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'SPREAD SPECTRUM RANDOM ACCESS SYSTEMS AND METHODS
| FOR TIME DIVISION MULTIPLE ACCESS -
RADIOTELEPHONE COMMUNICATIONS SYSTEMS

Field of the Invention

The present invention relates to communications systems and
methods, in partscular, to radiotelephone communications systems and

methods.

Background of the Invention
Cellular radiotelephone systems are commonly employed to

provnde voice and data. communications to a plurality of subscribers. For -

example, analog cellular radiotelephone systems, such as designated AMPS, -*~

ETACS, NMT-450, and NMT-900, have been deployed successfully
throughout the world More recently, dlgltal cellular radiotelephone
systems such as deSIgnated IS- 54B in North. America and the pan-European
GSM system have been introduced. These systems, and others, are
described, for _examl_)le, in the Book titled Cellular Radio Systems by
Balston, et al., published by Artech House, Norwood, MA., 1993,

Figure 1 iIIOstra.tes_ a ty_piéal terrestrial cellular radiotelephone
communication-s_y:s_tem 20 as in the prior art. The cellular radiotelephone

system may i_n_c'lude,_ one or more radiotelephones 21, 'communicating with a

plurality of cells 36 served by base stations 23 and a mobile telephone

switching office (MTSO) 25. Although o.nly three cells 36 are shown in
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Figure 1, a typical cellular network may comprise hundreds of cells, may
include more than one MTSO, and may serve thousands of radiotelephones.
The cells 36 generally serve as nodes in the communication
system 20, from which links are established between radiotelephones 21
and the MTSO 25, by way of the base stations 23 serving the cells 36.
Each cell will have allocated to it one or more dedicated control channels
and one or more traffic channels. The control channel is a dedicated
channel used for transinitting.cell identification and paging information.
The traffic channels cé_rry the voice and data information. Through the
éellular.neiwork 20, a duplex radio communication link 32 may be effected
between two mobile stations 21 or between a radiotelephone 21 and a

fandline telephone user '33._ The function of the base station 23 is

- commonly to handle the radio communication between the cell and the

mobile station 21. In this capacity, the base station 23 functions chiefly as a

. relay station for data and voice signals.

As illustrated in Figure 2, satellites 110 may be employed to

| perform similar functions to those performed by base stations in a |
. conventional terrestrial radiotelephone system, for example, in areas where

~ population is sparsely distributed over large areas or where rugged

topography tends to make conventional landline telephone or terrestrial
cellular telephone infrastructure technically or ecbn'omically impractical. A
satellite radioteléphone system"i 00 typically includes one or more satellites
110 which serve as relays or trarisponders between one or more earth
stations 130 and radiotelephones 21. The satellite communicates with .
radiotelephones 21 and earth stations 130 over duplex links 170. The earth
station may in turn be connected to a public switched telephone network

30, allowing communications between satellite radiotelephones, and

' communications between satellite radio telephones and conventional

terrestrial cellular radiotelephones or landline telephones. The satellite
radiotelephone system may utilize a single antenna beam covering the
entire area served by the system, or, as shown, the satellite may be designed

such that it produces multiple minimally-overlapping beams 150, each
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serving distinct geographical coverage areas 160 in the system’s service
region. A satellite 1 10 and coverage area 160 serve functions similar to that
of a base station 23 and cell 36, respectively, in a terrestrial cellular system.

Traditidnal analog radiotelephone systems generally employ a
5 system referred to as frequency division multiple access (FDMA) to create
communications channels. As a practical matter well-known to those skilled ..
in the art, radiotelephone communications signals, being modulated
waveforms, typically are communicated over predetermined frequency
bands in a spectrum of carrier frequencies. These discrete frequency bands
10 serve as channels over which cellular radiotelephones communicate with a
cell, through the base station or satellite serving the cell. In the United
States, for example, Federal authoriti_es have allocated to cellular
communications a ,bloc;k of the UHF frequency spectrum further subdivided
~ into pairs of narrow frequency bands, a system designated EIA-553 or IS-
-15 . 19B. Channel pairing results from the frequency duplex arrangement
wherein the transmit and receive frequencies in each pair are offset by 45
- Mhz. At present there are 832, 30-Khz wide, ra_dio.channels allocated to
. cellular mobile communications in the United States. ST
~..The limitations on.the number of available frequency bands
20 . presents several challenges as the number of subscribers increases.
Increasing the number of subscribers in a cellular radiotelephone system
requires more efficient utilization of the limited available frequency
~ spectrum in order to provide more total channels while maintaining
communications q'pality. This challenge is heightened because subscribers
25 may not be uniformly distributed among cells in the system. More channels
may be needed fqr particular cells to handle potentially higher local
subscriber densities at any given time. For example, ‘a cell in an urban area
might conceivably contain huhdreds or thousands of subscribers at any one
. lime, e_asi_ly exhausting the number of frequency bands available in the cell.
30 _ . For these reasons, conventional cellular systems employ
frequency reuse to increase potential channel capacity in each cell and

increase spectral efficiency. Frequency reuse involves allocating frequency
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bands to each cell, with cells employing the same frequencies
geographically separated to allow radiotelephones in different cells to
simultaneously use the same frequency without interfering with each other.

By so doing, many thousands of subscribers may be served by a system of

" only several hundred frequency bands.

Another technique which may further increase channel
capacity and spectral efficiency is time division multiple access (TDMA). A
TDMA system may be'implemeqted by subdividing the frequency bands

employed in conventional FDMA systems into sequential time slots,.as

illustrated in Figure 3. Although communication on frequency bands f, - f,,

typically occur on a common TDMA frame 310 that includes a plurality of

time slots t, -t,, as shown, communications on each frequency band may

occur according to a unique TDMA frame, with time slots unique to. that

“band. Examples of systems employing TDMA are the dual analog/digital

15-548 standard employed in the United States, in which each of the
original frequency bands of EIA-553 is subdivided into 3 time slots, and the
European GSM standard, which divides each of its frequency bands into 8
tlme slots; In these TDMA systems, each user communicates with. the base

station using bursts-of digital data transmitted during the user’s assigned

time slots. A channel in a TDMA system typically includes one or more

time slots on one or more frequency bands.

Because it generally would be inefficient to permanently

“assign TDMA time slots to a radiotelephone, typical radiotelephone systems

assign time slots on an as-needed basis to more efficiently use the limited
carrier frequency spectrum available to the system. Therefore, a critical task
in radiotelephone communications is providing a radiotelephone with
access to the system, ‘i.e., assigning time slots corresponding to a voice or
data channel to a radiotelephone when it desires to communicate with
another radiotelephone or with a landline telephone or conventional
cellular radiotelephone via the PSTN. This task is encountered both when a

radiotelephone attempts to place a call and when a radiotelephone attempts
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~ to respond to a page from another radiotelephone or conventional

telephone. | _
| | .Access.to a radiotelephone communications system may be
provided irt a number of ways. For example, a polling technique may be
utilized whereby a central or base station serially polls users, giving each an -

opportunity to request access in an orderly fashion, without contention.

- However, serial polling tends to be impractical for radiotelephone systems

because typical radiotelephone systems may have hundreds, if not

thousands, of users. Those skilled in the art will appreciate that serially

pollmg this many users can be extremely inefficient, eSpeCIally when one

consnders that many of the users ‘may not desire access at all, or may not
des:re access at the particular moment they are polled.

