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SYNCHROIIZATION OF TRANSMISSIONS FROM A SUBSCRIBER UNIT TO A BASE 
10 UNIT IN A RADIO CDMA COMMUNICATIONS SYSTEM 

CROSS-REFERENCE TO A BEI,ATED PATENT APPLICATION: 

This paten~ · appl.ication ·is related . to commonly assig~d 

15 U.S. Patent Application Serial Number OBJ. 606. 378 , filed 

02/23/96 , entitled "A MULTI-USER ACQUISITION PROCEDURE FOR 

POINT-TO-MULTIPOINT SYNCHRONOUS COMA SYSTEMS", by S. 

Kingston et al. (Attorney Docket No. OUT 512). 

20 FIELD OF THE INYENTION: 

This invention pertains qenerally to code division, 

multiple access (CDMA) comnunication systems and, in 

particular, to direct-sequence (OS) multipoint-to-point 

25 synchronous COMA communications systems. 
I 

BAC]{GROUNO OF THE UWEHTION: 

In a CDMA communications system a plural! ty . of user 

30 communication signals can be transmitted within, i. ~·, 

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 

35 spectrum of the resulting waveform. In a given receiver all 

of the user siqnals 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 



,. 

.. 
i 

I 

WO 97/31429 PCT/US97f02654 

5 

10 

2 

transmission. All other (uncorrelated) user transmissions 

appear as noise. 

One type of CDMA communication system is specified by a 

document referred to ·as EIA/TIA/IS-95. The system as 

specified uses a plurality of base stations that establish 

and'maintain bidirectional direct-sequence (OS) CDMA links 

with a plurality of mobile stations (e.g., cellular 

telephones). one feature of the_ .. IS-95 system is the 

presence of a pilot channel that is transmitted by each 

base station. \" . .' 

' 

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 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 

provides a reference for si9nal 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 215 that are used to spread 
I • 

the Forward CDMA channel and the Reverse CDMA channel • 

Different base stations are identified by different pilot 

25 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 

ratio of received pilot enerqy to overall received energy. 

30 

35 

Walsh functions are a class of 2N time ortho9onal binary 

functions that are used to establish orthogonality between 

the different pn binary code sequences used by the pilot 

and user channels. 

:In conventional practice it is known to vary the base 

station's receiver timing phas~ until ~ynchronization with . 
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a subscriber unit is achieved. However, this technique 

performs poorly due at least to the large amount of JPUlti­

user interference that is present when the receiver varies 

its timing offset from a correct value. This is because the. 

5 multi-user interference power level will be comparable 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 ph~ses due to the strong 

10 interference. 

OBJECTS OF THE INYENTION; 

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 

cODIJllunications system, wherein a given one of the 

subscriber units varies its transmitter timinq phase until 

a radio base unit signals the subscriber unit to terminate 

varying the timing phase, thereby selecting a current 

25 timinq phase for use by the subscriber unit. 

It is a further object of this invention to provide methods 

and apparatus to enable subscriber- units using orthogonal 

pn sequences to synchronize to a synchronous CDMA 

JO communications system, wherein a qiven one of the 

subscriber units varies its transmitter timing phase over 

a large number. (typically twice the processing gain) tim.inq 

phases, while a radio base unit monitors the received 

transmissions and selects a best timing phase for use by 

35 the subscriber station. 
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SUMMABY or THE INVENTtON 

The foregoing and other problems. are overcome and the 
objects of the invention are realized by methods and 

5 apparatus in accordance with embodiments of this invention·, 
.wherein a subscriber unit is provided with circuitry and 

methods enabling. synchronization with a central point, 
e.g. , a radio base unit, of a COMA communicat.ions 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 p1urality of bursts from 
the SU to the RBU, each burst being transmitted with a 
differentpn spreading code timing a1ignment: (b) receiving 

20 

25 

individual ones of the plura1ity of bursts with the RBU and 
determining a power estimate of each received burst; and 
(c) in response to a determined power estimate of cne of 

I • 

the bursts exceeding a threshold, sendinq a message from 
the RBU to the SU. The message indicates that the SU is tc 
use for subsequent transmissions the pn spreading code 

timing alignment that was employed 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 

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 frcm 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: ~espreading the first result: ·summing L 

' 
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chips per symbol from the first result to obtain a second 

result: summing a plurality of symbols from the ~econd 

result to obtain a power estimate o~ a current pn spreading 

code timing alignment that was transmitted by the SU; 

5 obtaining a scaled averaged power estimate that includes a 

power estimate from a previous pn spreading code alignment 

for farming the threshold: 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 su, performs the steps of 

increasing an output power of an SU tr~nsmitter, and then 

15 re-~ransmittinq the plurality of bursts. 

