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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 lllustrates a typlcal terrestrial cellular radiotelephone
communication system 20 as in the prior art. The cellular radiotelephone

system may l_n_clude,_ one or more radiotelephones 21, commumcatmg with a

plurality of c_ells 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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channel used for transmitting.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 .

15

mobile station 21. In this capac:ty, the base station 23 functions chiefly as a

. relay statlon for data and voice 5|gnals

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

. performi similar funétions 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

25

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

30

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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-2 - ) JFigure 1, a typical cellular network may conprise hundreds
of cells, may i nclude nore than one MISO, and may serve thousands
of radi ot el epheoweessso1 The cells 36 gener al | yPCRAISST/0ES84
nodes i-n-the comuni cation ~ system 20, frdmwhich links are

est abl i shed between radi ot el ephones 21 5 and the MISO 25, by way of

the base stations 23 sevingndjsting geotaphieal coverage aregsathf iethe swstem’ssgevice

25T L i M SRS e ot 2 v

used. for transm ttingof@lbase GrRfibhf23and edll 3% rgspectivelyninoa t@rréstial cellular system.
The traffic channels carry the voice-and data informtion. Through the

10 cellular network 20, a dupl Sraditiend analed radietelephRone skstems geperally employ a
ffected t t il i QNSe: 2%
(raad?gt 2I ephone 21 ﬁd?{gs én r\é\%rr@l}baﬁﬁ#ﬁ@r@gliiéﬁ%lgn;mggfén\r‘\fggggéﬂgDMm&q Gigate

of the base station 2gomnunications chapiaBN|As & pravtied] mattee welldkrfown to those skilled .
communi cati on between the cell and the ‘mobil e station 21. In this

capacity, the base. st i themahradiptelepbaae samanynications 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 K
. cellular mobile communications in the United States. ' ;
~.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 riumber 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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entire area served by the system or, ‘as shown, the satellite nay
desi gned TDM bystémtmay bpnomlcmmtndlhm :plbehwdmm&llelfseqmacwqapdag
beams 150, each employed in conventional FDMA systems into sequential time slots, as
10 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 15-54B standard employed in the United States, in which each of the
o 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
time slots. In these TDMA systems, each user communicates with the base
station using bursts-of digital data transmitted during the user’s assigned
20 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
25 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
30 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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Tradi ti onal anal og radi ot el ephone systens general | npj] oy a 5. system
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comuni cations channelglephon®, Practi cal matter well-known to those skilled

in the art, radiotel ephone comruni cations signals, being nodul at ed
wavef.orns, typically are commni8ecess toaaadiptelépheneicoaundniegtiemcsystem may be

bands in a spectrum of ier freguencies. These discrete frequency bands
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further subdivided | pall: f rrow. frequency bands, system
desi gnat ed El A-553 or ITI%Yveve']' %@all&gkﬁggﬂ-&%ﬁt& b%HPPTa%E]CQe%ﬂI'T °?"r’%ﬁ§?q systems
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frequencies in each paLr are of f set bi 45 - Miz. At -present there
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ggmgi rcmﬁtﬂiace)psoi‘ r‘a’fp;ﬁ%‘iégﬁigzﬁ%rﬁigs rs can be éxtremely inefficient,LQSeéiiam_R/val%énogrste
considers that many of the users may not desire access at all, or may not
desire access at _tﬁe particular mbrﬁént they are polled.
For tHis reason, ra@iotelephone systems typically use random -
_ access t_echniques, _whereby'a_rédiotélephones desifing a voiée or data
1 5 channel rando_':mly sends an _accégs '\r.equest to the bz.l_;e- or hub 'stétio'ﬁ, which
the central or base station écknf:;i/vlé_dges by establiéhing alcommunications
- channel to thg'__rgquesti_ng ,radioteleghdne, if av_ailablé. An example of a -
rand_om acc;ess{:'_technique for a T!:DMA, rad,iotelephdﬁe éommunications
” ~system is that used in the_GSM system In the GSM .system, a set of
20 Common Control Channels (CCCHEs) 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 whet_her other radiotelephones are currently requesting access. If
a radiotelephone desires access and senses that the RACH is idle, the
25 radiotelephone typically transmits a random access channel signal, typically
including the @d:iotelephone's identification and an: identification of the
telephone th_e radiotelephone desires to contact, in what is often referred to
as a "RACH burst." As illustrated in Figure 4, a RACH burst 410 typically
contains_sever_a_l fields, :including'a plurality of guard bits 420, a sequence of
30 synchroniz'ationl'bits 430, and a sequence of information bits 440. The
guard bits 420 are used to prevent overlap of éofnmuhications occurring on

adjacent time slots, as discussed below. The synchronization sequence 430
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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 Rad.otelephones typically time their RACH bursts
10 to fall within an assigned TDMA time slot for the RACH, for example, by
~ waiting a 'prede;t'ermined period after a 'tr'ariéition_ 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 trdhsfnitﬁhg RACH burst, there is probability of collisions
15 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 |
20 reduest if it continues to desire access after failing to establish a channel.
Contention-resolVihg 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'.-Eui'opean' GSM system is described in' The GSM System for
25 Mbbile 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 typ'i'cally do so by incurring additional
transmlssnon and processmg overhead. |
In addition to colhdmg with other RACH bursts, a RACH burst
30 may overlap other TDMA time slots, causing undue interference on
channels using those slots. Before requesting a channel, a radiotelephohe

may be only roughly synchronized with the base station TDMA frame, for
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r.adi ot el ephone systens
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
communjcations quality.

' As i_llustrat'ed"in Figure 6, conventional terrestrial TDMA
cellular radiotelephone s'ystems may compensate for this problem by
incorporati'ng' ';guar_d time or guerd bits 610 in each TDMA slot, typically
precedin.g data 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 terrestrral radiotelephone system tends to be



assign tinme slots on an as-needed basis to nore efficiently use the limted
25 carrier frequency spectrum available to the system Therefore, a
critical task i n radi ot el ephone comuni cations is providing a
radi ot el ephone with access to the system i.e., assigning tinme
slots cor MRBEH g to a voice or | data channel torgmﬁgﬁ7 ephone
when it desires to comunicate with ‘&another radi ot el ephone or with
a landline tel ephgne or copventional .cel l'ul ar. radi ot el ephone vi a

the PSTN. This t telatively small with respegiron MAeframe, the numlaemftguamqume

g;} gg?,fﬁ t? Pl achedydtfto eﬁs'uqe %@éptfblé%@ngl allglmqv&cgll "BhSIl. For exdple,
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or conventi onal "t el-ephone. Access to a

r adi ot el ephone cHfhimeasure dhal %@'t"ekllﬂl'ﬁ'ﬁﬁ%a "ad'Ote'ePhpF@ﬁ/ﬁ‘Sd@d ap35a nunber
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central or base station ser gl vi ng
opportunity to retheeJDOMActots. in an orderly fashion, WI t hout contention.
However, serial polling te['gl?\gtgouarg tlmr@rr?rclt)lltsctaol p,]‘e%mrg\%ﬂoatpetl)fe&hg&ebgéfst e
tends to be rmpractrcal for satellite TDMA radlotelephone systems, however,
because the large area covered by a typlcal satellite beam and the large
10 'dlstance from the satelllte to the radrotelephone can combine to create time
| ambrgumes far larger than those experrenced in conventional terrestrial.
 TDMA cellular radlotelephone systems. For example, a radiotelephone
| commumcatlons sngnal ina satelllte bearn havmg a coverage area of an.
| approxlmate 500 krlometer radius may have a drfferentral propagation delay
| | 1_'5 approachmg 6 mrlhseconds for a radlotelephone located at the periphery of
 the coverage area, resultmg in’ a comparable ttme ambiguity for RACH
bursts. As a typlcal TDMA time frame may be only tens of milliseconds
Iong and have a slot length of only a few mlcroseconds, the number of
_ guard bits .needed to prevent interference from unsynchronized RACH bursts
20 canbeofa magnitudé approaching the dura_tion' 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. _
25 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.t.o the assignee of the present
30 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




because typi cal radiotel ephone systens may have hundreds, if not

t housands, of users. Those skilled in the art will appreciate that serially
10 polling this many users can be extrenely inefficient, especially when

one - COIBIMA8SM t hat. nmany of the users may,not desire ac SX03
or may - not desireaccess at the particul'g'r' nonent they are poll ed.
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channel to the requestimyltanatiustyedr pivesame icarrier ftequiehey band ea mrebability which

random access technique for a T radi otel e ne,_c i . .

Gystem s that used i ReREessR)uberpl BHRFERRATCOMTLR SRULRRP goit incragses.
Common Control Chamnelissingdetifchtddsbaithr foe randong dcedss Ichahaele alsomaenot result in
system and i ncl udes one or nore Random Access Channels (RACHs).

Radi ot el ephones typi c&ffigientouse; of theravailable cardgr frequensyispeetrum, as there may be
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radi-ot el ephone typi calilansiniggivisidre oxchAiiEosh dacdedicated buidss pgratially wasting

typically i ncl udi ng the radiotel ephone! s identification and an
i dentification of the capacu?y,whgcfh epmdhe v 'ézqda@ﬁ'&t‘é@'e@mﬁégdesi res 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, irduding a plurality of Sammaty lof tlse HA@ntiansequence of

30" synchroni zati on bits 430, ad o Seguepge of i nforralion bils 440, The
invention to provide systems and methods for access to a time division -
multiple access (TDMA) radiotelephone coinmunic.;ations system which is

| :Iess vulnerabl_é -f_o_, time ar.n:biguit}.', in_randbm access requests. B
15 . It_. is another object of the present invention to proVide
radiotelephone random access systems and methods which reduce -
inte_rfe;ence'qf_random access channel. messages with voice, data and other
“channels communicated using TDMA time slots.
o | It is another objec_t of the present invention to provide
20 radiotelephone random access systems and methods which reduce the
probability of a@ccess failures. _
_ It is another object of the present invention to provide
radiotelephone random access systems and methods which efficiently utilize
spectral capacity. | _ o
- 25 . . These apd.ot_.her objects, 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 _-_ch_annel, :i:s;_;ommu_nica_te_d from a radiotelephone to a central
station, such as a conventional cellular ba_se-station or a satellite, using code
30 division multiple access techniques. A spread spectrum random access

channel radiotelephone communications signal representing the random



guard bits 420 are used to prevent overlap of comruni cations occurring on .
adj acent tine slots, as discussed bel ow. The synchroni zati on sequence 430
WD 97/ 38501 : ' '
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is used WP IMMSHecei ving station to synchrqpize with the ﬁ‘i&!ﬁ%ﬂ‘r’%’?‘ in
order to decode the information contained in the information sequence 440.

The'infOfmtiona&%gygn%e‘i%s Al &iniDAlcage vetuRbearntdr Fetudncs! ds, for

exanpl e, a randomreference nunber field 450 which serves as a "tag" for
5 identifying aspesmtruintubedt by el systero eecording e atspreasting seaueanceu peeferably

radi ot el ephone. ., . .ln a.GSM- ' CHJis a

dedi cat ed TDVA ¥§if@ dlfegt Segypence modulation,, &f'g‘n'gf $fgt§%§§é§grb§$ﬂfec{]§°ed by
radi ot el ephonesdipedepfitifiSfandofPaEcds® nidiSage may be datemminedavh@nsheyst em
Radi ot el ephones typically tinme their RACH bursts - 10 to fall within an

assi gned TDMB\ t spreadingtsefoenaenis detetited,felimiartingthe nged to transmitgrathery a
predet ermined. perl od, A0LGdn SueRle i ol rdiiotn SLOSDRINAA!HERagE S5
allowing message length to be reduced. - -
| Alternatively, according to a tw@s‘tage detection aspect which
may simplify random access channel va'uisifidn; groups of spreading

10 sequences may be associated with synchronization sequences which are
included in the random éccess 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 .

 sequiences. The spreading and 'syn'chronization sequences may 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 ' Using 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 messagés. 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




transmtted by the base station and then transmtting the RACH burst.
However, because radi ot el ephones conventionally use a common TDVA

time slot for transmtting RACH burst, there is probability of collisions
15 between acc¥WO97RPLest s which are transmtted sinultaneouslyPCHUSSZDISH4
si mul t aneousl y by nei ghboring radi ot el ephones. Toldeal with these
collisions, the base statjon typically inplenments sonme form of contention-
resol vi ng protocol . Fo@“@?%‘f{éﬁs chanitgl o YHRE thg statipn ddentification sl erps for
si mul t aneous .requests, 1y | : alep ' e 0. reassert
to 20 Tequest i1 (raBel eRfeRubgHE ShicBdig e GPRRRAT: bbrk RGN for
establish a channel. unauthorifZshpanties to deesdé Hengapon idamification ff0m anlisgeréepted
vari ety of predeterm ned del acys and s;&rgﬂn | ar techni ques to reduce

the |ikelihood of radi TAEILSRRSHMM random acgesschapgel Forpapwmigations signali petentially

subsequent to a firgt &ﬂ%dﬂcﬁﬁé@steﬁ?@é&j}hg” | ogic used in the
Eur opean GSM systemis described in The GSM System for 25 Mobile
Conmuni cati ons published by M -MoupartieularNin Btinfeadivision tlftipleadccess (TDMA)

ages 368-72. Although_th ont ent i on-.resol vi ng prot ocol
go?rpénsate f or accegg ﬁagfqeiélrggé?“?'ﬁ@?’lr’?%F%é‘?'?s\;lf’lyaé"gécwgI‘}é‘?r”&i%r@'ese“t invention,

addi ti onal tr agtsE @ivisioh AltiPleQRRes! @DMAS risddin :
In addition to colliding with other 'HRACH bur(gDs,' z'RACH t?lﬁ(r:%sfs Chan§8' may

overlap other TDMA ti néoramynicatipgum¢ans comimenicatesrd epread spectrum random access
mmy be only raught{0syiERehrEe T bl lLooe 18 ierialalafionaveriby carier
. - . -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 _qhanhel. Time division multible access (TDMA)