For thls reason, radlotelephone systems typncally use random
access techniques, _whereby a radtotelephones desurmg a voice or data

channel randomly sends an access request to the base or hub station, which

the central or base station acknowledges by estabhshmg a communications

channel to the requesting radlotelephone if avatlable An example of a -

random access techmque for a TDMA radtotelephone commumcattons

” ~system is that used in the GSM system In the GSM system, a set of

20

25

30

Common Control Channels (CCCHE) is shared by radiotelephones in the
system and includes one or more Random Access Channels (RACHs).

~Radiotelephones typically monitor the status of the RACH to

determine whether other radiotelephones are currently requesting access. If

a radiotelephone desires access and senses that the RACH is idle, the
radiotelephone typically transmits a random access channel signal, typically
including the radiotelephone’s identification and an: identification of the
telephone the fadi_otelephone desires to contact, in what is often referred to
as a "RACH .burst " As illustrated in Figure 4, a RACH burst 410 typically
contains several fields, mcludlng a plurality of guard bits 420, a sequence of
synchromzatlon blts 430, and a sequence of mformatlon bits 440. The
guard bits 420 are used to prevent overlap of communications occurring on

adjacent time slots, as discussed below. The synchronization sequence 430
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is used by the receiving station to synchronize with the RACH burst, in
order to decode the information contained in the information sequence 440.

The information sequence 440 may also mclude a number of sub-fields, for

| example, a random reference number field 450 which serves as a “tag" for

' |dent»fymg a partlcular random access request from a particular

radlotelephone

In a GSM system a RACH is a dedicated TDMA time slot on
a carner frequency band, used by radlotelephones to request access to the
commumcatnons system. Radrotelephones typically time their RACH bursts
to fall within an assigned TDMA time slot for the RACH, for example, by

‘waiting a 'predet'ermined period after a transition in a synchronization signal

transmitted by the base station and then transmitting the RACH burst.
However, because radiotelephones conventionally use a common TDMA
time slot for trdnsrnitting RACH burst, there is probability of collisions
between access requests which are transmitted simultaneously or nearly
simultaneously by neighboring radiotelephones. To deal with these
collisions, the base station typically implements some form of contention-
resolving protocbi'. For example, the station may refuse to acknowledge
simultaneous requests, requiring a requesting radiotelephone to reassert its |
request if it continues to desire access after failing to establish a channel.
Contention-resolVing protocols may also use a variety of predetermined

delays and similar techniques to reduce the likelihood of radiotelephones

~engaging in repeated collisions subsequent to a first collision. Contention

logic used in the'.-European' GSM system is described in The GSM System for
Mobile Communications published by M. Mouly and M. B. Pautet, 1992, at
pages 368-72. Although these contention-resolving protocols may
compensate for access failures, they typlcally do so by incurring additional
transmlssnon and processmg overhead.

In addition to colhdmg with other RACH bursts, a RACH burst
may overlap other TDMA time slots, causing undue interference on
channels using those slots. Before requesting a channel, a radiotelephone

may be only roughly synchronized with the base station TDMA frame, for
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‘example, by ahgnlng its internal time reference with the synchronization

signal transmitted by the base station in an open Ioop fashion. Finer
synchromzatton however, typlcally occurs only after the base station-
acknowledges the radlotetephone s request for access and provides the
radlotelephone with 5|gnals which allow the propagatlon delay between the
radiotelephone and the station to be determined. With this information, the
radiotelephone can adjust rts TDMA bursts to prevent collision with bursts
from other radtotelephones arriving at the base station on adjacent TDMA
slots.

However a radlotelephone requesting access prior to such

| synchromzatlon generally suffers from a time ambiguity with respect to

' other TDMA bursts in the system, because propagation delay varies with

posmon in the coverage area. Figure 5 tllustrates timing relationships
between a first radlotelephone closely synchromzed and communicating
with the base station over a TDMA voice channel, and a second

radiotelephone located a distance from the base station which desires access -

to system. Because the second radiotelephone is ohly roughly

synchronized, its internal tlmmg may be significantly skewed with respect to

the TDMA frame of the base statnon as illustrated. Uncompensated, this

time skew may cause, for example, a RACH burst 510 transmitted by the

second radiotelephone to have a significant overlap 520 with voice or data
communications transntitted by the first radiotelephone on an adjacent time
slot. This overlap 'm_a:y cause undesirable interference and diminish
communications quality. -

'  As illustrated in Figure 6, conventional terrestrial TDMA
cellular rédiote!eoHOne s'ystems may compensate for this problem by
incorporati'ng' '_guar_d time or guerd bits 610 in each TDMA slot, typically
preceding date bits 620 which_carry synchronization, voice, data or other

information. Guard bits are inserted in each time slot, during which the

receavmg umt drsregards incoming signals because they may be corrupted

by overlappmg RACH bursts and other sources of interference. Because the

maximum time ambiguity in a terrestnal radiotelephone system tends to be
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relatil/ely small with respect to a TDMA frarne, the number of guard bits
needed to ensure acceptable srgnal quallty typlcally is small. .For example,
the GSM system mcorporates approxrmately 68.25 guard bits in each time
slot to ensure that RACH bursts from a radlotelephones as far as 35

kllometers away from the base station wrll not cause undue interference on

~ other TDMA slots

Usmg guard tlmes or bits to prevent overlap of RACH bursts
tends to be rmpractrcal for satelhte TDMA radlotelephone systems, however

’

because the large area covered by a typlcal satellite beam and the large

'd;stance from the satelllte to the radrotelephone can combine to create time

ambrgumes far larger than those expenenced in conventional terrestrial.

 TDMA cellular radrotelephone systems. For example, a radiotelephone

commumcatlons sngnal ina satelllte beam havmg a coverage area of an.

approxlmate 500 krlometer radius may have a drfferentral propagation delay
approachmg 6 mrllrseconds for a radlotelephone located at the periphery of
the coverage area, resultmg in’ a comparable tlme ambiguity for RACH
bursts. As a typlcal TDMA time frame may be only tens of milliseconds
long and have a slot length of only a few mlcroseconds, the number of
guard bits .needed to prevent interference from unsynchronized RACH bursts
can be of a magnitudé approaching the dura_tior_r of an entire TDMA frame,
and far longer than an individual time slot. ln'creasi_ng' the TDMA frame
length and the time slot length ito p_r__ovide_ a sufficient number of guard bits
generally is not a practical alternatil/e, as this approach would tend to
reduce the potential information rate of the communications channels. _

A techmque for prowdmg access to a TDMA satellite
radlotelephone communications system has been proposed in United States
Patent Appllcatlon entitled "Systems and Methods for Random Access in

Time Division Multiple Access Satellite Radiotelephone Communications "

" to Hassan et al' filed April 8, 1996, assigned to the assignee of the present

invention, which mcludes usmg a dedicated carrier frequency band to
communicate random access channel radlotelephone communications

signals. Although this approach avoids the time slot overlap problems
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associated with using a time slot to transmit a RACH burst, access request
collisions may still occur when two radiotelephones transmit RACH signals

simultaneously on the same carrier frequency band, a probability which

. increases as number of radiotelephones using a particular cell increases.

Using dedicated bands for random access channels also may not result in

efficient use of the available carrier frequency spectrum, as there may be

significant periods of time during which no random access signal
transmissions are occurring on the dedicated bands, potentially wasting

capacity which could be utilized for other channels.

