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SYNCHRONI ZATI ON OF TRANSM SSI ONS FROM A SUBSCRI BER UNIT TO A BASE 10

UNIT IN A RADI O CDVA COVMUNI CATI ONS SYSTEM CROSS- REFERENCE TO A RELATED
PATENT APPL| CATION: This patent application is related to commonly assi ned
15 U S. Patentw@agkigation Serial Number 08/ 606.378 , filed BEFESFUYRESS -
entitled "A MITI-USER ACQUI SI TI ON PROCEDURE FOR PO NT- TO- MULTI PO NT
SYNCHRONOUS CDMVA SYSTEMS', by S. Kingston et al. (Attorney Docket No.
DUT 512). 20 FI ELD OF THE I NVENTION: This invention pertains generally to
code division, multiple access (CDVMA) comrunication systens and, in
particular, to direct-sequence (DS) multi point-to-point 25 synchr onous
CDMA conmruni cati ons systens. BACKGROUND OF THE | NVENTION: In a CDVA

comuni cations systema plurality of user 30 comuni cati on signals ‘can be
transmtted within, i.e., share, a sane portion of the frequency spectrum
This is acconplished by providing a plurality of different pseudonoise (pn)
bi nary code sequences (e.g., one for each user) that nodul ate -a carrier
t:hereby "spreadi ng" the 35 spectrum of the resulting waveform In a given

recei ver all of the user signals are received and one | ﬁF%&S@Béﬁ
appl yi ng an assi oﬁr w@‘ﬁ lé Eor to
kgm gnal ener‘gg% %wm

extract only th

CROSS-R ENCE _TO NT APPLICATION:

This patent application is related to commonly assnged

15 U.S. Patent Application Serial Number 08/ 606,378 , filed
02/23/96 , entitled "A MULTI~USER ACQUISITION PROCEDURE FOR

POINT-TO-MULTIPOINT SYNCHRONOUS CDMA SYSTEMS", by S.
Kingston et al. (Attorney Docket No. DUT 512).

20 F " ION:

This invention pertains generally to code division,

multiple access '(CDMA) communication systems and, in

particular, to direct-sequence (DS) multipoint-to-point
25 synchropous CDMA communications systems.

B GROUND ON:

In a CDMA communications system a plurality of user

30 communication signals can be transmitted within, i.e.,
share, a same portion of the frequeﬁcy spectrum. This is
accomplished by providing a plurality of different
pseudonoise (pn) binary code seguences (e.g., one for each
user) that modulate a carrier, thereby "spreading" the
35 spectrum of the resulting waveform. In a given receiver all
of the user signals are received, and one is selected by
applying an assigned one of the pn binary code sequences to
a correlator to extract only the signal energy intended for

" the receiver, thereby "despreading” the received CDMA




the receiver, thereby "despreadi ng" the recei ved CDVA WO 97/ 31429

PCT/ US97/ 02654 2 .transm ssion. Al other (uncorrelated) user transm ssions
appear as noi se. One type of CDMA conmmuni cation systemis specified by a 5
docunent referred to as EIA/TIA/ I S-95. The system as specified uses a
plurality of bagasaiabi ons that establish and nmaintain bidir e@crwssd/o2654

di rect-sequence (DS) CDVA links with a plurality of nobile stations (e.g.,.
cellular tel ephones). One feature of the | S®5 system is the 10

presence of a pilot channel that is transmtted by each base station. The
pi l ot channel is an unnodul ated, direct-sequence spread spectrum si gnal

that .is transm tt g, %%BEQHBH?'X%PVofﬁ§¥‘@&%ﬁ$fggwatgﬁ§e?§%ﬁtffﬁhsﬂ1§§i3ﬂén

channel allows a nmobile"station to acquire the timng o e Forward CDVA
channel (i.e., fr@PPeA& B&sBO4EGtion to the nobile station), provides a
phase reference for coherent denodul ati on, and provides a reference for

to handof 1 The Pl TS SRR (e AAYIH Uretdn o SEIRTLE By, UIET
llength PN seqienc@ockmentpeFeERrEet tRata%r EIALTdA(ES5PPeadhe system as

f - specified uses a plurality of base stations that establish
| and:-maintain bidirectional direct-sequence (DS) CDMA links
! ~with a plurality of mobile stations (e.g., cellular
telephones). One feature of the IS-95 system is the
10 presence of a pilot channel that is transmitted by each
base station. | o

| o The pilot channel is an unmodulated, direct-sequence spread
| spectrum signal that is transmitted continuously by each
15 CDMA base station. The pilot channel allows a mobile
station to acguire the timing of the Forward CDMA channel
(i.e., from the base station to the mobile station),
.prcvides a phase reference for coherent demodulation, and
provides a reference for signal strength comparisons

20 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.
| - Different base stations are identified by different pilot
% - 25 PN seguence offsets. A pilot pn sequence offset index is
L 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

ratio of received pilot energy to overall received energy.

30
%' ' Walsh functions are a class of 2" time orthogonal binary
| functions that are used to establish orthogonality between
the different pn binary code sequences used by the pilot
~ and user channels.
35

In conventional practice it is known toc vary the base
‘station's receiver timing phase until synchronization with



t he Forward CDVA channel and the Reverse CDVA channel. Different base
stations are identified by different pilot 25 PN sequence offsets. A

pi | ot, 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 sagoensm®2e The pilot strength is defined as the raPFEHU§702654
received pilot energy to overall .received energy. 30 WAl sh functions are a *.
class of 2[err] time orthogonal binary functiofs that are used to establish
orthogonality between the different pn binary code sequences used by the
pil ot and user channels. 35 In conventional practice it is known to vary

t he base station's (e nc ti i
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achi eved. However, PRFECFBERARIY H¥er 8Fntedthris Wfe 1aF9P ARTURY A é"r‘ge
anount of nulti- usesernizetéﬂmet khati $s possant when the recsiver vaniess
Its timng offset f ?ilfﬂ‘H Feske! Ffom gﬁb@r&‘écgw tﬂﬁ@.s §s %ééué@%’he.
i'nterference power Meve be conparable to tge siqwfq E
User is not Synéhronpiga—pﬁe5.1nterference power leve 1 e comparab e to
the signal power when the user is not synchronized in a
synchronous CDMA communications system. As such, the
receiver has difficulty in distinguishing the correct
timing phase from incorrect phases due to the strong

10 interference.

OBJECTS OF THE INVENTION:

It is a first object of this invention to provide methods
15 and apparatus to enable a subscriber unit to synchronize to
' a synchronous CDMA-communications system.

It is a second object of this invention to provide methods

and apparatus to enable subscriber units using orthogonal
20 pn sequences  to synchronize to a synchronous CDMA

communications system, wherein a given one of the

subscriber units varies its transmitter timing phase until

a radio base unit signals the subscriber unit to terminate

varying the timing phase, thereby selecting a current
25 timing phase for use by the subscriber unit.

;'.. It is a further object of this invention to provide methods
i . ) and apparatus to enable subscriber units using orthogonal
B ' pn seguences to synchronize to a synchronous CDMA
30 communications system, wherein a given one of the
subscriber units varies its transmitter timing phase over
a large number (typically twice the processing gain) timing
phases, while a radio base unit monitors the received

transmissions and selects a best timing phase for use by
as the subscriber station.



synchronous CDVMA communi cations system As such, the receiver has
difficulty in distinguishing the correct timng phase fromincorrect phases
due to the strong 10 interference. OBJECTS OF THE INVENTION: It is a
first object of this invention to provide nethods 15 and apparatus to -
enabl e a subscijdgizd t to synchroni ze to a synchronous CDMA perusormzess
conmuni cati ons systen1 It is a second object of this invention to provide
met hods and apparatus to enabl e subscriber ungts using orthogonal 20 pn
sequences to synchronize to a synchronous CDVA comunications system
wherein a given one of the subscriber units varies its transmtter timng
phase until. a radio base unit signals the subscriber unit to termnate
varying the tining phase, therebyww timng phase for
use by the subscriber unit. is afurther object of this invention to

provi de met hods ang, pﬁagggugngoa%ab%mno D8 £0b ks, UBELS o43iiBn0" LAR00PAL

pn sequences to sync ron| sync nTUNi cat i ons
system - wherein @PIFhRnoLonkhe oP-"VFHEJ%’Eub&FPl pegakizads by imethods and .

transmtter tisgi ng;gﬁmw&n Sctofdindulwieh dibgiigRnty 6pittE st Bfvention,
processing gain) thL{,ng }asé‘xfn t%’ﬂbe‘?: b 5310 g&%% Hlh! ﬁEﬂ' E?E%uiggy a
recei ved transm ssi ons an ects a bes t iR ﬁase use ?%e
subscri ber st a“omethods enabling synchronizat on with a central point,

a ' e.g., a radio base unit, of a CDMA communications system in

§ _ . the presence of a plurality of interfering other subscriber

: 10 units.

\=
In a first aspect this invention teaches a method for use\
in a synchronous CDMA ‘communications system that employs
orthogonal pn spreading codes. The method is intended for
15 synchronizing transmissions from a subscriber unit (SU) to
; a radio base unit (RBU), and includes the steps of: (a)
' : transmitting individual ones of a plurality of bursts from
the SU to the RBU, each burst being transmitted with a
different pn spreading code timing alignment: (b) receiving
_ 20 individual ones of the plurality of bursts with the RBU and
; ' determining a power estimate of each received burst; and
| ' (c) in response to a determined power estimate of one of
the bursts exceeding a threshold, sending a message from
o _ | the RBU to the SU. The message indicates that the SU is to
_ 25 use for subsequent transmissions the pn spreading code
i ' ~ timing alignment that was employed when transmitting the
burst that  exceeded the threshold. In a preferred
embodiment of this invention the step o©of transmitting
transmits an indication of the pn spreading code timing
30 alignment used when transmitting a given one of the bursts.
Each burst is transmitted with a pn spreading code timing
alignment that differs by 1/2 chip from a previous pn
spreading code timing alignment.

' - 35 The RBU executes the following steps when receiving the sU
| burst transmissions: summing M samples per chip to obtain
a first result; -despreading the first result; summing L
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OF THE | NVENTI ON The foregoi ng and ot her problens are overcone and the
objects of the invention are realized by nethods and 5 apparatus in
accordance with enbodi nents of this invention, wherein a subscriber unit is
provi ded with ci nebdaeand et hods enabl i ng synehroni zation w tRETAISPEAR6HY| -
point, e.g., a radio base unit, of a CDVA co ni cati ons systemin the
presence of a plurality of interfering other sabscriber 20 wunits. In a
first aspect this invention teaches a nethod for use in a synchronous CDVA
communi cati ons systemthat enploys orthogonal pn spreadi ng codes. The
method is intended feg/ipkd erS!é?ﬁbépnfidnn&ﬂd FIATEILS Fesast f 6 obtHl 2 rsdramad

uni t: (SU) to a radio ba d p ) .

transnitting indivi d&a% i%nefw(lggpl%réfwfawb‘gfS%Q&Fﬁ's‘%ﬁn ?ﬁ Sf]‘xa s%ccnd
RBU, each burst bei mgsulinteiohtainiatpovexiisstimate pf asusaantigPR FRFa3HNTg
alirgnnent; (b) receiogqdd Lfhming N&H ¥t Oasstobaghecﬁﬂm&bn y btnat su.

with the RBU and det erm.ni.n esti mat each recei ve gurst :
(c) in responseto & é’r"ﬁgn%oé)‘r?ge\ﬁéir a@???ﬁﬁgep%Ye’brfgt&Pagﬁe %ﬁ s’tré':ﬂ"u fla
exceedi ng a t hr esholpweserdt ijate Maswagerfevieuh eRBPresding Sle Aidgnuent
nessage indicates thl EB8mEhY ithe! fhreshold: and comparing the power estimate
: of the current pn spreading code timing alignment to the
threshold.
10 .
If the SU exhausts a predetermined range of permissible pn
spreading code timing alignments without receiving\{a
message from the RBU, the S5SU, performs the steps of
increasing an output power of an SU transmitter ;, and then
15 re-transmitting the plurality of bursts.

i Each transmitted burst is preferably separated by a period

_ of no transmission by the SU (i.e., a "cjuiet" period).