15. 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 multiplexéd radiotelephone communications

20 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

25 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

30 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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exanple, by aligning its internal time reference with the synchroni Zati on
signal transm d by the base station in an open | oop fashj | ’
syn‘chronig'&%%hg,o?homever, typically occurs_pgnly after the ggg’@s%fl’&ﬁ?ﬁn
acknow edges the radiotel ephone's request for access and provides the

5 radi ot el ephongediiéices| RATASM Hecedd HahR¥! dyMfbd)’seBABR¢d l gen the
r adi ot el ephone anﬁhth.e station to be determned. Wth tﬂ?‘gﬂﬁrﬁ$ﬁga}p§h, the
radi ot el ephone ¢espandjvedo thesprpkingseqiesce defecting mears) ayi detesmhinie ther st s

[ omother £ o SAASRRASE it Bl bk ol . BAe b B oo
prior to such -timing. THUNMHY iteddibg WquaERMbY Hekbl tbel L Eni :
anbiguity with reslpgct to s %tﬁ%r TDIVA {)urest:s I n thée'%sn;gttgér!n "e‘%ause
propagat i on del #&f therandomiaceess channel symbal iseguence, withassvmeladingaa ea.
Figure 5 illustr FJXi - L. onshi s, n a first
radi ot el ephone, ° I%E'gm/ﬁls'éﬁc:shﬁ%%ézee'ﬁstghgg%%%aﬁc E%t&ﬁaté‘\ﬁ%?s’i'gbo TWEPRR base™
-station over a TDVA voi ce A biatiorlidentifitation @taynbe assigned to thé RdRIERPABAE,
| ocated a di stanca fromthe base stat|on which desires access to
system Because &P sequenge ddeniiving meansn respepsiyaItg means for

assigning the station identification, may identify a spreading sequence based

10 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
15 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

20 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

25 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

30 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




synachroni zed, its internal timng may be significantly skewed with respect
to t he TDVA frame of the base station, as illustrated.

Uncorrpensat ed, this 20 time skew may cause, for exanple, a RACH burst
510 transm ttewobylssm ~ second radiotel ep{kone to have a FCIFHUSOTOIR4
overlap 520 with voice or data comuni cations transmitted by the

first radiotel ephone gn an ad. éent Thi s over

Ny
cause undesirabl e -i n28Ff é‘?é‘h‘éé ﬁ@%‘?%&tgﬁsymhmng%m%f 8 ?;‘Bfﬂﬁa%ec y.

25 n'uHBe?tdf%EEGeﬁd?zs RV whibh tﬁ@eaﬁamwﬁeabd tsPFéa@lséﬁek:ﬁ'hmTDNA
cel lul'ar radiotel ephone systens may conpensate for this prob

i ncorporating guard tamdororacgessrchapneksigadl is coseldted Bvbeseduced.y pi cal I y

precedi ng data bits 620 which c Sy .zatjion .C a

i nformation. Guard bits are i né‘il tﬁé 'ﬂe@goﬁh?ﬁ%ay ass'ﬁﬁ?‘f g%h\‘/ﬁﬂ' 'ﬁPhO"e
30 receiving units dlaﬁae@ae%nrmmmyéﬁuéh@élmeﬁngaﬁgmeanth@spaﬁyv@eo the means
‘corrupt ed by over| appi ng RACH bursts and other sources of

interference. Becausdor asigning a statigmddentification, mmy igentity a synchrepizaioni al

L?JCT]I} atsglweggggi SySt e%&ﬁé}fic% ﬁgmt}ﬁe assigned m 83/ lgglaﬂi]cattqn. 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 assocnatmg the synchronization and spreading sequences.
For example, the station |dent|f|cat|on may include a statlon identification
word and the spreadlng sequence identifying means may 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. | - '
Spreadmg sequence detectmg 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



-8- . relatively small with respect to a TDVA frame, the nunber of ,
guard bits needed to ensure acceptable signal quality typically is
smal | . For exanpl e, the GSM system i ncorporates approxinmatély .
68.25 guard bits in each tine slot to ensure thatrR‘ERquH bursts from
a radi ot eVOIRIL as far as 35 5 kil onpjers away fro SPHSB4st at i on
wi I'T not cause undue interference on ot her TDMVA sl ots.
Using guard timggdpfieldphdnd fh RspYREY. aRUGdniRuAT FAE A Hidision mulfipibas's
to be inpractical fo(re lsaatrg%_ﬁ‘ltessTDI\/Aa.r g?ﬁr&ot ef"eﬁﬁlon s%??r@?'oﬁo%’g@r@xeg
because t he | ar gedimtelepbone cemmunicationsisignal batvetdn the radistelepHohéandahee
10 distance fromthe satellite tqQq th adi ot el ephone can conbjne to create
time O andeOUAL FaioR an hE AENeh ShaN SYeE Rdie chapan Y onal
terrestrial carrier frdduerRy lbaha!  Praféralilp) &ﬂhﬁﬂ\ﬂuié‘f‘rﬁ?e{%reg@gp@éﬁﬁﬂl e, a

a

radi ot el ephone ~communi cations signal in a satellite beam having a
coverage ared ofraadom access chanpebsignalt incBoles iditeshisaquencediedulating have a -

o 1o cpfon PSR ARPACBhne e RBRARETE e Sl B

resul ting in a angemadtcesst chamnaltiggali iy resreBAER random acdidé shénndS 2
typical TDVA tine frane may be only tens of mlliseconds | ong and

have a slot | engYfbs semencs. arathe ‘étFBs:é(FQﬁHQP“iCH@&Grﬁﬁé&a@PeCtmm i guard
Ot needed o MRk AnET ol A ESHISURAT R S B, 2
and far |onge tsheeading setflience froim thereormhminicdied sp@ad spetthem vBohT adlss
channel si'gnal.'_ The step of detecting the spréﬁaing sequence may also .
include determining a sequence timing whichrfr:nay be used in a step of
_ determining the random access channel symbél sequence from the spread -
“spectrum’ random access channel signal. The s}fep of deiecting the spr_éading
"~ 15 sequence may be followed by the step of ackhiowl'edging the communicated
' signal with an acknowledgement message cdi’responding to the detected;
spreading sequence. .
| Synchronization and spreading sequerices may be associated

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 spéctrum, 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



|l ength and the tinme slot length to provide a sufficient nunber of guard

bits generally is not a practical alternative, as this approach
woul d tend to reduce the potential infornmation rate of the

cofmuni cat i onswohangset s. 25 A tgchni que for pPEFUSPTIOFS84
access-to a TDVA satellite r adi ot el ephone&” conmmuni cati ons system has

been proposed in United States d th Féatent %E\#,I cat,j on nt|tI d " Syst ens
and Met hods for RanddRTHHEHESSRIRad the randofm goc §P5ﬂsﬂﬁﬂ 3 pre rum
Satel li te Radiotel ephpeg @mﬂﬁﬁékﬁﬁ%e commumcaﬁcﬁls"ﬁ%ﬁﬂ rﬁhdéﬂmzm&' led
April 8, 1996, assigned to the asskgnee of the present 30 inventron,

whi ch incl udes usi ng intedferencerwith o Wecomnummwsmﬁﬂeqwncv bands and allowing

A A T e e

WO 97/ 38501 5 without unacceptable interféréné&&SRTthOadB4nother. Using a station
-9- "associated with using a tinme slot to transmt a CH bur st
access request ldentd“matlpgutgr@nmesm spreadingrsearence ¢an ranﬂQm@Eébﬂones '

L_;ﬁg,sm; er'g\bCl;biS: igtn;l %{l]lpgﬁtlon of sSs‘eErle{ga&%%'éﬁcé(s, .%m:&#%amh%?dre'creerasé tretuency:
probability of unacceptable co-channel interference between random access
channels. To simplify. random access messages, the synchronization

10 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.

15 s . Brief Description of the Drawings
Some of the objects and advantages of the present invention
- having been stated, others will be more fully understood from the detailed
description that follows and by reference to the accompanying drawings in
which: B
20 ~ Figure 1 illustrates a terrestrial cellular radiotelephone
communications systems according to the prior art;
| Figure 2 illustrates a satellite radiotelephone communications
system according to thé prior art;
Figure 3 illustrates allocation of a carrier frequency spectrum
25 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

30 according to the prior art;



I ncreases as nunber of radiotel ephones using a particular cell increases.

5 Using dedicated bands for random access channels al so may not result in
efficient use of the available carrier frequency spectrum as there'may be
significant periods of tinme during which no random access signal :
transm ssVO t occurring on the dedicat eggbands, potent '§’ME¥§9ing
capacity which could be utilized for other channels. 10

Sunmary of the Invention Figyre 6 illustrates bit allocatioh® it ReTHMA tin® sibP8f a
foregoing, it is an object of the present ~ . invention to provide

systens and net hdasiA mdictelephonesommimmicationd syistem according tathe pgibeamccess

(TDVA) radi ot el ephone co ni cat i,on st i ch | : | ess
vul nerable to time anbi gm§urieﬂ} f'%ﬁéf#&iw@({m@?@me comminications
It is another ohjyg@ein 8écordimgRbahe PreseRy Aivientibni 0 provi de

r adi ot el ephone random access systens and net hods which reduce
i nterference df random acdégurechillustratessaadyfationiof la rander actess chanhelt her

channel s conmuni ! | T | e S : s . It is
anot her obj ect 3@{3 ﬁgzyghf%és}eﬂtg;%\e;ékﬁcgé%?%p 5&?&%3 pf‘esegbtnvleénapai-el ephone -
random access systens and Figireddifllustraeh detstifigatidieof random ac®¥s@RMBhhett y of
access failures. .i's anot her_ object of the present

i nvention to prd¥miel sequence timigg; f&@l@éﬂlﬁém ol aeadingcsseguense encording
net hods whi ch eftgitﬁé Bpésle)‘t Wehiiéﬁ;’ spectral capacity.
0 _ 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
15 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;
20 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

25 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

30 so that this disclosure will be thorough and complete, and will fully convey



25 These and ot her objects, advantages and features are

provi ded . . by a tinme division nmultiple access radiotel ephone

conmmuni cati ons system in which a random access channel

used to requesWVOR73850b _ nul ti pl exed chaopel, is communi EQ:F@%%% a
radi otel'epone to a central: - ] station, such as a conventional

cel lul ar base Stat'o'ihé’gc@pdééfﬁie' inVentidts i) thds@QRilled indPe .V ik tROdMAihEB)! ke
access techni ques. A spread spectrum random access ‘channel

radi ot el ephone conmmumiurahérsmefes talike efarpents ghroughovthe random WO

97/ 38501 . .- 10-., PCT/ 1JS9¢/ 05584 . .
access channel nessage .is comnmfﬁﬁingdooﬁ)@l"et;ﬁea E@;Jtﬂegép(?}opgqq%ﬂwmcatmns
spectrum used by the sgiteheppaacesrdingitd thedprefir davérticieineites, cadeediolsidt v
usi ng direct sequence npdul ation. Timng of the sequence used to
represent the randomrauitiphs acaess €gPMAdrandontcacsess ngheammenicating means 730
spreadi ng sequence i s detected, .elimnating the need to trangmt anoth

55 nchr onigz at ?on s equgﬂ%‘éommﬂﬁ@t%ﬂ Shiead égg‘é‘"&'ﬁéﬁﬂ‘gﬁ’-m&‘f&?g%'?a'm@ Signaf 735
al  owi ng message | engidim ta0radifoteRPHBAE 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
10 (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 |
15 _commun_icatiohs 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 -
20 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
25 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
30 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



Alternatively, according to a two-stage detection aspect which may .
simplify random access channel acquisition, groups of spreading, 10
sequences nmay be associated with synchronization sequences whi ch are

i ncl uded be';}ﬁsﬁﬁndom access nessage, allowi ng a recei Vi Nngcigohatssh O
correlate adower nunber of |ower-order synbhronization codes with a

recei ved spread spectrum signal to detect the presence of a random access
channel message. cqqﬂmgmcatlglymsndn|bzyamodulaboeea d@tadmd;daed cartier acoedingd