Each transmitted burst is preferably separated by a period 

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

During this time the RBU may also determine a power 

20 estimate. 

Further in accordance with this invention the method 

executes the steps of: in response in the RBU sending the 

message, changing the pn spreading code timing aliqnment by 

25 a predetermined number of chips; transmitting individual 

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

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 maqnitude of a pn correlation value; 

and after receiving a predetermined number of the second 

bursts, transmittinq 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. 
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BBIEF DESCBIP'l'IQN OF THE DBAWINGS 

The above set forth and other featui;-es of the invention are 

made more apparent·in the ensuing Detailed Description of 

5 the Invention when read in conjunction with the attached 

Drawings, wherein: 

Fig. l is a simplified block diaqram 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 to the SUs, and also receives an 

essentially asy.ac.:hronously 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 detec.tion ~hreshold is determined using 
an IIR filter that removes any dependency on dynamic AGC 

20 levels. 

. 25 

Fig. JA is a graph that illustrates enerqy versus timing. 
I 

offset for a desired (asynchronous) user, for multiuser 

interference, and for background noise • 

Fig. JB is a graph that illustrates energy versus timing 
offset for the desired (now syncbronized) 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. S 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. 
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Fig. 6 is a time domain representation of bursts and 

"quiet" periods. 

Fig. 7 is a graph illustrating an autocorrelation function . 

5 of a pn spreading sequence. A peak exists in this function 

at r=O. 

DETAILED PESCBifTION OF THE INVEHTION 

10 Referring to Fig. 1, a synchronous CDMA communications 

system 10, which in presently preferred embodiments of this , .. 
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 

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 also transmits a siqnal on a 

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

timing of its transmissions to the RBU, and to qenerally 

perform bidirectional communications. The synchronization 

aspect 'is of most concern to the teaching of this 

invention. The FWL is suitable tor 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 circuitry for generating a plurality of 

user signals (USER_l 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 quadrature, and the 

SUs 14 are assumed to include suitable phase demodulators 

for deriving in-.phase (I) and' quadra~ure (Q) components 
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therefrom. The RBU 12 is capable of transmitting a 

plurality of frequency channels. By example, each frequency 

channel includes up to 31 code chapnels, and has a center 

frequency in the range of 2 GHz to J GHz • 

The RBU 12 also includes a receiver 12c having an output 

coupled to a side channel receiver 12d. The side channel 

receiver l2d is shown in greater detail in Fig. 2. The side 

channel receiver 12d receives as inputs the spread signal 

10 from the receiver l2c, a scale factor signal, and a side 

channel despread pn code. These latter two signals ar~ .. 

sourced from a RBU processor or controller 12e. 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 

15 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 value x, as 

described below. A read/write memory (MEM) 12f is 

20 bidirectionally coupled to the RBU control.ler 12e for 

storing system parameters and other information, such as SU 

. timing phase information and power estimate values, as will 
I 

be described in further detail below. 

25 Referrinq to Fig. 2, the side channel receiver 12d 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 

30 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• Summinq 

over 256 symbols reduces the variance of this estimate and 

thus yields a more accurate result. The power estimate is 

35 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:· 

' 
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THIS SHEET HAS BEEN 

REPLACED 
y[n]=ax[n]+(l+a)y[n-1], 

where y[n] is an estimate of the unsynchronized power 
level, x[n] is a power estimat~ at current pn code 
alignment, and y(n-1] is a previous power level estimate • 
The term a 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 multiplied by 
a scalinq 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 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 reqard 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 (>e[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 sequences. When the 
spread ~ignal from the asynchronous side channel is aligned 

30 in time with the timing of the side channel receiver 12d, 
the energy as measured by the receiver 12d is greater in 
magnitude than when not aligned (see, for example, Fig. S). 
This is due to the autocorrelation function of the 

35 

spreading sequences, as is illustrated in Fig. 7. 

