amidi | erslieats otheshur i ng{édﬂ@gﬁﬁﬂ'ﬂngadﬂm ;idvi&r -
However, s I_nt n c at t tit

accordi ng t(f)gtk}r?%v?m %%%rgié gyggr q.telﬁge' Itgg?l ssié’ﬁ‘%r:i t%‘%‘%ﬁﬁ] ?éaﬁzt%\%m

ALOHA al gor sohrfrer 2A6c dimsieky tloecpmensomeasggnatlhmecoallmousea@trwa do t hat

desires [0 KBRS IAL AP pSRLECIBvED BRERTRSS '%xg,a@tterda@& Brla an

access nessa base station receives message It sends an
strength levels may be predicted based on a h;story of past

power levels by extrapolating a next power level u.smg an
estimated change of power level.

Having thus briefly described an exemplary subtractive CDMA
system in which speech communication, for example, can be
carried out after communication has been established
between a mobile station and a base station, a method and
system for providing - randem access call initiation
according to an exemplary embodiment of the present
invention will now be- described. As shown in Figure 4,
access slots 300 are provided in the uplink (moblle-to-base
station) transmissions at regular :.ntervals. Every mobile .
station us:mg a channel on the same frequency will
interrupt regular CDMA transmiss:.ons, including voice
communication . and other control signalling, at the Same

. time to provide these access slots. In systems: where
transmissions in neighboring cells are synchronized with
each other, including the. exemplary subtractive CDMA system
.discussed above, mobile stations transmitting on the same
frequency in different cells will also provide acoess slots
at the.same time. '

Thus, according to this exemplary embodiment, idle mobile
stations 10 will transmit random access bursts only during
such access slots. This allows a mobile station to
transmit at a power level high enough to be detected by the
base station without ~concern for 'interference' ‘with other
communication traffic on the same frequency. The power
level of the access burst can, for example, be a
predetermined maxim\im power which has been broadcast by the
base station on the control channel. Alternately, the
mobile station can measure the received power from the base
station and use this value to calculate a sujtable power
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acknow edge nessage to the nobile station. If the nobile station does not
recei ve an acknow edge nessage, either due to a collision caused by two
nobi | es sel ecting the same access slot or sinply due to transm ssion
errors, the nobile selects a new access 1§I ot after a randomtine period and
repeats the access nmessage. This-proces$s can continue until an acknow edge

I's received or.until the access ha 1] ed rtaj Xi,m er .of
times. In gﬁgeéxehﬁfar%ﬁan‘f%ei?a’f‘?“{fﬁé%‘f F%ﬁ?’g 1&?}%& con rgl%“plgreocgggi ng
unit 116 oéxaapilenpbbye stbitracatifgi rihe aresedandd opovesr acfedhes| base
peri ods at er g a € |y, C | y.;?cf\?é ti he. i tch
126 so tha?eégggtnfrongﬁgé cgir:]lta{rnols%?%c ssﬁdr%%#%ﬁfg e ec]?eé&tqo eh%#t put
fromthe spireyviousdy beenhbroafigasti byndhedase shption.

Of course, interference is still possible between access
bursts transmitted by different mobile stations during the
same access slot. - However, such interfering access
attempts can be solved by repetition according to known
access algorithms. One such -algorithm is known as the
ALOHA algorithm. According to the ALOHA algorithm, a
mobile station that desires to make an access attempt
selects an access slot and transmits an agcess. message.
When the base station receives that message it sends an
acknowledge message to the mobile station. If the mobile
station does not receive an ackncwledge message, either due
to a collision caused by two mobiles selecting the same
access slot or simply due to transmission errors, the
_mobile selects a new access slot after a random time period
and repeats the access message. This process can continue
until an acknowledge is ‘received or until the access has
failed a certain maximum number of times.