During this time the RBU may also determine a power
20 - estimate.

o Further in accordance with this invention the method
executes the steps of: in responsé in the RBU sending the
message, changing the pn spreading code timing alignment by

25 a predetermined number of chips; transmitting individual

_ ones of a second plurality of bursts from the SU to the

3 - RBU, each burst being transmitted with a different pn

' spreading code timing alignment; receiving the second
plurality of bursts in RBU and storing, for each received

30 burst, a corresponding magnitude of a pn correlation value;
and after receiving a predetermined number of the second
bursts, transmitting a message to the SU from the RBU. In

| . this case the message instructs the SU to use for

' ' subsequent transmissions a pn spreading code timing

35 alignment that .corresponds to a largest stored pn
- correlation value.



25 use for subsequent transm ssions the pn spreading code timng

alignnent that was enpl oyed when transmtting the burst that exceeded

the threshold. In a preferred enbodiment of this invention the step of
transmitting transmts an indication of the pn spreading code timng 30

al i gnment usedyyhgmibsansntting a given one of the bursts. Epenigonmbse s
transmitted with a pn spreading code timng alignnment that differs by 1/2 .
chip froma previous pn spreading code tinmng alignment. 35 The RBU
executes the followi ng steps when receiving the SU burst transm ssions:
summi ng M sanples per chip to obtain a first result; -despreading the first
result; summng L PCT/ US9Y/ f 9 ' ' &Ssynbol fromthe
first result to obtain a secH 1 ' f y—of synbols from
tihe second result to obtain a power estlnate of a current pn spreadi ng code

ti m ng gl i gnment '%'Héta;ﬁl@&t hts?enfaiéﬁ hdbthbe ﬂét—iu'i»es ebtehalmr&tq%i gde ..

aver aged power esti e that_inc ower es preyi.ous

spr eadi ng -code al?@%?rﬁ cﬁpqat}'relﬂ%nd"t %@ tﬁPE‘éh’b‘?o‘Sﬂ%eﬁH c‘gﬁ?ﬁc \{"3 gwer

estimate of the cuheehnvgmtsqnexhhnmrqnﬁkin|¢nnlyn§tdgnnvntht¢heh@ttached
Drawings, wherein: -

Fig. 1 is a simplified block diagram of a synchronous, DS-
CDMA communications system in accordance with this

10 invention, the system having a radio base unit (RBU) and a
plurality of transceiver or subscriber units (SUs). The RBU.,.
transmits a side channel tc the SUs, and also receives an\
essentially'asynchrdnously transmitted side channel from
the SUs.

15
Fig. 2 is a block diagram of the pn code acquisition
procedure for the asynchronous side channel receiver of the
RBU of Fig. 1. The detection threshold is determined using
an IIR filter that removes any dependency on dynamic AGC
20 levels.

D Fig.-3A is a graph that illustrates energy versus timing
| offset fof a desired (asynchronous) user, for multiuser
' interference, and for background noise.

25 - o

Fig. 3B is a graph that illustrates energy versus timing
offset for the desired (now synchronized) user, for the
multiuser interference, and for the background noise.

30 Figs. 4a and 4B are a flow chart of an asynchronous'reverse.
link side channel procedure, as executed by a SU in
cooperation with the RBU.

Fig, 5 is a timing diagram that illustrates RBU timing and
35 epoch as well as an initial timing of a received SU signal.
The epoch for the SU signal is unknown.



threshold. 10 If the SU exhausts a predeterm ned range of perm ssible pn
spreadi ng_code timng alignments wi thout receiving a nessage fromthe RBU,
the SU, perfornms the steps of increasing an output power of an SU
transmtter, and then 15 re-transmtting the plurality of bursts. Each
transmitted bur syoie9spref erably separated by a period of no traRERUSEV@EFLY
the SU (i.e., a "quiet" period). During this time the RBU may al so _
deternmine a power 20 estimate. Further in acéordance with this invention
t he met hod executes the steps of: in response in the RBU sending the
nmessage, changing the pn spreading code timng alignment by 25 a
predeterined nurbeg gl Ghi ps; of ' @iyl bbhiign! Mdveduatalih o peaoBIdana
plurality of bursts TPomthe SU to the RBU, each burst being transmtted
with a different pn"9BL&50i PFFIHHE tining alignnent; receiving the second
plurality of bursts in RBU and storing, for each received 30 burst, a "
correspondi ng nagni e of. r ' . ' \ | tungtdon.
qredefernhned"nunbe%ggf'?Hggggggggﬁbgég%%fyﬁégy s%?t??ﬁOéégfgki?¥§§ Fg'thi SU
fromthe RBU. |8 thP§ 2R SRFeaEHg,158TNARES uA §e@|’fee§gs’56 i #¥g functlion
subsequent transmi satonsoa pn spreading code timng 35 al i gnment t hat
corresponds to a largest stored pn correlation value. '

AL N _OF NVENTION

10 Referring to Fig. 1, a synchroﬁbus CDMA communications
system 10, which in presently preferred embodiments of tgés
invention is embodied as a fixed wireless system (FWL), is
considered herein to be a CDMA system wherein forward link
(FL) transmissions frdm_a radio base unit (RBU) 12 for a

15 plurality of transceiver units, referred to herein as user
or subscriber units (SUs) 14, are bit and chip aligned in
time, and wherein the SUs 14 operate to receive the FL
transmissions and to  synchronize to one of the
transmissions. Each SU 14 alsoc transmits a signal on a

20 reverse link (RL) to RBU 12 in order to synchronize the

. timing of its transmissions to the RBU, and to generally
perform bidirectional communications. The synchronization
aspect ‘is' of most concern to the teaching of this
invention. The FWL is suitable for use in implementing a

25 telecommunications system that conveys voice and/or data
between the RBU 12 and the SUs 14.

The RBU 12 includes circﬁitry for generatihg a plurality of
user signals (USER_1 to USER_n), which are not shown in
30 Fig. 1, and an asynchronous side channel (SIDE_CHAN) signal
that is continuously transmitted. 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 the FL the
35 transmissions are modulated in phase gquadrature, and the
-SUs 14 are assumed to include suitable phase demodulators
for deriving in-phase (I) and’ quadrature (Q) components .
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DESCRI PTI ON OF THE DRAW NGS The above set forth and other features of the
i nvention are made nore apparent in the ensuing Det ai | ed Description of 5

the I'nvention when read in conjunction with the attached Draw ngs, wherein:
Fi g. 1 is a siyipbidiigd bl ock di agram of a synchrenous, DS--

conmuni cat i ons syst emin accordance with this 10 I nven

havi-ng a radio base unit (RBU) and a plurali8y of transceiver or subscri ber
units (SUs). The RBU. transnits a side channel to the SUs,
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t he system
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The RBU 12 also includes a receiver 12c having an output
coupled to a side channel receiver 12d. The side channel
receiver 12d is shown in greater detail in Fig. 2. The side
channel receiver 12d receives as inputs the spread signal
from the receiver 12c, a scale factor signal, and a side

channel despread pn code. These latter two signals are,_

sourced from a RBU processor or controller l2e. The scale
factor signal can be fixed, or can be made adaptive as a
function of a number of SUs 14 that are transmitting on the
reverse side channel. The side channel receiver 12d outputs
a detect/not detect signal to the RBU controller 12e for
indicating a detection of a transmission from one of the
SUs 14, and also output a power estimate valuve jx, as
described below. A read/write memory (MEM) 12f is
bidirectionally coupled to the RBU controller 1l2e for
storing system parameters and other information, such as SU

timing phase information and power estimate values, as will .

be described in further detail below.

Referring to Fig. 2, the side channel receiver 124 receives
the spread signal from the receiver 12c and sums some M
samples per chip. The sampled spread signal is then
despread using the assigned side channel pn code, after
which is .performed, on soft decisions of the despread
signal, a summation of L chips per symbol. The absolute
value of some number (e.g., 256) symbols is then
determined, which provides the power estimate x. Summing
over 256 symbols reduces the variance of this estimate and
thus yields a more accurate result. The power estimate is
‘applied to a detect/not detect comparison block and also to
a block that performs a computation of an average power
estimate using the expression:’

2



25 Fig. 3Bis a graph that illustrates energy versus timng offset for the
desired (now synchronl zed) user, for the nultiuser interference, and for

t he background noi se. 30 Figs. 4A and 4B are a flow chart of an
asynchronous reverse |ink si de channel procedure, as executed by . a SUin
cooperation withwbe7BBRt Fig. 5 is a timng diagramthat ill ustPEFESI7/epR34
timng and 35 epoch as well as an initial tlmng of a received SU signal,

The epoch for the SU signal is unknown. WO 9%/ B EEN

PCT/ US97/ 02654 7 Fig. 6 is a time domain represen cﬁg E@&s‘%s a}rd
"quiet" periods. Fig. 7 is agraph Il lustrating ah aut LAGER: | on
function. 5 of a pn spreadi Rg M3e-{ 14aPep-L£X) Sts in this function at

Synchr onous | COVA confiRt £ g F&m%“gﬁc#}l P Gkl fovi

enbodi ments of this tavehiianls éﬁbcﬁil Pover 2estimate, k| e%‘ér%%@% ey Feede

i s considered herei naloghferst CAME Y- WBea opred usd ipbwerNR etell) estimate.

transn155|ons frgnlaTﬁadko bage unlt £¥% eé%%fé%at determines how fast the
average power level responds to the current power estimate.
The calculated current value of y[n] is then multiplied by
a scaling factor to yield a detection threshold value for
use by the comparator block in maklng a current detect/not

10 detect decision based on the current power estimate x. If
the current power estimate is larger than the threshold a
detection is declared and this information is then fed back
to the transmitting SU 14, as described below with respect
to Figs. 4A and 4B. If the current power estimate is not

15 larger than the threshold, a not detect state is declared
instead. In the method described below the SU 14 can slip
its timing by 1/2 chip and then transmit again.

Reference in this regard can be had to Fig. 6, wherein
20 there is illustrated a time domain representation of bursts

and "quiet" periods. In this example a burst of six power

estimates (x[n)]) is followed by a quiet period of four

power estimates. The next burst is then transmitted by an

.'SU 14 with a pn phase that is delayed (slipped) by 1/2 chip
25 from the previous phase. .