Therefore, the largest power estimate results when the side 
. channel signal that is transmitt~d by the so 14 is in 

-------·-----------~~i9nm~nt with .the timing of the RBU's side channel 
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receiver 12d. 

Referring again to Fig. 1, each SU_l4 includes an antenna 

14a, a receiver l4b, a correlator 14c wherein the received 
5 FL transmission is despread using, by example, the side 

channel despreading pn code, and a SU processor or 

controller l4d. The SU controller l4d is responsible for 
manaqin9 the operation of the SU 14. These mana9ement 

functions include generating a var_iable 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 s1de channel and also the' 
user's signal. The SU controller 14d is also responsible 
for executing one or more of the synchronization methods in 

15 accordance with this invention, in cooperation with the RBU 

20 

25 

· controller 12e. The SU 14 also inclµdes a spreading circuit 
14e for spreading a signal, such as the side channel 

signal, and a transmitter l4f for transmitting the DS-COMA 

signal on the RL to the RBU 12. 

For the presently preferred embodiments of this invention 
the antennas l2b and l4a have a line-of-sight relationship, 
the sus l~ are fixed in location with respect to the RBtf 

12, and the antennas 12b and 14a are boresighted during 

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 
code symbol duration T

1
, multiplied. by a spreading sequence 

c(t), with chip duration Tc and a null-to-null bandwidth Wc 

= 2/Tc. By example, there may be MS30 active users (SUs 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 assu~ed to be accurately 
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aligned during normal operation. In a presently preferred 

embodiment of this invention the pn codes are select~d from 

a set of randomized Walsh-Hadamard.codes. The symbol rate 

for each SU 14 is fixed at 1/Ts, .and the chipping rate at . 

l/Tc = P/T
1

• The teaching of this invention is not, 

however, limited to only signals having these 

characteristics. By example, the set of spreading codes can 

be selected ·from any set that exhibits low cross­

correlation at zero relative shift. 

Furthermore, the ensuing description is directed towards ,." 
presently preferred embodiments of methods for 

synchronization of the su•s spreading code tining·at the 

RBU 12. These embodiments differ from conventional 

15 synchronization schemes, which are applicable for single­

user 5ystems, in that allowance is made for the presence of 

a number of interfering users (i.e., other SUs 14) on the 

same channel. J:n 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 assuned to be infrequent 

(e.g., durinq provisioning, after SU power outages, etc.). 

The methods of this invention provide a means by which an 

SU 14 C?an 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 sequence (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 boresighting of the SU antenna 14a with the RBU antenna 

12b, and initial acquisition by the SU 14 of the forward 

and reverse channels). sincE! the ~ is continuously 
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transmitting, when an SU 14 is activated one of the first 

operations that it performs is to acquire the FL side 

channel and begin processing tpe side channel data 

accordingly. Under· normal operating conditions (after the 

5 SU 14 is successfully provisioned}, the SU 14 stores the 

value of a 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. I( for some reason the SU 

10 14 loses knowledge of this timing offset value, or has not 

yet obtained the value, as· during initial provisioning, th~-· 

' SU 14 has no means of determining exactly when it should 

transmit. Thus, when it does begin transmission, it beqins 

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 ot the asynchronously 

transmitting SU at the RBU 12 a more difficult problem, 

20 

since from the perspective of the asynchronously 

transmitting SU's received signal, all other active users 

contribute MUI. 

I 

Given that asynchronous side channel usage by the SUs 14 is 

generally infrequent, a longer acquisition time can be 

25 tolerated on this channel. However, the sooner an 

asynchronously transmitting SU 14 ls 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 acquisition. 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 signal correlation (as shown in 

Fig. 3A). 
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In Fig. JA the solid curve represents the RBU detector 
{correlator) output energy (see Fig. 2) when MUI is ~nput, 
and the dashed curve represents the detector output energy 

when the input is · the desired SU signal, where in both 
5 cases the RBU 12 correlates·with the desired SU signature 

sequence. Thus the timing offset axis is with respect to 
the desired SU receiver. Henceforth, 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 actually the sum of the desirea 
user sign~l plus the MUI. Clearly, when the desired SU's 
timing offset is greater than approximately 1/2 of the chip 