In the exemplary mobile station of Figure 1 the control
processing unit 116 of each mobile station 10 initiates
~each of the access slot periods at predetermined, equally
spaced intervals by operating the switch 126 so that data
from the cont_i»:ol ‘processing unit is selected to be output
from the switch 126. At thié time, if needed, an idle -
mobile station 10 can initiate a random access burst.
Otherwise, no data is transmitted during the access slot
and any data input via microphone 124 is stored in a buffer
(not shown) within the speech encoder 122. At the end of
the access slot, the control processing unit can operate

the switch so that the speech encoder 122 can transmit
data.
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nobi e station 10 can initiate a random access burst.
transm tted during the access slot and any data i nput
stored in a buffer (not shown) within the speech encodgr
the access slot, the control processing ui#t can operat
t he speech encoder 122 can transmt data. 14 Since.$
are separ at SLRPL t Fheser 8ECEERcPUTSNS A FrRarabad: LT

be coded usidgMgi EBahuRPVAtTRIN QS £F i 8Ny tAkh®urEtd adde wdwaea%baekg
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either CDMA methods or any other suitable coding method.
The access bursts could contain full identification
information and service requests. Since, however, the time
allocated to the access slots reduces overall capacity, it
is important to mlnlmlze the duty cycle of the access
slots. - Therefore it is. preferable to send very short
channel requests during the access slots, followed by
identification and service requests on a dedicated channel
after communication between the mobile station and the base
station has been established.

At the time of a random access attempt by the mobile
station, the two~way propagation delay between the mobile
and the base station will not be known precisely.
Accordingly, as seen in.Figure 5, the duration of each
access slot 300 is established based on a minimum delay
(i.e., no delay due to propagation) and maximum two-way
propagation delay. In Figure s, access burst 310
represents a transmission received at the base station with
a minimum delay and burst 320 represents a similar
transmission received with a maximum two-way propagat}l.on
delay. A minimum delay occurs when the mobile statjon is

close to the base station and equals the amount of time -

necessary for the mobile station transmitter to power up,
while the maximum delay occurs when the mobile station is

near the cell border. The length of the access slot is

established by adding the minimum delay, the maximum two-
way prop_aeg;ation delay, the length of the access burst, and

some guard time for power ramping down at the mobile
station. .

‘Timing alignment can also be achieved using systems and
methods according to the present invention. As mentioned
above, such alignment is needed when using subtractive CDhMA
demodulation. Time alignment information is provided by
the base station transmitter 214 to a transmit timing

1
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The -access bursts could contain full identification infornation and
servi ce requests. Since, however, the tine allocated to the access slots
reduces overall capacity, it is inportant to mnimze the duty cycle of the
access slots. Therefore it is preferable to send very short channel
requests during the access slots, followed by identification and service
requests on a dedi cated channel after coppgunication between the nobile
station and the base station has been es?gglished“ At the time of a random

access attenpt by the nobile station, the twe-way propagation delay between
the nobil e afgNtFO It E?ﬁtm&9ﬂM$¢en69q&¥Q&KH%P5?§§FSSIWPH&m%} t nglhp

as seen in Frgdppnse { 88 HEttdd0ingl acaghnashcesccddé neeshagesstthei pask

based on a nggg@ﬁgékﬂéghsmitter 214 transmits reply information to the
mobile processing unit 116, such as the timing difference
between the time at which the mobile access transmission
was received by the base station 20 and a preset, target
timing value. other information includes difference
between the signal strength of the detected random access
nmessage and a predetermined signal strength which can be
used to adjust the power level of subsequent transmissions
of the mobile station by power level controller 118. The
time alignment information from the base station 20 could
either be an absolute timing advance for the mobile station
10 to use (in'which case the access burst must include
information indicating what timing- advance the mobile
station was already using) or the amount of adjustment the
base station wants the mobile station to apply.

While particular embodiments of the present invention have
been described and illustrated,- it should be understood
that the invention is not 1limited thereto since
modifications may be made by persons skilled in the art.
For example, although the exemplary embodiments discussed
above refer to the remote unit as ‘a mobile station, those
skilled in the art will appreciate that the present
inveﬁtion can be applied to any type of remote unit (e,gQ,
portable units). The present applicétion contemplates any
and all modifications that fall within the underlying
invention disclosed and claimed herein.
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In Figure 5, access burst 310 represents a trans

the base station with-a m ni num del ay and burst 320 repr ﬂ r
transm ssion received with a maxi mum two-way propagation

del ay occurs_when _the. mohile station is close to the base station and
equal s the amﬁtxﬁmcr&sary for 16e nobile station transmtter to
power up, whi I e the maxi num del ay occurs when the nobile station is near

the cell bor en of the access sl ot | i d by addi ng

t he mini num eI ay® t é’bﬁni% Wu%ﬁagﬁgﬁbiﬁﬁé%&dé&g@*f?ﬁggrength of

t he access barpbaseastiatdon goardranmmﬂttxmgwemubampgnglaommthintaecabbvIe
station.

