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SYNCHRONOUS CDVA SYSTEMS 10 CROSS- REFERENCE TO A RELATED PATENT
APPLI CATI ON: This patent application is related to commonly assi gned
U S. Patent |caiion Serial Nunmber 08/606, 285, filed 15

entitled "A‘%E%I-‘&ER ACQUI SI TI ON PROCCEDURE FOR MULTI PWB&I\W
SYNCHRONOUS CDMVA  SYSTEMS', by S. Ki ngston et al. (Attorney Docket
No. DUT 513). FI ELD OF THE | NVENTI ON: 20 This invention pertains
generally to code division, mul tiple access (CDMA) communi cation
systens and, in particular, to direct-sequence (DS) point-to-mnultipoint
synchronous CDMA conmmuni cati ons systenms. 25 BACKGROUND OF THE

| NVENTION: g In a CDVA communi cations systema plurality of user

A MULTI-USER ACQUISITION PROCEDURE FOR POINT-TO~-MULTIPOINT
SYNCHRONOUS CDMA SYSTEMS

10

This patent application is related to commonly assigned
U.S. Patent Application Serial Number 08/606,285, filed
15 2/23/96, entitled YA MULTI-USER ACQUISITION PROCEDURE FOR
MULTIPOINT-TO~-POINT SYNCHRONOUS CDMA SYSTEMSY, by S.
Kingston et al. (Attorney Docket No. DUT 513). '

F (o) ON:

20
This invention pertains generally to code division,
multiple access (CDMA) communication systems and, in
- particular, to direct-sequence (DS) point-to-multipoint
synchronous CDMA communications systems.

25

N:

In a CDMA communications system a plurality of user
communication signals can be transmitted within, i.e.,
30 share, a same portion of the frequency spectrum. This is
accomplished by providing a plurality of different
pseudonoise (pn) binary code sequences (e.g., one for each
user)} that modulate a carrier, thereby "spreading" the
spectrum of the resulting waveform. In a given receiver all
35 of the user signals are received, and one is selected by
applying an assigned one of the pn binary code seguences to
a correlator to extract only the signal energy intended for
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t hereby "despreadi ng" the recei ved CDVA transm ssion. All other

(uncorr el at ed) theeraoedven,sstbeseby "dempreadingti sthe reca@ieetlypepmid CDVA
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10 telephones). One feature of the 1S-395 system is the
presence of a pilot channel that is transmitted by each

base station.

The pilot channel is an unmodulated, direct-seguence spread
15 spectrum signal that is transmitted continuously by each
CDMA base station. The pilot channel allows a mocbile
station to acquire the timing of the Forward CDMA channel
{i.e., from the base station to the mobile station),
provides a phase reference for coherent demodulation, and
20 provides a reference for signal strength comparisons
between base stations for determining when to handoff. The
pilot pn sequence is defined as a pair of modified maximal
. length PN sequences with period 2'° that are used to spread
the Forward CDMA channel and the Reverse CDMA channel.
25 Different base stations are identified by different pilot
PN sequence offsets. A pilot pn sequence offset index is
defined to be in units of 64 pn chips, relative to a zero
offset pilot pn sequence. A pn chip is defined as one bit
in the pn sequence. The pilot strength is defined as the
30 ratio of received pilot energy to overall received energy.

Walsh functions are a class of 2" time orthogonal binary

functions that are used to establish orthegonality between

the different pn binary code sequences used by the pilot
35 and user channels.

The use of the pilot channels, while providing certain
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channel s consune, sone agiﬁg of the available pn code sequences and
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si gnal ener‘bfﬁrsalcffs(ﬁhev\h S¥6ul d be otherwise allocated to the

Also, in many detection approaches synchronization to the

10 pn code timing must be achieved before carrier phase-lock
can occur. In this case a non-coherent detection algorithm
must be employed. Generally, non—-coherent detectors rely on
energy detection within a fixed bandwidth, as a range of
code timing cells are searched. Upon locating the correct

15 code timing, the detector energy level rises above a
predetermined threshold level. A bit-sync loop then takes
over to obtain the finer-resolution bit timing.

_However, standard acquisition approaches are known to fail

20 when the number of users becomes large. This is due to the

fact that the noise power becomes comparable to the signal

pover when the user of a synchronous type of CDMA system is

not synchronized. As a result, it becomes very difficult

for the user's receiver to distinguish the correct pn

25 timing phase from the incorrect phases resulting from the
increased noise.

As can be appreciated, the acgquisition technigue is an
important aspect of the receiver, in that its operation

30 impacts the overall speed at which synchronization to the
forward link occurs. If the time required to synchronize
the user's receiver becomes excessive, the delay may be
considered as objectional by the user.

35
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PCT/ US97/ 01154354 apparatus for implementing a synchronous CDMA system
wherein a first forward channel transmits a null (inactive)

10 Pn code sequence that is orthogonal to all active codes, a

second forward channel transmits an always-active pn code

sequence, and wherein a receiver uses either the first

forward channel, the second forward channel, or both of the

forward channels to synchronize to the forward CDMA link.

15
SUMMARY OF THE INVENTION

The foregoing and other problems are overcome and the
objects of the invention are realized by methods and
20 apparatus in accordance with embodiments of this invention,
wherein a user terminal is provided with circuitry and
. methods enabling the acquisition of a desired CDMA channel
in the presence of a plurality of synchronous interfering
channels.
25
In one aspect, this invention teaches a method for
synchronizing to a forward channel in a CDMA system. The
method includes steps of (a) despreading a received CDMA
signal with a first pn code that is known not to be present
30 in the received CDMA signal, (b} obtaining a measure of
received signal level, and {c) using the obtained measure
of the received signal level when setting a phase of a
second pn code that corresponds to a desired forward
channel that is to be received. In this method the step of
35 despreading despreads a null channel, and the desired
forward channel is a continuously transmitted side-~channel
that provides system-level information to all subscriber
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4 OBJECTS OF THE | NVENTI ON: It is a first object of this

I nvention to provide nethods and apparatus to enable a receiver to
synchronize to a 5 synchronous CDVMA conmuni cati ons system It is a
further object of this invention to provide nethods and apparatus for

I npl ement | ”ﬂro@mﬁi’ hr onous CDVA system wherein a first geopuerRimsiaannel
transmts a nul J(ilgnactive) 10 pn code sequence that is orthogonal to all

active codes, a second forward channel transmts an al ways-active pn
code sequence, and wherein a receiver gses either the first forward
. channel, the second forward channel, or both of the forward channels to
synchroni ze to the forward CDVA |ink. 15 SUMWARY OF THE
| NVENTI ON The foregoing and ot her problens are overcone and the

obj ects of the umitentamreamdnadsli zed by nethods and 20 apparatus in
accordance wth enbodi nents of this invention, wherein a user term nal

Is provided with circuitry_and t hods enabl i the _acqujsitign of a
desired CDVA c ngf“’. X ﬁsmgtprtgi%nc%n%?ngfﬁ' u_!r?“gffzsﬁsofa shﬁ%hfgno%’sr
interfering  aciwinisicsa forward chapnel aipee tpointormakiinpinte LN o

nethod for 5 systudlr @lis Aethodaihcluaes ehendtdps nph VAaesmieainge

met hod i ncl udes_ ste of d dj rgcel | | wth a
first pn code t%aﬁec%?vfﬁo&%hr?og igg)‘ggeb%?régaen 1%&’%% %e %%%isivsg%
signal, (b) obtte MenPreseptsincthp receiyved CRA signml and gbtadnine)a

Uﬁi ng tpe obt ai fktReasate of redeivea segﬁumlgnqbylwebr?mmgamé ng a

ase of a ) 0 t res to a i, r
Ehannel that is c(e;ecig'e%%r ?éé@v%g’.&h%ﬁ' F’%’%@ %e%%o%gﬁfihgnsfg%%oft ci(f\é\g{pn?oe‘%ﬁji ng
despr eads ¥0 nultokkenkel presrpt @ YBej Fegeived CDMA signal and obtaining
a second measure of received signal level; and (c)

synchronizing to a desired channel using a difference
between the first and second signal levels.

15 In this method the first step of despreading despreads a
continuously transmitted side~channel, and the step of
synchronizing synchronizes to the side-channel. Alsc, the
step of obtaining a first measure of received signal level
obtains a correlation peak, and the step of obtaining a

20 second measure of received signal 1level obtains a
correlation null.

Preferably, the steps of despreading and obtaining are
accomplished iteratively over a range of n first pn code
25 phase states and over a range of n second pn code phase
states. For a pn code phase state i of the plurality n of
first and second pn code states, the method further
determines a difference value between the first measure of
received signal level and the second measure of received
30 signal level; compares the difference value to a threshold
value: and, if the difference value is greater than the
threshold value, sets a pn code generator to cutput a pn
code corresponding to the desired channel, wherein the
outputted pn code is set at the pn phase state i. Else, if
35 the difference value is not greater than the threshold
value, the method instead increments the pn phase state i
and re-executes the steps of despreading and obtaining.



forward channel is a continuously transmtted side-channel t hat
provi des system | evel information to all subscriber WO 97/ 31428
PCT/ US97/ 01154 units or termnals. I n anot her aspect this
i nvention teaches a nethod for acquiring a forward channel in a

poi nt -t o- ti.R0l.at COMA 5 system This nethod includes the s . of (a)
despr eadi wog?ﬁgéfgrecei ved CDVA signal with a first pn coo%c{’ﬁ%ﬁng’é‘knovm

to be present in the received CDVA signal and obtaining a first neasure
of received signal |evel; (b) despreading_the recei ved CDMVA signal with
a second pn code that is known 10 not t o ®pe present in the received CDVA
si gnal and obtai ni ng a second neasure of received signal |evel; and
(c) synchroni zing to a desired channel using a difference bet ween

5 he fir 3_t ang Beadis meghol teyeitep oflfetéfmikisg w&ﬁ_adfféﬁeﬁ&élﬁaﬁegp ﬁf
espreadi ng degpLaagss copt r ted si.de-channel.. and the
step of sy%g‘?]r_onl zi%‘nstg?n%ﬁrégr%@g? %%&ttﬂée@%nk é’-e(%néhge?’.:eﬁfgafﬂt%

step of obtai Y if PPN ofickhe e AL LeEeBrecRLRes AT grepter thap dthes a

correl ati on petiresinsid heattep theohiethuaghurtdbr iHeehudbs MRawted off
received $igngtami®it) tHPAdIea Qifrerente’ ¢h2he8M8Utlrect a storea
difference value that has a largest value; and a step of
setting the pn code generator to output the pn code
corresponding to the desired channel, wherein the outputted
pn code is set to a pn phase state that corresponds to the

10 selected stored difference value.