The acquisition procedure of this invention makes use of

one of the properties of the spreading segquences. When the
spread §1gnal from the asynchronous side channel is aligned

30 in time with the timing of the side channel receiver 124,
the energy as measured by the receiver 124 is greater in
magnitude than when not aligned (see, for example, Fig. 5).
'This is due to the autocorrelation function of the
D spreading seguences, as is illustrated in Fig. 7.
. o 35 Therefore, the largest power estimate results when the side
' ' .channel signal that is transmitted by the SU 14 is in
alignment with the timing oF the RBU's side channel
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15 plurality of transceiver units, referred to herein as user or
subscriber, units (SUs) 14, are bit and chip aligned in tine, and wherein
the SUs 14 operate to receive the FL transmssions and to synchronize
to one of the transm ssions. Each SU 14 also transmts a signal on a 20
reverse |link (RipoisatBU 12 in order to synchroni.ze the tinm ngeofusdidess
transm ssions to the RBU, and to general |y perform bidirectional

comuni cations. The synchroni zation aspect 'i30 of nost concern to the
teaching of this invention. The FW is suitable for use in inplenmenting a
25 t el ecommuni cations systemthat conveys voice and/or data between the

RBU 12 and the SUspddeidé® BRY 12 includes circuitry for generati ng a
plurality of user signals (USER 1 to USER n), which are not shown in 30

Fig. 1, and an asynchronous side channel (SIDE CHAN) signal that is .
cont i nuous| y transkefeexindasgiaiof tbhEdg. signetch Sy assiigudddesr aspastenra pn

spreadi ng code and; g, PRt DO VY %ﬁgl%%rbswgqmup%hteoracewea

transmtter- 12a havi ngran aptenna 1 2b ransmtt.ed

on t
transni ssi ons 2re FdbFaRRE FFPhakd ?ﬁ%@l‘?%ﬂ reSingyy e h]ﬁl! a'ilée a§§‘?,|?red
to include suitablehamsl desplehdings por ae¥e,vi agdi na pisibe prbpessdr or

gg?[géglr 82&35@4 Cor@&mﬁgr 1%.971111%1%9 controller 14d is responsible for
' - managing the operation of the SU 14. These management
functions include generating a variable local oscillator
10 {LO) signal for down-converting a received FL signal, and
. providing the pn binary code sequences that are assigned to
the SU 14 for despreading the side channel and also the'
user's signal. The SU controller 14d is alsc responsible
for executing one or more of the synchronization methods in
15 accordance with this invention, in cooperation with the RBU
- controller 12e. The SU 14 also includes a spreading circuit
l4e for spreading a signal, such as the side channel
signal, and a transmitter 14f for transmitting the DS-CDMA

- signal on the RL to the RBU 12.

20 .
For the presently preferred embodiments of this invention
the antennas 12b and 14a have a line~of-sight relationship,
the SUs 14 are fixed in location with respect to the RBU
12, and the antennas 12b and l4a are boresi_ghted during

25 installation of the SU 14. However, and as will be
discussed below, the teachings of this invention are not
limited to only this particular presently preferred
arrangement. ' -

30 The ensuing description assumes a DS signal, a(t), with
ST code symbol duration T,, multiplied by a spreading sequence
P c(t), with chip duration T, and a null-to-null bandwidth W,
' = 2/T_. By example, there may be M<30 active users (8Us 14)
in the CDMA communication system 10, each of which receives
35 coded information symbols from the RBU 12, with an assigned
length of P = 32 code. All of the pn codes are mutually
-orthogonal when aligned, and are assumed to be accurately



8 therefrom The RBU 12 is «capable of transmtting a plurality of
frequency channels. By exanple, each frequency channel includes up to 31
code channels, and has a center frequency in the range of 2 GHz to 3 GHz. 5
The RBU 12 also includes a receiver 12c having an output coupled to a side
channel ‘ r ecei ver wagzidEhe si de channel recei ver 12d is shown inkK S4
detail in Fig. 2. The side channel receiver g recei.ves as inputs the
spread signal 10 fromthe receiver 12c, a sc te factor signal, and a si de
channel despread pn code. These latter two signals are,. sourced froma RBU.
processor or controller 12e. The scale factor signal can be fixed, or can

be nade adaptive as ﬂigﬁw aarighy ﬁoﬁﬁai)eé é)r.fat&leﬁn 14nt aabraéantmnﬁﬁtfémgd
on the 15 reverse Si h

Th h
detect/not detect sigHad W%?:E% Rt ed‘ﬁ'tvfgﬁg%’r?%epf’ oggé%%rc"%[zgeggkwasfﬁm
detection of a transmssti of taodpmnee@fW@lﬁhiﬁﬁ#dmﬁrdaﬁedaﬁsoTbﬁtﬁﬂPhalpﬁﬁﬁﬁ

estimte value x, asdjeshihbed 1heh9wflxéd &eaf/al, bd EREDENIphIRY) ratfat.

is 20 bi.di recti ona cou dt BU Contro 12¢ for, stori,ng
syst em par anet er3 n’c)'%t herg(fi §ﬁ’?:+f’%s §U ﬁ‘ﬁnbnvﬁ%t’é"“ is® not,

i nformati on and powdrowestemat el:ml!.tleé atovm ldnlye dedgnpBed | havimgherthese
detai |l below. 25 Pa{ﬁrardt@ 1&915}1519 Bfextalﬂ:%lé' Ohe RARNSE Mg &édes can

recei ves the spread signa romthe receiver 12c su
p beggselected -from any se Q% % nglglge N&ow cross-

correlation at zero relative shiﬁt.

10
Furthermore, the ensuing description is directed towa£§s
presently preferred embodiments of methods for
synchronization of the SU's spreading code timing at the
RBU 12. These embodiments differ from conventional

15  synchronization schemes, which are applicable for single-
user systems, in that allowance is made for the presence of
a number of interfering users (i.e., other SUs 14) on the
same channel. In general, the methods of this invention
search a range of possible timing offsets by varying the

20 transmitter timing of the SU 14, and not by varying the RBU
receiver timing, as is done in conventional approaches.

The methods, in a presently preferred embodiment of this
invention, specifically apply to the asynchronous side
25 channel, the use of which is assumed to be infrequent
(e.g., during provisioning, after SU power outages, etc.).

The methods of this invention provide a means by which an
SU 14 can become resynchronized to the system 10 in the
30 event that it loses knowledge of the correct timing offset
at which it should transmit. This invention uses a
specific, dedicated signature seguence {pn spreading code),
assigned at the time of system provisioning (i.e., during
the installation of the SU 14 at the user's location,
35 Dboresighting of the SU antenna 14a with the RBU antenna
.12b, and initial acguisition by the SU 14 of the forward
- and reverse channels). Since the FL is continuously




sanpl es per chip. The sanpled spread signal is then despread using the

assi gned side channel pn code, after which is perforned, on soft decisions:
of t he despread 30 signal, a sunmation of L chips per synbol. The

absol ute val ue of some nunber (e.g., 256) synbols is then determ ned, which
provides the RQYRYsfssi mate [err]. Summi ng over 256 synbol s rpdrrosss/oréss
variance of this estinmate and thus yields a nore accurate result. The power
estimate.is 35 applied to a detect/not det¥t conparison block and al so
to a block that perfornms a conputation of an average power estimate using

t he expression: 9 y[n] [err]x[n]+(1+a)y[n I] mhere y[n] is an estimte

e a1 oot i PRLEE iy sohpn Ab 1543 RROTFaEEh SR} oA R iaGe DT
a is a paraneter wopsragdopsnithat hty pasformg aﬁert&’gea%ﬁre | e Fhe K36
to the current powganpshi Maha. BEgigalrdcdseingur tRBt ¥@dee cHantel] igatiahen

by the compar at o AGERLPALEAKPHEEE Morman CREEALINE SOhEEELort {laty, ¥nd O0
based on the &urr&W® Jgover sesxqmlfulﬂnrp}fwiﬁlqnﬁﬁ)ourﬂlﬁlts%d\/@erst@é‘@i i s
Iarger than the tR/9%R0lF a8 timing offset at which it has been instructed
' ' (by the RBU 12) to transmit. The timing offset ‘value is
relative to a symbol boundary or epoch as defined by the
: received forward channel signal. If for some reason the SU
i -. 10 14 loses knowledge of this timing'offset value, or has not
yet obtained the value, as during ihitial provisioning, thg,
SU 14 has no means of determining exactly when it should
transmit. Thus, when it does begin transmission, it begins
transmitting essentially asynchronously, as perceived at
15 the RBU 12. This has the effect of introducing multi-user
interference (MUI) to any other users on the RL, and in
addition makes the detection of the asynchronously
transmitting SU at the RBU 12 a more difficult problem,
since from the perspective of the asynchronously
20 transmitting SU's received signal, all other active users
contribute MUI. '

| Given thaé asynchronous side channel usage by the SUs 14 is
generally infreguent, a longer acquisition time can be

25 - tolerated on this channel. However, the sooner an
asynchronously transmitting SU 14 is made synchronous, the
sooner it stops contributing to, and_suffering from, MUI.

The synchronization technique of this invention exploits

30 the orthogonality of the signature (pn code) sequence set

to aid in acduisition. If a given one of the SUs 14 is

transmitting asynchronously, the resulting MUI makes

detection of the asynchronous user more difficult, since

the value of the detector output contains MUI that can be

35 as large as the desired szgnal correlation (as shown in
" Fig. 3A).




detection is declared and this information is then fed back to the .
transmtting. SU 14, as descri bed below wth respect to Figs. 4A and 4B. |f
the current power estimate is not 15 ~ larger than the threshold, a not

det ect state is declared instead. In the nethod described bel ow the SU 14
can slip its timyam7Byuzd/ 2 chip and then transmit again. Fig. 6 PC/USETPZ6%4c s
a time domain representation of bursts 20 and "quiet" periods. In this
exarrpl e a burst of six power estinmates (X[n]) i% fol | owed by a quiet period
of four power estimates. The next burst is then transnmitted by an SU 14
with a pn phase that is delayed (slipped) by 1/2 chip fromthe previous
phase. 25 The acqui ght reg. IOF:;QCQQIM s id hinsridVesh éferitik etheISRBO! aetecedbr

the properties of the spr nces. W sp r e
hoynehronous.oi de chartETe o’ o TBHE AREraY (Fud, e s F Mhell 304, 45" TRpGE:
channel receiver 12and3he dtaﬁbednewgyre aepnesantsd thy @W#%W@PUFZG“PEQY

reater in nmagni tUdﬁhérhaﬁh&thigf@t isl-igRredidsigRq §lprsf§ﬁ&fm| &hdred. 119) both

<71 betratea B renes i oy 33, opeed RRes o OF O GReRar B0 SRERR eSS

is illustrated
when the side 35 hqmted:e& Jhuls thet timinganffiset exkisy ishwibl) téspectnto

a.I'i' gnment with the {h& &k led 30 BBHeivatdenehaOAGIth, reference is made to
the (initially) asynchronous SU or user as the "desired" sU
or user.