~ Summary of the Invention
In the hght of the foregoing, it is an object of the present

invention to provide systems and methods for access to a time division

multiple access (TDMA) radiotelephone communications system which is

less vulnerable to time ambiguity in random access requests.

. Itis another object of the present invention to provude
radlotelephone random access systems and methods which reduce "

interference of random access channel messages with voice, data and other

channels communicated using TDMA time slots.

o It is another ob;ect of the present invention to provide
radlotelephone random access systems and methods which reduce the
probability of access failures.

It is another object of the present invention to provide

radiotelephone random access systems and methods which efficiently utilize

spectral capacity.

- These and other ob;ects ‘advantages and features are provided
by a time division multiple access radiotelephone communications system
in which a random access channel message, used to request a time
multiplexed channel, is communicated from a radiotelephone to a central
station, such as a conventional cellular ba_se-station or a satellite, using code
division multiple access techniques. A spread spectrum random access

channel radiotelephone communications signal representing the random
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access channel message is communicated over the carrier frequency
spectrum used by the 'system'accordihg to a spreading sequence, preferably
using direct sequence modulation. Timing of the séquence used to
represent the random access message may be determined when the

5 spreading sequence is détected,: eliminating the need to transmit another
synchronization sequence in the random access channel message, and

allowing message length to be reduced. -

Alternatively, according to a twds‘tage detection aspect which
may simplify random access channel va'uisifidn; groups of spreading
10 sequences may be assoc_iated with synchronization sequences which are
included in the random access message, allowing a receiving station to
correlate a lower number of I’owef-or_der synchronization codes with a
‘received spread spectrum signal to detect the presence of a random access -
¢hannel message. ‘After a synchronization code is detected, the received
15 signal may then be correlated against the corresponding subset of spreading . - |
sequences. The spreading and 'syn'chronization sequences rhay be derived - |
from a station identification associated with the radiotelephone. In addition,

a portion of the station identification may be used as a seed for a random

number generator which generates a spreading sequence.

20 ' Usihg spread spectrum techniques to communicate random
access channel fneSsages according 1o the present invention can reduce and
preferably eliminate the overlap and Collisibn'brob|ems associated with
using a dedicated frequency band or time slot for communicating random

access channel messages. As random access channel signals are spread

25  across the carrier frequency spectrum used by the system, the probability of
interference with.any one TDMA channel, or with another random access
channel, can be kept to an acceptable level. Using the station identification
to identify the spreading sequence provides an effective and efficient way to.
randomize the distribution of spreading sequences and thus further reduce !

30 the probability of collision or other unacceptable interference. Associating

" synchronization and spreading sequences can reduce the complexity of the

hardware and software in the receiving station, and aid acquisition of a
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random access channel. Using the station identification as a seed for

- randomly generating the spreading code can make it more difficult for

unauthorized parties to decode the station identification from an intercepted

spread spectrum random access channel communications signal, potentially

enhancing system secu rf_ty. _

. In particular, in a time division multiple access (TDMA)
radiotelephone communications system according to the present invention,
code division multiple access (CDMA) random access channel

communicating means communicates a spread spectrum random access

channel signal from a radiotelephone to a central station over the carrier

-frequency spectrum used by the system, according to a spreading sequence.

The spread spectrum random access channel signal represents a random

access message, for example, a:.request for a TDMA radiotelephone

. -communications channel. Time division multiple access (TDMA)

communicating means communicates a time division multiplexed

radiotelephone communications signal between the radiotelephone and the
central station on the assigned TDMA communications channel over a time
division multiplexed carrier frequency.band of the carrier frequency -

spectrum, the time division multiplexed radiotelephone communications

signal representing a radiotelephone communications message.

-The CDMA random access channel communicating means
preferably modulates a random access channel signal according to the
spreading sequence, the random access channel signal representing the
random access channel message. More preferably, the random access
channel signal is direct sequence modulated according to the spreading

sequence to produce a direct sequence modulated random access channel

signal. The random access channel signal may represent a random access

channel symbol sequence representing the random access channel message.
Spreading sequence detecting means may detect the spreading sequence
from the communicated spread spectrum random access channel signal
representing the random access channel symbol sequence, and also may

determine a sequence timing associated with the detected spreading
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sequence. Random access channel symbol sequence determining means,
responsive to the spreading sequence detecting means, may determine the

random access channel symbol sequence from the determined sequence

“timing. Thus, the spreading sequence may be used to determine the timing

of the random access channel symbol sequence, without including a
synchronization sequence in the random access channel symbol sequence.
A station identification may be éssigned to the radiotelephone,
and spreading sequence identifying means, responsive to means for
assigning the station identification, may identify a spreading sequence based

on the assigned station identification. The spréad spectrum random access

- channel signal communicating means may communicate a spread spectrum

random access channel signal over the carrier frequency spectrum according

“to the identi‘fied'spreading_ sequence. The station identification may include

a station identification word, and spreading sequence generating means may

‘generate a spreading sequence from'a group of bits of the station

identification word. The spreading sequence generating means may also

randomly generate the spreading sequence from the group of bits of the

“station identification word.

According to a two-stage detection aspect, the CDMA random
access channel communicating means may associate a synchronization
sequence with a plurality of spreading sequences. The CDMA random
access channel communicating means may communicate a spread spectrum
random access channel signal representing a random access channel symbol
sequence including a synchronization sequence, according to one of the
plurality of spreading sequences associated with the synchronization
sequence. Synchronization sequence detecting means may detect a
synchronization sequence from the communicated spread spectrum random
access channel signal, and spreading sequence detecting means, responsive
to the synchronization sequence detecting means, may detect one of the
plurality of spreading sequences associated with the detected
synchron'izati'ori sequence from the communicated spread spectrum random

access channel signal. In this manner, the spreading sequence is detected
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after an initial detection of the synchronization sequence, allowing the
number of sequénces with which the communicated spread spectrum
random access channel signal is correlated to be reduced.
| A station identification may be assigned to the radiotelephone
5 .and synchronization sequence -idént_ifying means, responsive to the means
~ for assigning a stat_ioh identification, may identify a synchronization N
sequence from the assigned station identification. Similarly, spreading
sequence identifying means, responsive to the means for assigning a station
identification, may identify a spfeading sequence from the assigned station
.10 identification, thus aSsociating_the synchronization and spreading sequen'ées.
For example, the _s,tat'ion ideritifica_tion may include a station identification
Wdrd, and th_e_sp_reading sequenée.identifying means rﬁay identify the
spreading sequence from a group of bits of the station identification word,
with the synchronization sequence identifying means identifying the
15 synchronization. sequence f_rorb a subset of the group of bits of the station
 identification word. S '
| Spreéding secjuence detecting means may detect a spreading
sequence from the communicated spread spectrum random access channel
_ radiotelephone communication signal. Random access channel message -
20 acknowledging means, responsive to the spreading sequence detecting
means, may acknoM_edge the communicated random access channel
message with an acknowledgement message corresponding to the detected
spreading sequence. Accordingly, a random access channel message may
.be acknowledged based on its spreading sequence, without requiring a
25 reference number to be included in the random access message.
'Eliminatin_g the need for a reference number can further reduce message
overhead. | L _ o
These and other means may be used to perform the
corresponding methods claimed herein. These methods include
30 communicating a 5pread spectrum random access channel signal from a
radiotelephone to central station according to a s_p.reading sequence,