In a further aspect, this invention teaches a synchronous
CDMA communication system that operates in accordance with
the foregoing methods.
15
ON O WINGS

The above set forth and other features of the invention are
made more apparent in the ensuing Detailed Description of

20 the Invention when read in conjunction with the attached
Drawings, wherein:

Fig. 1 is a simplified block diagram of a synchronous, DS-
CDMA communications system that is constructed and operated

25 in accordance with this invention, the system having a
radio base unit (RBU) and a plurality of subscriber units
{SUs).

Fig. 2 is a block diagram of a first embodiment of the SU
30 receiver detector of Fig. 1, in particular a non-ccherent
square law detector.

Fig. 3 is a block diagram of a second embodiment of the SU
receiver detector of Fig. 1, in particular a non-ccherent

35 absolute value detector.

Pig. 4 is a graph that illustrates the relative mean
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outputted pn code is set at the pn phase state i. Else, if -35 the
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10
Fig. 6 is a graph that illustrates energy versus offset for
a desired subscriber unit, for multi-user interference, and
for background noise.

15 Figs. 7A~7D are graphs that illustrate energy versus offset
curves for the outputs of matched filters that are matched
to the side~channel PN code {(dashed line) and a null~code
{solid line) for the cases of high and low SNR, as well as

-heavy and light loading. In these Figures the symbol X =

20 matched filter output for the side-channel code, and the

symbol 00 = matched filter output for the null-code.

FPig. B is a logic flow diagram of a channel acguisition
method in accordance with this invention.
25
D CRI

Referring to Fig. 1, a synchronous CDMA communications
system 10, which in presently preferred embodiments of this
30 invention is embodied as a fixed wireless system (FWL), is
considered herein to be a CDMA system wherein forward link
(FL) transmissions from a radio base unit (RBU) 12 for a
Plurality of user or subscriber units (SUs) 14 are bit and
chip aligned in time, and wherein the SUs 14 operate in
35 accordance with the teaching of this invention for
receiving the FL transmissions and for synchronizing to one
of the transmissions. The FWL is suitable for use in



In a further aspect, this invention teaches a synchronous CDVA

communi cation systemthat operates in accordance with t he foregoing
nmet hods. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS The
above set forth and other features of the invention are made nore
apparent in the ensuing Detailed Description of 20 the Invention when
read in conPadft¥®n with the attached Dr awi ngs, wher eXGF/USI701154 i g 3
is a sinplified block diagramof a synchronous, DS- CDVA

comuni cations systemthat is constructed _and operated 25 I n accordance
with this invention, the system having a 8 radio base unit (RBU) and a
plurality of subscriber units (SUs) . Fig. 2 is a block diagram

of a_fi rst enbodi nent of the SU 30 recei ver detector of Fi g. 1, in
particular a ﬁ%l@i&itﬁhg a telddbiiif ilcat idRisc6)Sten that cohvlysdvdfcd

Fla 1 in parnades Bt pRtRaRe ERe Bav' 12,850 phe A Mint cctor.
Fig. 4 is a graph that illustrates the relative nean WO 97/ 31428
PCT/US97/ 01154he RBU 12 includes circuitry for generating a plurality of
5 user signals (USER_1 to USER _n), a side channel (SIDE_CHAN)
signal that is continuously transmitted, and a NULL signal.
Each of these signals is assigned a respective pn spreading
code and is modulated therewith before being applied to a
transmitter 12a having an antenna 12b. When transmitted on
10 the FL the transmissions are modulated in phase quadrature,
and the SUs 14 are assumed to include suitable phase
demodulators for deriving in-phase (I) and quadrature (Q)
components therefrom. The illustrated arrangement is for
one frequency {carrier) channel, it being realized that the
15 RBU 12 is capable of transmitting a plurality of such
frequency channels. By example, each frequency channel
includes up to 31 code channels, and has a center frequency
in the range of 2 GHz to 3 GHz.

20 Each SU 14 includes an antenna l4a, a mixer 14b for down-
converting the received signal, a correlator l4c wherein
the user's transmission is obtained by despreading the
received signal with a local pn code, and a detector and
correlator 14d. Suitable embodiments for the detector are

25 a non~-cocherent sguare law detector shown_ in Fig. 2 and also
a non-coherent absolute value detector shown in Fig. 3. The
SU 14 also includes a 1local processor l4e that |is
responsible for managing the operation of the SU 14. These
management functions include generating a variable local

30 oscillator (LO) signal, such as is obtained from a voltage
controlled oscillator (VCO) 14f, and providing the pn
binary code segquence that is assigned to the SU 14 for
despreading the user's signal. The processor 1l4e is also
responsible for executing one or more of the acquisition

35 methods in accordance with this invention. Although the SU
14 is capable of also transmitting a DS-CDMA signal to the
RBU 12 on a return link, these functions are not germane to '



7 acquisition tinme performance of the single-user, nulti- user,
and difference tests of this invention, for the case E[err]/Nerr] =6
dB,. Plerr] = 0.995, and a - .01, and for a range of nunbers of active
users. 5 Fig. 5is a graph that illustrates an average nulti-user

i nterferencaygoysisazand average side-channel correlation PCRANGF 1YY SUS
code timng offset, with 3 pole Butterworth transmtter and receiver
filters, and 30 active users. 10 Fig.  is a graph that illustrates
energy versus offset for a desired subscri ber unit, for multi-user

I nterference, and for background noi se. Figs. 7A-7D are graphs
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filters that are matc to the side anne N&od i ne) and
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heavy and light |loading. In these Figures the synbol X = 20 matched filter
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channel acqd si tfgnant en"?@t%w %ﬁ@o‘?%@e]ﬁ%‘?ﬁqﬁ%@“ﬁn}’&% bip,
DETAI LED DESCRI BheOSUSF 1BHBXeNVEMEAON N locatikef mrthng'e’speEtgtolt.he RBU

synchronous CDVALC - OrgRyI | t 1 h I
preferred enbodi rrents Ofﬁtﬁ%”?'?éenna? n\i}%ﬁt ?gﬁ ?ga‘é"% b'og-e sﬁega &érring

wirel ess syst emifSipllation °gcoﬂ§‘? d&Y%difer éf‘ﬁ’%"&‘be QREDI\F s;)’étlé-m be
wher ei n f orwar d diiscissed beldow,t rthes tieaschdngsft pédmtaisadnvebkionuare HBBU)

12 for a 10 Phymilbeldy eb Usally OrtﬁHQSEEaEﬁcMHi‘S prédently apeeelragd
chip aligned in tli nd.,wherein the SUs 14 operate in 35 "accordance
Arghoshe

with the teac Ris invention for receiving the FL
transm ssions and for synchronizing to one of the transm ssions. The

FW is suitabl e he difsuing description assumes the use of a DS signal,

a{t), with code symbol duration T, multiplied by a

15 spreading sequence c(t), with chip duration T, and a null-

to-null bandwidth W, = 2/T,. The symbol rate for each SU 14

is fixed at 1/T,, and the chipping rate at 1/T, = P/T,. Al1

of the pn codes are mutually orthogonal when aligned, and

are assumed to be accurately aligned during normal

20 operation. In the presently preferred embodiments of this

invention the pn codes are selected from a set of

randomized Walsh-Hadamard codes. The teaching of this

invention is not, however, limited to only signals having

these characteristics. By example, the set of pn spreading

25 codes can be selected from any set that exhibits low cross-—
correlation at zero relative shift.

In the absence of multi-user interference, the received
signal can be written as r(t) = a(t-r)c(t-r) + n(t), where
30 n(t) represents white gaussian channel noise. r(t) is
multiplied by successive shifts of the spreading sequence,
c(t - mft), in an attempt to estimate the timing offset, r.
The detector filter 17 of Figs. 2 and 3 is a finite (T,)
integrator with an equivalent noise bandwidth W, = 1/7T,.
35 Within this bandwidth, the effective noise power spectral
density, %N, is unchanged by the integrator. When c(t-
mét) is synchronous with r(t), the pn spreading code is
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8 | npl ementing a tel econmuni cati ons systemthat conveys voice
and/ or data between the RBU 12 and the SUs 14. The RBU 12 incl udes
circuitry for generating a plurality of 5 wuser signals (USER 1 to

USER n), a Wodsﬁ gmnnel ( SI DE_CHAN) signal that is continuousl
transmtted, and a NULL signal. Each of these signals PCIUSIOTAY a
respective pn spreading code and is nggul ated therewith before being
applied to a transmtter 12a having an antenna 12b. Wen transmtted
on 10 the FL the transm ssions are nodul ated in phase quadrature, and

the SUs 14 are assuned to inglude suitable phase denodul ators for
deriving in- phaggiEF?sghd aﬁ'gd#lé? ufré ?ﬁat""p PrgdiGs T Mean; NBrUeEoRE $he
illustrated arrBfgademali.s 30r-r). Assuhinguenoysyochronods chperatioh)
bei ng realized pBat bieethe sBBHa12eharaﬁ\p%ahis%u%%ilaé%éi ﬂgﬂawpafﬁa&ty

of such freguency channel, By .exanpl e, each frequency channe
includes up to gﬁecgﬁgegﬁﬁﬁngf‘i?eﬁnaghagga tenepopegppreyimationy the
range of 2 &Hz detecthir. inpat cakchd iSikdnl asmothides ganssdbannaisdaondylii xer
14b for down- For GOFMEIdAsRinbRSsyRERE¥EshS iPedat 18nC EKE | Algia1ldfepby! i N
the user's t ranigi %ékfgc%gdo%%nf%gy dessprreeaaang t gé trggl'(;aél] veaiagfgnal
with a local pnTcode, and a cHFe a P 8Fh14¥e- Suitabl e
enbodi ments for the detector are 25 a non-coherent square |aw detector
shown in Fig. 2ThRed stinfOof n samples of a squared gaussian process is
10 central x? distributed with n degrees of freedom, and has

a bandwidth (near DC) twice that of the detector filter 17.