10
When .a number (N-1) of synchronous SUs are present, the

detector input signal is actuwally the sum of the de51red
user signzl plus the MUI. Clearly, when the desired SU's
timing offset is greater than approximately 1/2 of the chip
i5 duration T,, the desired 5U dete_étor, which is correlating
with an offset of zero, does not irield a high signal-to-
noise ratio (SNR). In this situation, the SNR is -
approximately equal to _(Ebj/P) /(N +I +AI ), where Ep; denot_:es
the energy of the desired SU's correlation, P is the
20 processing gain,' N, represents the thermal noise (assumed
o small here), I, is the multi-user interference caused by
' pulse shape filtering, and the term AI, represents
' additicnal MUI caused by the imperfect synchronization of
the synchronous SUs.  The desired SU's detection SNR is
25 - also indicated in Fig. 3A. By example, if P = 32 the
- detection SNR for an asynchronous SU is reduced by 10log(P)
= 15 dB from the synchronous value. Further by example, if
P = 128 then the corresponding SNR loss is approximately 21
~ dB. '
30
In cases where the desired SU's received signal is faded,
or when the AI, term of the MUI is relatively large because
of additional small timing offsets of the synchronous SUs
14, the reduction in detection SNR from asynchronism can be
35 sufficient to prevent declaration of a "detection" at all,
or will result in an unacceptably high bit error ratio
(BER). In this case, the RBU 12 may not be able to
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recelver 12d. Referring again to Fig. 1, each SU 14 includes an antenna
14a, a receiver 14b, a correlator 14c wherein the received 5 FL

transm ssion i s despread using, by exanple, the side channel despreadi ng pn
code, and a SUppy@ffee0r Or controller 14d. The SU control | er riivbsosoess
responsi bl e for managi ng the operation of the SU 14. These nanagenent
functions include generating a variabl e | ocalt4oscillator 10 (LO signal

f or down-converting a received FL signal, and providing the pn binary code
sequences that are assigned to the SU 14 for despreading the side channel

oo o the ool et jerld eReraNEhoM Yo dbdche 139 IRRAGS PP LA

executl ng one or ronit zatton ne or dance
with this inventi dnesilrsd:o%éqsafcpeﬁlmr hath&hrBRELNI? oFPER e ShifE SlFsg

al so includes a Spéﬁﬁlfhggg Q&é CabhdolMdr fedlery re@dtng detkegtal, oatplt avoule
si-de channel sign

signal on the RL tbh?’FFeaﬁl?gU ngg‘ﬁ é%'lr’e‘%ﬁk %’sen ?/aqpééefeg%rneg%wgséd Ment s
of this invent$on wiat ais mwrg%lananlahtmea Yeghaiguesitghecquire the
rel ati onship, the filsiidh e d iPigHah Nat OcRéE | WBU id.h respect to the RBU 12,
and the antennas 12b and 14a are boresighted durlng
This alternate technique, 'in accordance with a first
embodiment of this invention, is accomplished by having the
10 SU 14 shift the timing of the transmitted signal until it
comes into synchronism, as shown in Fig. 3B. The,
asynchronous side channel transmissions are burst’
transmissions, and after each burst, the SU 14 waits for a
response from the RBU 12. Contained in each burst is the
15 timing offset value used to transmit the burst. The
response from the RBU 12 includes information as to a SU
timing adjustment. If after a prescribed waiting period the
SU 14 receives no response from the RBU 12, the SU 14
P transmits another burst at another timing phase. This
| | 20 process is repeated until the SU receives a response, or
has tried all possible values of timing offset (e.g., 64 or
256 half-chip values. If after all values of timing offset
have beeﬁ tried by the SU 14, and no response has been
received from the RBU 12, the SU 14 increases its transmit
25 power by some increment, and repeats the process.

= '~ In some cases the asynchronous detection SNR is sufficient
for the RBU's receiver 124 to process the signal. If the
asynchronous SU's timing offset is such that ' an

30 autocorrelation sidelobe 1ieslat the correct timing phase,
then it is possible that -the detection SNR is adequate for
processing the received signal. If this occurs the desired
SU's receiver in the RBU 12 may conclude that the SU 14 is
experiencing a fade, and can therefore command the SU 14

35 over the FL to increase its transmit power. This can
result in raising the MUI level seen by the synchronous SUs
14, and could degrade their performance.



25 installation of the SU 14. However, and as will be discussed

bel ow, the teachings of this invention are not limted to only this
partlcular presently preferred arrangenent. 30 The ensui ng description
assunes a DS signal, a(t), with code synbol duration T., nmultiplied. by a
spreadi ng sequengeogBiary With chip duration T. and a nul | -t o- nuUPCT/HSATEMSAt h
W =2/T . By exanple, there nmay be Merr]30 active users (SUs 14) in the .
CDMA contruni cati on system 10, each of which r&cei ves 35 coded i nfornmation
synbols fromthe RBU 12, with an assigned length of P 32 code. Al of
the pn codes are nutually orthogonal when aligned, and are assuned to be

a(r:ggreﬁ: Fl g r.ef erre?é%%dléﬁ?gl) Ihlﬁshrin n?ﬁgﬁ hwﬁtahga O e
Pr om a s>e1t IOof rand més 5‘%‘&85‘ Thee® etJﬁao&%g g? g‘?@?f‘g%%g@%

14 is fixed at |/T[sir'rg signalt bedchappadeguatted yaprogess| L oregeived fursy
The teaching of th't%}dr@ﬁﬁ%'x%ﬂs' Stﬁé’tnnd“&‘é’ei‘gépondé 'vﬂi‘tthegn aél&:owﬁlicjément

ib%Z‘;" San o s ccmaraang HpeEY Thoth e RS Row HiBGes “Srfaes T b
zero rel ative shiftpredetermined amount, for example by -J chips (e.g., J=16),
"and transmits again. The SU 14 then delays a prescribed
amount of time, shifts its timing offset forward by 1/2
' o - chip, and transmits again. This process is repeated until
10 the SU 14 has transmitted 4J+1 bursts after the initial
response from RBU 12. During transmission of these bursts
the RBU 12 determines and stores in the memory 12f a
correlation value obtained from the side channel receiver
12d. After the SU has transmitted all 4J+1 bursts, the RBU'
15 12 responds with a command that instructs the SU 14 to use
a timing phase that resulted in the largest detector
correlation value. At this time, the RBU 12 and SU 14 then

*fine tune" the SU timing to an optimum value.

20 Figs. 4A and 4B are a flow chart o: the - above-described
asynchronous reverse side channel procedures, as carried
out by the SU controller 14d in cooperation with the
various other circuits of the SU 14. )

25 At Block A the SU 14 acquires the forward side channel and
at Block B transmits one burst on the reverse side channel
using an initial phase timing. After a delay (e.g., 100
msec) control passes to Block C where the SU 14 determines

_ _ if a response has been received from the RBU 12. Assunming

P 30 for now that the result of this determination is No,

, control passes to Block D where a determination is made if

- ~ the pn phase 'timing has been slipped by some maximum number

{e.g., 64) of 1/2 chips. If No, control passes to Block E
where the pn phase timing is slipped by 1/2 chip, and
35 control then passes to Block B to transmit another burst
with the slipped pn phase timing. If Yes at Block D,
control passes to Block F tb determine if the SU 14




10 Furthernore, the ensuing description is directed towards presently
preferred enbodi nent s of = nethods for synchroni zation of the SU's

spreadi ng code timng at the RBU 12. - These enbodinments differ from
convent i onal 15 synchroni zati on schemes, which are applicable for single-
user systens, | .?ﬁkmallomance i s made for the presence of a rowbswozss
interfering users , other SUs 14) on the sane channel. In general, the

met hods: of this invention search a range of p®ssible timng offsets by
varying the 20 transmitter timing of the SU 14, and not by varying the
RBU receiver timng, as is done in conventional approaches The net hods, in

a presently preferred eg@ge’é%nt 1% %}Salslgg,gﬁ%ﬁq%é ecifel {al éi{ B”‘P%:)Y E0

t he asynchronous &F@BSB s Adstine
infrequent (e.g., tier poyepr ofi thenfHgtransmitier phikrisingraased by some
net hods of this I&w@&bheﬂtp(evgdﬁ 3 ABANSt by1adk of, aandlednitrsn ;km:enfto

resynchroni zed to he xS e
of .the correct- tim %f%g ?lﬁht%ﬁgsﬁgtﬁ Qﬁo£ﬁ5¥ %éq&éﬁﬁ?is |nvent|on
uses a speci fisc, @@9 onind witimthe eifsiém?é-n@@afiﬁntéméﬁd?ﬁ@s%%déf ¥esiafned

at the time of sy%tl%kprpov(ll%om Ree IS traiduitd e @owest dld ait Gixefmin)g SU
14 at the user's | atlon

esi_gh t SU an Mﬁth t he
RBU ant enna 12b, i §oR; §P§a865F§Ft i Lérﬂ?%?%&l &i}eff St che#g%olrjhé\‘/}r
rever se channels)maﬁanaé mmmameqﬁeﬁgnmhm&Qugmpber of passes through the

! . loop have occurred. If No, control passes to Block B to
5 10 begin transmltting another sequence of bursts beginning
with the initial phase timing offset, and at the maximum
power level. If Yes at Block H, control passes instead to
'Block I where a delay of M minutes is made (M may be a
random value), the SU transmitter power level is reduced,

15 with control eventually passing back to Block B.

- Assuming now that the determination at Block C is Yes (a

i response is received from the RBU 12}, control passes to
P Block J where the slipping of the pn phase timing is
' 20 terminated. The SU 14 goes to a phase timing commanded by
the RBU 12 and adjusts the timing as per the RBU command.

At Block K the SU 14 begins slipping from -J to +J (e.g.,
J=16) phaée timing positions with minimum delay between
bursts. During this time the RBU 12 records the output of

‘25 the correlator that is assigned to the SU 14. At Block L
the SU 14 determines if a response is received from the RBU

12. If No, a determination is made at Block M if some
predetermined number of passes have been made through the

'K, L, M loop. If No, control passes back to Block K. 1If

30 Yés.at Block M, control passes back to Block B to restart
the synchronization procedure. If Yes at Block L (i.e., a
response is received from the RBU 12), the SU 14 transmits

at Block N a timing and confirmation burst on a channel
assigned by the RBU in the response received at Block L.

'35  After transmitting the confirmation message control passes
to Block O to wait for a further response from the RBU 12.

If the response is not forthcoming a comparison is made at

L4
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transmtting, when an SU 14 i s actlvated one of the first operations that
i't performs is to acquire the FL side channel and begin processing the side
channel data accordingly. Under normal operating conditions (after the 5
SU 14 is successwodnstgoovi si oned), the SU 14 stores the val ue FICTEUSHIMIGAY
of fset at which it has been instructed (by the U 12). to transmt. The
timng offset value is relative to a synbol b dary or epoch as defined by
the received forward channel signal. If for sonme reason the SU 10 14

| oses knowl edge of this timng offset value, or has not yet obtained the
val-ue, as during inBloek pPrewicitermige ihetiks) N4 chap meopams b’éen executed

det'er ni ni ng exact |y _yhen fédé&%ﬂ\etc{ %ﬂmﬂbi-l a{@’ﬁies eEFonoSgﬁes tré:g. passes

transmission, it be ’ns FFansn ng essen él:sync
perceived at 15 ackep BlockrHj ko refransmitf qyprimpgélgmm@ssage. If

mJIk ti- uﬁerdl nt erf er eaeeaﬁl\/klac)t q?] a%br&trlhﬂr pHS8ES BAck e Eﬂa,oa@% %BSQ%EERH
Tor e di f11cul t Bronbie SREREPRRISH PhadkiEg, | B ¥ps"at Brock G, %a
asynchronously 20 dFFaﬁEhM‘éi‘ﬁg 1§Un§d$é¢ethed2m gesponge| iratitertes whether
qsers.contrlbute M. large or small timing correction is required. If a large
;. correction is required, the SU 14 adjusts its pn timing
' accordingly and then preferably transmits another timing
10 and confirmation burst at Block N. If the response from

the RBU 12 at Block O indicates that only a small
correction is required, the SU 14 makes the indicated phaéé
r timing correction and thereafter enters the active
communications mode at Block Q. That is, the SU 14 leaves
15 the side channel and ‘begins operating on an assigned

communications charnnel.

In a further embodiment of this method the SU 14 steps
through all possible timing offset values, during which the

20 RBU does not reply, but stores in the memory 12f the
detector correlation value at each timing phase for which
sufficient SNR is present. As soon as the RBU 12 no longer
detects 'the SU transmission, or after all possiblé-
correlation values are determined, the RBU 12 instructs the

25 SU 14 to transmit at the timing offset value that yielded
the largest correlation.

The probability of correct acquisition, given several

- differen? scenarios, can be determined for the system 10.

30 For instance, the probability of correct detection can be
determined for the case where there are. no active

. synchronous users and the phase 'of the first burst is
exactly 1/2 chip off of perfect alignment. This
probability alsc depends on other factors such as the power

35 of the asynchronous SU 14 and the threshold value
determined in Fig. 2. In a worst case analysis, all non-
aligned phases are transmitte@ before the correct phase.