assigning a TDMA radiotelephone communications channel to the
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radioielephone in response','an'd COmmuhicatihg a time division multiplexed
radiotelephone communications signal between the fédiotelephone and the
central station on the assigned channel over a time division multiplexed
carrier frequency band. Preferably, corrim'unicfating a spread spectrum
5 random access channel signal includes direct sequence modulating a
random access channel signal according to the spreadmg sequence. The
random access channel signal may represent a random access channel .
symbol sequence, and the step of commumcatgng a spread spectrum
random access channel signal may be fo'llowec;i?'by the step of detecting a
10  spreading sequence from the communicated 'sp.i'ead'speétrum random access
channel si'gnal.'_ The step of detecting the Spreﬁaing sequence may also
include determining a sequence timing whichrfnay be used in a step of
_ determining the random access channel symbel sequence from the spread -
“spectrum’ random access channel signal. The step of deiecting the spr_eading
15 sequence may be followed by the step of ackhiowl'edging the communicated
' signal with an acknowledgement message cdi’responding to the detected;
spreadlng sequence. .
Synchronization and spreading sequenices may be assocuated

and, in a two stage detect aspect, the step of detecting a synchronization
20 sequence in a Commu’nicate_d spread spectrum"random access channel
éigna! may be followed by the step of detecting one of the spreading
sequences associated with the detected synchronization sequence. The step
of communicaﬁng a spread spectrum random access channel signal may be
- preceded by steps of identifying the spreading and synchronization
25 sequences from a station identification assigned 1o the radiotelephone. The
step of identifying a spreading sequence may include the step of randomly
generating a spreading sequence from a station identification word.
The present invention provides systems and methods which
communicate a random access channel messa’ée using CDMA, i.e., spread
30 spectrum, techniques which are less susce'ptibie to random access request
collisions and may reduce or avoid the time slot overlép problems

associated with conventional random access techniques. Spread spectrum
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techmques spread the random access channel signals over the spectrum
used by thé radlotelephone communicitions system, randomizing
mterference with TDMA commumcat:ons on frequency bands and allowing
multiple random access requests to be simultaneously communicated
without unacceptable interference with one another. Using a station
|dent|f“ ication to generate the spreading sequence can randomize the
allocation of spreading sequences, which may further decrease the
probability of unacceptable co-channel interference between random access
channels. To simplify random access messages, the synchronization
sequence and reference _num__t__)er'conventionally included in the message
may be eliminated. If a synchronization sequence is included in random
access messages, however, the sequence may be used in a two-stage

detection process which can makes random access channel acquisition less

- complex.

- Brief Description of the Drawings

Some of the objects and advantages of the present invention

- having been stated, ot_hers will be more fully understood from the detailed

description that follows and by reference to the accompanying drawings in
which:

Figure 1 illustrates a terrestrial cellular radiotelephone

communications systems according to the prior art;

Figure 2 illustrates a satellite radiotelephone communications

system according to the prior art;

Figure 3 illustrates allocation of a carrier frequency spectrum
for a radiotelephone communications system according to the prior art;
Figures 4A-4B illustrate time slots and frames utilized in a
TDMA radi_otele_phone communications system according to the prior art;
| Figufe 5 illustrates timin'g relationships for random access
channel bursts in a TDMA radiotelephone communications system

according to the prior art;
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Figure 6 illustrates bit allocations in a TDMA time slot of a
TDMA radiotelephone cdmmunications system according to the prior art;

Figure 7 illustrates a TDMA radlotelephone communications
system accordmg to the present invention;

Figure 8 illustrates modulation of a random access channel -
signal by a spreading sequence according to the present invention;

- Figure 9 illustrates determination of random access channel

- symbol sequence timing from detection of a spreading sequence according

to the present invention;

. Figure 10 illustrates detection of a spreading sequence

- according to the present invention;

" Figure 11 illustrates two-stage detection of a spreading

- sequence according to the present invention;

Figures 12A-12B illustrate generation of synchronization and

“ spreading sequences according to the present invention;

¢ Figure 13 illustrates acknowledgement of a random access -
channel message according to the present invention; _
= Figure 14 illustrates a radiotelephone according to the present
invention; ' I
Figure 15 illustrates a central station according to the present
invention; and
Figure 16 illustrates operations for accessing a TDMA

radiotelephone communications system according to the present invention.

Detailed Description of Illustrated Embodiments

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may, however, be
embodied in many different forms and should not be construed as limited to
the embodiments set forth herein; rather, these embodiments are provided

so that this disclosure will be thorough and complete, and will fully convey
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the scqbe of the invention to those skilled in the art. In the drawings, like
numbers refer to '|ike elements throughout.

| Referring to Figure 7, a radiotelephone. communications
system 700 according to the present invention includes code division
multiple access (CDMA) random access channel communicating means 730
for communicating a spread spectrum random access channel signal 735
from a radiotelephone 740 to a central station 710 over the carrier

frequency spectrum use___d by the system 700 according to a spreading

- sequence. The system 700 also includes time division multiple access

(TDMA) communicating means 720 for communicating a time division

multiplexed radiotelephone communications signal 724 from the

~ radiotelephone 740 to the central station 710 over a time division

multiplexed carrier frequency band of the carrier frequency spectrum used

by the system 700, the time division multipléxed radiotelephone

communications signal 725 representing a radiotelephone communications’
message. Those skilled in the art will understand that the central station
710 may be a radiotelephone network element such as a cellular base -
station, satellite or other component which serves.as a node in the
radiotelephone network through which radiotelephones 740 gain access for -
the purpose of communicating with other radiotelephones, landline
telephones, and the like. Those skilled in the art will also understand that
the radiotelephone 740 may include a conventional voice radiotelephone,
personal communication te_rminal, or other subscriber terminal in the
radiotelephone system 700, communicating voice, data and other

radiotelephone communications messages to other subscriber terminals in

the system. These radiotelephone communications messages are

communicated between the radiotelephone 740 and the central station 710

using TDMA communicating means 720, the TDMA communications

occurring by way of signal bursts communicated err at least one time

division multiplexed carrier frequency band during one or more time slots,
As will be understood by those skilled .in the arl, CDMA

communications typically involve the "spreading” of radiotelephone
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communicatién's signals by modulating a data-modulated carrier according
to a predetermined sprééding sequeﬁce or code. Various modulation
techniques may be employed, such as directly modulating a data signal by a
differential binary signal corresponding to the Spreading sequence (direct
sequence modaulation), periddically changing the carrier frequency used to
transmit the data signal according to the spreading sequence (frequency
hopping), and combinations thereof. As is well-known, these techniques
produce a radiotelephone communications signal having a spectrum which
is spread across the carrier freduency spectrbm"used by the system. . The
transmitted signal is successfully decoded by a receiving station which
demodulates the transmitted system according to the same sequence, i.e.,
"despreads” the received signal.” Thus, those skilled will in the art will .
understand that CDMA random access channel communicating means 730
preferably includes c‘omﬁohents which perform generating, transmitting, |
receiving, and processing functions related to such spread spectrum
radiotelephone communications, as discussed below. _