15 duration Tc, the desired SU detect~r, which is correlating 
with an offset of zero, does not yield a high siqnal-to­
noise ratio (SNR). In this situation, the SNR is 
approximately equal to (EbjlP)/ (N

0
+I

0
+AI

0
), where Ebl denotes 

the enerqy of the desired su•s correlation, P is the 

20 processing gain, N
0 

represents the thermal noise (assumed 
small here), I

0 
is the multi-user interference caused by 

pulse shape filtering, and the term Ar0 represents 
additional 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 

JO 

detection SNR for an asynchronous SU is reduced by lOlog (P) 

= 15 dB from the synchronous value. Further by example, if 
P = 1.28 then the corresponding SNR loss is approximately 21 

dB. 

In cases where the desired SU's received signal is faded, 
or when the AI0 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 Jl!8Y not be able to 
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instruct the desired SU 14 to correct its timing. If the 

desired SU' s receiver at the RBU 12 were to shift . its 

timing, the absolute enerqy of th~ detector output would 

increase, but the detection SNR would be even lower. Thus, 

what is required is an alternate ~echnique to acquire the 

desired SU's signal at ·the RBU 12. 

This alternate technique, ·in accordance with a first 

embodiment of this invention, is ac~~mplished by having the 

10 SU 14 shift the timing of the transmitted signal until it 

comes into synchronism,· as shown in Fig. JB. Th~~ 

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 

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 
I 

have been 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 12d to process the signal. If the 

asynchronous SU' s timinq offset is such that an 

30 autocorrelation sidelobe lies at 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 so 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 pe~formanqe. 



.. 
5 

W097/31429 PCT/US'7/02654 

15 

. To avoid this possibility, and in accordance with a second 

embodiment of this invention, once the RBU 12 acquire~ the 

. su•s signal and can adequately pro~ess the received burst 

transmissions, the·RBU 12 responds with an acknowledgement . 

message. The SU 14 then shifts its timing offset by some 

predetermined 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 

chip, and transmits again. This p~ocess is repeated until 

10 the SU 14 has transmitted 4J+l bursts after the initial 

response from RBU 12. During transmission of these bursts ,._, 
the RBU 12 deternines and stores in the memory 12f a 
correlation value obtained from the side channel receiver · 

12d. After the SU has transmitted all 4J+l 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 of 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. Assuming 

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 tining 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 deterJUine if the SU 14 
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transmitter power· is at a maximum level. If No at Block F, 

the power of the SU transmitter 14f is increased by some 

increment (e.g., 3 dB} at Block G,_ and control passes to 

Block B to begin transmitting another sequence of bursts 

5 beginning with the initial phase timing offset. If Yes at 

Block F (i.e., the SU transmitter power is at maximum), 

then control passes to Block H where a determination is 

made if some predetermined number of passes through the 

loop have occurred. If No, control. passes to Block B to 

10 begin transmitting another sequence of bursts beqinning 

with the initial phase timing offset, and at the maximu~. 
\: 

power level. If Yes at Block H, control passes instead to 

Blo.ck 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 

response is received from the RBU 12), control passes to 

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) pha~e timing positions with minimum delay betwee~ 

bursts. DUring this time the RBU 12 records the output of 

25 the correlator that is assigned to the SU i4. 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. It No, control passes back to Block K. If 

30 Yes at Block M, control passes back to Block B to restart 

the $ynchronization 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 no~ forthcoding a comparison is made at 

t 
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Block P to determine if the N, o, P loop has been executed 
some predetermined number of times. If No, control passes 
back to Block N to retransmit the confirmation messaqe. If 
Yes at Block P, control passes back to Block B to restart. 

5 the synchronizai;:ion procedure. If Yes at Block o, a 
determination is made if the RBU response indicates whether 
a ,large or small timing correction is required. If a larqe 
correction is required, the SU 14 adjusts its pn timing 
accordinqly and then preferably ~ransmits another timing 

10 and confirmation burst at Block N. If the response from 
the RBU 12 at Block o indicates th~t only a sma!l 
correction is required, the su 14 makes the indicated phase 
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 channel. 

