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(57) ABSTRACT 

A mobile terminal ?rst transmits to a base station a signal in 
a reverse-link direction Wherein a timing used for said signal 
is set according to a transmission received in a forward-link 
direction from the base station. At the base station, a 
synchronization sequence in the transmitted signal is 
detected and the timing of the transmitted signal is evalu 
ating. The base station then sends timing adjustment infor 
mation in the form of synchronization commands to the 
mobile terminal based on said evaluation. These synchro 
nization commands indicate timing adjustments in one 
eighth of a chip increments. 
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ORTHOGONAL CODE SYNCHRONIZATION 
SYSTEM AND METHOD FOR SPREAD 
SPECTRUM CDMA COMMUNICATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/653,057, ?led Sep. 1, 2000; Which is 
a continuation of US. patent application Ser. No. 09/280, 
327, ?led Mar. 29, 1999 now US. Pat. No. 6,141,332; Which 
is a continuation of Ser. No. 08/807,228 ?led Feb. 28, 1997 
now US. Pat. No. 5,943,331, Which are incorporated by 
reference as if fully set forth. 

TECHNICAL FIELD 

[0002] This invention relates to spread-spectrum commu 
nications and more particularly to a system and method 
using orthogonal codes and knowledge of the distance 
betWeen a mobile terminal and a base station to adjust and 
align the phase of an information channel to achieve 
orthogonality at the base station. 

BACKGROUND ART 

[0003] Referring to FIG. 1, message data, d(t), are pro 
cessed by spread-spectrum modulator 51, using a message 
chip-code signal, g1(t), to generate a spread-spectrum data 
signal. The spread-spectrum data signal is processed by 
transmitter 52 using a carrier signal at a carrier frequency f0, 
and transmitted over communications channel 53. 

[0004] At a receiver, a spread-spectrum demodulator 54 
despreads the received spread-spectrum signal, and the 
message data are recovered by synchronous data demodu 
lator 60 as received data. The synchronous data demodulator 
60 uses a reference signal for synchronously demodulating 
the despread spread-spectrum signal. The square-laW device 
55, bandpass ?lter 56 and frequency divider 57 are Well 
knoWn in the art for generating a reference signal from a 
received modulated data signal. A Costas Loop or other 
reference signal generating circuit is adequate for this pur 
pose. 

[0005] In a fading channel, such as the ionosphere or any 
channel containing multipath, or more generally, any chan 
nel in Which the received signal’s amplitude ?uctuates With 
time, synchronous demodulation is not practical since the 
phase of the incoming signal typically is not the same as the 
phase of the reference. In such cases differential phase shift 
keying (DPSK) is employed. With DPSK the received signal 
is delayed by one symbol and multiplied by the underlayed 
signal. If the resulting phase is less than 190° a 0-bit is 
declared, otherWise a 1-bit is declared. Such a system is 
complex and suffers degradation of about 6 dB at error rates 
of 10' . 

[0006] The prior art does not provide a system and method 
for synchronously communicating, using spread-spectrum 
modulation, With a base station and in combination using 
range to the mobile terminal to achieve orthogonality at the 
base station. 

DISCLOSURE OF THE INVENTION 

[0007] Objects of the Invention 

[0008] A general object of the invention is a geolocation 
system and method that can be used as a personal commu 
nications service. 
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[0009] An object of the invention is a system and method 
for synchronously communicating a modulated-data signal 
embedded in a CDMA signal, and for geolocating a remote 
unit, Which performs Well Whether or not the signal is fading. 

[0010] Another object of the invention is a geolocation 
system and method Which uses a separate spread-spectrum 
channel as a pilot signal for a data link for geolocating a 
remote unit and for demodulating a modulated-data signal 
embedded in a CDMA signal. 

[0011] An additional object of the invention is synchro 
nous spread-spectrum-communications and geolocation sys 
tem. 

[0012] A further object of the invention is a spread spec 
trum system and method for using orthogonal codes and 
knoWn range to a mobile terminal to achieve orthogonality 
of mobile terminal user data signals at the base station. 

[0013] A still further object of the invention is a system 
and method for using orthogonal codes on a reverse link of 
a dupleX radio channel. 