G ven that asynchronous side channel usage by the SUs 14 is generally

I nfrequent, a longer acquisition tinme can be 25 tolerated on this
channel . However, the sooner an asynchronously transmitting SU 14 is
made synchronous, the sooner it stops contributing to, and suffering from
HU . The synchrwgbg@t‘hpn techni que of this invention exploits BOrusiresss
orthogonallty of the signature (pn code) sequence set to aid in
acquisition. If a given one of the SUs 14 i #8ransmitting asynchronously, -
the resulting MJ nakes detection of the asynchronous user nore difficult,
since the value of the detector out put cont ains MJ that can be 35 as

| ar he d 3
071 1430 - oo i EhONGorBE! CBRl) | Box) SRR deteridon Rt Lk prace

curve represents fthenemghaildc pak lf%d’r P&%ﬂf’“oﬂ’i‘ RAY - é‘t?éf' gy igoed phgses)
when MJ is input arahdtﬁé\eddmdﬁbmwhm:rcbptmrﬁhadmemd@t et oth@uapngned

energy when the | fiyled s higodesh d%gﬁ}z 1 BhoulCEAd H13RN o £nEAFESaL NE

RBU 12 correl ates 'w tsh ‘the de ure seqguenc tirmng

of fset axis i 5w tRPWaKs REtimate; oL @é"s@rlé&“SQ lbé‘§§FvtheFE‘Fﬁbe4b¥‘?‘lﬁmg the

reference i s made derdivex 1actolfiy. asyachieions tiHeOto Wivickaheharrier

‘:jes' red" SU phase and resclve any I and Q ambiguity.

Power estimates can be calculated for all 64 phases (i.e.,

10 all 64 "slips"), as well as for the periods when the
asynchronous SU transmitter is "guiet" (see Fig. 6). A
large number of variables can exist when making the powex\‘:
estimates. By example, there can be differences in the
number of active synchronous SUs, the power'levels 6f the

15 asynchronous SUs, and the initial timing offset relative to
 the 1/2 chip slips. Another variable is the dwell time or

the time between bursts ("guiet" periods).

A mean and variance for all 64 phases and for the "guiet®
20 periods can be computed. Since the power estimate is the
sum of a large number of  random variables, it can be
assumed that the power estimate at a given phase has a
Gaussian distributiocn.. )

‘25 ~ With the knowledge of the mean and variance of the power
' estimates at all phases and during the "quiet" periods, as
f well as the mean of the average power estimates, a
L probability of correct detection can be calculated. For the
' . following examples, it is assumed that the average power
l - 3o estimates have zero variance. Actually, for an a (filter
! o coefficient) of 0.01, the variance of the average power
estimate is many times smaller than the variance of the
power estimates. ' Therefore, to assume that the average
power estimate is a constant has little effect on the

35 probabilities.

For .a given non-aligned phase, the probability that there



or user. 10 Wen a nunber (N-1) of synchronous SUs are present, the
detector jnput signal is actually the sumof the desired user signal plus
the MJI. Clearly, when the desired SU s tinming offset is greater than -
approximately 1/2 of the chip 15 duration T[err], the desired

detector, which woesiael ating wwth an offset of-zero, does not %Ji&samgsﬂ
hi gh S|gnal-to- noise ratio (SNR). In thiyg situation, the SNR .is .
approximately equal to (E[err]/P) / (N err]+l [lerr] +Herr]I[err]) where
E[err] denotes the energy of the desired SUs correlation, Pis the 20
processing gain, NO represents the thermal noise (assuned small here),
I[err] is the multi 1ssarfamerdetenti@ma&ssdcbytm dhreshgld i I‘JtiéfPF‘nB)’
and the term Al [er f§ @s@ége%tq@y EltOEﬁLs (1 ks tﬁﬁﬂsmetaao;t_

synchr oni zation of the ¥n ronous esi redS(SL)f s det ectl Q0 SMR is
25 also indicated i A~F 10 dB’f'e@k‘a(&ﬂl'eJ"Pp‘?’me e det ectf| 3n SNR
for an asynchronouswﬁbk-es-'(r)educemetquﬂxmaﬂg@e)d:sﬂﬂhjﬁﬁqmﬁunhblgyrﬂ1mneu9'-

val ue. Further %yd ﬁégglﬁaubglgh &%Q%r&BﬁEL%QGwEeﬁfstwyﬁdW&éﬁgf'Pﬁﬁ |€he

approximately 2 ases ere si.red SU s recei ved Si
faded, or when the Ehreshpld dscorPphed\as insFig A4 @0FPPARPLL) AT emB?"
additional small ti giEnghef powds et imates wicphaseus. Slorl &laxtidy,edhet abaven

det ect'_i on SNR from %%nggifﬂf@sc_ad%n%%ed as Pr(false on i). The cumulative
distribution function, F() can also be written in terms of
10 the error function, '

. _1 1. X a o
Fx,0) =2+ erf(va—_; (2) N

The probability of false detection can be calculated from
the .previous probabilities. In the worst case, it is
simply one minus the probability that the transmitter slips

15 - through all the non-ﬁligned phases without a detection.
or,

Pr(worst case false detection) =
1-Pr(slip through non~-aligned phases w:.thout detection) (3)

20
If the n‘on-aligned phases aré numbered from, by example, 2
| . to 63, the probability can be e_xpress_ed that the SU
| transmitter slips through all the non-aligned phases
L without a detection as,
25

Pr({slip through non-aligned phases without detection) =
(1-Pr(false on 2))% * (1-Pr(false on quiet))®
*(1-Pr(false on 3))* * (1-Pr(false on guiet})‘...
*(1-Pr(false on 63))¢ * (1-Pr(false on quiet))* (4)

30 or, _

Pr(slip through non-aligned phases without detection =

| . non-atigned phases | (1—Pr(false on i))*
* (1- Pr(false on quiet))*)}. (5)



35 sufficient to prevent declaration of a "detection” at all, or wll
result in.an unacceptably high bit error ratio (BER). In this- case, the
RBU 12 may not be able to PCT/ US97/ 02654 WD 97/ 31429 14 instruct the
desired SU-14 to correct its timng. If the desired SU s receiver at the
RBU 12 were tOV@RTAM2ts tining, the absolute energy of the dRYHUFGMHht put
vioul d increase, but the detection SNR woul d,ge even lower. Thus, 5 what is
required is an alternate technique to acquire the desired SU s signal at
the RBU 12. This alternate technique, in accordance with a first

enbodi nent of this invention, is acconplished by having the 10 SU 14 shift
the timng of th&ar angiveheal syrpdhiphasei,| the poshebiliittyo thagntheoai ssna as
shown in Fig. +3Re detbBeiBAYAENY Oéﬂh%lﬁlai&esmqan% iv@hsgg ssions are
burst transm ssi.ons, and after each burst, the SU 14 vval?s for "a response
fromthe RBU 12. Conta| ned in each burst is the 15 timng of fset val ue
used to transm t Fx{driner deteciien raasmhm fir|phatsiee i RBs) ﬂ.ﬁamsmittchzs)-

i nformation t q % FHbibRa-Rch A8 BN fvdriadicle presggy bed waiting

peri od th'e_S%SM recel ves no responé r'/om tihe RSEJ)TQ g iSU 14

| For clarity, the above probability is denoted as Pr(true on
i).  The probability of a correct detection can be
calculated from the above probabilities in the following

- 10 manner:

Pr{a given acquisition is correct) =
Pr{correct phase is detected|no prev;ous detectzon)
*Pr(no previous detection). (7)

15 .
In the worst case, the probability that there is no
previous detection is given by equation (5). Also, it is
assumed that the RBU 12 should detect on the first of six
power estimates of an aligned phase to declare a correct
20 detection. If it is assumed there are two aligned phases,
then these would correspond to phases of -1/4 chip and +1/4
chip, which are now numbered as phase 0 and 1. The
- following probabilities are different for three aligned °
phases (i.e., =172, 0, 1/2 chip) but the approach is the
25 same. For this example,

Pr(correct acquisition)=
Pr{correct detect on phase 0|no previous false detection)
*Pr{no previous false detection)
30 + Pr (corréct detect on phase 1]no previous detection)
*Pr(no previous detection)
= Pr (true on 0)*Pr(no false detection)
+ Pr (true on 1)*Pr(no false detection)
*(1-Pr(true on 0))% _
'35  #(1-Pr(false on quiet))%, (8)

where Pr(no false detection) is*given by equation (5). This



transmts another burst at another tim ng phase. Thi s™'20 process is
repeated until the SU receives a response, or has tried all possible val ues
of timng offset (e.g., 64 or 256 half-chip values. I'f after all values of
tii mi ng offset have been tried by the SU 14, and no response hasp%gfﬁﬁbm 654
recei ved fromthORBYM4I2, the SU 14 increases its transmt 25 %
sone increnment, and repeats the process. |In sgge cases the asynchronous
detection SNR is sufficient for the RBU s receiver 12d to process the
signal. If the asynchronous SU s timng offset is such that an 30

autocorrel ation sidelobe lies at the correct timng phase, then Q:
possi bl e that the dit cghe OPISR qareaREpPabd 1A5Y BFOEB§§?H§ deke %‘?v‘é‘bere

flhg{la![ 3 I fSUt 2|45 OCCtHes Stlnetﬁéa%ﬂiﬂ?:egu §1i§etm€;f:€m eghe Rﬂﬁdﬁ%m?dhomgjeﬁe
" over the FL t PTithsazanrpstEig.af o fliontd Prass, T

35 over the FL t re nTt power 'S can result in
raising the MJ |evel seen by the synchronous SUs 14, and coul d degrade

'Ifjg% [JSS?? ngg‘i@lg Whll\éptgxy ﬁ.%tlon hlas thus been part:.cularly shown and
second enbodi ment ﬁac?\%%’l?ﬁd;\?lé’r%‘[ © gﬁqs’ltghcllet%ﬁ?é:%%ﬁl , ac“g’%’w r €3 %ﬂ'ﬂ%&ﬁ%ents
si gnal and can adeduriof ,pibcestl the unseaistegdbly sthose Skilled in the art

that changes in . form and detalls may be made therein

without departing from the scope and spirit of the
10 invention. For example, it should be realized that the
. s . . teaching of this invention is not limited to any of the
' ' exemplary frequencies, pn code - lengths or typeg;
transmitter powers, numbers of users, despreader and
detector embodiments, and the like that were described

;5 above.

It should further be understood 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
20 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. |
25 )
The above described embodiments should thus be viewed as
being exemplary of the teaching of this invention, and
should not be construed in a limiting sense upon the
practice of this invention.