The central %2 distribution with n degrees of freedom can

be written

Py(y) = yzvz-ze-y/zo" y20,

1
o2 27/ (n/2)

where ois the variance of the gaussian process.
15

Given spread code synchronization (i.e., mét = r), the
spectrum of the received signal is collapsed to the data
bandwidth, thus increasing the total energy within the
detector filter 17. Because the phase of the received
20 signal rotates freely with respect to the reference, this
waveform is not DC, even for a constant energy signal. It
would thus appear that the output of the detector should
again be central %2 distributed, but with a larger mean
value than for the noise only case. However, the phase
25 rotation rate is assumed to be slow enough that the signal
component can be treated as deterministic, and hence the
ith independent sample of the detector filter output is
distributed normally with mean s; and variance 02 Getermined
by the noise component. The integrator output is then
30 characterized by a non-central x? distribution with n
degrees of freedom, and a non-centrality parameter:



a non-coherent absol ute val ue detector shown in Fig. 3. The SU 14 al so
I ncl udes a | ocal processor 1l4e that is responsi bl e for managi ng the
operation of the SU 14. These managenent functions include generating
a variable | ocal 30 oscillator (LO signal, such as is obtained froma
vol t age wb99kiQ4! ed oscillator (VCO 14f, and providi ng pEfussIniiss

bi nary code sequence that is assigned to the SU 14 for despreadi ng the
user's signal. The processor 14e is also 11 responsible for executing one
or nore of the acquisition 35 methods in accordance with this invention.

Al t hough the SU 14 is capable of also transmtting a DS-CDVA signal to

w)e 97/ 31 42Rgu 12 QRefe " 8! HeBresliits! NaRE LvidFd4Q ”§ﬁ€£§bg§§y%%rig2“ﬁxé Onon-

the teaching of FPREFRhENQIFFRIRRtIAD ik fyidegrees |of fFreedom can be

For™ t he present lyriredrrased enbodi nents of this invention 5 the antennas
12b and 14a have a line-of-sight relationship, the SUs 14 are fixed in

| ocation with respect he RBU (¥ tnks?ss @RAeHR2 gnt ennadyA2b 14a are
bor esi ght ed duri ng PI"Qf'snstaz' batfdn) of th% SU 14. %nPB\T\b\r}erqz 2ﬁd%;a%w 1l be
di scussed bel ow, the teachings of this invention are not 10 limted to
only this particular presently preferred arrangenent . The

ensui ng descsi ptFORa BBy} Esubatiss 6f @ dadaplie@Ngkom block (41 isWeblpapes
symbol, duration JL6ide, 9 1014 e Lief ditreatB £, 9 RIUEREEREL ath! "
the number of samples are set to achieve a probability of
detection = P, simultaneocusly with a probability of false
alarm £ @. Give t;, P, can be determined by integrating the
10 non-central x? distribution from t, to =. The probability
of false alarm, o, is determined by integrating the central
x? distribution from t, to @. As the integration time, T,
becomes larger, the spread between the two distributions
also becomes larger. At some point, the required detection
15 probability can be achieved while simultaneously achieving
the target false alarm probability. The minimum number of
samples required to achieve the target detection and false
" alarm probability criteria determines the observation
window of the detector, T=nT,.
20 '
However, normally sone time uncertainty will exist, and
some number (Q) of time cells must be searched. The mean
acquisition time is then determined as follows: Given a H,
case (a noise only case), the time required to search a
25 single time cell is given by the expression
T, = T + aKT,
where K is referred to as the cost for a false alarm. If
it is assumed that, upon exceeding the thrashbld, a
verification procedure is begun, and that this verification
30 procedure includes a second integration of length XT, which
is long enough to assure that the probability of a second
false alarm is negligible, then T, = (1 + aX)T. On
average, (%0-1) time cells must be searched before
encountering the correct cell. Next, the time required to



to-null bandwi dth Werr] = 2/T[err]. The synbol rate for each SU 14 S
fixed at 1/ T[err], and the chipping rate at 1/ T[err] = P/T[err]. Al

of t-he pn codes are mutually orthogonal when aligned, and are assuned
to be accurately aligned during normal 20 operation. In the presently
preferred nts of this i nvention the pn codes ed from
a set of @ngrgg%om zed Wl sh- Hadamar d codes. The teachlriEr’]'lguo? fi

i nvention is not, however, limted to onl¥2signals having these
characteristics. By exanple, the set of pn spreading 25 codes can be
selected fromany set that exhibits | ow cross- correlation at zero

relative shift e e f 1.5 e

recei ved ss‘raagzr'l cann%e ﬁ/ra?tit %&Pve% t;({}J d Hy ?gé) éa( ?éwi’fégﬁrere 30
n(t) represent$29® ¢ e‘%eﬁ?ﬁ’ﬁ“ar’?yc%éﬂmﬁ%‘m r(t) is nul tiplied by
successive shifts of tig spPgetli-nKERORIefICe; B,) (5QT( & T q‘berr]t) In an

ATePt o cSUR! pike L4 ookiabinad + arg@@egé{\ﬁft&étééﬁ 7, Of

Figs. 2 and 3 15 I nit an egurv %erit™ noi se .
bandwi dt h Wervlrl ﬂaﬁeernr er3§i°V\Fi‘-ﬂPnP¥ﬂ‘F weds dlso rrReudredet iThe noi se

power spectr al second deasn tgorfespdnd=ertd , ai detectibg efh iduid el imtwagiet or .

When c(t- r ) n r eis
Wen c(l- o cA3ETthE) abiusdDERoANpischbhbe’ hky E}U{;zxga%rfg Al ol

10 col I BgRinping, k. ipRregre by p;?%u&%%"?r%éﬂ imescgllgust  pg
si gnal , a(t-r)now A mearghed)-syTbaracgats tpkomttiime, is thereforefgiven

si gnal engggy )f,fliﬁecggﬁé&it&;ﬁ bandvm dth of the detector filter 17
and, to a good appr oxi rratro det iﬁ% i nput can be taken as white
gaussi an noi se only. r§f‘ &3 ”- s;?‘hchr onous operation, the

si gnal energy Substitutigg eveeuem«nqmm. e aprives [sn #hedexpragsion

Tuo * 5 [(1+aK) (0-1-1/20P,) (14101 T

Hence, given the signal-to-noise ratio {SNR), the required
15 detection probability, P,, the false alarm probability, «,
and a cost factor, one c¢can compute the necessary
integration time, T. Then, given T and the uncertainty, Q,
the mean acquisition time, Tpcqr ‘can be determined.
20 For a particular value of E /N, at the input filter, the
) input signal-to-noise ratio is given by

Assuming that the signal is AGC controlled at the output of
the SU receiver filter 15, then S + N, = 1, from which it
25 follows that

SNR, 1
= and N.= — 3% ___,
§= 1% SNR_, Fe =33 SNR_,

where § is the signal power, and N_ the noise power at the



The sum of n sanples of a squared gaussian process is 10 central [err]

distributed with n degrees of freedom and has a bandw dth (near DC)
twi.ce that of the detector filter 17, The central [err] distribution
with n degrees of freedom can be witten _ Py(Y) =
[err] whersiaderr]is the vari ance of the gaussi an procegsasifoiiss

G ven spread code synchronization (i.e., nmferr]t [err] r), the spectrum
of the received signal is collapsed to t he 3dat a bandw dt h, thus
increasing the total energy within the detector filter 17. Because the

phase of the received 20 signal rotates freely with respect to the

Irff erence, Ej h't > outp u"l@‘é%fﬁr m itk aam@&?ev?nsf oK eotn@ﬁérk?]oﬁllswe% geal .
wou ap ear a e output o o shpu gai n

be central [err]*Rf SHFBk e‘aé ES‘F \ﬂuetq%cé:qrar}g‘gi 7C {’s'va:f'%eg{‘ﬁﬁn“io?‘ t he

noi se only caseN nga.vm:ont miphasbazﬁqnelat@ﬂmi%e atimsisuhbe energys| ow

enough that the &italor 19aCBEpQ§SnEaﬁaﬂeb@aié@§hﬁéh%“s %@iaermgmtwmhand

G St 11 but ed Thor RS RRY BARELBRF) A é’%ﬁég% $1h GOl bee

t he noi se conporfdan COWtﬁﬂwe&P&?—é'F‘iBﬁ#p‘aY the tpRYARREeXStar act er i zed by a
non-central [err] distribution with n degrees of freedom and a
non-central ity paraneter: og-o§=N, and X = nsS. [err] WO
97/ 31428 PCT/ US97/ 01154

11

The foregoing analysis is now generalized to a multi-user
channel of most interest to this invention. By example,
10 there may be M<S30 active users (SUs 14} in the CDMA
communication system 10, each of which receives coded
information symbols from the RBU 12, with an assigned
length P = 32 code. All of the pn codes are mutually
orthogonal when aligned, and are assumed to be accurately
15 aligned during normal operation. The symbol rate for each
SU 14 is fixed at 1/T,, and the chipping rate at 1/T, =
P/T,. The RBU 12 transmits all active channels together
- synchronously and uniformly, and hence the channel power
levels and timing offsets received at any one SU 14 are
20 substantially equal.

In addition to the user channels, there are two additional
channels which all SUs 14 make use of. One, which is never
active, is referred to as the above~described null-channel.
25 Although the null-channel is assigned a unique pn code
{referred to herein as the null~-code), which is orthogonal
to every active code, the null-code is not actually
transmitted. That is, the null-code can be consideréd as a
“missing" code. This is schematically shown in PFig. 1 by
30 the open switch (SW) placed in the NULL signal path. The
switch (SW) could also be placed in the pn_null path, such
that the pn code assigned to the null channel (pn_null)
does not reach the associated multiplier (spreader) 1l1l2c.