With respect to generating and transmitting functions, as
illustrated in Figure 8, CDOMA random access channel communicating
means 730 preferab!y'includes direct sequence modulating means 810 for
modulating a random access channel signal 805, representing a random
access channel message, by the spreading seduence 802 to produce a direct
sequence modulated random access channel signal 815. Direct sequence
modulating techniques are well-known to those skilled in the art, and need
not be discussed in further detail herein. Those skilled in the art will
understand that various other modulation and other signal processing
components may be included in the CDMA random access channel signal
communicating means 730, such as additional modulating means 820, for
example, a minimum shift keying (MSK) or other modulator, and carrier
frequency modulating means 830, which modulates a carrier signal 822
with a modulated random access channel signal 825 to produce a spread
spectrum random access channel communications signal 735 which may be

transmitted to a central station 710. Those skilled in the art will understand
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that the TDMA commumcatmg means 720 and the CDMA random access

channel ","mmumcatmg means 730 may lnclude such elements as digital

signal processors, mixers, analog and digital filters, transmitters, antennas

- and the like. Those $ki|!ed,i_n the art will also understand that any or all of

the TDMA communicating means 720, the CDMA random access channel
communicating means 730, ahd other means for performing the
communicating and reiated steps described above may be implemented in
special purposé analog .or digital hardware, software running on general
purpose processors, or combinations thereof

As |I|ustrated in Figure 9, receiving and processmg functions

of the CDMA communicating means 730 may be performed by spreading

sequence determining means 910 and random access channel symbol

sequence determining means 920. Spreading sequence detecting means
910 detects a spreading sequence 912 froh'l a communicated spread
spectrum random access channel radiotelephone communication signal 735.
Random access channel symbol sequence determining means 920
determines a random access channel symbol sequence 925 from the
communicated spread spectrum-random access channel signal 735.

As those skilled in _the art will under_stand, a spread spectrum

- radiotelephone communications signal may represent a sequence of

communications symbols which may include a convolution or other

composite of several symbol sequences, including an random access
channel symbol _seq_uén;e_ representing a random access channel message,
the spreading sequence by which the random access channel symbol
sequence is modulated, _gnd additiona_l sequences imposed by other
modulation or coding schemes. The symbols in these sequences may have
various formats, such as the single-bit binary differential format produced by
binary phase shift keying (BPSK) modulation, or multi-bit formats produced
by modulation techniques _'suc:_h as quadrature phase shift keyed (QPSK)

modulation.

An exemplary embodiment of spreading sequence detecting

means 910 is illustrated in Figure_ 10, including a plurality of parallel
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- sequence 1025.

‘representing the random access channel message. Thus, as shown for the

-
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correlators 1010a - 1010n, each of which correlate the communicated
spread Spectrum random access channel radibtelephone communications
signal with a partlcular sequence S, - S,. Based on the outputs of the

correlators 1010a - 1010b decision means 1020 ‘may indicate a detected

"Correlation of a .'sequence of symbols with a received
communications signal-as illustrated in Figure 10 may include G
synchronization with the Spréadin'g symbol séqdence included in the
random access channel symbol sequence represented by the spread
spectrum random access channel radfbtelephpne communications signal

735. Because the spreading sequence and random access channel symbol -

" sequence preferably are synchronized, timing for the random access channel

symbol sequence may be determined without need to include a
synchronization symbol sequence in the random access channel symbol
sequence, i.e., the spreading sequence detection can provide the

synchronization information needed to decode @he information sequence

embodiment illustrated in Figure 9, the spreading sequence detecting means

910 may determine a sequence timing 915 associated with the detected
spreading sequence. The determined sequence timing 915 may be used by -
random access channe! information sequence d'e'termining means 920 to
determine the random access channel symbol sequence 925 represented by -

the spread spectrum random access radiotelephone communications signal

'735. Those skilled in the art will understand that eliminating the

synchronization sequence in the random access channel symbol sequence
may help offset an increase in message length due to spreading sequence
modulation. o

| However, if a synchronization sequence is included in the
random access channel symbol sequence — for example, to be compatible
with existing message formats — the synchroniirétibn sequence may be used
to aid spreading sequence detection, as illustrated in Figure 11. A

predetermined synchfoni’zatioh sequence Y, may be associated with a subset
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of spreading sequences §, - S; of a larger set of spreading sequences used in

the radifit’%lephone communications system. Synchronization sequence

detecting means 1110, shown as including a synchronization correlator
1112 and associated decision means 1113, may detect the presence of the

predetermined synchronization sequence Y,. Upon detection of the

- synchronization sequence Y,, indicating the presence of a random access

channel message, the communicated spread spectrum random access

channel radiotelephone communications signal 735 may be correlated with

. the subset of spreading sequences S, - S; associated with the detected
- synchronization sequence Y,. This two-stage detection allows received
._signals to be correlated with a reduced number of spreading sequences

“instead of with every spreading sequence used in the system. In addition,

as the synchronization sequence Y, preferably is shorter than the associated
spreading sequences, a random access channel message may be more

quickly and easily detected if the synchronization sequence is detected -

. before correlation with the longer spreading sequences.

- Those skilled in the art will appreciate that spreading

. sequence detecting means 910, random access channel symbol sequence

determining means 920 and synchronization sequence detecting means

1110 may. be.inc_l_uded in a central station 710 which receives spread

‘spectrum random access channel signals 735. However, these elements

also may be distributed elsewhere in, the radiotelephone communications
system 700. Those skilled in the art will also understand that any or all of
the spreading sequence detecting means 910, random access channel
symbol sequence determining means 920, synchronization sequence
detecting means 1110, and other means for performing the detecting,
determining, and related steps described above may be implemented in
analog or digital hardware, software running on a general purpose
processor, or a combjnation thereof. _

Figure 12A illustrates how a synchronization sequence Y; and
a spreading sequence S; may be associated by generating both sequences -

from a common K-bit station identification word 1205. As is well-known, a
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radiotelephone syste'n'i typically assigns a station identification to a
radiotelephone using the system, with the station identification typically

being either a permanent identification, such as an International Mobile

Subscriber Ident(ty (IMSI), or a session- or transactton-based identification,

such as a Temporary Mobile Subsc_rlber identity (TMSI). The station _
identification is typically stored in the fadiOtelepHone' in the form of a digital

station identification word. Those skilled in the art will understand that as

~ station identifications may be randomly dnstnbuted to radiotelephones,

generating spreading sequences from a station identification word can help
randomize the distribution of spreading sequences around the
radiotelephone sys'tem,' redueing the probability that neighboring _
radiotelephonies will be using spreading sequences sufficiently correlated to
cause unacceptable interference. ' '. |

As itlustrated, synchronization s'e.fq:uenc'e identifying means
1210 may use the fower L-M bits of the station identification word 1205 to

ideritify a synchronization sequence Y;. An associated spreading sequence

"~ S, may be identified by spreading sequence identifying means 1220, using

20

25

30

the lower L bits of the station identification word 1205. In this manner, a
synchronization sequence may be associated with 2™ spreading sequences.
Those skilled in the art will understand that synchronization sequence
identifying means 1210 and spreading sequence identifying means 1220
may be |mp|emented in a number of ways, for example, using software
look-up tables, memory arrays addressed by bits of the station identification
word 1205, or sequence generators which use the station identification
word 1205 as an input.