(i.e., no delay due to propagation) and maxi mum two- n¥l§ [ O a ation _del agl

m

and

remote transmitting means for transmitting on uplink CDMA
channels to said base station, wherein said uplink CDMA
channels eomprise access slots during which random access
bursts can be transhitted to initiate communication with
said base station.

2. The system of claim 1 further comprising:

timing advance means for c_oritrollihg the time at which saiaq
remote transmitting means transmits to the base station
such that. the base station receives all transmissions in
time synchronization. ' '

3. The system of claim 1 wherein said access slots are
provided at equally spaced time intervals.

4. The ‘gystem of claim 1 where:.n said remote transmitting
means further comprises:

means for interrupting data communlcatlon at a beginning of '
said access slots; and

means for selectively transmitt:.ng access bursts during
said access slots.

5. The system of claim 1 further comprising:
means for adjusting the output power of signals transmitted
by said remote transmitting means.

'6. The system of claim 5, wherein said adjusting means
adjusts the output power of said remote transmitting means
to a predetermined power level for transmission of access

bursts. Fms QUTET UAS BEEN __
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Tim.ng alignment can al so be achi eved using systens andh dela@d
to the present invention. As nentioned above, such align
using subtractive CDNA denodul ation. Tine alignnment info

provi ded by the base station transmtter 214 to a transmt timng
controller 120 fromthe control procesqimg unit 116. In response to

detecting 3 ra&ﬂ%ﬂ?@%ﬁ%ﬁféﬁpfﬁf§ﬁm %hedﬂ$¥éfﬂEﬁﬂé"bféé@ﬁ&kﬁ&ﬁbd?b%w er

transmts reépl | e processing unit 116, such as the
timng diflevedcelpebroadqast t tee %Rl%rtﬂﬁ‘qq‘% FeBnsaiitdng neansnibysi on

was receivgdjily Halte Raspee sbati on 20 and a preset, target

8. The system of claim 6, wherein said remote transmitting
means further comprises: |
means for measuring a recelved signal strength of signals
transmitted by said bqse station, wherein the predetermined
power level is calculated based on the received signal
strength.

9. The system of claim 1, wherein said access slots have
a length based on a minimuin power ramp up delay and. a
maximum propagation delay' between the remote transmitting
means and the base station. '

10. The system of claim 9, wherein said access slots have
a length equal to the sum of the minimum power ramp up
delay, the maximum propagation delay, a length of the
access burst, and a guard time. S

11. The system of clainm 4, wherein said 'acces,é bursts are
transmitted in CDMA format.

) 12. = The system of claim 4, wherein access bursts are
‘transmitted in a non-CDMA format.

13. A method for initiating communication between an idle
remote station and a base station in a CDMA radio
communication system, comprising the steps of:

providing access slots at predeternined time intervals on
a frequency during which regular CDMA communication traffic
on the frequency is interrupted: and

transmitting an access burst from the idle remote stétion
to be received by the basé. station during one ‘of the access

; 1 .
REPLACED
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tining value.  Cther information includes di fferé’hs@hbatl-we%e

signal strength of the detected random access nessage and
signal strength which can be used to adjust the power |ev EM’H&!
transm ssions of the nobile station by .power |evel contro tInE'
alignment information fromthe base st 40 on 20 could either be an absol ute
ti m ng advarce fitve wethwbide cﬂnaaitm clm,lﬁetterem éath\bteb ofsprévibd BRgess
burst nust _i ncl ude q% ggn |n ||y% Wﬁg dvance the mobil e
station waf ﬁqﬁﬁxﬁiQI gar thE ch% fhe base station
wants the l’mli:ielm:\mtaim@nvk:ac;appby d\avua espgnaﬂ.cmmnenbsslmant&'oxf any

bresent | nyeidean bexeBasn escihbedikddas bRt edial bathdh! dekeion

under st ood 't ac%rma nventi on hereto Since
~during the access slots, and

storing voice or data information generaﬁed at said already
connected remote stations in a buffer until said access
slot has ended.