where S represents the average signal power. The non- central [err]
distribution with n degrees of freedom can be witten as:
Py(y) = [err] 5 Finally, a sunmation of n sanples fromblock 21 is
conpar ed in block 23 to a preset threshold, t[err]. The threshold and
t he nunbery@ézfigzgl es are set to achieve a probability of perusedigiiesti on
[err] Plerr] sinultaneously with a probability of false alarm([err]
[err. Gve t[err], P[err] can be determ nk8 by integrating the 10
non-central [err] distribution fromt[err] to [err]. The probability
of false alarm a, is determ ned by integrating the central [err]
di stribution f T[e’;fcrnr r] L Ot QN LNEs ad . econes
| arger, the sgﬁlfe%] et vc\I]/e‘ez%1 gafmgegiﬁg%%&bt?i%%&é a8 tgkgl%%cgﬁ%%n?g'r ger.
At some point, 18 h@IWaY§ r 8Ftd¥ect i ohe5 5198 oShBMeLy PEAVAGes.HFiden )
whi | e si mul t anedficadmatEbsin €oi the SUs ldhdet gr getystdmsaceessniptomabtiony. The
m ni mum numbergyQd ),  rRAMY R JEHNA] 4 26REAYeakheybpf 9t fet gg4d.on and
fal se al arm&&oba‘bl [t crltec{l a cl%t%r nes the observation
wi ndow of % he ¥t ‘H’r“,zaﬁ‘ﬁ%’['eraﬁ. efyribe er, nornally sone tine
uncertainty will exist, and sonme nunber (Q of tine cells nust be
searched. The f1q] singledha3erShbhlisitiBni Sedlipinlle e’ Heled (867) 0! 41"
Gven a Herr] case 3 nﬁéﬁe gnly.case , tHg thf rﬁqU|re§ fo search a
25  single tihSecrpangl, 8RabISEAE 15 g¥§A. wbile in'a multi-user
To = T + [err]acquisitiarhetecknigueeferr dgsto MUThe ¢tbst hellechamesl
Vel 11 cation iy 2 T R oFed. B 8 A PES Ir LY 386Rs ot il
edure
i ncl udes a seC{mfF’? Byr a??oneﬁ‘PIPXngtW"KT,J%fﬁWnt s(‘3‘?‘@‘:{]so'?‘?gc’@'é"nou‘@"r‘neto
assure that teoyprespanding v &Lhecounld-channe]] aandy| then ofhergltqyi the,

then T[err] = gide<cHfindl) bs e¥Plained d&AoWe, ([err]Q 1) tinme cells nust
be searched before encountering the correct cell. Next, the tine
required to

15 Single-user technique: For this measurement, the side-

channel pn code is used as the SU 14 correlation code, c(t
- mdt), as shown in the non-cocherent square law detector
block diagram of Fig. 2 and alsc the non-cocherent absclute
value detector block diagram of Fig. 3. The single-user

20 technique makes use of this statistic alone in an attempt
to locate a correlation peak between the copy of the side-
channel pn code stored in the SU 14 and the active side-
channel itself. The maximum point on this peak occurs when
the codes are aligned.

25
The nmulti-user technique: For this measurement, the null-
code is used as the correlation code. The multi-user test
makes use of this statistic alone in an attempt to find a
correlation null (as opposed to peak) between the copy of

30 the null-code stored in the SU 14 and the active channels.
The correlation null results from the mutual orthogonality
of every possible active code with the null-code, and
coincides with code alignment.

35 It has been found that the single-user test may be reduced
in effectiveness when M approaches the maximum number of
allowed active users. This is due to the fact that the



WD 97/ 31428
search a tine cell given by a Herr] case (a signal present
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case), is given by the expression Tlerr] = Plerr](1 + KT +
(1 - Plerr]) ([err]QT[err] + T[err]). The first termcorresponds to a
successful owbogsie®, in 5 which case a verification procedwormsyr0i150

requi red. The

second termcorresponds to a detection failure (in which

case the acquisition procedure nust be star}¥®d fromthe begi nni ng, but
increased by [err]QT[err] (since all time cells nust now be searched).
The acquisition time is therefore given 10 by the expression

Tlerr] = ([er[]t eteﬁx-)zgle%s Ir%ﬁéeifkéfé&ce 1eve§ubé£-6§eérlr &&tafwsf%a&r 2L 40
one arrives a

Fence. | gl ven t heTpEY - SPTABISFIPR, | BiPENR) TLRdR 1 i PochebriVe 88 T3
probability, P[ecafcelivey ffalshdoal arSdniizodly .| when §1e1s |]small, isnbas et
factor,

T and the un
det er m ned.
r,

filte
SNRc

one can SO CLiAe NESESIALYEinser NHAMA! '1&1};“1&@ dequdied, ghven

t he
[err]

10

15

20

25

30

35

$ ) Ftiadkivinena,, Hacauip e GPrEPLRFIPR BRI}, S0 HhSATkAA

by rmomkrientyralises- noi se ratio i s given by

In order to compensate for these effects, it is preferred
to use a difference between these two statistics when
acquiring the FL. Hence, for large M, the single-user
statistic dominates, and for small M, the multi-user
statistic dominates. But, in either case, the difference
between the two statistics changes significantly (i.e.,
becomes larger) as the pn code timing approaches the lock
point. This advantage is mitigated somewhat by the
doubling of an observation window, T = 2nT,. However, and
referring now to Fig. 4, it can be readily seen that the
use of the difference test provides an overall advantage in
mean acquisition time when compared over the full range of

~ possible numbers of active users,

The detection in accordance with this invention is thus
preferably performed on two probability distribution
functions (pdf) resulting from the difference between the
two statistics described above. As in the single-user
detection case, one pdf corresponds to a H, case, or codes
mis-aligned case, the other to a H, case, or codes aligned
case. In either case, and because the two statistics are
computed sequentially, the noise components are essentially
uncorreiated. The pn codes are length P=32, and the timing
is searched in the SU 14 in half~chip increments (&t =
T./2), thus giving Q = 64 possible positions. The time cell

 yielding the best signal level will therefore, at worst, be

off by 1/4T,.

Given the H, case, both the single-user and multi-user
tests yield ambient gaussian white noise and multi-user



Assum ng that the signal is AGC controlled at the output of the SU

receiver filter 15, then S + Nerr] =1, fromwhich it 25 foll ows that
=[err] where S is the signal power, and N err] the noi se power
at the WD 97/ 31428
PCT/ US97/ GG 5%31428 13 POUHIRYH01984 Werr].
In addition, Nerr] = 2Nerr]/Werr]. The, noi se power at t he out put of
the detector filter 17, Werr], is then I\i%rr] = Nerr]Werr]/2, from
whi ch the signal-to-noise ratio in the energy detector 19a or 19b can
be calculated as SNR[err] = S/IN[err]. The 5 probability distribution
functions for m&fm&&si Si&b& the mﬁiﬁ‘-mb%BEEYagétlﬁi&Pféh%éé he
araneters: g S S._now genera lzed 1o a
ol {1 user | With, tne eeet Eohd] PHAD lfa] clpifadith e , andimed” 1o

there may be I\Q’é‘l‘??%‘!}"'acﬁ‘\?e B?@PQ (SRRETAY Pn ¥ edésmibutedcoﬂhumltﬁatlon
system 10, eacdetéctiu cutmnai vahecoladnel noisd eardanee 1¥nNROI=S 3V R t he
RBU 12, wigh ed= w! t 2 n.c9 s are
nmut ual I y 51 A Jel oﬁ%ll V\ﬁé/n "alejl:9 é’ag fwé ggggg no’ﬁ\% %%e?@:?a@c raeezl'y 15
al i gned duri ng‘g‘?ﬁﬁ opEngei Ban = Nghe 23y 1 3NA Bt e Ther veEsh case multi-

user interference power is I, = I W, where 41, is the two~
sided interference spectral density.

10 It should be noted that the interference density varies
over the null-to-null bandwidth of the receiver filter 15
of Figs. 2 and 3. Of most interest, however, is the density
near DC. The equivalent interference bandwidth at this
power density is W = 1/T,. Hence, %I = IT, and I, =

chef
15 IT/T, = I/P. For the H, hypothesis, then a2 = I  + N, +

S/P = %[1--%1\1‘.], where S/P represents the contribution of

the side-channel.

Given the H, case, the single-user test yields the ambient
20 white gaussian noise term and a deterministic signal
component, and hence contributes a non-central g2
distributed random variable at the output of the detector
12d. The multi-user test yields ambient white gaussian
noise which contributes a central y? distributed random
25 variable. This assumes, of course, that the multi-user
interference can be ignored due to the mutual orthogonality
of the aligned pn spreading codes. However, and because of
filtering, the pn codes are typically not strictly
orthogonal. It can be shown that, with 3-pole butterworth
30 filtering, the interference null depth is approximately 25
dB upon pn code alignment. Thus, for worst case fades
(E,/N, = 3 dB), the interference null can be well below the
ambient white gaussian noise level. Another factor to
consider results from the fact that the worst case
35 alignment offset of T, will have the effect of weakening



SU 14 is fixed at 1/ T[err], and the chipping rate at 1/ T[err] =
P/T[err]. The RBU 12 transmts all active channels together
synchronously and uniformy, and hence the channel power | evel s and
timng offsets received at any one SU 14 are 20 substantially equal.
In add|t|0n$81%]gziser channel's, there are two additional pepudhaise! s

whi ch al |l e use of. One, which is never active, 1s referred
to as the above-described null-channel. 25 1Al though the null-channel is
assigned a uni que pn code (referred to herein as the null-code), which
I s orthogonal to every active code, the null-code is not actually
transmtted. Th o] a Si

code. This is sc ?%g(?f&%% $ Si‘%ﬁ rh’péa &83 g%g 2 aéoxgthelsavﬁjt Iﬂ?%/{?

pl aced in the Ntmmstgﬁasrbabﬁ sw in 4@t 3 h %&ssrssoﬁﬁeﬁ
thé pn null pat huXl&an be bbah tbelosecasanssdsipnas aadt haenaihgwaw

(pnnul 1) doese A 3% peld% 2B3Q¢! 3! 88, %%@ﬁﬁi%‘é@@g ard2faken

WO 97/ 31428
14 The skl %qmﬁ?ara‘qi@br F&dqa& ReopEsyReg RoweyRr chERRk| for a | g

| i ve. d id d for at j h
S 1 (6 g\ sy RTY SRR S T ‘#see%aré%e%f i abRrd *a%%%’ﬂm.é )

used as well for ni zatlon ri bed bel ow.
si ngl e- user achﬁ%’f ?’F%th EBﬁ isa'ﬁ'gg‘ﬁr “F§§t A 'I"Sfer Staat’sﬁﬁ’ecs&haml
statistic i s enproymentpalidy paraneter dsd ds equal to ns.

10 The probability distribution function for a random variable
which is the difference between two other independent
random variables, Z = X - ¥, can be determined from the
integral:

£z(z) = f £x(x) £y (x-z) dx,

which is similar to a convolution integral. The H, and K,

15 distributions can thus be obtained by direct integration,
or from the inverse fourier transform of the product of
modified forms of the characteristic functions for the
central and non-central %? distributions.