15 | h b d h di
sprezloligg(gj;1 i ttoeangreegig é"«rﬁe %'?efsa@ggégﬁf‘?écegﬂﬁgé gaﬂi‘ggﬂdéﬁat&haences

may be derived techmgues frfa?fBeaerﬁbﬁWeSnsdé"ﬁéﬂ Hfré@lﬂi hfbﬂu?a‘iﬁr%cé aﬁﬁdﬂ%éltby} he
radi ot el ephone. |n aadition, . portion of the sta

i dentification @Qensat'abl@aaafss'ande@rqsgpn@ngetﬁdbmspreadmg Sem@nﬁeidlgenter at or
uhi ch gener ates 381 &AHlAMI TR Edically Anging the carrier frequdt %ﬁggggges

spectrum t echni qu S {0 commu

accordi ng to therapsedtetie dana/enrghabitmngaduhe spredding sequenc@l(feécﬁr
elimnate the overlap and: colLisi.on probl assow ated with ~using

a dedi cated fre(ﬁm%% bmfbcembma%@nmtb@rep r'@mmg}he%m@shmques
h | 25
across the carr itk eraﬁtgiéaaeﬁ?‘y*@;‘%ﬁ{%%%ﬁﬁ‘?@ﬁ@“? figng! Ahe YeRcRBEPAhich ,

of - i nt ds frs]mad;aerom ttlln% aaryied freqluBhy s;ism:mmait gf@i lbwlthdla swughhﬂ?éh andom
access channel , can .be abl e, | eve ing the
station i der?tq f itansmitted S'g" is 5“? 5§bem‘feF98?<ﬁ§ FHreceiying seligaentiehpr ovi des
an effective an raarel [ [ of
spr eadi ng seque(réljcegiadéﬁ%@% urt ft1tg(ri SVSt?iWCaeé g1 ta%%gﬁgrgo%gg#ﬁ%’y@;’f

col i sion or ot Hdespreads!dpe ad:rte&vedmgnaler'ﬁnseIhdsssskdiealtwﬂbm the art will .
' - understand that COMA random access channel communicating means 730
preferably includes components which perform generating, transm|tt,|ng,
15 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

20 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

25 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

30 ‘with a modulated random access channel signal 825 to produce a spread
spectrum random access channel communications signal 735 which may be

transmntted to a central statlon 710. Those skilled in the art will understand



synchroni zation and spreadi ng sequences can reduce the conplexity of the
hardware and software in the receiving station, and aid acquisition of a

WD 97/ 38501
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random access channel. Using the station identif'ilgétion as a seed for

random y generating the r ' code_can neke | ey qdi f & t _faqr
unaut hori zed parties {9‘6‘ ﬂ&ﬁ@g}‘@%gngpgﬂca ng H&?PFE?}?@‘;{W.%&%{ZPWQF"8°’" access
i ntercepted Sl coRPRIAiLINEARARS 730003y (RAGAE su€lo RTaméma s Qisital

signal, potentially 5 enhanci ng -system security. ] ,
In particular, in a tsigealdrecessors, miketspppalag aaddigitahfiliers, transmitters, antennas

radi ot el ephone commngrg@&ﬂeoﬁge.? _Iﬁﬁ%@-ﬁﬁkﬁ@ah%ﬁl?ﬂg&é Hgﬁ@&h&&‘fﬁp%\? Or all of

code division nultiplée acces random access

comruni cating means cowITDMALesmnursipitiatreans 720 tHeaODMA aandom accessléhannel
channel signal from a radiotel ephone to &Ccegtral station over the carrier

frequency spectrum useRMBMNicRing oeans 738, pther meeans Jar patprmingdhaence.
The spread spectrum rgg n@gﬁﬁlﬁsan@@?{@{i g?é;%%ﬁ% glﬁg‘t%eﬁ'eag Ee‘agqﬁmmented in

access nessage, for exanple, a °reques hon
special purpose analog or digital hardware, software running on general

purpose processors; or combinations th_ereof.l |
10 ) As illustrated in Figure 9, receiving and processing functions
of the CDMA commﬁn_i_c_:_a_ting means 730 may be performed by spreading
“sequence determining nieans 910 and random access channel symbol
sequence determining means 920. Spreading sequence detecting means
910 detects a spreading sequence 912 fro_h a communicated spread
15 spectrum random access channel radiotelephone communication signal 735.
Random access channel__symb,ol-sequgnce determining means 920
determines a random access channel symbol sequence 925 from the
communicated spread spectrum-random access channel signal 735.
As..th_o_se.skilled in _the art will under_stand, a spread spectrum
- 20 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 sequence representing a random access channel message,
the spreading sequence by which the random access channel symbol
25 sequence is modulated, and 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)
30 modulation. . . . ,
An exemplary embodiment of spreading sequence detecting

means 910 is illustrated in Figure_ 10, including a plurality of parallel



comuni cations channel. Time division nultiple access (TDWA) 15

communi cati ng nmeans communi cates a tinme division multiplexed

radi ot el ephone conmmuni cations signal between the radiotel ephone and’t he
central %H’ gn t he assi gned TDVA communi cati ons chann g*mgssg‘l me )
di vi si on ?%P xed carrier frequency banda@f the carrier (frequency
spectrum the time division nultiplexed radi otel ephone comruni cati ons

20 signal reprezpriittes FOTOUL 0O POS AR BfGARIEH Horldte ive Esﬁﬁﬁmcateg
The CDMA random access channel communi cat| ng nmeans preferably

modul at es a r andBfRascmResyuahEanslem gc“gﬁsar @m@rradwgelemvmecommumcatmeadI ng

rccess channel  HACTYAN SERcRIRAEauBhES, | S PRRRE A DR blut abthennnel
signal is dir ethosmalefsCmmﬁU’lmm deeisivriiieans A0RDamapiniiditet detected
sequence to r%aoduce a direct sequence nodul ated random access channel

signal . The rand8®ven<et@2%hannel signal may represent a random access - ¢
channel synbol sequence 1Rl eS865A Bgasggu% §§"gpgnggél ssage. &
ect t e’sp :

Spr.eadi ng sequence detecting nean r eadi ng se nce 30. ;
fromthe cormun|coatmdn&pﬂew&isnglpdcasn(Jmtmedidmfweﬂ9 mapimegldei gnal B
representing the ndom access channel - synmbol sequence, and al so may

deterni-ne a seqd of‘ﬁi‘f’ﬁg viith the %R'éﬁd'ﬁﬁtsﬁ"lh‘? Sw%eeacwﬁéamthg

random access channel symbol sequence represented by the spread
10 spectrum random access channe! radfbtelephpne communications signal
735. Because the spreading 'eequence and random access channel symbol -
~ sequence preferably are synchronized, 'tin‘iing' for the random access channel
symbol sequence may be determined without 'nEed to include a
synchronization symbol sequence in the random access channel symbol
15 sequence, i.e., the spreading sequence detection can provide the
' synchronization information needed to decode :ihe information sequence
" representing the random access channel message. Thus, as shown for the
embodiment illustrated in Figure 9, the spreading sequence detecting means

910 may determine a sequence timing 915 associated with the detected

20 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 un'derstana that eliminating the
25 synchronization sequence in the fandom access channel symbol sequence
 may help offset an increase in message length due to spreading sequence
modulatlon R '
However, if a synchronization sequence is included in the
random access channel symbol sequence —- fbr.'example, to be compatible

30 with existing message formats — the synchroniiretien 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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sequence. Random access channel synbol sequence determ ni ng neans

responsi ve to weom8s®adi ng sequence detecting megps, may deter rﬁ%"?ﬁ’@sm
random-aeccess channel synbol sequénce fromthe determ ned sequence

timng. Thus, the spr b

5 of the random accesgoqghg%r@?gy%%ﬁgg’hugnﬁgm#%ho EO?EEHAQJ{ ﬁfeqyeﬁkggused in

synchroni zati on sequenhe ramotaephmmmamm.oubamah sSyﬁmhbomequ@msequence
A station identification npy be assi totheralotelep and
spreadi ng sequence id eqtingvgearnhd 10 :r 33 {(nclydingasynchegnization correlator

assigning the station {gengj 1
et 010" on fhe”sh{E i SRR dEBNohIAEINS Y115, 377 BICE (R BHERAEe o the
random access 5 mbdmeahlmdgpyathMMmuagcmﬂgnypmydmmumlotahe a
spread spectrum random access chapgnel jnal, over the ﬁal’l’l

frequency spectrum ecéé’Pﬂhrl?@'zat'O" SEQUERCE fe. 'Pﬁ'é:ﬁ Ing theiPeeseaceiPhg ra rRGEesS
The station identificaliAReMésiags) tHéEcommunicatéd %@Sd Qﬁeétﬂﬁﬂtrbﬁéi&ﬁté&@ss

word, and spreading sequence generating means nay generate a

spr eadi ng sequence frahaangt muﬁmtefephone comnabmdcatiensi sngnal 735 may be correlated with
i dentification word. The s uence n nea al,so

randonl y generate the ! ﬁrsggfﬁ?r?g %eq‘"reﬂ ﬁe‘a% %ﬁf gﬁ'f"ttg he detected

station identificajg Q%yh@ﬁl%n_lzatl_on_ sequence Y,. This two-stage detection allows received
. signals to be corfelated 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 |
15 quickly and easily detected if the synchronization sequence is detected -
. before correlation with the longer spreading sequences. o
. ~ Those skilled in the art will appreciate that spreading
§ sequence detectmg means 910, random access channel symbol sequence
determining means 920 and synchronization sequence detecting means
20 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
25 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. _
30. - 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



According to a two-stage detection aspect, the CDVA random 20 access
channel communi cati ng nmeans nmay associ ate a synchroni zation

sequence with a plurality of spreading sequences. The CDVA random
access c nmuni cati ng nmeans may conmuni cate a spr eap%ﬁg

random arg@ess C gnnel signal representing &2andom access C anﬁfe’?d'sg%?nbol
sequence including a synchroni zati on sequence, according to one of the
25 plurality ofradiptetgstidie sysruefpiclhsssighsbetatir Rlehtificsigitty gni zation
sequence. .Synchroni zati on sequence detect] means ‘may detect a
synchroni zat i on r%‘g r@r‘éﬁ'ﬁ& e %Yémri“l"ﬁbgﬁ%i S@EPBdée%tﬁfé@ﬁ'PurWPmHnm

access channel g{ga%n A baRARA] b FASRIESLR LS Sh DA IEA0Sy EBRENS Ve

to the synchroniz ence means Ehe
30 plurality oSubmrdmdlld@tuequ;m aasess)onabettamat:hoh*h@s@ﬂ?idemméatron

synchroni zati.on sequen fromt rum random )
access channdl $¥ghas a leRoipy @é’hﬁ@ ﬁaﬁ'gﬁvﬁg éta?'@"det ected
VO 97/ 38501 jdentification ;s tgplcally stored m the radigrele rE)ho]ye 'R the form of a digjtal _”:i"‘:

PCT/ US97/ 05584 initral detectio e synchroniz
sequence, all owsnagon lidentification 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
10 randomize the distribution of spreading sequences around the
radiotelephone sys'tem,' redur:ing the probability that neighboring
radiotelephonies will be using spreading sequences sufficiently correlated to
cause unacceptable interference. ' '. |
As itlustrated, synchronization se.fq:uenc'e identifying means
© 15 1210 may use the lower 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
the lower L bits of the station identification word 1205. In this manner, a
synchronization Sequence may be associated with 2M spreading sequences.
20 ' 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
25 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

30 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




nurber of sequences with which the communicated spread spectrum

random acg¢ess channel signal is correlated to be reduced.

A station identification may be assigned to the radiotel ephone 5 and
synchroni zat i OWO8888ce i dentifying means, respossi ve to the nEgReSI7/05584
for assigning a station identification, may identify a synchronization
sequence from the assaietee difeRle edfBhtdd S&ury forddimihlcatioRRieddk Nd
sequence identifying neans;  fesponSive to the neans.for assigning a station
i dentification, may imditteleptiane pystendihgmakingei ceorerdifficultefon smagthedizedaparties
10 identification, thus agsociating the synchropizgtion.and.sspr.eadi .
sequences. o O g SRR SrEREnG aRES WO TR IR U Tithee gkilled
station identificatiom the art will uvdeRtartithat BthSUEHCRAUBE SEMIBA6S of spreading

identifying means may identify the . spreading sequence froma group
of bits of the sta®i ojequenees maydeswhindyelradiotelephonesusingtthe same spreading

synchroni zati on sequence ideptifyi means. identifying the . 15 . .
synchroni zation seque??@gef'?% _B_r%h%gé?ng?mt elb‘r%‘f%m ?CB’.‘Y‘%‘"HF“E‘HE %E%%'Fro'ﬁ'e
i dentification word. correlation properties of spreadiip @equértes MkaNiE nfikeRLiHahg
means may detect a spreadin ' Sequence fromthe comuni cated spread

spect rum r andom acces4nageaptable interference will ecewramdiferensesiminrapagatios; delay .
Random access channel ' ' ' [ t

spreadi ng sequence de %ﬁ%ﬁ"a“ g&_er&%ém%ﬁgtgﬁ%&f _‘é’aé‘gﬁ’?ﬁga séfe é)prgggi"g
comuni cat ed randdin asegeeAce wdlinend to reduce thaessrefitioni bdiween abé sipnabkdgerseived
nmessage corresponding to the detected . - - readi ng sequencge. o
Accordingly, a randonitzt8ER recRIMING| 5t?*&!§a5@°§?a§j&|e£'" the a"bé‘"ﬁ@i?ﬂ)ﬂﬁ@%"@@ﬂ‘d

based on its spreadi nﬂa??ﬂ}’gp_ﬁﬁ’of%é Q?ﬁghrbﬁ&'éiif)ﬁ "38dence identifying means 1210,

spreading sequen_cé identifying means 1220, random sequence generating

means 1230, and other _m'eans' _f@r performing the ideniifying, generating and |
15 related steps deséribéd above may include analog or digital hardware,
| software running on a g_eneral phfpose processor, or a combination thereof.
As _illus_tsfa_ted in Figure 13, the use of_a CDMA random access
- channel can also el_imirjate the need to include a reference number in a
random access channe_! message. As is well-known, conventional
20 radiotelephone systems typically include a reference number in a rém'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 sprééding secjuence used to communicate the random access
channel message. _'Sp_readiﬁg seduehce detecting means 910 detects a
25 spreading sequéhc_e 925 in a communicated spréad spectrum random access
| radiotelephone'communicétion_s_signél _735.'_ In res_pbnse, random access
channel message acknowledgi.ng means 1310 acknowledges the
communication of a _r_anddr_n access message by communicating an random
access channel_. _aéknoWledgemerit.message 1315 corresponding to the
30 detected spr_eédjng_ seQi;er_{ée 925, for_example, ah acknowledgement
message _13'15'. :iir._\clud_ilng a referéhée number which corresponds to the

detected spreading -seciuence 925.