As illustrated in Figure 12B, a spreading sequence S; may also
be randomly generated from the station identification word 1205, using
random sequence generating means 1230, for example, from the lowest L
bits of the station identification word 1205. In this manner, the spread
spectrum random access channel communications signal produced by the
spreading sequence S; generally can only be despread by a receiving station

producing a despreading sequence generated in the same manner from the
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same seed offermg enhanced security for communications in the

ne

radrotelephone system by making it more difficult for unauthorized parties

to correlate a spreadmg sequence with a station identlflcatron Those skilled

in the art will understand that although random generation of spreading
se'qu.en'ces may result in two 'ra_dioteiephones using the same spreading
sequence to produce ra_ndom access channel communications signals, the
correlation -brt.)_perties'q.f spreading sequences make it unlikely that
unacceptable. interference will occur as differenceé in propagation delay
between signals generated by two radiotelephones using the same spreading
sequence will tend to reduce the correlation between the signals as received
at a given receiving station. Those_ skilled in the art will also understand
that any or all of the s_yn_chronizaticn sequence identifying means 1210,
spreading sequenc'e identifying r_n_eéns 1220, random sequence generating
means 1230, and othe_r _rn'eans' _fer performing the identifying, generating and |
related steps described above may include analog or digital hardware,
software running on a generai ptirpose processor, or a combination thereof.

As illustrated in Figure 13, the use of_a CDMA random access

channel can also eliminate the need to include a reference number in a

random access channe| message. As is well-known, conventional
radiotelephone systems typically include a reference number in a ren'dom '
access channel message to serve as a tag which identifies a particular access
request. According to the present invention, this tagging function may be
served by the spreeding seduence used to communicate the random access
channel message. _'Sp_reading seduence detecting means 910 detects a

spreading sequence 925 in a communicated spread spectrum random access

radiotelephone communications signal 735. In response, random access

channel message acknowledging means 1310 acknowledges the
communication of a randdm access message by communicating an random
access channel acknowledgement message 1315 corresponding to the
detected spreadmg sequence 925, for example an acknowledgement
message 1315 mcludmg a reference number which corresponds to the

detected spreadlng sequence 925.
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Figure 14 illustrates a radiotelephone 740 for communicating
with a central station 710 in a time ‘division multtple access radiotelephone
communications system 700 such as that illustrated in Figure 7. The
raduotelephone 740 includes TDMA communicating means 720 for
communicating a radiotélephone communications message from the
radiotelephone 740 over a time division mUI't'ipll'exed carrier frequency band,
with the TDMA commumcatmg means 720 here shown including a time =~ # %
division mulnplexed S|gnal transceiver 1410 whtch transmits and receives
time division multlplexed sugnals via an antenna 1430 The radiotelephone
740 also includes CDMA random access channel commumcatlng means .

730 for commumcatmg a random access channel message over the carrier

frequency spectrum used by the system accordmg to a spreading sequence,

| _ here illustrated as mcludmg a spread spectrum transmitter 1420 wh:ch

transmits spread spectrum-random access channel radiotelephone
communications signals via the antenna 1430. Those skilled in the art will
understand that in addition to the compbhents illustrated, TDMA
commUnieating means 720 and CDMA random access channel

communlcatlng means 730 may mclude digital signal processors, mixers,

analog and digital filters and the like. “It will also be understood that anyor  *

all of the TDMA commumcatmg means 720, CDMA random access channel

communicating means 730, and other means for performing the

communicating and related steps described above may be implemented in

analog or digital hardware, software running on a general purpose

processor or a combination thereof. Other components which may be |

included in the radiotelephone 740 such as a keypad display, speaker and

microphone, are not shown. ' __
Figure 15 »Hustrates'compb’nents of a central station 71 0, such

as a cellular base'station or satellite, for éommunicating with a

radiotelephone 740 such as the one illustrated in Figure 13. The central

station 710 includes TDMA communlcatmg means 720 for communicating a
radiotelephone communications message to or from the radiotelephone 710 ,

over a time division multnplexed carrier frequency band with the TDMA
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commumcatlng means 720 here shown mcludmg a time division
multiplexed sngnal transcelver 1510 which transmits and receives time
dwns:on multlplexed s:gnals via an antenna 1530. The central station 710
also includes CDMA random access channel communicating means 730 for
communicating a random access channel message over the carrier
frequency spectrum used by the system according to a spreading sequence,
here illustrated as including a spread spectrum-receiver 1520 which receives
spread spectrum random access channel radiotelephone communications
signals via the antenna 1530. Those skilled in the art will understand that
in addition to the components iilustrated, TDMA communicating means 720
and CDMA ran.dom access channel communicating means 730 may include
digital signal processors, mixers, analog and digital filters and the like. 1t
will also be understood that any or all of the TDMA communicating means _

720, CDMA random access channel communicating means 730, and other

. means for performing the communicating and related steps described above

may be implemented in analog or digital hardware, software running on a
general purpose processor, or a combination thereof. Other components
which may be.included in the central station 710, such as power supplies,
control electronics, and equipment for interfacing with a Mobile Telephone
Switching Office (MTSO), are not shown.

Operations for accessing a TDMA radmtelephone
communications system according to the present invention are illustrated in
Figure 16 (Block 1600). A spread spectrum random access channel signal,
representing a random access channel message, is communicated from a
radiotelephone to a central station, over a carrier frequency spectrum
according to a spreading sequence (Block 1610). In response, a TDMA
radiotelephone commutations channel is assigned to the radiotelephone
(Block 1620). A time division multiplexed radiotelephone communications
signal, representing a radiotelephone communications message, is then
communicated between the radiotelephone and the central station on the

assigned TDMA radiotelephone communications channel, over a time
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dlwsuon multlplexed camer frequency band of the carrier frequency
spectrum used by the system (Block 1630)
In the drawings and specnflcatuon, there have been disclosed
typical embodiments of the invention and, although specific terms are
5 employed, they are used in a generic and descriptive sense only and not for
purposes of limitation, the scope of the invention being set forth in the

following claims.




* [ L M S *

THIS SHEET HAS BEEN | - .,

WO938501 | REPLACED ~ PCT/USYTI0SSB4

10

15

20

25

CLAIMS:

1. A time division multiple access radiotelephone

' communications system for communicating between at least one central

station and at least one radiotelephone over a carrier frequency spectrum,

the system comprising:

code division multiple access (CDMA) random access channel
communicating means for communicating a spread spectrum random access
channel signal from a radiotelephone to a central station over the carrier
frequency spectrum according to a spreading sequence, said spread

spectrum random access channel signal representing a random access

‘message; and

time division multiple access (TDMA) communicating means

for communicating a time division multiplexed radiotelephone
“communications signal between said radiotelephone and said central station
~ over a time division multiplexed carrier frequency band of the carrier
“frequency spectrum, said time division multiplexed radiotelephone
"communications signal representing a radiotelephone communications

‘message.

2. A system according to Claim 1 wherein said CDMA
random access channel communicating means comprises random access

channel signal modulating means for modulating a random access channel

signal according to a spreading sequence, said random access channel

signal representing a random-access channel message.’

3. A system according to Claim 2 wherein said random
access channel signal modulating means comprises direct sequence
modulating means for direct.sequence modulating a random access channel

signal according to a spreading sequence to thereby produce a direct

. sequence modulated random access channel signal.