20 For the multi-user acguisition case, the SU 14 automatic
gain control (AGC) function is assumed set such that S + N,
+ I, = 1, vhere I, = MS is the multi-user interference
power. Hence, {M + 1)S + N_ = 1. As is also the case for
the single-user approach, the SNR can be defined as:

25
It thus follows that:

Upon setting A = nS, the probability distributions are



acqui sition technique or test (MJT), the null-channel 10 statistic is
enployed. It is also within the scope of this I nvention to enploy
two . different statistics; one . corresponding to the null-channel and
the other to the si de-channel , as expl ai ned bel ow. 15 Singl e-user

t echni que: For?éhi S nmeasurenent, the side- channel pn code is used
as the sU Y2%8M2R ation code, c(t - nferr]t), as sho¥F P74

non- coherent square | aw det ector bl oglg di agram of Fig. 2 and al so the
non- coherent absol ute val ue detector bl ock diagramof Fig. 3. The

si ngl e-user 20 techni que nakes use of this statistic alone in an attenpt
to locate a correl ati on peak between the copy of the side- channel pn
code stored in the SU 14 gnd the acti vegss de- channel | f. The

maxi mum poi nt on #h® ke S 1Y SNR e adide awﬁ%ﬂ—%

The mul ti-user technique: For®this rreasuren‘ént, the null - 06d1e s used -
as the correlation code. The multi-user test makes use of this

statistic al onecmpletedyt algtedmirfddidup to thRer rxﬁiﬁiézonoﬂtmdeéﬁée@pwsed
to peak) betwe co 3 | -cod 4 and the
active channel ?thﬁﬁm T%fcgcl)lr rg }dggls%&id rcgsﬁ S ftr?%m ?ﬁéb%&%% of

ort hogonal i ty detecgﬁ.ogvgpg 5%%?%@%& & with the nul | -code, and

coi ncides with code alignnent. It has been found that the single-user
test may be reduced S ro ches t he maxi num
nunber of al | owed actlvgg‘hg?r@\(gsllﬁz a’llvg JMPFp Zfact that the

WD 97/ 31428 ™ pcT/ U897/ 01154

15

for some threshold t,.

Based on the foregoing, and in accordance with a first
aspect of this invention, there is provided a method for
the SU 14 to acquire the correct code timing for a
synchronous CDMA forward channel link in the presence of

10 some amount of multi-user interference (MUI)}. This method
exploits the orthogonality of the pn codes used to
determine the proper code phase by purposely despreading a
pn code (i.e., the null code) which is known to not be
present. This is done to overcome the problem that arises

15 when using a conventional acquisition procedure when many
users are active. In this case the interference energy of
P-1 interfering users, with processing gain P, can be
nearly as strong as the energy of the desired user's
signal. As a result, the standard acquisition approach,

20 wherein a detection is declared when the energy of a
matched filter output (or sliding correlator output) is
larger than a threshold, is not viable in a heavily loaded
systenm.

25 To simplify the discussion of the method, it is assumed
that the fregquency offset between the carrier of the
incoming signal and the receiver's local oscillator is
zero.

30 Fig. 6 illustrates the energy of the matched filter output



mul ti-user interference |evel drops just as the side- channel

correlation signal rises, in a nearly self- cancel i ng fashi on.
Simlarly, when Mis small, it has been found that the nmulti-user
test may be reduced in 5 effectiveness, because the correlation null
can be naskeg 97/314?&’ anbi ent noi se. In order to conpergghfiobiisé hese
effects, it 1s'prererred to use a difference between these two
statistics when 10 acquiring the FL. Henceigfor large M the single-user
statistic domnates, and for small M the multi-user statistic

dom nates. But, in either case, the di fference bet ween the two
statistics changes significantly beconmes |l arger) as the pn code

tim ng approacheduenhto| §hr desifpe pser ' #8398t RugctP sERP t 1REREEering
somewhat by the usersgoar idug tb the diEsscgraiumhnoisdoas al fungtipar of .the

Hovever, and — ¢if@h8r EEEQQe‘EOWft L qnat%hddt ﬁﬁgzeli’:e rﬁac&wﬁe% t:t@éea he
use of the dlfference test provi des_an_over vant age i,.n

acqui sition ti me*HRAEn M egoryarad th’e‘alnﬁ‘leﬁ f}ﬁﬁ’e wie Osj'ﬁﬁgé?blaé'emﬁﬁ}ers
of active ussrs. assumedTle dEfectly immmm with ebch iobthext. cthe s
thus prefera?ka&:ae&ﬁereaevee Woﬂabﬂ tyldlrsp’feeum-.orthe vi+{id ons

(pdf) resultin romthe difference betvvee two statistics

descri bed above cgBPPRephE SfnPe. FS&° 1ved d" é‘ Foﬁnf?aé:é‘,e S Rf these
corresponds to acbipongntaseakerupddes receivied strgngtthcatt, is himpoitant o a
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G ven the H[err] single-"user
anbi ent gaussi anoffeet ard sanshromized B‘é%‘?es- In fact, unless additional

15 averaging takes place, the signal energy is essentially
equal to the noise variance, which implies a detection
signal-to-noise ratio (SNR) of approximately O 4B.

It should also be noted that the noise due to MUI and the
20 noise due to background noise are both zero mean noise
processes. In the conventional detection procedure, the
absolute value of the larger of I and Q despreader outputs
are taken and the results are averaged over some dwell
time. The fact that the noise has a zero mean implies that
25 it is possible to increase the decision SNR by averaging
the detection statistics. However, in the case of a heavily
loaded system, the averaging time would be required to he
long in order to c¢create a large enough SNR to determine
reliably whether the receiver is correctly synchronized to
30 a signal.

In contrast with the standarad acquisition approach, and in
accordance with an aspect of this invention, if the SU
receiver instead despreads a PN code which is not
35 transmitted, then the noise will be "tuned out® when the
receiver comes into alignment with the interfering signals.
This implies that the SU receiver can look for the *"hole in
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16 interference. Since the nmulti-user codes are uncorrel ated

with the test code, both noise conponents are assuned " gaussian, and
hence central a [err] distributed at the detect or output. The channel
noi se variance is N err] = [err]Nerr]Werr], 5 where [err]Nerr] =

N err]/ W eM997334Bhe t wo- si ded noi se spectral power d @EIGSY701tp c o
Nerr] = Nerr]T[err]/2T[err] = [err]Nerr]/P. The worst case nulti-

user interference power is I[err] =T[err]lferr]Werr], where [err]l]err] is
t he two- sided interference spectral nsity. 10 It should be
noted that the interference density varies over the null-to-nul
bandw dt h of the receiver filter 15 of Figs. 2 and 3. O nost

i nterest, howewde noiskMewHEBRI d¥curs abt e RerobEreae r%ﬁaget ARd spee ence

bandwi dth at thi [ ' = :
Carr]iperry = Relermipsf Siin A0S b8 _bRoEky! @Te]a ST e
I[err]/P. For O@Pul e GTPRF pHHEH s 2 t HAIFreqld < Ater rfhis N[ing the
S{g = Ler r] whaceuisRtien edesuitt bancaetciabat tnlatoi lock hésheqcclarred.
-channg] . : i N Lot
anbi ent 207 witle EeChUERub Mol bei? Fodedel 08 SR bl EL iR fuddl
conmponent, and Be&tcd™Fdtri butes a non-central [err] di stributed
random variabl e at the output of the detector - 12d. The multi-user
test yields ami @il L1 0UbGin proviBed i G bibihEaols WL @

[err] distributed r . \
the conventional acquisition technique, two problems can

10 arise during the use of the MUT approach.

The first problem results from the fact that the number of
interfering users is not constant, and so the absolute
level of the MUI is not fixed. This complicates the

15 acquisition problem because in the lightly loaded case,
where the background noise is non-negligible, the noise
power may not decrease at the ocutput of the matched filter
when the code alignment becomes perfect.

20 The second problem results from the fact that the threshold
of noise power at which a lock should be declared is a
function of the number of currently active interfering
users, and so some type of calibration procedure should be
performed to set this threshold. Such a calibration

25 procedure may involve scanning the possible code phases in
half-chip steps to determine an average energy level and
the lowest energy level. If the lowest energy level is
found to be lower than the average level by more than some
threshold amount, then the lowest energy level phase may be

30 declared to be the lock phase. The penalty associated with
this approach, however, is that the calibration procedure
can require a substantial amount of time to perform, namely
2P times the dwell time. While a lengthy acquisition time
for the SU is not a serious drawback, since it only occurs

35 at startup and after long deep fades, it would be
preferable to avoid a relatively long mean time to
acquisition if possible.



25 variable. This assunes, of course, that the nulti-user

I nterference can be ignored due to the nutual orthogonality of the

al i gned pn spreadi ng codes. However, and because of filtering, the pn
codes are typically not strictly orthogonal. It can be shown that,

with 3-pole butterworth 30 filtering, the interference nul '

appr oxi matel\)'o FEI48 4 upon pn code alignnment. Thus, for Mﬁgggs"z

f ades (E[err]/Nerr] [err] 3 dB), the interference null can be well

bel ow t he anbi ent white gaussi an noise Jevel. Another factor to
consider results fromthe fact that the wor case 35 alignnent offset of
[err]T[err] will have the effect of weakening WO 97/ 31428

PCT/ US97/ 01154 17 the interference
null and the si gfpgs CHaA-FpAiidisheate four pgoswiHlecsgranbionBosp ldadimy 5.

the multi-user CPfJfAe%tiﬁg _of a@lﬂ:Uvg Al 38T Ho! %&@?t Snd 5l i 1

t he singl e-user 1 on S are
taken 5 into ROVES d@valison In teaé’a‘n cpseasthfeBahohed of11%9m0F Fliding
wor st case fade,cdirelxticas gatpaticds Sshugppi,oxwhanematetield-Ner the side< or

both the single- %an x{“é‘:;h Hﬁﬁriéét%é%dﬁﬁgb-r@%de 4 BT Eﬂggé{@flm i on

paraneter [err] qual Stribut]
for a random var?léﬂﬁ é-s not FrppAmitted).- d:F’Ffjér &lean chhe pelaier of
I ndependent tiandamlyapmbloesie ZandX side-chanhel deper ncodel fslidide

integral: correlators varies by a large amount depending on the

channel loading and background noise level.

i0
In a presently preferred embodiment of this invention both
the signal user test (SUT) and the multi-user test (MUT)
are performed, and the results are subtracted at each phase
state. The procedure for this presently preferred technigue

15 is shown in the logic flow diagram of Fig. 8.

In this procedure, at each of the 2P phase states (for
example 64 phase states), and beginning with a phase x
{(Block A}, the SU receiver first performs the signal user

20 test (SUT) by averaging the absolute value of some number
of the larger of the I and Q despreader outputs (Block B).
The SU receiver then performs the multi-user test (MUT) at
Block C by doing the same averaging with the despreader
employing the null pn code. The difference of these two

25 test statistics is then computed (Block D) and if the
difference, Z(x), is larger than a threshold, a detection
is declared (Block E). If the threshold is not exceeded,
the SU processor 1l2e stores Z(x) in an associated memory
{MEM). At Block F a determination is made by the processor

30 12e if all 64 possible phase states of phase x have been
checked, If no, control passes to Block G where the
processor 12e slips the receiver's chip-clock to the next
phase state, and the loop is re—~entered at Block B.