25 reference nunber to be included in the random access nessage.
Elimnating the need for a reference nunber can further reduce nessage

over head. These and other neans may be used to

performt h correspondi ng net hods cl ai med herein. ods '
.include 83’6'38586mrun| cating a spread spectp4im random acces @@ﬁ%}’# si gnal

froma radi ot el ephone to central station according to a spreadl ng
- sequence, assi gnl Figure TDNRustrathsQl eidedtBRphoae 7a0Noe 2bhihsnie

to the - WD 97/ 3850 .. PCT/US97/ 05584

- 14- ridh @t@rﬁrehéﬁa&fon rﬂﬂe@pwg@ dwmpmmfﬁmamra@h@tﬁmhone

division nmulti pl@dﬁ‘?rﬂuaxctaﬁons sysi&q' &Br amafﬂ Osgea%l assggﬁgdbet ween

t he radi ot el ephone an n-on th channel

over a tine di vnadmtelephbme)naedcludes TDMAQ:amm@ncétrmg]mﬁy 7220fd:
Preferably, conmuni cat | ng a spread spectrum . 5.random access channel
" signal includes @maERicd ﬂ&én’é‘é’fﬁﬁ'ﬁﬂ ane ﬁ@mgwmcanons message from the

radiotelephone 740 over a time drvrsron multlplexed 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 srgnals via an antenna 1430 The radiotelephone

10 740 also includes CDMA random accéss 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

15 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 R
20  all of the TDMA commumcatmg means 720, CDMA random access channel
communicating rﬁeans 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
25 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 communicating with a

radlotelephone 740 such as the one illustrated in Figure 13. The central
30 station 710 includes TDMA communlcatmg means 720 for communicating a
radiotelephone communications message to or from the radiotelephone 710 ,

over a time division multrplexed carrier frequency band with the TDMA




random access channel signal according to the spreadi ng sequence. The
random access channel signal may represent a random access channel

synbol sequence, and the step of communicating a spread spectrum

random access woomasosi gnal may be fol | owed by the step of det IWYYTR5584
10 spreadi ng sequence from t:he communi cat ed spredd spectrum random access

channel signal. The step of .detectin spreadi ng._s ence. may,. al.so

i ncl ude deternining a®8t Heng meﬁas kﬂﬁéﬁ?ﬁﬁ@o’ﬁgqﬂgﬁﬁﬁﬁ%aj’?? é’b"'ﬁ’f’"
determ ning the randomaGEREEd GIENAN Fanseaiier | 15900WARTGFrinshiits HiRd PRI time
spectrum random access channel signal. The step of detecting the spreadi ngw

15 sequence may be f divigerdnuliplexedsignaloviaarkaeieneadivdy- « Hee centialrtatiors

Spreadi ng sequence. . 2is0 ncrides EBMAIRNGBY] SRR Shathd oy EsRBk dficaps 730 for
sequences may be agsogbminfithicating a rafdishn acBesd dhanngl A@esaget e the Rafrer the
step of detecting a s%‘gchronl zat1on 20 sequence in a conmuni cat ed

spread spect rum r andoffeguereysspacirumepsed bY the systeaaccaeding do fRospreading ispquence,

he” det octed synenr onlois 3RraB R ThERding.e sprept SBUERGRT ERAL 182D ekt egeives

spread spectrum r andogpread epectedvnranton stabs deahrizd radiotelephdifeecmaftlinivations
steps of identifying the spreadi ng and synchroni sequences

froma station identi figpalsida thsanignea %50 hyquséﬁhl%”@ms?% it dinderstand that
generating a spread i S4GERRIS P8 SRR I8P TOREA EolfindinicaiRg Hiedns 720
The present inventi onapd DM randding aecesp ¢hartdlatganmminidating means 730 may include
digital signal pfocessors, mixers, analog and digital filters and the like. It
will also be understood that any or all of the TDMA communicating means
720, COMA ran_dom access channel communicating .means 730, and other |
15 . 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
20 Switching Office (MTSO), are not shown. _
Operations for accessing a TDMA radiotelephone
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
25 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
30 communicated between the radiotelephone and the central station on the

assigned TDMA radiotelephone communications channel, over a time



communi cate a random access channel nessage using CDVA, i.e., spread 30 .
spectrum techni ques which are | ess susceptible to random access request
collisions and may reduce or avoid.the tine slot overlap probl ens

associ ated with conventional random access techniques. Spr : um
WO 97/ 385N 97/38501 el FOMUSHshdd
PCT/ US97/ 05584 - techni ques spread the random access channel
signal s over thegonesd hitifliplexed carrier feduBcy Bénd %fﬂ%t E‘Arﬁgp%ﬁum
communi cati ons system random zi ng - Interference wt

communi cat i ons ospektramuesedyby tresystem (BlockviG3§). " multiple random

access requests to be sinu)tanepusly -conpuni cated . -5 w t hout
unaccept abl e i-nterference \?‘ﬁ%ﬂ‘é’"{ﬁcﬁ%ecﬁaﬂﬁnéhﬁ%gﬁﬁhee“ disclosed

i denti fication tQyaapemblodihBits O tRe fHventioRHH) aRhEGEh IR st

al I ocati on of spt?gadi. ng se(':luences, _Whi ch Ir(ay furt he_?é_}:jecr ease t“?rhse'{]"é
probability of wemploypdatiiey are usedhimelgenericrandrdssceiptiva sensa ardy doch matdes s

Ceauence and rereyeriss SMBRRELI0R toamal fie TRt BENE B St e

may be el im nat e@dlloWingchymehr oni zation sequence is included in random




access nessages, however, the sequence may be used in a IMHM*M Ill”“m
detecti on process which can nakes random access channel

conpl ex. 15 , B D?,Scrl ptioh of the" Dr awi ngs
Sone of the obpazezE3saed advant Ckbe present invention . PCT/USKT18§584(

been st-ated, others will be (:]l g.omthe detail ed
description that follows and by reference to the accorrpanyl ng draw ngs in

whi ch: 20 : e Figure A tirhé dplisiah @sultiplecacaess radibtetephorear
radi ot el ephone com‘rum cations syst ens acco ng to tg rior art;
Figure 2 illustrates c@mausications syematiel é%m'%m%ﬂ?ﬁ“‘y&?f‘(ﬂ east one central

system according to t r !
illustrates all ocati 5%(?'0 %ﬁ:gﬂel%groqe radd%tﬁ!:ey hone over A cartj:érggé&feg\rcyas pectrum,

radi ot el ephone corgrunhe systemscamptisingaccor di ng to the prior art;
Figures 4A-4B illustrate tinme slofs %nd fra seut |CI | z%n ?_1 omaccesTcl::ﬂmn |
radi ot el ephone communi cat i ons s"spé{ee‘?h ﬁtq,’bm'r‘l@f 135853 &7 rapqo $ channe
e o o o IR AR PSRRI $56385pecium rgpdom accs
according to the pri ahaanet signal from a radiotelephone to a central station over the carrier
frequency spectrum according to a spreading sequence, said spread
10 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
15 ' 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
20 random access channel communicating means comprises random access
charine! 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
25 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.
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\IQIC)T?ZJ/Sggfgé584 - Fi gur J’Hﬂ'“"luful'mu#lmt al I ocati ons

in a TDVA time slot |ql®SHEET HAS BE radi ot et eghotte #onfrin cati ons system

accordin 0 prijor argg T Figure 7.} s a -
TDNVA rad?&’tloeq" B ne Lg REPLACED - .pgSystem accor di ﬁs*)ﬁ’gﬁmresent
I nventi on; 5 ' Figure 8 illustrates nodul ation of a

random access channel 4. /’?km ﬂgomiﬁgggg%@ggwggﬂﬁg (e;%%&inn_g to

the present invention;
det ermi nati on ofaccessdihanaelcsigrisal rhpresents a random acegsshcharsed wgmbel sédqaengel rom

detection of a spreadipng sequence accordin o,the present

i nvent i on; 1 resentmgg 2 rahdom AErR Fga’l'(‘ﬁqirPFﬁ@&*‘r'ﬁ"ééwbéf%EtS?'G’nCM
spreadi ng sequeRstdom access chARREN Ebmfuhitatifg réRE Y mpdeNt | on;

Figure 11 illustrates two-stage detection of a spreading sequence

according to5the present imeans responsive to said direct sequence médulating miéahs] 2B
illustrate generation of .synchroni Zj\_t i on and d 15 sprheadi selquences
according to t hEOTTYURRINIGIINE & sRERAd spectrum random access chanpel sigaal; 3-

il lustrates ackpayeSstmEetireét sRquanEOMoEftes 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
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channel nessage according to the pr esent inve_ntion; lm‘!’ lgy‘",!“llls"”!ll

Figure 14 illustrates a ragi-otetephone—according to th

i nvention; 20 _TH'S SHEGUHASIBEEN | ust rat es a central station
accordi ng to t WO H8sHNt * RERLARERti on; | and PCTNUS97/05584
Figure-16 illustrates operat TONS TOf accessi ng a 2Igi_')IVlA\ _

radi ot el ephone conmuni cat,i ons stem accoy di n%; to the sent d pyven tion

Detai | ed Description SYNYiPQ féf‘éﬂqﬁ?ﬂﬁ?d rAEh §ommuryg ed $pread Spectrum fipdom
present invention nowaékéss @ﬂnﬁ@pgghgegngore fully herei nafter

with reference to the acconpanying "dr awi ngs, |n whi ch ' enbodi ment s

of the invention are shown. Thi SPreading senvengy detraiinganeanse responsive to said

enbodied in many diff u ed to
Cho_enbodi ments” set 1 avean e 3dufA betetile RREAASARND FiThoshEihe
30 so that this di sl esimunichlinga spheidost@iatrantroph atcess ahdnmél dighall | y
convey WO 97/ 38501 :
PCT/ US97/ 05584 representing a random access channel symbol sequence, for detecting one
of the plurality of -p_re@eterr_nmed spreading sequences associated with a
detected synchronization sequence, from the communicated spread

spectrum random access channel signal.

10 | _ | 6. A system accordlng to Clalm 5 further including means
for ass:gnmg a statton identification to said radiotelephone, and wherein ~ -
said means for associating a synchronization sequence with a plurality of
spreading sequences comprises: . _ |

o synchronization sequence identifying means, responsive to
15 savd means for assigning a station ndentlfacallon, for identifying a
. synchronization sequence from the_a__ssugned stahop identification;
spread'ing sequence identifying means, responsive to said
means for assigning a station identification, for identifying a spreading

sequence from the assigned station identification.

20 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
25  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

Tt tiu




t he scope of the invention to those skilled in t | glpmrt W ngs,
i ke - nunbers refer to like elenents thr m[_m'"lnl“ ﬁ" C
Referring to Figure ;BP&SHEE/. one comruni cat1ons ¢t ks /'st'em 700
according to the prg TeHAS BEENNc! udes code division ltiple
access ( W#&‘ndon acc&EPLADEMNel donmunizgat i ng nmeans 7% ’US&I“%" for
comuni cating a sprea m access channel signal 735

froma radiotel Eéq%%%e@%@e&m' e for deficlihl AspresdiAY Sbqhdifce RoH £
frequency spectrum used by tf%e system_%oo agcorpzd'j ng go % spr eadi ng
sequence. The sgememricdiedispreadrspeciden andemdacdess ohanmel ragiotelepherses 10
(TDMA) communi cating neans 720 . or ;¢o nicati.ng.a tinme division

mul ti pl exed radf%?‘gﬂgﬂﬁ%f?é‘ %’Sﬂﬂu_ﬁﬁ“ég‘fﬁ%sc°§%fﬁsé'?5~7z4 fromthe

- radi ot el ephone 740 to thergfivn akcest ehhamel Thessage ackndwlgdgiig/ mehAs)

mul tiplexed carrier frequency band of the carrier frequency spectrum used
by the systeh 7mESponsive to saiddipreading seanence detedingameanse fehadknowledging

ressage.  Those Sifidtm el dlanpEr tietel VRN af ek AORMIRFRATANSHE 0o i on o
710 may be a r agbpésponding® A detwetdd Qiremiﬁﬁ setyGénces a cel lul ar base o

- station, satellite or other conponent which serves as a node in the
radi ot el ephone network through whi ch radi ot el ephones 740 gai n access for

20 the purpose of comrunicati Wit-h oot har, > | I |

t el ephones, and the |ike. bThosggsg\égewggéé}ﬁht%%d%ﬁrﬁwﬁH}a&ﬁégdﬁjﬁﬂg E’F’gﬂ-‘a

~ that  tfoe assighiniged stptiom édentlficatign it sdiddradivtelephent,i anthivheedine .
.radioteleph?ge, :

said CDMA random access channel communicating means comprises;
sprea'ding sequence idénfifying means, responsive to said
means for assigning a station identification, for identifying a spreading
sequence based on an assigned station identification; and .
" mieans, responsive 1o said Spreading sequence identifying
15 means, for communicating a spread spec’trum: ,randorh’ access channel.signal
' over the carrier frequenéy spectrum accbrding-fo an identified spreading

sequence.