In a further embodiment of this method the SU 14 steps 
through all possible timing offset yalues, 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 possible 
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, qiven 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 also depends on other ~actors such as the power 

JS of the asynchronous SU 14 and the threshold value 
qetermined in Fig. 2. In a worst c~se analysis, all non­
aligned phases a~e transmitted before. the correct phase. 
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In the worst case, for correct detection to take place. 
there should not be a detection on any.non-aligned phases, 
and the detection should take pla~e only on the aligned 
burst. Also, the detection should take place on the first 
power estimate of an aligned burst, thereby allowing the 
re~eiver 12c of Fiq. l sufficient time to track the carrier 

phase and resolve 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 "quiet" (see Fig. 6). A 

large .number of variables can exist when making the powei~: 
estimates. By example,. there can be differences in the 
number of active synchronous SUs, the power levels of the 

15 asynchronous SUs, and the initial timinq offset relative to 
the l/2 chip slips. Another variable is the dwell time or 
the time between bursts ("quiet'' periods). 

20 

. 
A mean and variance for all 64 phases and for the "quiet" 
periods can be computed. Since the power estimate is the 
sum of a larqe number of· random variables, it can be 
assumed that the power estimate at a given phase has a 
Gaussian distribution. 

25 With the knowledqe of the mean and variance of the power 
estimates at all phases and durinq the "quiet" periods, as 
well as the mean of the average power estimates, a 

probability of correct detection can be calculated. For the 
following examples, it is assumed that the average power 

JO estimates have zero variance. Actually, for an a (filter 
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 prQbability that there 
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is a false detection at a·certain threshold is qiven by 

Pr(false detection a~ phase if phase i is transmitted) = 

1-F(threshold-mean(i), /variance (i)), (1) 

where F() is the cumulative distribution function of a zero 

5 mean Gaussian distribution with a variance of (i), the 

threshold is computed as in Fig. 2, and mean(i) is the mean 

of the power estimate at phase i. For clarity, the above 

probability is denoted as Pr(false on i). The cumulative 

distribution function, F() can also be written in terms of 

10 the error function, 

F(x, a) =.!+.'!·erff-J!--} (2) 
· 2 2 -\ \f2·a 

The probability of fal~e 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-ali9ned phases without a detection. 

or, 

20 

25 

Pr(worst case false detection) = 

1-Pr(slip through non-aligned phases without detection). (3) 

If the non-aligned phases are numbered from, by example, 2 

to 63, the probability can be expressed that the SU 

transmitter slips through all the non-aligned phases 

without a detection as, 

Pr(slip through non-aligned phases without detection) = 

(1-Pr(false on 2) ) 6 * (1-Pr(false on qui.et) ) 4 . 

•(l-Pr(false on 3)) 6 * (1-Pr(false on quiet)) 4 ••• 

*(l-Pr(false on 63)) 6 • (l-Pr(false on quiet)) 4 (4) 

30 or, 

Pr(slip through non-aligned phases without detection = 

D, ... 11 non·eligned pheses [ (1-Pr(false on i) ) 6 

* (1- Pr(false on quiet)) 4)]. (5) 
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For a given aliqned phase, the probability that there is a 
true detection at a certain threshold is given by 

Pr(true detection at phase i(phase i is transmitted)= 

.5 1-F(threshold-means(i), /variance(i)). (6) 

For 9larity, the ~bove probability is denoted as Pr(true on 
i). The probability of a correct detection can be 
calculated from the above probabilities in the following 

iO manner: 

15 

Pr(a given acquisition is correct) = 
Pr(correct phase is detectedf no previous detection) 
*Pr(no previous detection). (7) 

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 o and l. The 
following probabilities are . different for three aligned · 

phases {i.e., -1/2, o, 1/2 chip) but the approach is the 
25 same. For this example, 

Pr(correct acquisition)= 
Pr(correct detect on phase ojno previous false detection) 
•Pr{no previous false detection) 

30 + Pr (corr~ct detect on phase lino previous detection) 
*Pr(no previous detection) 

35 

= Pr (true on O)*Pr(no false detection) 

+ Pr (true on l)*Pr(no false detection) 
*(1-Pr(true on O) )6 

*(l-Pr(false on quiet)) 4 , (8) 

where Pr(no false.. detection) is•given by equation (5). This 
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is the worst case probability of correct detection where 

the SU transmitter slips through all non-aliqned phases 

before transmitting at an aligned phase. 