15. The method of claim 13, further-comprising the steps
of: '

receiving, at said remote station, an output power level
for transmitting access bursts. from said base station; and

transmitting said access bursts at said output pdwer-ievel.

16. The method of claim 13, further comprising the steps
. gf: ’
measuring a received power level of said base station;

calcﬁlating an output power level for said access bursts
based on said received power level; and
trapsmitting said access bursts at said output power level.

17. The method of claim 13, further comprising the step
of: . _
encoding said access burst in CDMA format.

18. The method of claim 13, further comprising the step
of: '
encoding said access burst in a non-CDMA format.
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nDdlflcatlons may be nade by persons skllled in the art. For exanpl e,

al though the exenpl ary enmbodi ment s “di scussed above refer to the renpte unit
as a nobile station, those skilled in the.-art will appreciate that the
present invention can be applied to any type of renote unit (e.g., portable
units). The present application contenplates any and all nodifications that

fall within the underlying invention di 38l osed and cl ained herein. =~ 16
VWhat is clainmed is: 1. A CDMA radi 0-_conmuni cati on system conpri si ng:
ABSTRACT

TDMA FOR MOBILE ACCESS IN A CDMA SYSTEM

A method and system for "increasing the capacity of
radiotelephone communication systems by eliminating interference
to communication traffic caused by random access burst from
unconnected mobile station are disclosed. Access slots are
provided in CDMA signals by interrupting other communication
traffic of mobile stations using the same frequency at periodic
intervals. This allows mobile access bursts to be received at
a base station without interfering with other traffic.

(No appropriate figure)
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a base station for transmtting CDVA signals within a cell; renote
transnmitting neans for transnmitting:on uplink”CDMA channels to said base
station having nmeans for interrupting data conmmunication at a begi nni ng of
sai d-access slots and neans for selectively transmitting access bursts
during said access state, wherein said uplink CDVA channels conpri se access
sl ots during which random access burstb/&an be transnitted to initiate

comuni cation wt — her
conprising: timnjg advance cont r gldd-ig—~ he tinme at which saijl
renote transmttijng neans t;‘nsnits to the |bgga.sfagd on such that the pase
station receives pll transnessions An tine sﬁﬁ&ﬂanTZation. 3. The
system of claim 1} wherein saidgc ‘ a‘f‘iép;.md_d.ed_a.t_equal |y spficed
time intervals. 4 The systemAof cNaim 1 &mgrain said acces$ bursty are
transmtted in COVA fornat. §§§§
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5. . The systemof claim1 further conprising: neans for adjusting the
out put power of signals transmtted by said renpte transmtting neans. . 6.
The system of cl'aimb5, wherein said adjusting neans adjusts the output
power of said renote transmtting nmeans to a predeterm ned power |evel for

transm ssion 17 7. The system of_ claim6, wherein the predeterm ned
power |evel is broadcast to said rennéb’éransnitting nmeans by sai d base
station. 8. The systemof claim®6, wherein said renpte transmtting

h of

means further conppses BaS
signals transmtted by said base
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station, wherein the predeterm ned power |evel is calculated based on the
recei ved signal strength. 9. ° The system of claim1l, wherein access
bursts are transnmitted in a non- CDVA format. 10. A CDMA radio

conmuni cati on system conprising: a base sBdth on for transmitti ng CDVA
signals within a cell; renote transmtting means for transmtting on upli nk
CDVA channel s to sai d base station, » gai d uplink CDVA channel s
conprise access slots during which rand acdess bursts can be transmtted
to initiate communication with said bas® statlion; and wherein said access
slots have a I ength based on a m ni mum power /Xanp up del gy and a maxi mum
propagati on del ay between the renote trgps ng meank@c%t he base

station. 11. The system of claim 10, {8 & %I ots have a
| ength equal to
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the sum of the m ni mum power ranp up del ay, the maxi num propagation del ay,
a I'ength of the access burst, and a guard tine. 12. A net hod for
initiating comuni cation between an idle renote station and a base station
in-a CDVA radi o conmunication system com#/&ing the steps of: 18

provi ding access slots at predetermined tine intervals on. 'a frequency
“during which regular CDVA communi cation traffic on the frequency is
interrupted; and transmtting an access burst fromthe idle renpote station
to be received by the base station during one of the access slots. 13.