10. A system according to Claim 9 wherein said station
identification comprises a station identification word, and wherein said
20 spreading sequence identifying means comprises: |
spreading sequence generating 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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personal tommunication termnal, or other subscriber u
radi ot el ephone, system 700, c ' , data L Hmmme"mlm"a“l
radi ot el ephone comuni cat i onp THEsSBERISHAS BEENGr subscri'bef teri ndl s*in

the system Thweowasasiot el ephone d’(ﬁﬁhﬂﬁEl@atlo_s rTEssages are  PCT/USITISSS4
communi cat ed between the rad i d Phe central station 710

usi ng TDMA conmuni cati ng neans 720, the | omuni cat j ons '
occurring by way of signal bursf$ coﬁ‘n’ﬂm WRETNG A t"@ﬁgﬂwé’ﬁ@ mujfiple access
30 division rrultlplem1 n

slots. AT £r.k§felé;f e under is]% tBHE Egﬂerﬁogweé)gl(e@c?c?gbh{ﬁ shneg the
art,. CDVA _ costepsibtat i ons typ| cally involve the ' spreadl ng of

radi ot el ephone WO 97/ 38501

PCT/ US97/ 05584 commm E%WFB%@C%‘I%FB@B? snsemratrangoav access channel

dat a-modul ated cargi eg. a{‘ﬂadlotelephon[e%aa &ﬁ%%ﬁh%%&%ﬁﬁ% ffquency
sequence or code.  Var BUS nn niques may be e 83

such as directly nodutpﬁctmg'n acabrt ingstiogn spprebgling sequence tbie Bﬁmadrﬂpleairubi rxmdpm
signal corresponding :Euf')cetsst1 ghgrpne?as%ngp reprgye%%%g a ranrdom access message;
assigning a TDMA radiotelephone communications channel to
the radiotelephone, in response to communication of the spread spectrum
10 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
15 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

20 séquence, 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

25 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:

u tin
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5 sequence nodul ation), periodically changing ency used
to transmt the data si gnal accordi ng tl ﬂlﬂm;"maw Fequence
(frequency hoppi — Cé)ém ations theregof ! A% is we known

t hese tec s { a T ad} ot el ephone- communi c naI
havi ng a ?Bégﬁm whi , ead agposs the carri 3’#‘?‘?@

spectrum used by fhe ls 10 transmtted signal is successful |y

decoded by a receiving st at, el}q"}bfa’step of comrﬁmgﬁﬂflﬁgéréalaesgt&cﬁﬂﬁﬂ‘e“ed

system according to the sarre seqguence

recei ved si gnal . rahllosg atd.‘assehStkméllséghaNcbfnprlsest the step df\/lcb#nmumcatmg a
under st and t hat CDVA,r andom acc%wﬁ chann ni,cat i n HL‘M??,O
preferably incl utRI€ad SRORSAHER FANYPM ACCRsS, 'é?'d?Pﬁ'ﬁ tl"f‘%.

15 receiving, agd-aRé eﬁ§§§é|gg"{bﬁp§é¢m§er§ﬂ,@t ed to such spread spectrum

radi ot el ephone conmuni cati on as di scussed bel ow.
Wth respect 5o generati ngmduemmrsambsteptqfngﬂmrucatmga speead spectrum

illustrated in om i cating |
means 730 pref er%?gaﬁ"f ﬂ%‘i@aaégamé]é&"i‘z %’Z’H&‘@ dﬁ’leaﬁ(i??ﬁfﬂeans 810 for
20 nodul ating a random aCS@t’é%tnﬁ@%%B?éad%@Mueﬁ@éfrdn?ﬂi@é&%ﬂ&ﬂcﬂe&a”dom "
access channel nessage, by the spreadi ng sequence 802 to produce a direct

sequence nodul at $tea mmwwmmmseldﬁngdamg-@m Di rect sequence ..
nodul ati ng techni ques are known t skjlled | d need
not be discussed in fUrthe&etang'?g ﬁéFgf’%‘n" el‘ﬁ'&'gg §SI§PF'F ﬂﬁ tﬁs daﬁ“? V\ﬁill

- 25 under st ang t{tﬁéadﬁaglseggefmehgﬁdnodul ation and other signal processi ng
conmponents may be included in f he CDMA random access channel si gnal

“communi cati ng’ neans 730, sdetnrrawesiauram@mmﬁwm*unnﬁbswe!a@lssmnm fom
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.

_
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exanmpl e, a mninmum shift keying (MK). or ot her nodu

frequency nodul.ating neans 830.—whi-ch—radtH-atpes a cimﬂm"mm ﬁmmm 30
with a nmodul ated random accdSi#|8 SHEREIHAS %Efd\l 825 to "prédute & shread
spect rum r andoWe#3888 channel coRBERUACER: i ons]s | 735 which rEGAEE97/05584
transm-tted to a central statrom 710" THhOSE S |II' dinthe art wll

under st and WO 97/ 38501

PCT/ US97/ 05584 t hat. t he “rove thad PE&‘?ﬁdH@f tGlaim; b Whereln i sior
random access cehﬁﬁaﬁkaﬁﬁgrwahaam RelEPGENEP thelfiipd RrHERIHEY the step

el ements as digital processors, mxers, analog and dig
filters, transmttersofassigmngsa station ldenitid:atlhre to the:radivtetapheitie; bod whlerehesald-

o o250, =t 3 8 Sheing s fknEnizaon ke, M B, 6L

and ot her neans fors peefeented tohjstises the stepsefimuni cating and rel ated steps
descri bed above may be inpl emented in special purpose anal og or

digital hardware, software runn||ﬁgmdfbf"'$eﬂ1é‘:‘quhf°mzat'°n SWJTWGBG%S!EB?(!
or conbi nati ons there As illustrated in Figure 9,
recei ving and processi %uop HSE‘H casgnon

~ identifying a spreading sequence from the assigned station

ide_ntification.

10 o 18. A method accordmg to Claim 17 wherein the station
cdentlflcatlon comprises a station identification word, and: '
wherein said step of identifying a spreading sequence
- comprises the step of identifying a spreading sequence from a group of bits
| of the station |dent|ftcat|on word; and
15 . 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 aceording to Claim 12 wherein said step of
communicatihg a sbread spectrum random access channel signal is followed
20 by the steps of: |
detecting a spreading sequence from the communicated
| spread_s.pectrum randorh access channell.radiotelephone communication
signal; and | L
_ | acknow!edglng the communlcated spread spectrum random
.25 access channel sngnal wuth an acknowledgement message corresponding to

the detected spreading sequence. .

—_—
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of the CDMA conmuni cating neans 730 nmay be peuml [
sequence determ ning neans 910 and random acc Wﬂ”ﬂ }ﬁﬂge
sequence determ ni ng g sequénce det &ctsng: heans
910 detects a spreadi gTHs!ScﬁIﬁ'rE&’d-l BEEN dm a communi cat ed s 5
spect r um VQI¥3%ccess| chanREPLAGED ot el ¢phoge communi cat | oﬁé@ﬁg‘ﬁéﬂ“%s
Random access channel Tce det erm ni ng means 920

determ nes a random accessyghangehethydetoip &ERiIM2P2f rom the

comuni cat ed spread spectrumrandom access channel si gnal 735.

As those skilled in the arwhesdein sajddtﬁpsohmrrwr‘s@tmgch wﬂtdmmtess ch%ﬁnel
radi ot el ephone communi cat i on resent a.se

Communi cati ons YREBRS SRieCHIerhbY Rt FERLPIZEUER 8 1, ERURT dpeitration to the
conposi te of se\fgaﬁl,lle@ym sequences, including an random access
channel synbol sequence representing a.random access channel nessage,
the spreadi nd sequence by Wherein said stemoloeemoswicatioganspread ypectrum 25

moaul at 1 on or gk enaL S8G 3 PR ROAER e e i e
various formats sprasdingisedquence bagddoRithe Bisigtiad statidre iduntifiehtibRy a/d  produced
by bi nary phase shift_ keying (BPSK nodul ation, or multi-bit

formats produced lyerﬁwiﬁ@tsmrptmmuqmns@cwra@d §oegirumur e phase
shift keyed ( qa%%d%fn ac%g SS %“Hgﬁ%gﬁ%&omnpnses the step o cé)ﬁnmgi\bcq%ggxae”pl ary

enbodi nent of sp equenc
i | lustrat ed 1ion Epg;aﬂspbetrummhddnngcc&spthur&iel signaf oper el cdrrier frequency

spectrum accordlng 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

genérating 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




8801 4. R Y o

correl ators 1010a - 1010n, jc I8t SHEETAAS: BEE ﬁllate the comuni cated’®

spread spectruwoswassth access_chanREPLAGED ot el phgne cormuni cat iPGTLUSITO5584
signal ‘wth a particular sequence b[en‘- Based on the outputs of

e req  CQTelators 1010a g1 é%?g.or?%smppnacfz%@sn@gyg}mrﬁbggagﬁg%@am

sequence of synbol s chsrfka?nmmavﬁga time divisioHORpIERdd Rldfiofel dhitineas
illustrated in Figure 10 may inclu - synchroni zation wth the
spreadi ng synbol sequenmmmcamcslgnaltbwﬂeen the radietelephongandssaid itentral station

channel *rad: of ol ephonE LA ShiFeR BaRfiexed chfier RER T AR GRRTGER:

spreadi ng sequence 5anfreasslEmmeatns salitpimel divisiBromuitiplexed radietilgpliche
preferably are synchronl zed, tim-ng for the random access channel

synbol sequence nay béoﬂ'@ﬂ'é?'ﬁ@tl'fél? signal sepresenting ® radietelerhane communications
synchroni zati on syrrbokn&g&éence in the random access channel synbol

24. A radiotelephone according to Claim 23 wherein said
| CDMA random access channel communicating means comprises random
10 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

15 modulatmg means for direct sequence modulating a random access channel
signal accordmg to a spreadmg 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:
20 - 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

25 synchronlzatlon sequence accordlng to one of the plurality of spreading

sequences associated with said synchronlzatnon sequence.

27. A radiotelephone according to Claim 26 further

including means for assigning a station identification to the radiotelephone,
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15 sequence, i.e., the spreadi ng sequence detectio
synchroni zati on i nformati on needed to decode the: | “Bﬂ H
representing the r ando nessage. the

enbodi rrent 111 ust rat byigISREGUHAS BEENNe spr eadi ng sequence det ect| ng means -
910 may d¥OHNRBM a $equergmplnCEDNg 91 asza%[u ated with t BCHE 20
spreadi ng sequence. Sequenc imng 915 may be used by
random access ¢ I_nf or: tlon equence deternjnin reans 920 to

det ernine the rgﬂg Vﬁé‘%’f%% Jﬂ?ﬁﬂ?&?’r g &9%"§@qu8%6°’§ AL HTEBE Mty P

t he spread specpm,fya@ﬂgyregmﬁggéqugmegkghﬁig@ge conmuni cati ons si gnal

735. Those skilled in the art will understand that elimnating the 25
synchroni zati on sequence isinehienization seavenseddentifying means) dlesprrtpinnte

T o s B g Iy B AR S,

i ncluded in Bhesynchromzatlbﬁ@d?farﬂ:@q&ﬁﬁ tﬁ@émecﬁstﬁm idgafifRa6sn; for
exanple, to be conpatible - 0. with exis message formats - the

synchroni zati on sequence #R{EAPINE spgyence i 9“"?X'63é"@"§pf&§a€ﬂﬁge%qa@nce
detection, as i Hééﬁgrart§&¢nqnnibggﬂéﬁnjﬂentbﬁeatvgn for, ibé iBLRAS Lri%énsaﬁe%dmg

synchronlzatlon sequence assocl a
sequence from the assxgned station identification.

_ 28. | A radnotelephone accordmg to Cla:m 27 wherein said
10 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
15 compnses means for |dent|fymg a synchromzatlon sequence from a subset’

of said group of bits of said station identification word.