30



transm ssi ons, the RBU 124Lespgnds_wl_h_an—aeknovw edgenent. 5 nessage. The
SU 14 then ShlftS Its timng.offset some predeterm ned anmount, for
exanmpl e by -J chips (e.g., @m |wimruuﬂ“|ﬂts again. The SU 14 then

del ays a prescribed anount ts timng offset forward by 1/2
chip, and tranggishsisagai n. This process is repeated until 10 pcrivsorissys -
has transmtted 4J+1 bursts after the initial response fromRBU 12. During
transni ssi on of these bursts the RBU 12 det @8mines and stores in the nmenory
12f a correlation value obtained fromthe side ¢ receiver 12d. After

tthe SU has transnitted all 4J+1 bursts, the RBU ith a
cgommand that. instructs the SU 14 to use agi’hfﬂ’_ ed in the
llar gest detector correlation value. At this T U 14 then

"'fl ne tune" the SUtimng to an optinum val ue. 20 Figs. 4A and 4B are a
fl.ow chart - of théWedoue ddsdmededsasynchronous reverse side channel’
procedures, as carried out by the SU controller 14d in cooperation with the
various ot.her circuits of the SU 14. 25 At Block A the SU 14 acquires the
forward side channel andIR 2RF¥RRNTPRQUE, GRMAS compupirstions t sustem asingsi de

channel usi ng an drtihdgonafjhpaespreadihg Afddes ,a adﬁtba)io(iefﬂr sﬁa%f&?fz)mgb
control passes tq:%é%;‘}} oF %5] r ?&ﬁ]sf t {{ respon £ has been
received fromthe 5= £ fr&ﬂ% %xq'%r?(?w (? b FRstiadie nse
det ermi nation is YWt d&BV) el cﬁ%%b%l’!‘b @%(ﬂ%‘essmﬁél‘e a determnation .is
made i f |

' (a) transmitting individual ones of a plurality of

_ bursts from the SU to the RBU, each burst being RS
| | transmitted with a different pn spreadlng code timing

~ alignment;

; _ _ (b) receiving individual ones of the plurality of
é : bursts with the RBU and determining a power estimate
: of each received burst; and

(c) in response to a determined power estimate of one
of the bursts exceeding a threshold, sending a message
from the RBU to the SU, the message indicating that
the SU is to use for subsequent transmissions the pn
spreading code timing alignment that was employed when .
transmitting the one of the bursts.

2. A method as set forth in claim 1, wherein the step
of transmitting includes a step of transmitting an
indication of the pn spreading code timing alignment used
when transmitting each of the plurality of bursts.

3. A method as set forth in claim 1 wherein the step
of receiving includes the steps of:

summing M samples per chip to obtain a first result:

I - despreading the first result;

eet Has Been Reﬁaced

T \|||\\ L



t he pn phase timng has bee rre maxi mum nunber (e.g., 64) of
1/2 chips, If No, control ﬂ mil where the pn phase tinmng is
slipped by 1/2 chip, and 35 * asses to Block B to transmt

anot her burst with the slipped pn phase t| m ng. If Yes at Block D, control
passes to Bl ockwobisidstermne if the SU 14 WO 97131429 PCT/USI7/02654 -
PCT/ US97/ 02654 16 transmtter power is at a npxinumlevel. 1f No at Block

F, the power of the SU transmitter 14f is |ncre smf%( pepeirent
(e.g., 3 dB) at Block G and control passes to %I oc :&élﬂﬁ%
transmtting anot her sequence of bursts 5 begi hp inltial
phase tinming of fset. |f simming Bl elsispf per esymidie fitdnt rthes firisdr gesndt ite
at raxi mum), then contrgLJ RERSESs where a determ nation is nmade
i f- some predeterm ned nun{%er 0 passes thr ough the | oop have occurred. |f
No, control passes to Block Bto 10 begin transm tting anot her sequence

of bursts beginning witbukléng tplaﬂramhayeoflmw fexet, thedsextoricheresult.

maxi murm power | evel . I{__nggtgirr% %c&%‘e@ e(‘sg__rl;ngg s§e(§n qg}]tgi,gﬁa%%g

where-a delay of Mnminutes TS ran om va

transmitter power |evel cpderetmingta nmemtthh%tbma,sortrgggn itked by the sy:
back to Bl ock B.

obtaining an averaged power estimate that includes a

power estimate from a previous pn spreading code
alignment for forming the threshold; and

comparing the power estimate of the current p\n
spreading code timing alignment to the threshold.

4. A methoed as set forth in claim 1, wherein in
response to the SU exhausting a predetermined range of
P ' permissible pn spreading code timing alignments, performing
the steps of increasing an output power of an SU
transmitter, and re-executing the steps (a)~-(c).

5. A method as set forth in claim 1,'wherein each
burst is transmitted with a pn spreading code timing
Voo : alignment that differs by 1/2 chip from a previous ph
' spreading code timing alignment.

6. A method as set forth in claim 1, wherein each
transmitted burst is separated by a period of no
transmission by the SU, and further comprising a step of

. also determining a power estimate during the period of no
transmission by the SU.

7. A method as set forth in claim 1, and further
comprising the steps of:

in response in the RBU sending the message, changing
o | the pn spreading code timing alignment by a
_ _ ~ Predetermined number of chips;

—_—

- This Sheet Has Been Re
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Assum ng' now that the determination at Brock<€is Yes (a response is

received fromthe RBU 12), cpp Bl ock J where the slipping of
the pn phase timng is 20 ﬂmm Hm 'SU 14 goes to a phase tining
commanded by the RBU 12 and adlj ustgs thhe si g as per the RBU command. At

Bl ock K the SU wédggrns slipping from-J to +J (e.g., J=16) pRETESNI654g
positions with m ni num del ay between bursts. During this time the RBU 12 .
records the output of 25 the correlator th&*is assi gned to the SU 14. At
Block L the SU 14 deternmines if a response is received fromthe RBU 12. If
No, a determination is nmade at Block Mif sone predeterm ned nunber of

passes have been made tfronhi tdihdKinbiviRh&Pondd ofoa S886A@IpIRFRISEyLaEK

to Block K. If 30 Yes, at Blogk M .control ,passes k tq Bl qck tp . _
restart the synchroniza ‘i“('ﬁtsprgggﬂurtg‘.e #‘? $§s éﬁe Bﬁggk Lea(cl%. gt.",’rEE rggbﬁﬁse
i's received fromthe RBurdmsmitttes sithiatdiffsrant pn sprerding code himing
confirmati-on burst on aaf t;assigned by the RBU in the response

received at Block L. 35 After transmtting the confirmati on nessage
control passes to Block O to wait for a further response fromthe RBU 12.

If the response is not Ffegeihdciow rihen semorel pdoralityndE hursts\\DhORBG 1489

PCT/ US97/.02654 17 . storing, for each received burst, a corresponding
magnitude of a pn correlation value; and '

after receiving a predeterminéd number of the second
bursts, transmitting a message to the SU, the message
instructing the SU to use for subsegquent transmissions’
a pn spreading code timing alignment that corresponds
to a largest stored pn correlation value.

8. In a synchronous CDMA communications system using

orthogonal pn spreading codes, a method for synchronizing

- transmissions from a subscriber unit (SU) to a radio base
unit (RBU), comprising the steps of:

transmitting individual ones of a plurality of bursts
from the SU to the RBU, each burst being transmitted
with'a different pn spreading code timing alignment;

receiving the plurality of bursts in the RBU and
storing, for each received burst, a corresponding
magnitude of a pn correlation value; and

after receiving a predetermined number of the
plurality of bursts, sending a message to the SU, the
message instructing the SU to use for subsequent
transmissions a pn spreading code timing alignment
that éorresponds to a largest'stored.pn correlation
value.

9. A method as set forth in claim 8, wherein the step
of transmitting includes a step of transmitting an -



Block Pto deternmine if thé N, 0, P loo ﬁ as been executed sone

predeterm ned nunber of ti “lmm u““ passes back to Block N to
retransmt the confi rrratlon at Bl ock P, control passes back .

to Block B.to restart. t he synchronl zation procedure. m?; 3k CK
0, a determ natl\Yﬁ”’él%de if the RBU response indicates V\/net her arge or
smal|l tinming correction is required. If a largg correction is required, the
SU 14 adjusts its pn timng accordingly and then preferably transmts
another timng 10 and confirmation burst at Block N. 'If the response
fromthe RBU 12 at Block 0 indicates that only a sma . correction is
required, the SU 14ingkeatioe ofidithmted sprasding nfede coiming jadigamgnt used
thereafter enters t BReACLLNRSROPELIY GAldnOBE ERdepBhrdl DOK d2 blietsi.s, the -
SU 14 | eaves 15 t he side channel and begins operating on an assigned '
comuni cati ons channel. In a further enbodiment of this method the SU 14
steps through all possi bl@-tAnmaghedast sekl fexsthdini gaimi 8 wherein empgh

does not reply, butpgietesd nti:Qﬁsmd’ J@Eht he gRt ev;i:eed@.agr Qiaié oaimahge
at each tim ng phase_for whj Ct gfécﬁlent i; pr g f afe :
RBU 12 no | onger deP&tPamedothg 2 N (s i‘@r §Pf“ ﬁosglf'%‘f ous °pn
correl ati on val ues apeedéing mtmﬁd tiudngBUJigﬁmenttruct s the 25 SU 14 to

transmit at the timng offset value that yi el ded the largest correlation.
The probability of corref]t_ ang sition, g|v n severa

<

synchronéus communkcations system using -
orthogonal pn spreading codes, said synchronous CDMA
communications system comprising at least one subscriber
unit (SU) and at least one radio base unit (RBU), said
synchronous CDMA communications system further comprising -
- apparatus for synchronizing transmission from the SU to the
' _ RBU, said apparatus being comprised of:

means in said SU for transmitting individual ones of
a plurality of bursts to the RBU, each burst being
transmitted with a different pn spreading code timing
alignment; ' :

means in said RBU for receiving individual ones of the
plurality of bursts and for determining a power
estimate of each received burst: and

' ' : means, responsive to a2 determined power estimate of
| one of the bursts exceeding a threshold, for sending
a message from the RBU to the SU, the message
indicating that the SU is to use for subsequent
transmissions the pn spreading code timing alignment
that was employed when transmitting the one of the
bursts. '

12. A system as set forth in claim 11, wherein said
transmitting means transmits ‘an- indication of the pn
spreading code timing alignment used when transmitting each
of the plurality-of bursts.



di fferent scenari os,

i nstance, lity ﬂ“lm)m ml MH‘"I on can be determined for the
case where there are no ac users and the phase of the first

burst is exactly 1/2

the probam

can be determined for the system 10. 30  For

chip* off * perfect alignnent. Thi s

probability al ¢¢egppeds on ot her factors such as the power 3%®crusbirzshe
asynchronous SU 14
wor st case anal ysi s,

correct . phase. WO
PCT/ US97/ 02654 18 In the worst case, for correct detectlon to take place

t here should not be a £t gté§%ﬁgm 20Y80p- ?gkgyegnpg§§§§é%fnghgpgi egﬁgaion

shoul d take place only ‘on the

and the threshold value determned in Fig. 2. In a

all non- aligned phase?QNeatransn1tted before the
97/ 31429

ned urs ect1 on

take place on theFPFeL{ing mande é§tFﬁEP€ iged ®fali gned burst, thereby-
al |l owm ng the receiver

For al | 64 phases (1 et s0x Fibia ¥y spRiTha 383 SRsBoeS MhOER E¥PEHS

al |

12c of Fig. 1 sufficient time to track the carrier

when the asynchronous ®$ultdnsnitter is "quiet" (see Fig. 6). A Iarge
nunber of variables can exi st when naking the power estimates. By exanpl
there can be dlfferences I n -

eans fﬁr despreading the first result:;

means for summing L chips per symbol from the first
result to obtain a second result;

ed

€,

means for summing a plurality of symbols from the\

second result to obtain a power estimate of a current
pn spreading code timing alignment that was
transmitted by the SU;

means for obtaining a scaled averaged power estimate

that includes a power estimate from a previous pn
spreading code alignment for forming the threshold;
‘and ' ' :

means for comparing the power estimate of the current .

pn spfeading code timing alignment to the threshold.

14. A system as set forth in claim 11, wherein in

response to the SU exhausting a predetermined range of
permissible pn spreading code timing alignments, said SU
further comprises means for increasing an output power of
transmitter of the SU, and for re~-transmitting individual

ones

of the plurality of bursts to the RBU.