35 If all 64 possible phase states are exhausted and no
detection is declared at Block F, then there at least two
options. The first option is that the SU processor 12e can



fz(z) = [err] fx (x) fy(x-z) dx, which is simlar to a convolution
integral. The Herr] and Herr] 15 distributions can thus be obtai ned by

direct integration, or fromthe inverse fourier transformof the
product of nodi fied fornms of the characteristic functions for the
central and non-central [err] distributions. 20 For the multi-user
acqui si ti oWOF38M28t he SU 14 automatic gain control (RCHUSPHPEE4 on is
assunmed set such that S + Nerr] + I[err] =1, where I[err] = M5 is
the nulti-user interference power. Hence, (M+ 1)S + Nerr] = 1. As
Is al so the case for t he singl e-user2%pproach, the SNR can be defined
as: SNR[err] =[err] 25 It thus
foll ows that: Upon setting [err] = nS, the probability distributions
i‘ge \A%\Ihzﬂ @114255??'& Z(x) values and pick the phasd @Ydted /01154
wlth e {argist Z{(x) value (Block H). The second option

is that the receiver can continue slipping the x value
through the 64 possible states again in the event that a

5 temporary fade was responsible for the missed detection on
the first pass.

This method of using the relative differences of the two
tests (SUT and MUT), rather than an absolute test result,

1o provides a test which is more robust, as well as a test
which yields a lower mean time to acquisition than the use
of an absolute test.

The overall purpose of the method is to provide a nmulti-

15 user acquisition procedure for use by the SU 14 in
acquiring the forward side-channel in the presence of many
interfering forward channel signals. An important aspect of
this method is that by comparing the result of the single
user test (SUT) to that of the multi-user test (MUT), for

20 each possible phase state, the relative difference between
the two tests is better able to distinguish the correct
phase state from all of the incorrect phase states.

The presently preferred embodiment of this invention

25 assumes that no timing (reference) information is present,
and up to, by example, 10 symbol rates of <freguency
uncertainty exists. It is also assumed that all interfering
channels transmit independent random data.

30 Further in accordance with an aspect of this invention, a
single acquisition sequence, also referred to as a "look",
includes setting a particular chip code phase and carrier
frequency and thereafter accumulating a detected value
(i.e., a magnitude of an in-phase (I) component plus a

35 magnitude of a quadrature (Q) component) of, nominally, 64
symbols. This operation is accomplished by the detector
circuitry 124, and the resulting value is supplied to the



conpletely determ ned up to the nunber of degrees of freedom which is
adjusted to neet the probability of detection and false alarmcriteria:
: . Pd = [err]Pz[err] (z) dz and a = [err]Pz[err]dz

for sone threshold t[err]. 5 Based on the foregoing, and in accordance

with a fi r Styo g73fi3Pect of this invention, there is provi ded,,@r,ﬂg},}a%or

the SU 14 to acquire the correct code timng for a synchr onous

forward channel link in the presence of 10 sonme anount of nulti-user
interference (MJ). This nethod expl oits, the orthogonality of the pn
codes used to determ ne the proper code "phase by purposely despreading
a pn code (i.e., the null code) which is known to not be present.
This is done to overcone the problemthat arises 15 when using a

conventi onal acguicsiesisor pleecdunichherontarnls thescovernakl aci¢quelsiltiidarhi s

case the interfelepehceChY eRhmple, Pad 17 U&IHU itﬁk@.s“ﬁﬁéx?ati‘é:ﬁ Nedh Bkas N9
gain P, can be nearéyg&iﬁstrong as the energy of t

e desired user's
signal . As a re&YEEY tn d5£EF°R8F0i si ti on approach, 20 wherein a

detection is declared when the energy of a mat ched filter output (or
sliding correl aipgfe Odiidsittion +8ERRIghLAN1A [ Rceskahcel Swith Vidhle in

a heavily | oaded System 2 To,si Lfy the discussion of the
nethod, it is am?é!d.myen t 1Rk t%@efréﬂﬁgﬁ §7°%ff Bt GOPREARSPhe Ofar T of
the  inconi ngovipprentsidreferredetodcrexeimas chovnelaevaluation, aade
30 Fig. 6 illugHadecaehPnsCatyidd frwpiaicehpdiilihflar@bAtrier 1ock.

10 The channel evaluation component operates to search for a
region of orthogonality during periods of heavy use (high
communications traffic). A pn spreading code for an unused
channel (the null channel) is supplied and a timing search
is performed at a nominal carrier frequency in half chip

15 steps. A reduction in a detected signal energy level is
assumed to be indicative of the presence of a region of
orthogonality, i.e., a pn code that is approximately equal
to the proper pn timing. If look values are found below a
threshold proportional to a mean look value, timing

20 detection is declared. Longer looks at plus and minus 1/2
chip steps and frequency steps of 1/4 the symbol rate may
then be made to more closely determine a lock point. The
desired channel's (e.g., the side~-channel) pn code is then
switched in, and the carrier frequency  pull-in is

25 implemented.

If no pn code phase is found to result in the detection of
a signal below threshold, the carrier frequency is
incremented in, by example, half symbol rate steps and the

30 channel evaluation procedure is repeated. The use of half
symbol rate steps assumes that orthogonality is
significantly reduced for frequency offsets of 1/4 symbol
rate. If the frequency uncertainty is exhausted without
locating a region of orthagonality, it is assumed that

35 insufficient interference sources, or interferers, exist to
produce such a region and a conventional code phase search
is performed.
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19 due to the desired user's signal, due to the interfering
users, and due to the background noise as a function of the timng
of fset of the matched filter. It should be noted ~ that on the forward
channel, the user signals are all 5 assunmed to perfectly synchronized
wi th each BPR&P142% e different curves shown in Fig. ® RO t he
vari ous conponents of the received signal, and the sum of these
conponents make up the received strength. It is inportant to note that
the MJ energy due to a receiver chip tim%g 10 offset is conparable to
the energy of the desired user's signal when the receiver is not

of fset. The inplication of this is that a standard acquisition

gl gor It hphmulﬁ&o??bee-aezcﬁmé‘% t enaﬁﬁ'ghy éUa%.tdd%TCl@rf hs%yfcﬂ': Us%fse,ggﬁ:{. |
et ween the of.f set, _and_synghrani ze ses. |Ln_fact, ss _additiona
15  aver agi nge’fa&??e]se'pltzg%e?nt T’Yﬁ'gagi ?"%ﬁ&q‘gy ?’3 gg&ﬁ?‘ﬁal #g ?requml to
t he noi se variknfxenagtisc@ndnpakes apprexinately 20 secgnds- to-conpletaiio

(SNR) of appr opidratRain€1 dBvaluation tsdditl drafaores RMeLduddabst hengoi se

norse 3 pr e ey Bk, VRARR ARt o PRe- el et T

absol ute value of the larger of | and Q despreader outputs are taken
and the resul tfhell SoRvr@hEIGh DV BbAEO PRadeE|dearch id MBerfBembacCtif heet he

L 2 e B, AR N, dlod SO 4 EEEE" 40K,
case of a hea\ﬁ‘-?’}?"enti°ﬂ§ac@2ﬁ%y§¥éﬁ? sparghemggisnhe nenweele IRf rekei red
to be 10| orgharhel A B Ecpilred (eUge ahmgiddNRHahmahar NiTee pn
reliably whethglad Nepheeei YET dearHdClihy R¥TEN Gy edthRe30rof SéadR! -
frequency in 1/2 symbol rate steps, and seeks to locate a
look value above a threshold that is proportional to the
mean value. A full chip search is performed and a largest
15 look value above threshold is taken as the lock point. As
a result, any multipath signal weaker than the direct
signal will also be detected. If the conventional code
phase search is unsuccessful the channel evaluation search
may be tried again.

20
once the timing phase is established to within 1/4 chip by
one of the two above~described code phase search
technigues, and the carrier frequency is tuned to within
1/4 symbol rate, the chip timing loop is closed and a

25 carrier frequency pull=-in is accomplished. The fregquency
pull-in procedure operates to tune the LO frequency {(see
Fig. 1) to a point where phase lock can be rapidly
accomplished without false locking to symbol rate sub-
harmonics. '

30
An intra-symbol discriminator may alsc be employed. The
intra-symbol discriminator uses another pn code channel
which has a pn code that represents the desired pn code but
with the second half inverted. A channel using that

35 particular code will interfere with the discrimination
process, but the interference will a zero mean interference
(assuming random data) that is readily filtered by the loop



T

In contrast with the standard acquisition approach, and in
with an aspect of this invention, if the SU recei ver instead despreads
is not 35 transmtted, then the noise will be "tuned out"”

a PN code which

when t he receiver conmes into alignment with the interfering signals.
This inplies tﬁgt the SU receiver can look for the "hole in

97/ 31428
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20 t he noi se" which occurs at the zero of fset phase, and thus
determ ne when the noi se energy at a slidigﬂ?correlator out put drops

below a threshold. At this time the ac

that a | ock has
the nmulti-user

significant advapipges. OVRie fredu¥hdiOPEN-iANBrodsaULs téPRIRAEd | Lty t WO

probl ens can 10
problemresults

not constant, antherebhentidg the acquisitdonoprogedars. T@ﬁ?@?fFP%eﬁhe svl' hi s
conpl i cates the 15 eonRtinudisly pertmsearwdieri phase &rodt | detastih anse,

docr case at Che STDTELE] & DRbEncor A 1638 46 1¥ e BRtECH ARG

beconmes perfect.
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35

sition circuit can declare
occurred. 5 This technique has been referred to above as
test (MJT). Al t hough this approach provides

FrARad {0 A Rulloh e o7 A4 3P RRARBREY o phad A

Su 4 returns to the channel evaluatlon search.

While the invention has thus been particularly shown and
described above with respect to a number of embodiments
thereof, it will be understood by those skilled in the art
that changes in form and details may be made therein
without departing from the scope and spirit of the
invention.

For example, it should be realized that the teaching of
this invention is not limited to any of the exemplary
frequencies, pn code lengths, numbers of users, despreader
and detector embodiments, and the like that were described
above. Furthermore, it should be realized that the
threshold in Block D of Fig. 8 can be made variable or
adaptive as, by example, a function of the number of times
that the method loops through this block. An initial
setting of the threshold can be accomplished in accordance
with calibration procedure that slips through all phase
states, and sets the threshold to lie between the highest
and the second highest measured correlation values.