©29. A radiefelephone according to Claim 23 further -

including means for assigning a station identification to the radiotelephone,
and wherem sald CDMA random access channel communicating means
20 compnses _ o _
spreading sequence identifying means, responéive to said
means for assigning a station idéntiﬁcatibn 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
25 means, for communlcatlng a spread spectrum random access channel signal
over the carrier frequency spectrum according to an identified spreading

sequence.
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o Usay osses [0 IIIIILIlIlI [

of spreading sequences S[err] THISSHEET HAB BEE'Na ger set of sprea |ng
sequences usedwam97/38501 the ragimizgkgphone] conmuni cati ons syBCHH$EIT/05584
Synchronizati on sequence = —gte add- 1110, shown as i ncl udi ng
a synchroni zation correl ator 1112 and associ ated deci si on neans
1113, may detect the presence oB0t heA radlotelephsneaés@dm&tsuCﬁwﬂba?cwhezramsmd
sequence Y[err]. Upon N S

Y[err], indicating t he&g@@i&%?@.cg{. @ngr%ﬁ% chtcae‘s?i‘ |Q§Rf|ﬁ&lt?<ﬁ'} \cvg’gdrfnagfw%%?em

message, the comuni Csﬁi&dpmdﬂ%iseiﬁeﬁté iderti#yidg medrsecsmprises: channel
radi ot el ephone communi cations signal, 735 nmay be correl ated

th )
t he subset of spreading. sequenc&’eg‘["@lgrs]eq“e eeﬂ?’]eré%%me&f‘é\(%W?Wﬁ@Wa

detected 10 yn QN
“allows received - 3 %}Eﬁ’&‘ih? gﬁs to g gr éfg{ﬂé \;{mh?%tatémr?'eﬁe %“g'f
spreadi ng sequences |nstead of with every spreading sequence used

in the system In addition, t he nchronizatjo
Y[err] preferably is shorter th3h thé‘ 53 'ieHF‘éBe according tOE ﬁﬁ?ﬁﬁ\erem said

sequences, a random agrﬁ@ﬁgg ﬂﬂ@ﬂcé@éﬁ%éﬁﬁéaﬁéacﬂ%ﬁses randje'ih spréalilgy and

easily detected if the syn | zat1'On sequence i s detec
bef ore correl ati on wi sdguehee igenerating pmemmfag ramiqmimcgmeratlng a spreadmg sequence

detsoti ng means 910, Famaronst BEBRE AEAseE BBt intewer. SO
determ ni ng neans 920 and synchroni zati on seguence det ecting nmeans
10 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
15 channel signal from a r_adnotelephone 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; aﬁd | | | | |
tlme dwuswn multaple access (TDMA) communicating means
20 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

25 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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20 1110 may be included in a central station 710 \mmn r ead
spect rum random acces . 735. Howeve mmm"m"@ﬁ

al so may be distri butz r adi ot el epfion& clnmmuniscaki ons

system 700 Those ski | | . al so under st and a al |

of O 973¥1s pr e et efectipg means 910, r Z%ség s
channel 25 synbol sequence determnin rreans 920, synchroni zation
sequence detect, ans, 1110, an neans for performng the
detoecting,  whereistid ONVRAndam aFtest coAnRs (P ALBIA BENE Ve mmy be

inpl enented in comprises: anal og or digital hardware, software running on a
general purpose ~ processor, or a conbination thereof. 30
Figure 12A illustrates hovxspiead/ngHewﬂfmtdwtummemfoﬂc&mqtlmspreadmg

a spreadi ng sequence S be .assqci ate ener bot h, sequences
froma commpn K-¥3U€ E'féf ac ‘r"?'f:ﬁ sgﬁeqyﬁspg\égg&-ra % %FI hﬂﬂaéj\}n; a
WO 97/ 38501 5 signal, said spreading sequence detecting #eans including means for
PCT/ US97/ 05584 radi ot el ephone systemtypically assigns a station
i dentificati on tdetermininga sequence tlmmg associated with a detected spreading

sequence; and _ -

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

timing.

34, A statlon accordmg to Clanm 32 wherein said spread
spectrum random access channel sugnal represents a random access channel
symbol sequence mcludmg a synchromzatlon sequence associated wnh a

:‘ 15 plurahty of spreadlng sequences and wherein said CDMA random access
| channel communicating means comprlses '

synchronization sequence detectmg means for detectmg a
synchronlzatlon sequence from a communicated spread spectrum random.
access channel signal; and ' '

20 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

25 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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radf ot el ephone using the system with the station_identi fiﬂﬂmﬂuulmrum,
being either a permanent identif T:msi giqlEHngg REENGN I ntermi L

Subscri ber ldentity (IMSI), or aj SesSSi+ Lﬁgﬁ%transaction-basea nes oo
identification, WO97/385Much as a [enporary )i-le-Subscri ber | dentRaIyus97/05584
(TMB1). The station ' identification is ty%?tally stored in the

radi ot el ephone in the formof a digital station identification
word. Those skilled in the art vﬁanaonh%%qeé& ghanneh mesgage acknowledging: means,

Sont 1) cattone ey DeSkRRa iy LS Seh el bBREARIRN, oy admondisns

10 randoni ze the di sta idndonoacadss shamseli mgssage withcas ackriowiddgBment message

r adi ot el ephone system_reduci ng the probahility, that nei ghboring
r adi ot el ephones wi | | ﬁ@rﬁépﬂ@d'gﬁﬁ‘ééo‘?ﬁﬁdédaﬁ?é% $gpUeNEfent |y correl at ed
to - cause unacceptable interference. As

illustrated, synchronization sequence identifying neans 15 1210 nay use
the lower L-Mbits of the station identification word 1205 to

identify a synchronization sequence Y[err]. An associ ated spreading
sequence S[err] may be identified by spreading sequence identifying
means 1220, usi ng the lower L bits of the station identification
word 1205. In this manner, a synchroni zati on sequence nay be
associated with 2[err] spreadi ng sequences. 20 Those skilled in the art
wi | | understand that synchronization sequence i dentifying neans
1210 and spreadi ng sequence identifying nmeans 1220 may be

i npl enented in a nunber of ways, for exanple, using software

| ook-up tables, nmenory arrays addressed by:bits of the station :
identification word 1205, or sequence generators which use the
station identification -

" This Sheet Has Been Reﬂlaced

Wiin I :




25 word 1205 as an input. As illustrated in Figure 1

2B, a spreadi ng sequence S[err] may al so be randomy generated from
the station identification word 1205, using randon1sequence
generating neaggodraa8es f or exanple, fromthe |owest L gér (Aﬁgqn
station ikdentification word 1205. In this manner, the spread spe

random access channel conmuni cations signal produced by the
spreadi ng sequence S[err] generally can only be despread by a receiving

station produci ng a despreadi ng sequence generated in the sane
manner fromthe WO 97/ 38501 -23-
PCT/ US97/ 05584 sane seed, offering enhanced security for
comuni cations in the radi ot el ephone system by making it nore
difficult for unauthorized parties td Jqgrrelate a spreading
sequence with a station identification. Those skilled in the art
w || understand that although random generation of spreading 5

sequences nmay result in two radi otel ephones i t he sane spreadi ng
sequence to produce random access channel c cajions signals, the

correl ation properties of spreading sequences make It unlikely that
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unaeceptabl e interference will occur as differences in propagation del ay
bet ween signal s.generated by two radi ot el ephones using the sane spreading

10 sequence will tend to reduce the correl ation between the signals as
recei ved WO 9388¥1gi ven receiving station. Those skilled i nPCRAISAVNS5S84
wi || al 50" under st and that any or all of the synchronization
sequence identifying neans 1210, spreadi ng sequence identifying
means 1220, random sequence generati ng means 1230, and ot her neans
for performng the identifying, generating and 15 related steps

descri bed above may include anal og or digital hardware, sof tware

running on a general purpose processor, or a conbination thereof.

As illustrated in Figure 13, the use of a CDM@ [ §hdom access

channel can also elimnate the need to include a reference nunber in a
random access channel nessage. As is well-known, conventi onal 20

radi ot el ephone systens typically include a reference nunber in a random
access channel nessage to serve as a tag i dEMtifies a particular
access request. According to the pr Mt *Tnvention, this tagging

function may be served by the sprPR ARFPuence used to

communi cate the random access channel nessage. Spreadi ng sequence
detecting neans 910 detects a 25 spreadi ng sequence 925 in a
comuni cat ed spread spectrum random access _ radiotelepho-ag-
comuni-cations signal 735. In response, yggndom acc <g§§§§ﬁﬁf
message acknow edgi ng nmeans 1310 acknow ed®sg t heg <Q§ﬁb' cation of
a random access nessage by communi cating an ranqQ

acknow edgenent nessage 1315 corresponding to thg

spreadi ng sequence 925, for exanple, an ack
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message 1315 including a reference nunber which corresponds to the

det ect ed spreadi ng sequence 925. WO 97/ 38501 )

PCT/ US97/ 05584 - 24-

-Figure 14 Wold‘}ﬁkgo"i‘t es a radiotel ephone 740 for communi cati Ngepmsornssss M ¢ h
a central statron 710 in a time division nultiple access radlote?ep one
communi cations system 700 such as that illustrated in Figure 7. The

radi ot el ephone 740 i ncl udes TDVMA conmuni cating nmeans 720 for 5

comuni cating a radi ot el ephone comuni cati ons nessage fromthe

radi ot el ephone 740 over a tine division nultiplexed carrier frequency band,
with the TDMA comruni cati ng nmeans 720 here shown including a tine

di vision multiplexed signal transceiver 1410 which transmts and receives

tine division myl tiplexed signals via an3gr8enna 1430. The radi ot el ephone
10 740 al so iggg?des CDVA random access channel communi cating neans

730 for co I ng a random access channel nessage over the carrier
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frequency spectrum used by the system according to a spreadi ng sequence,
here illustrated as including a spread spectrumtransmtter 1420 which
transmts spread spectrumrandom access channel radi otel ephone §5
conmuni cat i onswoO evsas® vi a t he antenna 1430. Those skilled in t 1R ey
understand that in addition to the conponents illustrated, TDVA

communi cati ng neans 720 and CDMA random access channel

conmuni cating means 730 may include digital signal processors, mxers,

anal og and digital filters and the like. It will also be understood that
any or 20 all of the TDVA comuni cating neans 720, CDMA random access
channel comuni cating neans 730, and §ff8r neans for perforning the
comuni cating and rel ated steps descri bed above may be inplenented in

anal og or digital hardware, software running on a general purpose
processor, or a conbination thereof. O her onenpt s which may be 25
included in the radiotel ephone 740, such aﬁ@y = di spl ay, speaker and
m crophone, are not shown. -~ Figure 15 illustrates
conponents of a central station 710, such PRIOR ARTa cellul ar base
station or satelli t? for communicating with a r adi ot el ephone 740
such as the one ilﬂugtrat ed in Figure 13. The central 30 station 710
i ncl udes TDMA conmunihNgati ng means 720 for conmuni cating a

r adi ot el ephone communi‘cati ons nessage to or from the radiotel ephone 710
over a tine division nultipl42@d carrier frequed8@ band, wi th the TDVA440

/ | 7 /
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WD 97/ 38501 PCT/ US97/ 05584 - 25-
communi cati ng neans 720 here shown including a tinme division

mul ti pl exed signal transceiver 1510 which transmts and receives tine .
di vi si on g7Rg@¥ed signals via an antenna 1530. The centrpér/pbeiossgy 710
al so. i ncl udes CDVA random access channel conmuni cating nmeans 730 for 5
communi cating a random access channel nessage over the carrier

frequency spectrum used by the system according to a spreadi ng sequence,

here illustrated as including a spr ea(cji-) ctrumreceiver 1520 which
receives spread spectrum r ando ccess channel radiotel ephone
conmuni cati ons signals via the antenna 1530. Those skilled in the
art will understand that 10 in addition to the conmponents illustrated,
TDVA communi cati ng neans 72¢ nd random access channe
comuni cati ng nmeans 730 may|i nc} ude dy gital signal processors,
m xers, analog and digital fjiltlers andfthejlikle. It w il also be
under stood that any or all _the TDVAJconfunifcati ng neans 720, B
CDVA random access channel Eonmunicati §g ng 730, and a her 15 neans-
for performng the comunicpting and r gl atp eps des¢rjfbed above
may be inplenmented in analop or] digitaj hajdwgre, softyare running on a
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general purpose processor, or a conbination thereof. Qher conponents

whi ch may .be included in the central station 710, such as power supplies,
control electronics, and equipnent for interfacing with a Mbile Telgﬁh ne
20 Switching ®GYUIBSEIMISO), are not shown. PCTAUSIII03584
Oper ati-ons for accessing a TDVA radi ot el ephone conmmuni cati ons
system according to the present invention are illustrated in