15. A system as set forth in claim 11, wherein each

burst is transmitted with a pn spreading code timing
alignment that differs by 1/2 chip from a previous pn
spreading code timing alignment. '

l6. A system as set fortH in claim 11, wherein each

x



nunber of active synchronous SUs, the power |evels of the 15 asynchr onous
SUs, and the initial timng o the 1/2 Chlp S|IpS Anot her

\){arl able i's the dwell tine oﬂmm |“mlrmlln bursts ("quiet" peri ods). A
mean and variance for all 64 phasest arfd fSor *t he "qui et " 20 peri ods can be
conputed. Sincewpwapayer estimate is the sumof a |arge nunbePCHUSIAREYM
variables, it can be assuned that the power timate at a given phase has

a Gaussian 'distribution. 25 Wth the know edge of the nmean and variance

of the power estimates at all phases and during the "quiet" periods, as

wel | as the nean of the average power estimates, a probability of correct
detection can be cabwinsaiigtedroburbe f dkl osepgrasb@drpllas at perimbumfd timt

tthe average power qéﬁ?ésqﬁkeﬁyhéﬂé ggro variance. Actually, for an a
(filter coefficient .01, the variance of the average power estimate is

nmany times smaller than the variance of the power estimates. Therefore, to
assume that the average 1povv@r spttienntas iseta Soortdt dnt dasin 1Y, anst flwTther

the 35 probabi | i tgéoqn%r Ahgd gi ven non-al i gned phase, the probability that
t here W07/ 3142 PCT/ US97/ 02654 is a fal se

detection at a certain threshold is given by
means in said SU, responsive to the RBU sending the

message, for changing the pn spreading code timing
alignment by a predetermined number of chips;

means for transmitting 1nd1v1dua1 ones of a second
plurality of bursts to the RBU, each burst being
transmitted with a different pn spreading code timing

alignment;

! means in said RBU for receiving the second plu_rali’cy
' ' of bursts and for storing, for each received burst, a
L corresponding magnitude of a pn correlation value; and

means in 'said RBU, responsive to receiving a
predetermined number of the second bursts, for
trensmitting a message to the SU, the message
instructing the SU to use for subsequent transmissions '
a pn spreading code timing alignment that corresponds
to a largest stored pn correlation value.

18. A transceiver unit for use in a synchronous CDMA
communications system using orthogonal pn spreading codes,
said synchronous CDMA communications system further
comprising at least one radio base unit (RBU) capable of
communications with said transceiver unit, said transceiver

unit comprising means for synchronizing a transmission from
said transceiver unit to said RBU, said synchronizing means
comprising means for transmitting individual ones of a
plurality of bursts to the RBU, each burst being

- transmitted with a different pn spreading code timing
alignment within a range of fractional chip timings, each



Pr(f'al se detection at phase ifphase i is transmtted) .
| - F(t hreshol d-nmean(i), [. Mi _ (1) where F() is the
turrul ati ve distribution ﬁﬂlﬂ"ﬁlﬂ"iﬂ'ﬁ H l) 5 nean Gaussian distribution
Vi th a variance of (i), the thréshbl dsis conputed as in Fig. 2, and nean(i)
i's the nmean ofwphesfagever estimate at phase i. For clarity, thecniosym2654
probability i.s denoted as Pr(false on i). Tg‘? cunul ative distribution
flunction, F() can also be witten in terns 10 the error function,
[err] The probability of false detection can be cal culated fromthe

previ ous probabilities. In the worst case, it is sinply one mnus the

p[] obabi | @-tK that sdbd t sy 'igoaﬁxgihbpaaaé fok hfpétgirl ;gilﬂg the -pﬁnsglkiagafﬂ ,
phases wi thout a . cti +Pr(worst cas se eghLi o :;rglp
t hrough non-ali gn‘g’%&%h%gggtq\j F%%ﬁ{'&%}g e%??gn%.o 2‘33“563 fcttt’hee' e i ﬁ%g
phases are nunber¥pRsesivesy usisnfrether eenprisinghuegnobatsisHong iyentoea
expL essed Ej hat t hfedtade a&@getibea Sﬂr-]@ﬁ tdr?riwghsle!,l toe Emiti&k;! gegd ppRses
wi t hout a.detecti L(slip: throu nop-al tgne ases, t hout
detection) = (I- F’ér}{}f‘%s%ier?%ﬁ °Q%)%’é’\? 9 A C'%PB?E’£a€%€ Sﬁ‘q‘dgiséfﬁ‘jj[égﬁ‘#gy the

*(1 '-.Pr_'(fal se on Yogakvad megsape¢fal se on quiet))[err].. : _

18. A transceiver unit as set forth in claim 18, |
- wherein said plurality of bursts are transmitted on an
asynchronous side channel. ’



*(1-Pr(false on 63))[err] * (1-Pr(false on quiet))[err] (4) 30 or,
Pr(slip through non-aligned phases wi thout detection [err] [(1-Pr(false on
iy)[err] * (I- Pr(false on quiet) )[err])]. (5) WO 97/ 31429 .
PCT/ US97/ 02654 20 For a given aligned phase, the probability that there is
a true detection WO9¥3B?tain threshold is given by Pr(true det e®2ETHRIZH2654

phase i[err]phase i is transmtted)= 5 |[|-F(threshol d-neans(i),
[err]variance(i)). (6) For clarity, the above probability is denoted as -
Pr(true on i). The probability of a correctiftection can be cal culated

fromthe above probabilities in the followng 10 manner: Pr(a given
acquisition is correct) = Pr(correct phase is detected[err]no previous

detection) *Pr(no previous detection). (7) 15 In the worst case, E;he
probability that there is no previous detection ifs girven Dy equa} johe{5).
Also, it is assunmed that the RBY 12 shoul d detectf on theaiirst. si x power
estimates of an aligned phase te declare a corredgt - -
Lo - i
-
Z| D
T &8
= no
& =
! 7
—
o

FIG.

uigg
3 %5
O < N
L T ou E% -
EO o g
_ - w _
Ld o wo
x = =1 0O _
a Rl no Qo
n 3 |
)
= o - Q o
o P—Ei - x5
(]
W O / O
bt
ol Lo’
w OZ
il S
=} -




20 detection. |If it is assuned there are two aligned phases, then these
woul d correspond to phases of -1/4 chip and +1/4 chip, which are now

nunbered as phase 0 and 1. The followi ng probabilities are different for
three aligned phases (i.e., -1/2, 0, 1/2 chip) but the approach |s,5hem%?

sane. For this %42 Pr(correct ach|S|t|on)—-Pr(correct det

phase Ono previous fal se detection) *Pr(no péﬁ%lous fal se detection) 30
Pr (correct detect on phase 1l[err]no previou etection) *Pr(no previous
detection) = Pr (true on 0)*Pr(no falisejdetection) + Pr - (true on |)*Pr(no

.+_

fal se detection) *(l-Pr(true on 0))[éﬂr] 35 *(I-Pr(fql se on quiet))[err],
(8) where Pr(no fal se-detection) I s~Ngrvgn by equation @5). This WO
97/ 31429 'tSC: . PCT/ US$%/ 02654 21 is the
worst case probability of correct deteaction wher e the U transmtter slips
through all non-aligned phases befaddeQtansntting at n al i gned phase. 5
Whil e the invention has thus been ularly shown d descrlbed above
with respeet to a number of enbodi me /;ﬁ
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thereof, it will be understood by those skilled in the art that changes in
formand details may be nmade therein without departing fromthe scope and
spirit of the 10 invention. For exanple, it shoul'd be realized that the
tieaching of this invention is not limted to any of the exenplagéﬁ -
frequencies,  pwowBi49 |lengths or types, transmtter powers FOHHBHEIE
users, despreader and detector enbodinents, and the |ike that were )
descri-bed 15 above. It should further be usgderstood that the teachi ng of
this invention is not limged for use with the RF transmtters and
receivers illustrated in th._ 1. That is, in other 20 enbodi nents of this
i nvention the CDVA forwar&<and reverse.ks nk signals can be conveyed
t:hrough, by exanpl e, coaxuaﬁ’cable or fE@ﬁr optic cable. The CDMA signal
coul d -al so be conveyed, tm@ugh' ~wat er W using sui t abl e acoustic -
transducers. 25 The aboverg®@scri bed embmEnents should thus fg viewed as
bei ng exenplary of the tg ing of thisamnygntion, and shoul @not be
construed in a limting 2n4e upon the &E‘aNm ce of this inveglion. 30
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CLAI M5 What is clained is: 1. In a synchr onous CDMA communi cations system
usi ng orthogonal pn spreadi ng codes, a nmethod for synchronizing

transm ssions froma subscriber unit (SU) to a radio base unit (RBU),
conprising the steps of: (a) transnitting individual ones of a pI ural '/3%54“
bursts fromthe '@Utﬂmnhe RBU, each burst being transnitted wi t

di fferent pn spreading code tinming alignmen#/8(b) receiving indivi dual ones
of the plurality of bursts with the RBU and determ ning a power estinmate of
each received burst; and (c) in &esponse to a determ ned power estinate of
one of the bursts exceedi ng a th hold, initiating the synchronization of .
subsequent transm ssi ons fromthﬁgp by sqpding a nmessage fromthe RBU to
the SU, the nessage indicating t the Sgisgato use for subsequent

transm ssions the pn spreading c timn Wgnnment that was enpl oyeg) when
transmtting the one of the burs 2. A d as set forth in clai
wherein the step of transmitti C desdﬂ ep of transmtting an w
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i ndi cation of the pn spreadi ngncp;té tim nguedeegnment used when transn®ting
each of the plurality of burstsu@:ii A rrettﬁmgs set forth inclaimji o
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of receiving includes the steps of: summ ng M sanples per chip to obtain a
first result; despreading the first result; 23 summing L chips per
synbol, fromthe first result to obtain a second result; summng a plurality
of synbols fromthe second result to obtain a power estimate of a current
pn spreadi ng codevwoBmMY al i gnnent that was transmtted by the SeLTNUS97/02654
obt ai ni ng an averaged power estimate that includes a power estimate froma
previous pn spreading code alignment for fgygring the threshold; and :
conparing the power estimate of the current pn spreading code timng
alignment to the threshold. 4. A nmethod as set forth in claim1, wherein @1
response to the SU exhaustipg a predetgymned range of permssible p

spreadi ng code timng alignpnents, perfqrmng SHS—6 S+ C_D
out put power of an SU trangmitter, and {e-e}ecuting the steps (a)-(C="5.UA
met hod as set forth in cled N, Wherei n Yoeekyrst is transmtted with a gn
spreadi-ng code timng alfi gnnent |t hat diff%;\by 1/2 chiyp from a previous gn
spreadi ng eode timng alli gngent =T : ' o
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6. A method as set forth in claim1l1l, wherein each transmtted burst is
separated by a period of no transm ssion by the SU, and further conprising

a step of ‘al so deternmining a power estinmate during the period of no
transmssion by the SU. 7. A nethod as set forth in claim1, and further
conprising the siyemssphs in response to the RBU sending the nesBalLSsI702654 -
changing the pn spreading code timng alignnent by a predeterm ned nunber =«
of chi ps; WO 97f31429 6/8

PCT/ US97/ 02654 24 transm tting individual ones of a second plurality of
bursts fromthe SU to RBU, each burst being transmtted with a
di fferent pn spreadi ng St G : eetv—tre—secong
plurality of bursts i BU and storing, for each received burstp §
correspondi ng magni tude of- a pn correlation value; and after rgﬂeiving
pr edet ef m ned nunber of the second bursts, transmtting a nessag¢ \0
SU, the nessage instructing the SU to use for subsequent transnissighs a pn
spreadi ng .code timng alignnentxthat corresponds = - '
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to a largest stored pn correlation value. 8. In a synchronous CDVA
conmmuni cati ons system usi ng orthogonal pn spreadi ng codes, a nethod for
éynchronizing transm ssions froma subscriber unit (SU) to a radi o base
unit (RBU), conprising the steps of: transmtting individual ones of a
plurality of bungbswisammthe SU to the RBU, each.burst being trBFREHY025
with a different pn spreading code timing alignnment; receiving the
plurality of bursts in the RBU and storing,7hpr each received burst, a
correspondi ng magnitude of a pn correlation value; and after receiving a
predet erm ned nunber of the plurality of bursts, sending a nessage to the
SU, the message instructing the SU to use for subsequent transmi ssions a pn.
spreadi ng code timng alignment that corresponds to a | argest stored pn
correlation value. 9. A nethod as set forth in claim8, wherein the step of
transmtting includes a step of transmtting an WO 97/ 31429

, PCT/ US97/ 02634 25 i ndication of T{ME pmspreadrng code trnrng al i gnment
u_sed when «transm tting EROBHf the plurality of bursts.