. This Sheet Has Been Repla
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4, A systemn according to Claim 3 wherein said random
access channel signal represents a random access channel symbol sequence
representing a random access channel message, and wherein said CDMA
random access channel communicating means comprises:

5 - means, responsive to said direct sequence modulating means,

for communicating a spread spectrum random access channel signal

representing a direct sequence modulated random access channel signal;
spreading sequence detecting means, responsive to said means

for communicating a spread spectrum random access channel signal

10 representing a direct sequence modulated random access channel, for
detecting a spreading sequence from a communicated spread spectrum
random access channel signal, said spreading sequence detecting means
inchjding means for determining a sequence timing associated with a .

' detected spreading sequence; and .
‘15 '  random access channel symbol sequence determining means,

responsive to said spreading sequence "detecting means, for determining a
random access channel symbol sequence from a determined sequence. .

timing.

5. A system according to Claim-1 wherein said CDMA
20 random access channel communicating means.comprises:
means for associating a synchronization sequence with a
plurality of spreading sequences;
means for communicating a spread spectrum random access
channel signal representing a random access channel symbol sequence
25 representing a random access channel message and including a |
synchronization sequence, according to one of the plurality of spreading
sequences associated with said synchronization sequence;
synchronization sequence detecting means, responsive to said
means for communicating a spread spectrum random access channel signal

30 representing a random access channel symbol sequence, for detecting a

Wi
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synchronization sequence from a communicated spread spectrum random

~access channel sngnal and

10

15

spreadmg sequence detectmg means, responsive to said
synchronization sequence detecting means and to said means for
communicating a spread spectrum random access channel signal
representing a random access cha.nn_el symbol sequence, for detecting one
of the plurality of predetermined spreading sequences associated with a
detected synch_ron:ization seqhence, from the communicated spread

spectrum random access channel signal.

_ - 6. A system according to Claim 5 further including means
for assigning a station identification to said radiotelephone, and wherein
said means fer associating a synchronization sequence with a plurality of
spreading sequences comprises: . N |

synchronization sequence identifying means, responsive to

savd means for assigning a station ndentlfacallon, for identifying a

- synchronization sequence from the assigned station identification;

20

25

spread'ing sequence identifying means, responsive to said
means for assigning a station identification, for identifying a spreading

sequence from the assigned station identification.

7. A system accordmg to Claim 6 wherein said station
|dent|f1cat|on comprises a station identification word, and:
~ wherein said spreading sequence identifying means comprises
means for identifying a spreading sequence from a group of bits of said
station identification word; and

wherein said synchronization sequence |dent|fymg means

_ compnses means for xdentlfymg a synchromzataon sequence from a subset

of said group of bits of said station identification word

8. A system according to Claim 1 wherein said CDMA

random access channel communicating means further comprises spreading

This Sheet Has Been R
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sequence detectihg means for detecting a spreading sequence from a
communicated spread spectrum random access channel radiotelephone
communication signal, and;:fur'thér comprising:
random access channel message acknowledging means,
5 responsive to said spreading sequence detecting means, for acknowledging

a random access channel message with an acknowledgement message

corresponding to a detected spreading sequence.

9. A system according to Claim 1 further including means
for assigning a station identification to said radiotelephone, and wherein
10 said CDMA random access channel communicating means comprises;
spreading sequence idénfifying means, responsive to said
means for assigning a station identification, for identifying a spreading
sequence based on an assigned station identification; and
' " means, responsive 1o said spreadmg sequence: |dent|fymg
15 means, for communicating a-spread spectrum. random access channel.signal
over the carrier frequency spectrum accordmg to an identified spreading

sequence.

10. A system according to Claim 9 wherein said station
identification comprises a station identification word, and wherem said
20 spreading sequence identifying means comprises:
spreading sequence generatmg means for generating a

spreading sequence from a group of bits of a station identification word.

11. A system according to Claim 10 wherein said spreading
' sequence generating means comprises random spreading sequence
25 generating means for randomly generating a spreading sequence from a

group of bits of a station identification word.
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12. A method of accessmg a time division multiple access
(T DMA) radlotelephone commumcatlons system the method comprising the
steps of: | . .
comm_unicéting a spread spectrum random access channel
signal from a -radio_telephone.-tq a central station over a carrier frequency
spectrum according to a spreading sequence, the spread spectrum random
access channel signal representing a random access message; '

assigning a TDMA radiotelephone communications channel to
the radiotelephone, in response to communication of the spread spectrum
random access channel signal; and - _

_communicating a time dwnsnon multtplexed radiotelephone
communications signal between the radiotelephone and the central station
on the assigned TDMA radiotellephone communications channel, over a
time division multiblexed carrier frequency band of the carrier frequency
spectrum, the time division multiplexed radiotelephone communications

signal representing a radlotelephone ‘communications message.

_ 13. A meth'od.accordi_ng-_to.Claim' 12 wherein said step of
_cbmmu_n.icating a random access. channel message comprises the step of .
modulating a random access channel signal according to the spreading
sequence, the random access channel signal representing the random access

channel message.

14. . A method according to Claim 13 wherein said“step of -
modulating comprises the step of direct sequence modulating the random
access channel signal according to the spreading sequence to thereby

produce a direct sequence modulated random access channel signal.

. 15. A method according to Claim 14 wherein the random
access channel signal represents a random access channel symbol sequence

representing a random access channel message, and:

- This Sheet Has Been Re
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wherein said sfep of communicating a spread spectrum
random access channel signal comprises the step of communicating a
spread spectrum random access channel signal representing the random
access channel symbol sequence; and
5 wherein said step of c'ommunicating a spread spectrum
random access channel =Signal is followed by the steps of: :
detecting a spreading sequence from the communicated 2
spread spectrum random access channel signal;
determining a sequence timing associated with the detected
10 spreading sequence; and ' _
determining a random access channel symbol sequence from

the determmed sequence timing.

16. A method according to Claim 12:
wherein said step of communicating a random access channel
15  message is preceded by the step of associating a synchronization sequence
with a plurality of spreading sequences, and: |
wherein said step of communicating a spread spectrum

random access channel signal comprises the step of communicating a
spread spectrum random access channel signal representing a random
20 access channel symbol sequence including the synchronization sequence
and an information sequence corresponding to the random access channel
message, according to one of the plurality of spreading sequences associated
with the synchronization sequence; and
wherein said step of communicating a spread spectrum
25 random access channel signal is followed by the steps of:
detecting a synchronization sequence from the communicated
spread spectrum random access channel signal; and
detecting one of the plurality of predetermined spreading
sequences associated with the detected synchronization sequence from the

30 communicated spread spectrum random access channel signal.
- .

T i
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LW A method accordmg to Claim 16 wherein said step of
commumcatlng a random access channel message is preceded by the step
of assigning a station identification to the radiotelephone, and wherein said-

step of associating a synchronization sequence with a plurality of spreading

sequences comprises the steps of:

identifying a synchromzanon sequence from the assigned

“station . tdennflcatlon

~ identifying a spreadmg sequence from the assigned station

ide_ntification.

. 18. A method accordmg to Claim 17 wherein the station
identification comprises a station identification word, and: '

wherein sald step of identifying a spreading sequence

- comprises the step of ldentlfylng a spreadmg sequence from a group of bits

15

20

of the station |dent|ftcat|on word; and
. wherein Sald step of |dent|fymg a synchromzatlon sequence
|dent|fy|ng compnses the step of identifying a synchronization sequence

from a subset of the group of bits of the station identification word.