It should further be understcod that the teaching of this
invention is not limited for use with the RF transmitters
and receivers illustrated in Fig. 1. That is, in other
embodiments of this invention the CDMA forward and reverse
link signals can be conveyed through, by example, coaxial
cable or fiber optic cable. The CDMA signal could also be
conveyed through water, using suitable acoustic
transducers.

The above described embodiments should thus be viewed as

accor dance

AR



20 The second problemresults fromthe fact that the threshold of noi se
power at which a |lock should be declared is a function of the nunber of
currently active interfering users, and so sone type of calibration
procedure shoul d be performed to set this threshold. Such a calibration
25 procedure nmay involve scanning the possible code phases_in hal f-chi p
steps to dWPHRRE an average energy |evel and the | onWBSTUIOMY | evel .
If the | owest energy level is found to be | ower than the average | evel
by nore than sone t hreshol d amount, then the | owest energy | evel phase
may be 30 declared to be the |ock phase.27he penalty associated with

t hi s approach, however, is that the calibration procedure can require a
substantial anmount of tinme to perform nanely 2P tines the dwell tine.

Wil e a | engthyiagdekanphapyt id¥e the t8achifigSdf k¥ fnv&ht Do, daaaback,
since it only occurs 3 t start and after %ﬁg deep fades, it mgﬁld be
preferabl e tosﬁvdf 2 I%& i \?@ﬁfgﬁp’%‘ﬁ n%i ng " SBpEhi HRIBnPF

possi bl e. practiqe of /thigginvention.

PCT/ US97/ 01154 21 Figs. 7A-7D
illustrate four possible situations of |oading (nunber (N) of active
interfering users) and background noi se levels. In each case, the

mat ched filter or sliding correlator output is shown, when matched to
the side- 5 channel pn code and to the null pn code (i.e., the pn code
that is not transmtted). It is clear that the behavior of the null pn
code and si de-channel pn code sliding correlators varies by a large

anount dependi ng on the



channel | oadi ng and background noise level. 10 In a presently preferred
enbodi nent of this invention both t he S|gnal user test (SUT) and the

mul ti-user test (MJT) are peer'Wm'm sults are subtracted at
each phase state. The procedur " tIy preferred technique

I's sho | ogi ¢ flow di agr anf of* Fi"g. 38* Int re,
at each of m%d&?ék%hase states (for exanpl e 64 phase stat e’s‘%g ang‘y

begi nning with a phase x (Block A), the SU receiver first perforns the
signal user 20 test (SUT) by averaging t absol ute val ue of some nunber
of the larger of the I and Q despreader outputs (Block B). The SU
receiver then perforns the nulti-user test (MJT) at Bl ock C by doing
the sane averaging with the despreader enpl oying the null pn code. The
difference of these two 25 test statistgI®IMS then conputed (Bl ock D) and
if ‘the difference, Z(x), is larger than a threshold, a detection IS
declared (Block E). [If the threshold is not exceeded, the SU processor
12e stores Z(x)m!aﬁ"&’i‘ &3menory (MEM. At Block F a

determ nation is made by the processor 30 12e if all 64 possible phase

states of phase X hqveabﬁsahoa fabegyxe&rdﬁimg eenhr e&«m&%&ﬂ% G
where the sor_ l2e sl p-clock to the next

phase state, arﬁj I*3&y o Fg Bﬁf‘g‘igﬂ Iveé%?s 35 If all 64 possible

phase states are exhausted and no detection is declared at Block F,

then therelgt | east despreadinit 'dDriaczegﬁﬁéci | M ORidRan | Githak 1#3&s¥ pn
EE?—?E;S?; Ollg 4can code thatlis’kaswA not to be pxgsent in the received
CDMA signal and obtaining a measure of received signal

level; and

using the obtained measure of the received signal
level when setting a phase of a second pn code that
correspends to a desired forward channel that is to be
received.

2. A method as set forth in claim 1, wherein the step
of despreading despreads a null channel, and wherein the
desired forward channel is a continucusly transmitted side-
channel.

3. A method as set forth in claim 1, wherein the step
of obtaining a measure of received signal level obtains a
correlation null.

4. A method as set forth in claim 1, wherein the steps
of despreading and obtaining are accomplished 1terat1ve1y
aover a range of first pn code phase states.

5. A method for acgquiring a forward channel in a
point-to-multipoint CDMA system, comprising the steps of:

despreading a received CDMA signal with a first pn
code that is known to be present in the received CDMA
signal and obtaining a first measure of received
signal level;



sort the stored Z(x) values and pick the phase state, X, with the
| argest Z(x) value (Block H). The second option - —-.is that the receiver

can continue slipping the x val ue . 64 possi ble states again
in the event that a 5 tenporary faHm"Hanﬁgyaﬂaie for the m ssed
detection op the first pass. * ¢ Thi Sk of using the relative
di f f er ences "6t E3: wo tests (SUT and MJT), rather thanPEiYUSH¥slut e
test result, 10 provi des a test which is nore robust, as well as a test
which yields a lower nean tinme to acquisition than the use of an

absol ute test. The overall purpose @8 the nethod is to provide a
multi- 15 wuser acquisition procedure for use by the SU 14 in

acquiring the forward side-channel in the presence of nany interfering

forward channel si QHQE?reéﬁihgpﬂﬁé FUHRRRS loopha s'i?gtﬁr;uf%hnf%]%%%éna tﬁgat by

conparing the result 9 e, single user test
mul ti-user test (MSTPesEP%0Ls KREHN QL P P9 RESSant e thee resedvede
di fference between CDMA signalyardeebtainihgtd aecohdeméasdli-6 tdf Feicel veie

correct phase gigh81figUrellafg the incorrect phase states. The
presently preferred enbodi ment of this invention 25 assunes that no
timng (reference) information is present, and up to, by exanple, 10

symbol rates of freguenbyonizingroea diestiyedxchannel tusinglasaizsep@ndet hat
all interfering  petWaghetBe!£APSE1 dnd SRS gradNdQPdata. ~ 30
a

Further in accordance with an aspect of this invention, single
acqui sition sequence, also referred to as a "l ook", I ncl udes setting a
particul ar chip codé-phaethafi agaseteforth inf cdgimngy whekdirethel feest

accunul a'; i n? asﬂebgbtede@tkﬂgdin? d@bpggadtﬁ @%ﬁt!ﬂﬁoﬂél@nf Qh?ﬁié@eél )
conmponent pl us 5 u uadr at yr e conponent) _of , . .

nom nal ly, 64 sfag g?%ﬁlgﬁgjé' T%l“g o%é?cl‘a?’r'bn trli? a% | PEheBYBEPERABLIGARSC Or
circuitry 12d, S¥Rghrepizes e the Ridr-shanngiol ied to the

7- A method as set forth in claim 5, wherein the step
of obtaining a first measure of received signal level
obtains a correlation peak, wherein the step of obtaining
a second measure of received signal level obtains a
correlation null.

8. A method as set forth in claim 5, wherein the steps
of despreading and obtaining are accomplished iteratively
over a range of first pn code phase states and over a range
of second pn code phase states.

9. A method as set forth in claim 5, wherein the steps
of despreading and obtaining are accomplished iteratively
over a plurality n of first pn code phase states and over
a plurality n of second pn code phase states, and further
comprising the steps of: '

for a pn phase state i of the plurality n of first and
second pn code states,

determining a difference value between the first
measure of received signal level and the second
measure of received signal level;
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23 processor 12e which controls the 6veralT "acquisition

sequence. By exanple, at 17 cbau ' [ ican occur every 3.8
m | liseconds. The acquisiti Haﬂﬂma Iﬁmcor dance with this
of Tou

5
enbodi nent o Lpvention is conpresed r+ conpone . red
to herein asn‘(’:éug’%ﬁé eval uation, code phase sear ch, carrlpé?m#r equency
pull-in, and carrier |ock. 10 The channel eval uation conponent operates
to search for a regi on of orthogonali t)égduri ng periods of heavy use
(high comuni cations traffic). A pn spféading code for an unused
channel (the null channel) is supplied and a tim ng search I's perforned

at a nomnal carrier frequency in half chip 15 steps. A reduction in a
det ect ed signal ener gpnpardhg the diffexemce tvalite itulix dthreshold value;

presence of a region ofy orthogonality, i.e., a pn code that is
appr oxi mat el y equal to the proper pn timng. If |ook values are found
bel ow a t hreshol d proportional to a nean | ook value, timng 20

detection is decl aredf thendiffévehse atalpleidsagueataustisn the theieishodtieps
and frequency steps Gfaillet LBELENGDOlpH 8b8eFdneratort %“ogﬁfwﬁ@de? pr cBBke

| osel y det er i | o T d d_channel ! g
Si do-channel ) pn- codBHEFSPREREING Ca e ASALFRS SRR EAPITEPI AR BRCy

pull-in is 25 inpl erodecteing set at the pn phase state i;

else, if the difference value is not greater than the
threshold value, incrementing the pn phase state i and
re-executing the steps of despreading and obtaining.

10. A method as set forth in claim 9, wherein if none
of the n difference values are greater than the threshold
value, further comprising the steps of resetting i to an
initial value and re-executing the steps of despreading and
obtaining.

11. A method as set forth in claim 10, and further
comprising a step of adjusting the threshold value prior to
re-executing the steps of despreading and obtaining.

12. A method as set forth in claim 9, wherein the step
of determining the difference value includes a step of
storing the determined difference value, and if none of the
n difference values are greater than the threshold value,
further comprising the steps of:

examining the stored difference values to select a
stored difference value that has a largest value; and

setting the pn code generator to output the pn code
corresponding to the desired channel, the ocutputted pn
code being set to a pn phase state that corresponds to
the selected stored difference value.