The nethod of claim 12, further conprising the step of: encoding said
access burst in a non-CDVA format.
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14. ~ “fhe : ' 7 wherein said step of providing access skfge ory

further conprises th of ;. interrupting voice or data signal

transm ssi olr‘ EI!@UEEM stations al ready connected to said bases
station durlilkiy ots; and storing voice or data information
generated at said al ready connected renol® stations in a buffer until said
access slot has ended. 15. The nmethod of claim 12, further conprising the
steps of: receiving, at said renote station, an output power |evel for
transm tti nyhacRRSsindedist s from sai d base station; and transnitting said
access bursts at said output power .level. 16. The met hod of claim12, _
further conprising the steps of: neasuring a received power |evel of said

e N o ST, 2 Rl B e | 20005 Ut
a base station for transmlttmg CDMA signals within a cell;
remote transmitting means for transmitting on uplink CDMA channels to said
base station having means for interrupting data communication at a beginning of said
access slots and means for selectively transmitting access bursts during said access state,
' whel_'ein said uplink CDMA channels comprise access slots during which random access

bursts can be transmitted to initiate communication with said base station.

2. The system of claim 1 further comprising:
timing advance means for controlling the time at which said remote transmitting
means transmits to the base station such that the base station receives all transmissions in

time synchronization.

3. The system of claim 1 wherein said access slots are provided at equally

spaced time intervals.

4. The system of claim 1, wherein said access bursts are transmitted in
CDMA format.

5. The system of claim 1 further comprising:
means for adjusting the output power of signals transmitted by said remote
transmitting means.

6. The system of claim 5, wherein said adjusting means adjusts the output
power of said remote transmitting means to a predetermined power level for_'transmissiqn .

of access bursts.




N . .
tradsmtting said access bursts at said output power |evel. 17. The

nmet hod of ther conprising the step of: encoding said access
.burst in CDmé'fornat. :
VU D O 17
7. The system of claim 6, wherein the predetermined power level is broadcast

to said remote transmitting means by said base station.

8. The system of claim 6, wherein said remote transmitting means further
comprises: '

means for measuring a received signal strength of signals transmitted by said base
station, wherein the predetermined power level is calculated based on the received signal

strength.

9. The system of claim 1, wherein access bursts are transmitted in a non-

CDMA format.

10. A CDMA radio communication system comprising:

a base station for transmitting CDMA signals within a cell;

remote transmitt_ing means for transmitting on uplink CDMA channels to said
base station, wherein said uplink CDMA channels comprise access slots during which
random access bursts can be transmitted to initiate communication With said base station;
and _

wherein said access slots have a length based on a minimum power ramp up delay
and a maximum propagation delay between the remote transmitting means and the base

station.

11.  The system of claim 10, wherein said access slots have a length equal to
the sum of the minimum power ramp up delay, the maximum propagation delay, a length

of the access burst, and a guard time.

12. A method for initiating communication between an idle remote station and

a base station in a CDMA radio communication system, comprising the steps of: -
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) prbviding access slots at predetermined time intervals on a frequency during
which regular CDMA communication traffic on the frequency is interrupted; and
transmitting an access burst from the idle remote station to be received by the base

station during one of the access slots.

13.  The method of claim 12, further comprising the step of:

encoding said access burst in a non-CDMA format.

14.  The method of claim 12, wherein said step of providing access slots

_further comprises the steps of:

interrupting voice or data signal transmission from any remote stations already
connected to said bases station during the access slots; and
storing voice or data information generated at said already connected remote

stations in a buffer until said access slot has ended.

15.  The method of claim 12, further comprising the steps of:
receiving, at said remote station, an output power level for transmitting access
bursts from said base station; and

transmitting said access bursts at said output power level.

16.  The method of claim 12, further comprising the steps of:

measuring a received power level of said base station;

calculating an output power level for said access bursts based on said received
power level_; and |

transmitting said access bursts at said output power level.

17.  The method of claim 12, further comprising the step of:

encoding said access burst in CDMA format.
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