Figure 16 (Block 1600). A spread spectrumrahdom access channel signal,
representing a random access channel nessage, is_conmunicated froma 25
radi ot el ephone to a central station, over a cd {3r frequency spectrum
according to a spreadi ng sequence (Block 1610). In response, a TDVA

radi ot el ephone commut ati pns channel is assigned to the radiotel ephone
(Block 1620). A tine _di viwi on nultiplexed radi ot el ephone comuni cati ons

si gnal , representing(ﬁbr i ot el ephone communi dati ops nessage, is then
30 comuni cated between_Lhe radi ot el ephone agd thp central station on the
assi gned TDMA r adi ot@p ne comruni cati ons cllannef, over a tine WO
97/ 38501 — S
PCT/ US97/ 05584 W o - 26-
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division multiplexed carrier frequency band of the carrier frequency
spectrum used by the system (Bl ock 1630). . In the
drawi ngs and specification, there have been di scl osed _ typi cal
enbodi mentgohskdee | Nvention and, al though specific terns aPETNUSIT/05584
enpl.oyed, they are used in a generic and descriptive sense only and not for
purposes of limtation, the scope of the invention being set forth in the

fol | owi ng cl ai ms. - 7113 -27-
CLAI MS: 1. A tinme division multiple access radiotel ephone
conmmuni cati ons system.for conmmuni cati ng 2 ween at | east one central
station and at | east one radi ot el ephone dver a carr_Flrﬁe ency
‘spectrum the system conprising: |} '~ codge divisio 'igre access,
CDMA, random access cfypnnel ¢omm@ertedli N9 |neans for communicating a
spread spectrun1random\$fcess Station
725 735 |
720 4 : L 730
N o |
CDMA
TDMA Random Access
Communicating | : Channel
' Communicating
) - 725 735 [
Z Z
| |
Radiotelephone
N\
740
FIG. 8 730
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channel signal from a radiotel ephone to a central station over the carrier
frequency spectrum according to a spreadi ng sequence, said spread spectrum
random access channel signal representing a random access messaclJ’e; and 10

tire division wWal973gs0e access, TDMA, communicating means for = PCT/USI7/0S584
comuntcating a time division nultiplexed radiotel ephone comruni cati ons

si gnal between sai d radiotel ephone and sai.g tral station over a tine

di vi si on mul ti p)s%xed carrier frequen and of the carrier frequency
spectrum said tine \ di vi sion nul tipl exed radi ot el ephone chlﬁ nQ
communi cations signal rgpresenting a 1 5 radiotel ephone comui o
nmessage,; ~\Wh er 8 i=n—sa-t—~CbiM--ardem ace ess —chanmet- -eommyni cat i ng
nmeans conpri sek: means for assf%@i ng a synchrepni zation
sequence with a plurality of spreadi ng segdences; 20 t reans for

communi cating a spread spectrum raphdgm acc nrjel si gnal
representing a random af8®ss channgl ﬁgpﬁ%ﬁi@g nﬁe reP@8sentingl a
random access channej neSsage and. n@hﬁﬂﬂﬂ'gsﬂ" cHroni zAt i on seqlence,
according to one of ghe pldrality pf sSeepmincg seqyences associatbd with

said synchronigationfsequenck; Zetermining sSynchronization Lequence
tdoeans L -J conmmuni cating, a spread

detecting neans, reskponsivé¢ to sail
spect rum random accelss chaknel signal. repr«r?q ting a randon’ access
channel synbol sequehce, f¢r detecting a sqéc roni zation sefluence
froma comuni cat ed :spr ead spectrurﬂ"r\oandom ccess channel signal;, and
[ | ' | !
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30
synchroni zati on

comuni cating a spread
-28-
access channe
predet er mi ned spreadi ng

synchroni zati on sequence,
si gnal ;
means for assigning a station identification -
and wherein said neans o+ -asseet at+ prg—a- — —
with a plurality of sprjeadi ng sequences conpr
synchroni zati on sequengegQ d¢n

assigning a statiog |den',_
she dssig
spreadi ng sequence iaedtify
assigning a station iddntif

random access channel

sequence from 10

synbol

WBFWSUI“ random access channel
sequence,

fromthe
5

ying
cation,

ed station identi
ng neans,

sai

neans,

spreadi ng sequence detecting neans,
sequence detecting neans and to said neans far

repr esent i ERyeRRER
for detecting one of the plurality of

sequences associated with a detected
gd spread spectrum
em further
to said radi ot el ephone,
—3y ACROfH Z at +of —Seqrtenee- 4
ses:
resSponsive to0 sal d nmean
for identifying a synchronizati
I cation;
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assigned station identification. 15 2. A system according to
Claiml wherein said station identification conprises a station
identification word, and: wherein said spreadi ng sequence

i dentifying newed7B8sqr i ses means for identifying a spreadGI§USI7/05584
sequence-froma group of bits of said station i dentification word,;
and 20 wherein said synchroni zati on sequence identifying neans
conpri ses means for identifying a synchronization sequence froma
subset of said group of - bits of said station identification word.

3. Atinme division multiple access radi ot el ephone communi cati ons 25
system for communi cating between at |east ofp ntral station and at | east
one radi ot el ephone over a carrier frequency spectrum the system
conpri si ng: code division nultiple access, CDVA, random access
channel comuni cating neans for comruni cating a spread spectrum
random access channel signal froma G):netQMe to a central
station over the carrier 30 frequency sJE? #T\di ng to a spreading
sequence, said spread spectrum random access channel si gnal
representing a random access nessage; and

- 1205
: 1210
\ /
Station Kbits - L-M bits Synchronization 1215
Identification 7T ~ Sequence | £ -
Word -' - Identifying

1220
Z

L fits Spreading 1225
7 Sequence . =
Identifying

FIG. 12B

120
\ . B 1230
Station L bits | Random | 1225
Identification va - Sequence L —
| Word . .| Generating




- 29- time division nultiple access, TDMA, conmuni cating neans .
for comuni cating a time division nultiplexed radiotel ephone

comuni cati ons si gnal between said radiotel ephone and said central
station ovgh i%dﬁhﬂe di vi si on mul ti pl exed carrier freq?egﬁﬁyggﬂg.of

t he carrier‘%requency spectrum said tinme 5 di vi si on mul t1plexe

r adi ot el ephone communi cati ons signal representing a r adi ot el ephone
comuni cati ons nessage; sai d system further including neans for
assigning a station identification II}EBSaid r adi ot el ephone, and
wherein said CDOVMA random access channel communi cati ng neans

conprises: 10 spr eadi ng sequg ﬁe I denti fyi ng neans, responsive to
sai d neans for assigning a stat g identification, for identifying a
spreadi ng sequence based l.gned station identification; and
means, responsive 789sai d spreadi equehc®t2enti fyi ng neans, for

communi cating a_spiéad s;ectréﬁg#@ﬁyin1ac:egz channel signal over the
carrier 15 frequency sfdect refAURRRR di ng[to an 1dentified spreading
sequence. Detecting

FIG. 13
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FIG. 16 | - 1610

Z
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4.. A systemaccording to Claim3 wherein said station identification
conprises a station identification word, and wherein said spreading

seqguence i dentifying means conprises: 20 spreadi n equence
gener ati ng mearwobwsssgener ating a spreadi ng sequence from¥} 854’@H“%W‘
bits of a station identification word. 5. A system
according to Caim4 wherein said spreadi ng sequence gener ati ng neans

conpri ses random spreadi ng sequence generating neans for 25 random y

generating a spreading sequence froma grouﬁzg 3bits of a station

Identification word. = o e e—- 6. A nmet hod of accessing a tine

division nultiple access, g- _.__"_radlotelephone conmuni cati ons system
t éps

t he method conprising the ' :a : :
N X FIG. 14
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-30- - communi cating a spread spectrum random access channe
signal from a radi ot el ephone to a central station over a cartier
frequency spectrum accordi ng to a spreadi ng sequence, the spread

'-spectrun1rgﬂgﬂﬁh§ﬁcess channel si gnal representing a pepRIRH Ss
message; : assigning a TDVA radi ot el ephone communi cations channe

to the radi ot el ephone, in response to comuni cation of the spread

spect rum random access channel gggb and communi cating

a tinme division nmultiplexed radlotelep comuni ons si gna

bet ween the radi otel ephone and the central station on 1dEﬁQE§ Qigned TDVA

radi ot el ephone communi cations channel, over a tine d|V|S|on

nul tipl exed carrier frequency- vane of- the—car+ e+ -fiequency spectrum

the tinme division nmultij EXEd_LﬁdLDLﬂLethDQ”QQﬂHMDLQQtIOnS si gna

representing a radiote ephone qommuni cati ons nmessgg wherein
ﬁE$sa 30s 15 preceded

sai d step of communita ing a rgndom access channe
by the step of assoc}ajing a synchronizagi on sequgn th a plurality

of spreading s encgsy whergin said- plof communicating a
spread spectruﬁ%&and m access channgl" signal | cpnprises the step of
ghannel signa

conmmuni cating a Bsreﬁdlspectru random acces

representing a randombccess channel synpol sequencp FO
CE corresponding to

i ncl udi ng t he

synchroni zati on seqdence and afp i nformat}on sequ
. the random access chanhek mess e"_agpordlng to o elot t he
|
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)

pI urality of spreadl Ng Sequences assom at ed with the sy v e
sequen wherein said step of co Lt ERtgNa spread
spectraﬂmmmu me ,25 channel signal is followed Ry |the steps of: :.
detecting & synchroni zati on sequence from the comuni catled sPRFEB 1999 ) i
spectrum random access channel signal; and etlecting one of it Te'

plurality of predeterm ned spreading sequen%e‘s . assqciateg wtn the
det ect ed synchroni zati on sequence fromt Q_afgmgmm cat ed 30 spr ead
spectrum random access channel signal; an '

-31 - Wher eakminsaﬂiﬁﬁﬁcbremﬁﬂ“ pIéQﬂfﬁbﬁ@lrﬁdIdtélgpb&’orfeaﬂﬁﬁmuﬂ%ﬂéﬁs
channel nessage I S preceded by the step of assigning a station

i dentification &Yétefrh@rrcé?mfﬁt“éllcéﬁtb’ﬁﬁ)h@ween at leashpae whelradl] statiom emobaté@asot)ne

associ ating a S%B%?élgﬁ%&@% é\%} as$39H8 ggq&’%nt& spe t:r%ﬁhief sieg 8ompr|smSp readi ng

sequences CoONpri ses
synchroni zati on Seql@%&hfli@wﬁ mDRIpAS 8L @R ICBMA | @Adom access channel

communicating means for communicating a spread spectrum réndom 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 . |

10 - - time division multiple acéess, TDMA, communiéating means for
communicating a time division multiplexed radiotelephone communications
signal _befween said radiotelephone and said central station over a time divisi'c_in
mul_tiplexed carrier frequenc_:y band of the carrier frequency specfrum, said time
division muitiplexed radiotelephone co_fnmunications signal representing a

15 radiotelephone commun.icati'ons message; |

_ wHerein said CDMA random access channel communicating means
comprises- ' _
means for associating a synchronlzatlon sequence with a plurahty of
spreadmg sequences; .

20 means for commun.icating. a spread spectrum random access channel
signal representing a random access channel symbol sequence representing a
random access channel message and‘in‘cluding a synchrbnization‘ sequence,
"accordmg to one of the plurahty of spread ing sequences associated wnth sald
synchronization sequence; ' '

25 . synchromzatlon sequence dete'cting means, responsive to said means for
commumcatmg a spread spectrum random access ‘channel signal representmg a
random access channel symbol sequence, for detecting a synchronization,
sequence from a communicated spread spectrum random access channel signal;

‘and B |
- 30 spreading sequence detééting méahs, responsive .to said synchronization

-sequence detecting means and to said means for communicating a spread

AMENDED SHEET



identification

| dentifS cati &n

slmmﬂumtlmunﬂ "rmrﬂtel J.cs![ ;?;[ Bﬁnu dentification 10. " ccmrlzg%@%@yl : n,g_

spreadi ng sequence corrprl ses the step |dent iff WLng a_spreadimng
sequence froma group of bi ts of the. statl(gﬁ

wherein sai d stggctAfm irglitin hyédd cﬁaﬁa/en%tg?famgpaég&nnge
conpri'ses the step of identifying a sync

of . the g

and . - i denti fyi ng a sprechReg(_mmmmca-[EEn'o t he

word, and : whereln sai d dtd

roni zati on sequence
spmpobsedviense, dor détectngonenf théaem'mraﬂltyz af postlevrrihed spreading

8. A nmet hod of aecessin

radiotelephone
20

-froma - ra I ot el ephone ral I'on over

di tipl TDNVA,
Seuises axorofg W{fE colateing SHRANBN 80P AbavSTet emSbeps of -

a

entlflcatlon vvord and

15

rom a subset

gkt dpRaBRpEAN ARGRASHTDLERARIL AL AR caNNE] ST gnal

spectrum acgordi ng said system fartdpr atlidiag HRUE MGrCass Ighen SPEQAEN SREETIELBN
random access channel si gnal representing a random access nessage; -
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10

synchronlzatlon sequence ldentlfymg means, responsive to said means for
assigning a statlon |dent1f|catxon for |dent|fy|ng a synchromzatlon sequence from
the assigned station ldentlflcatlon | '

spreading sequence |dent|fy|ng means, responsive to said means for
assigning a station identification, for identifying a spreading sequence from the

assigned station identification.

2. A system accordlng to Clalm 1 whereln said station identification

'compnses a station identification word, and:

" wherein said spreading sequence identifying means comprises means for

identifying a spreading sequence from a grQup"of bits of said station

20

identification word; and . _ _

wherein said synchronization sequence identifying means comprises
means for identifying a synchromzatlon sequence from a subset of sa|d group of
bits of said station identification word '

3. A time division multiple access radiotelephone communications

‘system for commumcatmg between at least one central station and at least one

) radlotelephone over a carrier frequency spectrum, the system comprising:

30

code lelSlon multlple access, CDMA random access channel
commumcatmg means for commun-lcatmg 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 s_pect'fum

random access channel signal representing a random access message; and

AVENDED SHEET
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cofmuni cating a time division muitiplexed radiotel ephone | REPLACEMENT SHEET

commﬂmmnmmuﬂrﬁ“ bet ween t he:radi ot el ephone and the cent ral st atrontorn
the a ot el ephone comrunl cations channel, |ove BBI9§§)

di vi si on trul%ti Pl exed* carrl er frequency band of the carrigr frequency
spectrum 32 #he
time division nmultiplexed radi ot el ephone coffiuni cat i on ~ representing 4
radi ot el ephone comupirealiiiers rﬂﬁﬁfpﬂ’@@ccess TDMA, comMbSiceiine Abs RIr€P o1
comuni cating a random access channel nessage is preceded by the step
of assigning a sematiumcatiggrit tirhi citision naltiphexedadiliotelbppdroneommBinications

channel o1 gnal - TENTHRsCHABYSH) B SR Gra et Py Al e ieadiTEe Sbifiehce
based on thg; §§éc99£'qelsfr@(§ é?ﬁy'tﬁﬂﬂtdfftﬁgeél’r%?frea[]gncsy spectrum, s%ﬁd\m‘? ein

said step of commu catlng as spectrum ran

si gnal conpri sedividien EiL&t{Dplef(ectm”di’mme@)abhé@omrﬁtmﬁleaﬁb@spﬁgﬁdllﬁéfbr’é@é?ﬂlm@alo

access channel signal over the carrier frequency spectrum according to t he
radiotelephone communications message;

e

said system further including means for assigning a station identification
to said radietelephone, and wherein said CDMA random access channel |
communicating means comprises: | '
10 spreading sequence identifying means, responsive to said means for
~ assigning a station identification, for identifying a spreading sequence based on
an assigned station identificaﬁon; and
means, responsive to said spreading sequence identifying means, for
communicating a spread spectrum random access channel signal over the carrier_

15 frequency spectrum according to an identified spreading seeuence.