I f no pn code phase is found to result in the detection of a signal
bel ow threshol d, the carrier frequency is incremented in, by exanple,

hal f. synbol rate steps and the 30 uation procedure is

repeated. The use of half Hmmlii@mﬁguigahps assunes that

orthogonal j t |s 5|gn|f|c frequency offsets of 1/ 4
walyg PEFORSRISS

synbol 2t the frequency uncertainty is exhausted

| ocating a region of orthagonality, it is assuned that 35 insufficient
interference sources, or interferers, exist to produce such a region
and a conventional code phase search 305 perf orned. WO 97/ 31428
PCT/ US97/ 01154 24 The
above-descri bed channel eval uation search uses, by exanpl e, 256 pn code
phases with, by exaspl ea 20sfhEQEERAGYs CDMACT TRkiH183¢ shakes systen,
apprOX|nater 20 s c? gs to conpl ete. The channel eval uation search
requires the TERPEASHR channel known to be vacant (i.e.,, the null
channel ). The conventional code phase'search is perforned if the
channel eval uati Onaieibﬁﬁtd%%% BRI IR YHMeE vhike S risi yﬂ%ggsonal
code phase search yses g %%Qe of the_ 10 ghannel to be acquired (e.g.,
t he side-channel). *Fhe ﬁn BATEIRG o Fac@IRraddyonof | First yarde s
for each f requehapnedsi/ 2ingivbfuaht onasepot aﬁﬂléeeﬁtrst)lﬂnnﬂaxda

| ook val ue above achBhaehs!seimqtintended 8bt i¥utdigtobyéne subBRAFIDEY,U
full chip search |§E8eré&g n%%gﬁ@ﬂx@t&ﬁggea% iéasLOOk evajsggo Qovfe thr%shol d
C

Is taken as the |lo
channel that is intended for receipt by a plurality of

subscribers, each of said forward channels being
spread with an associated pn code that has an
orthogonal relationship to associated pn codes of the
other forward channels; and

a plurality of subscriber units ({SUs) individual ones
of which comprise means for receiving the plurality of
first forward channels and the at least one second
forward channel, individual ones of said SUs further
comprising means for despreading the at least one
second forward channel, using a first pn code
associated with the second forward channel, and for
obtaining a first measure of received signal level;
individual ones of said SUs further comprising means
for despreading the received forward channels using a
second, null pn code that is not transmitted by the
RBU and for obtaining a second measure of received
signal level, said null pn code having an orthogonal
relationship to the transmitted pn codes; and further
comprising means for setting a phase of the first pn
code associated with the second forward channel using
a difference between the first and second measures of
signal level.

14. A CDMA communications system as set forth in claim
13, wherein said means for obtaining a first measure of
received signal level obtains a correlation peak, and
wherein said means for obtaining a second measure of



a result, any nultipath signal weaker than the direct signal wll also
be detected. If the conventional code phase search i s unsuccessful the
channel eval uation search na{ be tried again Once the timng

Shove-descr ey s phase senr ﬂllmmlmmmﬂneaﬁ; S I

is tuned to 1/4 synbol rate, t he chip timng loop 1§ clos and
a 25 carrier frequency pull-in is acconplished. The frequency pull-in
procedure operates to tune the LO frequenc¥ (see Fig. 1) to a point
where phase | ock can be rapidly acconmplished w thout false locking to
synbol rate sub- har noni cs. 30 An intra-synbol discrimnator my
al so be enpl oyed. The i ntra-synbol discrimnator uses another pn code
channel whi eleckised pignaliclevel oltaiserd scdireldddioneaduld .code but
with the second half inverted. A channel using that 35 particular code
Wil interfere with the discrimnatiogon . rocess, but the interference
will a zero nean int&rfdt SR °°m(’§ggaﬁi"ﬂﬁ r%)ﬁ%ﬁﬁﬁ&?tﬁ?ttf%&'ﬂ? 40 gigipy
filtered by theiBgopwherein sal@ Omé8ns.For despreading and obtaining

PCT/ US97/ 01154 gperate iteratlvely over a range o first phi bb&& phHSe

- frequency pull-i roced erm nat es t mhlch t he
SU 14 is swi tch@ga SSpﬁ éeoY%fka ranget%ér%%@"%%ﬁ’hd:%epg@&& 5'%
procedure. Thereafter the SU 14 continuously perforns carrier phase

error detection to 5 determne a loss of lock. If a loss of lock is
detected the SU 14 returns to the channel eval uati on search.



R e S

VWil e the invention has thus been particularly shown and descri bed

above with respect to a nunber of enbodinents 10 thereof, it wll be
understood by those skilled in the art that changes in formand details
may be made therein wi t hout departing fromthe scope and spirit of the
invention. w@oykQss €xanple, it should be realized that the teaching of
this invention is not limted to any of the_exenplary f r EGABIFATVES4 pn
code | engths, nunbers of users, despreader1 and detector enbodi nents,
and the |like that were described above. Furthernore, it should be
realized that the 20 threshold in Block D oigFig. 8 can be nade varwabl e
or adaptive as, by examgl e, a function o}ﬁb.he nunber of tine ¥ that
t he net hod | oops through tH™s bl n y N| @I at.ling o e
t hreshol d can be acconplished i p acc Lgw ffh calilggatia ocedure
that slips through all phase st akes, s tthe thréghol d lie
bet ween t he hi ghgst and the]secody highest neagured canrel val ues.
It should furthet be understood}that f this tionis
not limted for yse with the RF/tr ttefs 30 amd receiQyers illstrated
in Fig. 1. That =l her e [ s of th{s i nvemion the
forward and rever sy I§i nk si conveyg¢d t hrough, by %e,
coaxi al cabl e ¢r abr optic agblfe. The CDVA sigral could g so be
conveyed through wat ef, ugd ng~ Agui t abl e acou té'c 35 prrempsducerg.
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not be construed in a limting sense upon the

i nventi on.

CLAI M5
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forward channel
despreadi ng a recei ved CDVA si gnal
known not to be present
recei ved signha
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Is clained is:
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usi ng the obtained neasure of the received signal | evel when setting
a phase of a second pn code that corresponds to a desired forward
channel that is to be recei ved. 2. A method as set forth in
claim1l1, wherein the step of despreadi ng despreads a null channel, and

wherein the walesiigmd forward channel is a continuously transnitted side-
3. Anethod as set forth in claiml, mhere?%h gwgpgb

channel .
of obtaining a nmeasure of received signal |evel obtains a correlation
nul | . 4. A nmethod as set forth in_claiml1l, wherein the steps of

despreadi ng and obtai ning are acconplishé 7iteratively over a range of
first pn code phase states. 5. A nethod for acquiring a forward

poi nt-to-nulti point COVMA system conprising the steps of:

channel in a
despreading a received CDVA signal with a first pn code that is
known to be present in the recei ved CDVA signal and obtaining a
first nmeasure of received signal |evel; WO 97/ 31428

PCT/ US97/ 01154
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28 despreadi ng the received CDVA signal with a second pn

code that is known not to be present in the received CDMA si gnal and
obt aj ning a second neasure of received signal |evel; and

synchroni zing to a desired channel using a difference bet ween t he
first and sewlﬁj. nal |evels. ~ 6. Anethod as set {efiSodoiisy @l M
5, wherein the Tirs step of despreadi ng despreads a conti nuously
transmtted si de-channel , and wherein the step of synchronizing
synchroni zes to the side-channel. 7. A nethod as set forth in
claim5, wherein the step of obtainingq;first measure of received signa
| evel obtains a correl ati on peak, where A the step of obtaining a

second neasure of received signal |evel obtains a correlation null

8. A nethod as set forth in claim5, wherein the steps of despreadi ng and
obt &ining are acconplished iteratively over a range of first pn code
phase states and over a range of second pn code phase states. 9.
A nmethod as set forth in claimb5, wherein the steps of despreadi ng and
obt ai ning are acconplished iteratively over a plurality n of first pn
code phase states and over a plurality n of second pn code phase states,
and further conprising the steps of: for a pn phase state i of

the plurality n of first andj =<= : second pn rode gtatesi
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determning a difference val ue between the first measure of received

signal |evel and the second measure of received signal |evel;

WD 97/ 31428 PCT/ US97/ 01154

29 conparing the difference value to a threshol d val ue;

and { ifference value is greater than the threshold

val ue, setti na“g’?r}g%sgde generator to output a pn code PCT/US97/01154

corresponding to the desired channel, the outputted pn code bei ng

set at the pn phase state i; else, if the difference value is not

greater than the threshol d value, igpgrementing the pn phase state

and re-executing the steps of despreadi ng and obt ai ni ng.

10. A nethod as set forth in claim9, wherein if none of the n

di fference values are greater than the threshold val ue, further

conprising the steps of resetting i to an initial value and re-executing
obt ai ni ng. 11. A nethod as set

the steps of despreadi ng and
forth in claim10, and fygther cogprising a step of adjusting the

threshol d value prior to2WN [V
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re-executing the steps of despreadi ng and obt ai ni ng. 12. A met hod
as set forth in claim9, wherein the step of determning the difference
val ue includes a step of storing the determ ned difference value, and if

none of the n difference values are greater than the threshold val ue,
exam ning the stored difference

further conprweismgi4be steps of:
stored difference value that has afFRU§E¥qL1s4

values to select a

val ue; and setting the pn code _generator to output the pn code
corresponding to the desired channel, thégﬁutputted pn code being
set to a pn phase state that corresponds to the sel ected stored

di fference val ue. WO 97/%i528 -

PCT/ US97/ 01154 w 30 13. ARG
synchronous CDVA connunications’\Syste conpri si ng: vat | east
one radi o base unit (RBU) conprising neazg for transnittinﬂ:a
plurality of first forward {®anneleg, individual ones of safd first
forward channel s being int ed f@ recei pt by one subscrifer,

and for transmtting at |east one&&®condE&orward channel tgt i's
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subscri bers,

each of said forward channel s being spread with an

associ ated pn code that has an orthogonal relationship to associ ated

pn codes of the

ot her forward channels; and a plurality of

subscri ber units (SUs) individual ones of which conprise nmeans for
receiving t heygdnsiagi ty of first forward channel s andp¢ireseoiiseast

one second

forward channel, individual ones of said SUs further

conprising nmeans for despreading the at | east one second forward
channel, using a first pn code associated with the second
forward channel, and for obtainind”Z first neasure of received

signal |evel

i ndi vidual ones of said SUs further conprising neans

for despreading the received forward channels using a second, nul
pn code that is not transmitted by the RBU and for obtaining a

second neasure of rece

or t hogonal

conpri si ng means{f STAESt tAThgP
with the second fbd
and second neasures O
conmuni cati ons system as sa
obtaining a f

peak, and
WD 97/ 31428
31

irst ne
wher ei

signal level, said null pn code having an

elationshi& to the transmtted pn codes; and further
ASta bf the first pn code associ at ed

ard channel ] a difference between the first

evel . 14. A CDVA

forth in ®®aim 13, wherein said neans for

ecei ved signal |evel obtains a correlation

sai d neans for ®Qtai ning a second neasure of
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received signal |evel obtains a correlation null.

communi cations systemas set forth in claim

despreadi ng and obt ai ni ng operate iteratively over a range s
states and over a range of second pn code phase ZiE®es.

code phase
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