- l ~ RBU TIMING = 0
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' \ |/

UNKNOWN EPOCH

FIG. S

FOUR x[n] IN QUIET
SIX x[n] IN BURST ) |

A
'4 yr )

(o]
o
o]
x[n+1]
x[n+2]
0
0

po——y
L o
aed
x

T | | -

BURST QUIET BURST
@t=At+ 3/2Tc @t= At+ 4/2Tc

FIG. 6




10. A nmethod as set forth in claim8, wherein each burst is transnitted
with a pn spreading code timng alignment that differs by 1/2 chip froma
previ ous pn spreading code timng alignnent. 11. A synchronous CDHA
comuni cati ons system usi ng orthogonal pn spreadi ng codes, said synchronous
CDVA communi cat i O¥@9%3442%m conpri sing at | east one subscri ber unPETUSKBN2654d
at .| east- one radio base unit (RBU), said synchronous CDMA conmuni cati ons
system further conprising apparatus for synchronizing transm ssion fromthe
SU to the RBU, said apparatus being conpriseg 8 means in said SU for
transmitting individual ones of a plurality { bursts to the RBU, each
burst being transmitted with a different pn spreading code timng
alignment; means in said RBU for receiving individual ones of the plurality
of bursts and for determ ning a power estimate of each received burst; and
means, responsive to a determined power estimate of one of the bursts
exceeding a threshold, for sending a nessage fromthe RBU to the SU, the
message indicating that the SUis to use for subsequent transmissions the
pn spreading code tinmng alignment that was enployed when transnitting the
one of the bursts. 12. A systen1as set forth inclaim11, mhereln said

b e

FIG. 7




transmtting neans trahsrri ts an indication of tﬁrm "~bi ng?:ﬁde/ @%654

al i gnnment used when transmitting each:of ‘the pl . M3
ob) S1a50 -~ - = " PCT/ US9 o8 5L JAN1098

systemas set- forth in claim 11 wherein said receiving neans is conprised

of : neans for sunm ng M sanples per chip to.obtai.n a first result; neans

for despreading the first result; means for sunming L chips per synbol from |
the first result to obtain a second result; nmeans for summng a plurality -

of symbol's fromthe second result to obtain a power estimate of a current

pn spreadi ng code timng alypmirex[nha(lhayy({naddnitted by the SU, neans -
for obtaining a spghod 9YRIA0EH BMCEsEIhatB! f Nehe! NELPENPOROMER power
estimate froma previous "pn spreadi ng code alignnent for Tormng the :

t hreshol d; and ma&¥eX.or ¥dHpadiSngat h9°}38ﬁere§g§mﬁﬁﬁe a3t (FlreenterRn pipode

spreadi ng code t ialiRfhodntgne@d yoniDE i8r 8Spebdiohd. pOweyS1eweds extlinatid h
I? Cyalnll}“§Whewﬂé]égrm @ is a parameter that determines how fast the
! average power level responds to the current power estimate.
The calculated current value of y[n] is then multipliéd by

a scaling factor to yield a detection threshold value for

_ use by the comparator block in making a current detect/not

10 detect decision based on the current power estimate x. If

the current pbwe; estimate is larger than the threshold, a

detection is declared and this information is then fed bagk.

()

: to the transmitting SU 14, as described below with respect

| ' " to Figs. 4A and 4B. If the current power estimate is not

15 larger than the threshold, a not detect state is declared
instead. In the method described below the SU 14 can slip
its timing by 1/2jchip and then transmit again.

_Fig.‘6'illustrates a time domain representation of bursts

20 and "quiet” periods. In this example a burst of six power

estimates (x[n]) is followed by a quiet period of four

o powerjest%mates._The next burst is then transmitted by.an

A SU 14 with a pn phase that is delayed (slipped) by 1/2 chip

- ﬂm?' - from the previous phase.

25 ) _

The acquisition procedure of this invention makes use of

one of the properties of the spreading sequences. When the

spread signal from the asynchronous side channel is aligned

| in time with the timing of the side channel receiver 124,

| 30 the energy as measured by the receiver 12d-is greater in

!- - magnitude than'when_not aligned (see, for example, Fig. S5).

. This is due to the autocorrelation function of the

spreading sequences, as 1is illustrated in Fig. 7.

. Therefore, the largest power estimate results when the side

35 channel signal that is transmitted by the SU 14 is in

alignment with the timing of the RBU's side channel

4 s i n. o



response to the SU exhausting a predeternined rP eTo/ qmuéaﬁz 2654

~
spreadi ng.code—timng alignments  sai.d SU further conpr N 153 0
i'ncreasing an- Oﬁiﬁw ower of transmtter of the SU, and for

re-transmtting Hmu ﬁMof the plurality of bursts to the RBU. 15.
A system as set 1, wherein ea#h burst is transnmtted with a
pn spreadi ng code tlnlng allgnnent that differs by 1/2 chip froma previous «
pn spreading code timng alignnent. 16. A systemas set forth in claiml11,
wher ei n each WO 97/ 31429 - PCT/ US97/ 02654 27
transmtted burst is separated by a d%¥$¥¥§ of no transm ssion by
the SU. 17. A systemas set forth in claim1l, and further conprising::

means in said SU, po t RBU sendi ng the nmessage, for changin
the pn spreadlng‘g%'é Q 1£$?ggﬁent by a predeterm ned nunber of C%ng
means for transmtting |nd|vidual ones of a second plurality of bursts to.
the RBU, each burst bejngrhransphbhednWubhcudl bomimRili At it A stk Aing

timng alignnent;
orthogonal pn spreading codes, a method for synchronlzlng

transmissions from a subscriber unit (SU) to a radio base
unit (RBU), comprising the steps of:

(a) transmitting individual ones of a plurality of
bursts from the SU to the RBU, each burst being
transmitted with a different pn spreading code timing

&;}

alignment;

(b) - receiving indiyidual_ones of the plurality of
| ' bursts with the RBU and determining a power estimate
of each received burst; and

(¢) in response to a determined power estimate of one
of the bursts exceeding a threshold, initiating the
synchronization of subsequent transmissions from the
SU by sending a message from the RBU to the SU, the
message indicating that the SU is to use for
subsequent transmissions the pn spreading code timing
alignment that was employed when transmitting the one
of the bursts. |

2. A method as set forth in claim 1, wherein the step
of transmitting includes a 'step of transmitting an
indication of the pn spreading code timing alignmént used
when transmitting each of the plurality of bursts.

3. A method as set forth in claim 1 wherein the Step.
of receiving includes the steps of:

summing M samples per chip to obtain a first result:;

despreading the first result;

sveHnCn oUEeT



rfeans in said.RBU f or receiving the second pl urﬁgcnrgzlm QU/C’&2654

storing,” for each received burst, a correspondi

o et o ry MR} R OO L oot st o o SRSV IPQEéMﬁ %J&\\ 1398

the SU, the rre%sage | nsStrdct i ng the SU to usesfor subsequent transm ssions

a pn.spreading code tining alignment that corresponds to a |argest stored e
pn correlation value. 18. A transceiver unit for use in a synchronous CDVA
comuni cations system using orthogonal pn spreading codes, said synchronous
CDMA communi cati ons s yuimgiing! /T hehiiponperssypabal Ifreni thee firse basalunito
(RBU). capabl e of conmmupgi.catiqns vmth sai d fransceiver unit, said

transceiver unit corrpf’gé:ﬁ*}é1 r?ea?r?s Iéefh % oni zi ng a transmssion from

said transceiver unit to said RBU, said synchronizing neans conprising

means for transnitti“gH?@gh§'Q”§%uQQgiF$Lren &Hbﬁhbt¥r E QﬂésgécBBdFQSSB§H

each burst being tran rea
al i gnment within a-rabge obtafinge ipawar (ﬁﬁ#}lmﬂm r@g ae%lé:hrent PEJT/ EBQE#@Z-BBﬂ

V\D 97/ 31429 28 code timing alignment that was transmitted by the SU;

‘obtaining an averaged power estimate that includes a
power estimate from a previous pn spreading code
alignment for forming the threshold; and

comparing the power estimate of the current Bn
Y . spreading code timing alignment to the threshold.

4. A method as set forth in claim 1, wherein in
response to the SU exhausting a predetermined range of
permissible pn spreading code timing alignments, performing
the steps of increasing an output power of an SU
transmitter, and re-executing the steps (a)~-(c).

- 5. A method as set forth in claim 1, wherein each
burst is transmitted with a pn spreading code timing
alignment that differs by 1/2 chip from a previous pn
L spreading code timing alignment. '

6. A method as set forth in claim 1, wherein each
transmitted burst is separated by a period of no
transmission by the SU, ‘and further comprising a step of
also determining a power estimate during the perlod of no
transmission by the SU. '

7. A method as set forth in claim 1, and further
comprising the steps of: | |

in response to the RBU sending the message, changing

the pn épreading_- code timing alignment by a
' predetermined number of chips;

1t TR m AL 1P



sai d burst ii-ncluding data for specifying the pn spreading code tinfHgO4 1 F 3 ~
alignment..used to transmt the burst; said transceiver unit further ) D¢ cord
conprtsi ng nmeans, responsive to a nessage received .fromsaid RBU, _tor -
setting the pn spreading code timng alignnent to a val ue speci f /2188

recei ved nessage. 1mt ranscei#&bﬁwu%%%pg&%mogl aim 18
r : -

said plurality of b are transm 1t edinematieesl Begy NCNr onous si de chiannel .«
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(57) Abstract

Disclosed are methods and apparatus for use in a synchronous CDMA communications systsm (10) that employs orthogonal

stg codes. The methods are intended for synchronizing transmissions from a subscriber unit (SU 14) to a radic llrs?unn (RBU lgn),
and include the steps of: (a)tranuniningindividnalonasofapluuﬁlyofbnmsfmmﬂwSUtomeRBU,eachburstbeingmmiﬂed
with a dzﬂefmt Pn spreading code timing alignment;. (b) receiving individual ones of the plurality of bursts with the RBU and determining
a power estimate of each received burst, and (c) in response to a dstermined power estimate of cne of the bursts exceeding a threshold,
s_enflmga'messagefmnmeRBUtomeSU.“emusageindicam that the SU is to use for subsequent transmissions the pn spreading code
timing alignment that was emgloyed when transmitting the burst that exceeded the threshold. In a preferred embodiment of this invention
the step of transmitting transmits an indication of the pn spreading code timing alignment used when transmitting a given one of the bursts.
aEIai:;nhmbeu:n'st is transmitted with a pn spreading code timing alignment that differs by 1/2 chip from a previous pn spreading code timing