4, A system according to Claim 3 wherein said station identification
comprises a station identification word, and wherein said spreadin~g s&quence
identifying means cemprises: )

20 | spreading sequence generating _meahs for generaﬁing a spreading

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

5. A system according to Claim 4 wherein said spreading sequence |
generating means comprises random spreading sequence generating means for
25 randomly generating a spreading sequence from a group of bits of a station '

identification word_.

6. A method of accessmg a tlme division multiple access, TDMA

radtotelephone commumcatlons system the method. comprlsmg the steps of

ATy L.':-,'
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i dent i d spreadi ng sequence. 9. A m=t§mAgﬂ@ﬁmdlc,ng
Claim uwil M tion identification i nclu

i denti d wherei-n said step of identify n 6?){ ea}dl ng'
sequence corrprl ses ‘thé step of ‘generating a spreading e U%EEﬁr
group of bits of the station identification word.

met hod according to Claim9 wherein said st¥p of generdting a

spreadi ng sequence c l rand L‘Qﬁ-ﬂﬁ—s 20
sequence fromthe grcgﬁmpfno ?%t'bgg S?JFet%ﬁepSFté't' %mjégﬁﬁcﬁ’% O %ﬁ% e as

11. A radi ot el ragheelephofie RodTgeHtL 3tatial oVt B cAlridrdRtfuchBE sS&MURRhccordin
Sstation in atinme division nultiple access radiotel ephone commnl catli oﬁs ,
system the radPct mrempaeewmper @ersgreaﬁspectrum randoodaccdssvcrsinor! signali pl e
access, CDMA, random access comuni cati ng neans for .

communi cat i ng aeBEﬁSE%W’%ﬁé q%ﬁh??%?ﬁdmﬁssaacgéess | channel signal fromthe
radiotel ephgne to a Lephidla PHAIA PRIGKRILHIAR LMhLlcations i FANENRL
spectrum according to a spreadi ng sequence, sal sprea spectrum

random access chdiutekepsomman resepn&sm%omgruardaandmﬁthesmsd rfpé@ﬁﬂﬁrarﬂiwn 30

time divi 5| on nultiple access, Iﬂ\/A communi cati ng neans for
access channel signal; an

communicating a time division multiplexed radiotelephone _
communications sig_nal between the radiotelephone and the cengral station on
10  'the assigned TDMA radiotelephone communications chann.el,. over a'time
division multiplexed carrier frequency band of the carrier frequency spectrum,
the time division multiplexed 'radiotelephene corpm_unications signal
representing a radiotelephone communications message;
wHerein said step of communicating a random access channel message is
15  preceded by the step of associating a synchronization sequence with a plurality
| of spreading sequences, _
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 access channel symbol sequence -
20  including the synchronization sequenee and an information sequence
.corresponding to the random access channel message, éccording to one of the
plurality of spreading sequences associated with the synchronization sequence; '
o _ _ ._ _ |
wherein said step of commumcatmg a spread spectrum random access
25 | channel signal is followed by the steps of:
detectmg a synchronization sequence from the communicated spread
spectrum random access channel signal; and |
detecting one of the plurality of predetermmed spreading sequences
assocrated wrth the detected synchronization sequence from the.communicated

30 spread spectrum random access channel signal; and
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cormuni cat i ng a tinme division nultiplexed radi ot el ephgn®tsonmuni cati ons

if’ﬁ{e d.UllﬂIHﬂllﬁlllﬂflimﬁﬂrpi ced carr er 1 equoncy. pand b t%;g‘;“ “E el
ephone| |

frequency spectrdm ssatd tine di vi sion mul tipl exe
comuni cations signal representing a - radi ot el ephone rons
nmessage; 5 wherei n said CDVA rand@ir access chRannel comuni_catidhg

nmeans COI'TpI’I SES, for, associati TSy nchr oni zati on

sequence with a plur gl\fhetrem SP'd step Ogﬁqugfﬂn,lﬁl g\g@@qg@gi actess channel MesSSAR S
for communi cat i pgac@dé@rbyaﬁe Sﬂéﬁ(‘dfra?}@'l%r’inﬁ@%%‘?&t%ci%ﬁuﬁcﬁ%eljo the r %o%%negohone

representing a random access chan sequence. represen
random access cﬁ@@uN‘é‘lefﬁfﬁsﬁgmbﬁeianﬂassnciaudg agyacisnpnidationi szatiéfde \&ﬁ‘ﬁlégﬂﬁi%hty

according to one.of the plura adi ng sequences associ at e
said synchf %F?%PSéﬂq‘ée&fﬁ%ﬁe@p”sgs the steps of:
5 identifying a synchronizatlon sequence from the assigned station

identiflcallon and

identifying a spreading sequence from the assigned station identification.

7. A method.according to Claim 6 wherein the station identification
10  comprises a station identification word, anci- _
wherein said step of identifying a spreading. sequence comprises the step
of identifying a spreading sequence from a group of bits of the station
identification word; and
wherein said step of identifying a synchronization sequence identifying
15 -- comprises the step of identifying a synchronization sequence from a subset of

the group of bits of the station identification word.

8. A method of accessing a time division multiple access, TDMA,
radiotelephone communications system the method compnsmg the steps of:
20 . communicating a spread spectrum random access channel signal from a
-radiotelephone to 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 radiotelepho_ne communications channel to the
25 radiotelephone, in response to communication of the spread spectrum random
~ access channel signal; and ' |
: cbmmunicating a time division multiplexed radiotelephone .
communications 5|gnai between the radiotelephone and the central station on
the assagned TDMA radiotelephone commumcations channel, over a time .

- 30 division multiplexed carrier frequency band of the carrier frequency spectrum,
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identification

word; and wherei n sai d roni zat1 on seq
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20

25.

' communicating means for communicating a spread spectrum random access

|? bits of said station
g assigned station Tdenti xcatlon, and

Mo

wherein said step of communicating a spread spectrum random access

channel signal comprises the step of communicating a spread spectrum random

access channel signal over the carrier frequency spectrum according to the

identif_ied spréading sequence.

9. A method according to Claim 8 wherein the station identification

includes a station identification word, and wherein said step of identifying a

spreading sequénce comprises the step of generating a spreading sequence from

a group of bits of the station identification word.

10. A method according to Claim 9 wherein said step of generating
spreading sequence comprises the step of randomly generating a spreading

sequence from the group of bits of the station identification word.

~11. A radiotelephone for communicating with at least one central
station in a time division m‘ultiplé access radiotelephone communications
system, the radiotelephone comprising:

code division multiple access, CDMA, random access channel

- 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
time division multiple access, TDMA, communicating means for

communicating a time division multiplexed radiotelephone communications

a



aepmntmeutts%ﬁia i

A radi otel ephcne for conmuni cat i ng

cent ral’ altll UWH"'H" l time division nultiple access radirotetephone
comuni ¢ m the -radiotel ephone conprising: " 922 FEB 1999
code division mil t i pl e access CDVA, random access. channel | 4

.conmuni cating neans for comunicating a sprgad spect rum rarjdc

channel signal fromthe radiotel ephone to 23tentral station over the
carrier : Eiigﬁﬂil{%i%eﬁ@i%iddi'éfe%ﬁ%@aﬁg shid Gerti 8abbA %y vistot d
spread. spectrum. random access channel signal representing a random
access nessagemutiplexed carrier frequemayebahd/ofsthemanﬁrtfrqqluena;cqmum‘l;BMd time

communi cat i ng geans for atin tipe . division nultiplexed

r adi ot el ephone BESHRT A HP{%(’SF’E raém‘%q 21C HB%“P'H%S'S% i"BPErPHER and

said central o) mul tipl exed carrier
frequency band %?&QEE@ éggrcﬁgmgﬁggfu%i%@g%péct rum said tine di vi si on
nul ti pl exed r adi ot elngpheingaitbQDMAN eaidorn ac&dsg RBANME RIBHANHICAGN@means
‘radi ot el ephone communi cations nessage; 1 5 - sai d radi otel ephone
further incl udF@)PAsesns for assi gni ng a station identification to the

i N P
neans, responsgg@aa@,g%@hgeﬁ@@ns for
' | means for communicating a spread spectrum random access channel
10 signal representing a random access charinel symbol sequence representing a
random access channel message and including a synchronization sequence,
according to one of the piuraiity of spreading sequences assoaated with said
_synchronization sequence ' _
said radiotelephone further including means for assigning a station
' i,'_5 identification to the radiotei_ephone, and wherein said means for associating a
synchronization sequence with a plurality of epreading sequences compriées:
_ synchronization sequence identifying means, responsive to said means for
assigning a station identification, for identifying a synchronization sequence from
the aISSigned'.station identification; and -
20 - spreading sequence 'identifying means, responsive to said means for
| essi'gning a stetion identification, for identifying a spreading sequence from the

~ assigned station identification.

o2 A radioteiephone according to Claim 11 wherein said station
25 'identification 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 synchrcnization Sequence identifying means comprises
30 means for identifying a synchronization sequence from a subset of said group of

.bItS of said station identification word.
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assi gnin station identification, for identifying a spreafiing sequence l i
based onruﬁl " ' nw‘tﬂn station identification; and o, |
responsi % led i ng sequence ‘i dentifying nmeans, fiof = 3
comuni cating a spread spectrum random access channel signal
carrier frequency spectrum according to an identified spreading
sequence. 25 . 14. A radiotel eprﬁ)‘ﬁe according to-CTraim 13
wherein said stations A rddieldohbofigtbORrifRidERS P hikblbne contral -
i dentification word, and erein sald - spreading seqguence i Fenti fying
means conpri sestation in a time divisipheaglitipte segseruciotgpebad icoghnmBaagidrmar
generating a spreadi rﬁg . sequence froma group of bits of a station -

i denti ficati on SYgeQ, the radiotelephone comprising: o .35

15. A radi ot el eph =cor di R i jo.said _spreadi ng
sequence generati ng%égg%gﬁggﬂprﬁlglg ge %a%agﬁé%%ggéﬁﬁgmsaga%érﬁ’@@ﬁﬁ‘gnerat I'ng

means for randeshymgeiReling egnd fcrioe@eLntat R Y PF&d, JpRBramatRgeMeicchist s of
e _ . .

channel signal from the.radiotelephorje 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 rhultiple access, TDMA, communicating means for
10 comm_uh‘icating a time division multipiexed radiotelephone communicat_ions
signal between the radiotelephone and said central station over a time divisioh
multiplexed carrier frequency band of the carrier fréquency spectrum, said time
division multiplexed radidtelephone communications signal representing a
. radiotelephone communications message; |
15 said radiotelephone further including means for assigning a station
identification to the radiotelephone, and wherein said CDMA random access
channel communicating means comprises: |
spreading sequence.identifying means, responsive to said means for
assigning a station identification, for identifying a spreading sequence based on
20  an assigned station identification; and ' | |
means, responsive to said spreading sequence identifying means, for
communicating a spread sﬁectrum random access channel signal over the carrier

frequency spectrum according to an identified spreading sequence.

.25 T 14, A rad'iotelephoné accord.in'g to Claim 13 wheréin said station
identification comprises a station identification word, and whereih said
spreading sequence identifying means comprises:

 spreading sequenée generating meané for generating a spreading ‘

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

AMENE
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15. A radiotelephone according to Claim 14 wherein said spreading
sequence generating means comprises random spreading sequence generating
means for randomly generating a spreading sequence from a group of bits of a

+ station identification word.
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representing a random access

message is communicated
radiotelephone

to a central  station

sequence, In response,
a TDMA nradiotelephone
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T Random Access
Channe!

Communicating

communications channel is
assigned to the radiotele-
phone. = A time division
multiplexed = radiotelephone
communications signal s

| communicated between . the

radiotelephone and the central
station on the assigned
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communications channe] over a time division multiplexed carrier frequency band. Preferably, in communicating the spread spectrum
random access channel signal, a random access channel signal, representing the random: access channel message, is direct ‘sequence
modulated according to the spreading sequence to produce a direct sequence modulated random access channel signal. According to a
two-stage detection aspect, a synchronization sequence may be associated with a plurality of spreading sequences. The synchronization
scquence may be first detected from the communicated spread spectrum random access channel signal, and in response to detection of
the synchronization sequence, one of the plurality of spreading sequences associated with the detected synchronization sequence may be
detected. A station identification may be assigned to the radiotelephone, with the station identification preferably represented by a digital
station identification word. The synchronization sequence -and the spreading sequence may be identified from the station identification

word, thus associating the synchronization and spreading sequences.

| station identification word.

The spreading sequence may also be randomly generated from the