5 While the invention has thus been particularly shown and 

described above with respect to a number of embodiments 

t~ereof, it will be understood by those skilled in the art 

that changes in · form and details may be :made therein 
. . 

without departinq from the scope and spirit of the 

10 invention. For example, it should be realized that the 

t_eachinq of this invention is not limited to any of the 
, .. 

exemplary .frequencies, pn code lengths or types::, 

transmitter powers, numbers of users, despreader and 

detector embodiments, and the like that were described 

15 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, usi11g suitable acoustil:: 

transducers. 
25 

30 

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. 
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THJS SHEET HAS B·EEN 
CLAIMS REPLACED 

What is claimed is: 

1. 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: 

(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 ' 
aliqnment; 

(b} receivinq 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 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 l, wherein the step 
of transmitting includes a step of transmitting an 
indication of the pn spreading code timing alignment used 
when trans~itting 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:· 
-'-·---------·---------·-
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THf S SHEET HAS BE.EN 

REPLACED 
summinq L chips per symbol from the first result to 
obtain a second result~ 

summing a plurality of symbols from the second result . 
to obtain a power estimate of a current pn spreading 
code timinq 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 
spreading code timing alignment to the threshold.· 

4. A method as set forth in claim l, wherein in 
response to the su exhausting a predetermined range of 
permissible pn spreading code timing alignments, per.forming 
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 e.ach 
burst is transmitted with a pn spreading code tining 
alignmentt 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 
the pn spr~ading code timing alignment by a 
predetermined number of chips: 
-----~ 
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transmitting individual ones of a second plurality of 

bursts from the SU to the RBU, each burst b~ing 

transmitted with a different pn spreading code timing 

alignment; 

receiving the second plurality of bursts in RBU and 

storing, for each received 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, the messag~ 

instructing the SU to use for subsequent transmissions' 

a pn spreading code timing alignment that corresponds 

to a largest stored pn correlation value. 

s. 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 

aft~r receiving a predetermined number of the 

plurality of bursts, sending ~ 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. 

9. A method as set forth in claim Br wherein the step 

of transmitting includes a step of transmitting an 

t 
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indication of the pn spreading. code timi.nq alignment used 
when transmitting each of the plurality of bursts. 

10. A method es set forth in claim a, wherein each 

burst is ·transmitted with a pn spreading code timing 

alignment that differs by 1/2 chip from a previous pn 
s~reading code timing alignment. 

11. A synchronous CDMA communications system using 
orthogonal pn spreading codes, said synchronous CDMA 
communications system comprisinq 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 a determined power estimate of 

one of the bursts exceeding a threshold, for sending 
a message from the RBU to the SU, the messaqe 
indicating that the SU is to use for subsequent 
transmissions the pn spreading code timing alignment 

that was employed when transm.i tting the one of the 
bursts. 

12. A system as set forth in claim 11, wherein said 
transmitting means transmits an· indication of the pn 
~preadirig code timing alignment used, when transmitting each 
of the plurality-et bursts. 
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13. A system as set forth in claim -11 where"in ·said 
receiving means is comprised of: · 

means for summing M samples per chip to obtain a first 
result; 

· means for despreading the first- result; 

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

~ means for summing a plurality of symbols from the ·· 
second result to obtain a power estimate of a current 
pn spreadinq code timinq alignment that was 
transmitted by the SU; 

means for obtaining a scaled averaged power estimate 
that includes a power es.timate from a previous pn 
spreading code alignment for forming the threshold: 
and 

means for comparing the power estimate of the current 
I . • 

pn spreading 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 spreadinq 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. 

16. A system as set fortH in claim 11, wherein each 
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transmitted burst is .separated by a period of no 

transmission by the SU. 

. 
17. A system as set forth in claim 11, and further 

comprising: 

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 individual 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 plurality 

of bursts and for storing, for each received burst, a 

corresponding magnitude of a pn correlation value: and 

means in said RBU, responsive to receiving a 

predetermined number of the second bursts, for 

transmitting 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 orthoqonal 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 fx1lctional chip timings, each 
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said burst including data for specifying the pn-spreading 
code timing alignment used to transmit the burst; ~aid 

transceiver unit further comprising means, responsive to a 
message received .from said RBU, for setting the pn 
spreading code timing alignment to a value specified by the 
received message. 

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