19. A method according to Claim 12 wherein said step of
communicating a spread spectrum random access channel signal is followed
by the steps of:

detecting a spreading sequence from the communicated

spread spectrum random access channel radiotelephone communication

25

signal; and L
| acknow!edglng the communlcated spread spectrum random
access channel sngnal wuth an acknowledgement message corresponding to

the detected spreading sequence. .

—_—
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'20. A method according to Claim 12:
wherein said step of communicating a random access channel |
message is preceded by the step of assngnmg a station identification to the
radiotelephone; |
5 wherein said step"of communicating a spread spectfum
* random access channel signal is preceded by the step of identifying a
spreading sequence based on the assigned station 'idehtification; and
wherein said step of communicating a spread spectrum
random access channel signal comprises the 's;tep' of communicating a
10 spread spectrum random access channel signal over the carrier frequency

spectrum according to the identified spreading sequence.

'21. A method according to Claim 20 wherein the station
identification includes a station identification word, and wherein said step of
identifying a spreading sequence comprises the step of generating a _

15 spreading sequence from a group of bits of the station identification word.

22, A method according to Claim 21 wherein said step of

generating a spreading sequence comprises the step of randomly generating
a spreading sequence from the group of bits of the station identification

word.

20 23 A radiotelephone for communicating with at least one
central station in a time division multiple access radiotelephone
communications system, the radiotelephone comprising:

code division multiple access (CDMA) random access channel
communicating means for communicating a spread spectruhw random access

25 channel signal from the radiotelephone to a central station over the carrier
frequency spectrum according to a spreading sequence, said spread
spectrum random access channel signal representing a random access

message; and

Nl
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time division multsple access (TDMA) communicating means
for commumcatmg a time division multlplexed radiotelephone
commumcatnons sngnal between the radiotelephone and said central station
over a txme dwus'on multlplexed carrier frequency band of the carrier
'frequency spectrum, said time dstuon mutltiplexed radiotelephone
communlcatuons szgnal representing a radlotelephone communications

message.

24. A radiotelephone according to Claim 23 wherein said
CDMA random access channel communicating means comprises random
access channel signé_l modulaﬁng means for modulating a random access
channel signal according to a épreading sequence, said random access

channel signal representing a random access channel message.

25. A rad'otelephone accordlng to Claim 24 wherein said
random access channel sugnal modulatmg means comprises direct sequence
modulatmg means for direct sequence modulating a random access channel
signal accordmg to a sprgadvng sequence to thereby produce a direct

sequence modulated random access channel signal.

26. A radlotelephone accordmg to Claim 23 wherein said
CDMA random access channel communicating means comprises:
- means for associating a synchromzatlon sequence with a
plurahty of spreadmg sequences,
means for commumcatmg a spread spectrum random access

channel s:gnal representing a random access channel symbol sequence

representing a random access channel message and including a

synchronization sequence, according to one of the plurality of spreading

sequences associated with said synchronization sequence.

27. A radiotelephone according to Claim 26 further

including means for assigning a station identification to the radiotelephone,
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and wherein sai.d._ means for asSociating e Synchronization sequence with a
plurality of spreed'ing sequences' comprises;
synchromzatlon sequence |dentlfymg means, responsive to
said means for assugnlng a station |dent|f' catlon, for tdenttfymg a
synchromzatlon sequence from the assugned statlon identification;
spreadmg sequence identifying means, responsive to said
means for assigning a station identification, for |dennfylng a spreading

sequence from the assigned station identification.

28. | A radnotelephone accordmg to Cla:m 27 wherein said
statlon ndentlfxcatlon compnses a station ldentlflcatlon word, and:
wherein said spreadmg sequence ldentlfymg means comprises
means for identifying a spreading sequence from a group of bits of said
station identification word; and _ _
' * wherein sand synchromzatton sequence |dent|fymg means
compnses means for |dent|fymg a synchromzatlon sequence from a subset’

of said group of bits of said station identification word.

©29. A radiefele'phone according to Claim 23 further -
including means for assigning a station identification to the radiotelephone,
and wherein said CDMA 'rendem access channel communicating means
cornpriées: | _ | | _ _
spreading sequence identifying means, responéive to said
means for assigning a station identiﬁcatibn for icl'enti'fying a spreading
sequence based on an a55|gned station 1dent|f|cat|on and

means, responswe to said spreadmg sequence identifying

means, for commumcatlng a spread spectrum random access channel signal

over the carrier frequency spectrum according to an identified spreading

sequence.
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. 30. A radlotelephone accordmg to Claim 29 wherein said
station. |dentxf|cat|on compnses a stanon identification word, and wherein
said spreading sequence ldentlfymg means comprises:

“spreading sequence generating means for generating a

spreadmg sequence from a group of bits of a station identification word.

31. " A radiotelephene accerding to Claim 30 wherein said

~spreading sequence generatmg means comprises random spreading

sequence generatlng means for randomly generating a spreadmg sequence

from a group of bits of a station identification word.

32. A central station for communicaﬁng with at least one

radlotelephone ina tlme d|V|5|on multlple access (TDMA) communications

-system, the statlon comprlsmg

_ code division mulnple access (CDMA) random access channel
commumcatlng means for communicating a spread spectrum random access
channel signal from a radiotelephone to the central station over the carrier
frequency specirum-_according toa s'preading sequence, said spread
spectrum r_andom'. access channel signal representing a random access
message; and | | | | _

tlme dwuswn multaple access (TDMA) communicating means
for commumcatmg a nme division multiplexed radiotelephone
communications sngnal between said radlotelephone and the central station
over a time division multlp!exed carner frequency band of the carrier
frequency spectrum, said time division multiplexed radlotelephone
communications signal representing a radiotelephone communications

message.

33. A station accordlng to Claim 32 wherein said spread
spectrum random access channel sngnal represents a random access channel

symbol sequence representing a random access channel message, and
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wherein said CDMA random access channel communicating means
comprises: " | o .
preading sequence detecting means for detecting a spreading

sequence from a commumcated spread spectrum random access channel .
signal, said spreadmg sequence detecting means mcludlng means for .
determining a sequence timing associated with a detected spreading
sequence; and | - _ _ .

random access channel symbol sequence determining means,
responsive to sald spreadmg sequence detecting means, for determining a.
random access channel symbol s_equence from a determined sequence |

timing.

34. A station according to Claim 32 wherein said spread
spectrum random access channel s'fgnal represents a random access channel
symbol sequence mcludmg a synchromzatlon sequence associated wnh a
plurahty of spreadmg sequences and wherein said CDMA random access
channel communicating means comprises: |

synchronization sequence détecting' means for detecting a
syn(:hronizlati;on sequence from a communicated spread spectrum random.
access channel signal; and ' '

spreading s'equenc'e detecting means, responsive to said
synchronization sequence detet':t:in'g means, for detecting one of the plurality
of predetermmed spreadlng sequences associated with a detected
synchromzatlon sequence, from the commumcated spread spectrum random

access channel s:gnal

35. A station according to Claim 32 wherein said CDMA

random access channel commumcaung means further comprises spreading

'sequence detectmg means for detecting a spreading sequence from a

‘communicated spread spectrum random access channel radiotelephone

communication 5|gnal and further comprising:
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random access channel message acknowledging means,
responswe to said spreading sequence detectmg means, for acknowledging -
~arandom access channel message with an acknowledgement message

corresponding to a detected spreading sequence.
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