[0014] The current cellular CDMA systems do not use 
orthogonal codes on the reverse link. In fact, the IS-95 
systems use noncoherent detection on the reverse link. This 
is because of the dif?culty in synchroniZing the spreading 
codes With each other as they arrive at the base station from 
the multiple mobile users. For codes to be orthogonal, the 
different codes have to start at essentially the same time and 
end at the right time. Therefore, since the mobile user 
stations are at different distances from a base station, and 
probably moving, even if all the signals are synchroniZed 
When they leave the mobile stations, the different path 
lengths Will make them non-synchronous When the signals 
arrive at the base station. 

[0015] There are at least three different signals that can 
gain in the detection process if the sampling is done at the 
proper time or if the predetermined Waveforms are properly 
aligned in time. Both of these concepts, i.e., sampling at the 
proper time or having knoWn Waveforms aligned, are gen 
erally referred to as being synchroniZed. In the case of 
carrier synchroniZation, the correct carrier phase must be 
tracked. This means the correct frequency is also folloWed 
and, therefore, a knoWn Waveform is phase aligned. In the 
case of PN code synchroniZation, it is necessary to slip the 
phase of the locally generated PN code in reference to the 
received PN code until the tWo signals have eXact phase 
alignment; this alignment is maintained by keeping the chip 
clock for the locally generated PN code locked to the clock 
of the received PN code. Again, this is phase aligning a 
knoWn Waveform. 

[0016] In the case of the information signal, there has to be 
a degree of uncertainty involved or there Would be no 
information transmitted. Therefore, if the information is 
transmitted on a bit-by-bit basis, a decision is made during 
each bit of information. If a noise averaging ?lter or inte 
grator is matched to the predetermined bit rate, not prede 
termined phase of a predetermined Waveform, and if the 
sample is made at the end of the bit period such that the 
integration process has reached a maximum, the phase or 
amplitude of the received signal can be measured to deter 
mine the information content. For instance a carrier sine 
Wave, a predetermined Waveform at fc, continues over 
hundreds of cycles at a predetermined phase. The informa 
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tion signal can then change the phase to another predeter 
mined and acceptable phase angle. This change in phase can 
represent a code Which contains the information bit. The 
prior art contains a number of techniques for maintaining a 
synchronous local carrier even When the received carrier has 
its phase occasionally changed due to information. 

[0017] In a CDMA system, there is a better Way to derive 
a clean local carrier, at the receiver, than deriving it from the 
information channel. In a CDMA system it is possible to 
send the same RF carrier but With a different PN code 
superimposed on it. This signal has no unknoWn information 
on it; it is a completely predetermined signal knoWn on both 
ends of the link. Since this signal has a different code than 
the user information channel code, it is completely resolv 
able from the user information channel. Therefore, the tWo 
signals can occupy the same spectrum at the same time and 
only cause minor interference to each other. This signal is 
called a pilot channel and can be ?ltered With a narroW ?lter 
at the receiver Which alloWs it to be a very stable reference. 
The user information channel phase is then compared to this 
clean reference to determine What changes are made to 
re?ect the information on the user information channel. On 
the forWard link, the same pilot channel is used as the 
reference for many mobile user stations. As a result, the 
poWer of the pilot channel can be made several times greater 
than the poWer of an individual user information channel 
and still have a small impact on the total poWer transmitted 
by the base station. This poWer factor, combined With the 
fact that all the signals have the same originating point and 
the same timing source, makes it easy to use orthogonal 
codes on this forWard transmission link. All the mobile users 
receive the same composite CDMA forWard transmission 
signal and use the same pilot channel to eXtract their 
assigned user information channel from the composite 
CDMA signal. 

[0018] The complexity in deriving and detecting orthogo 
nal codes results in practical orthogonal codes being rela 
tively short, i.e., 64 chips for IS-95 systems, With some other 
proposals at 128 chips. These short codes limit the available 
pre-detection processing gain. Since the codes are continu 
ously repeated, the resulting structure of the spectrum con 
sists of a small number of lines With large spaces betWeen 
the lines; this is not very noise-like Which is the result that 
is desired. Therefore, as in the case of IS-95, a longer, more 
noise-like code is superimposed on top of the orthogonal 
codes. If the pilot channel code is also one of the orthogonal 
codes, it Will not contribute noise into the information 
channels. In the case of the IS-95, the pilot is Walsh code 0 
Which means it is just the superimposed noise-like code, 
because the Walsh 0 code is all Zeros. To achieve the full 
cancellation of companion orthogonal codes, the codes must 
be perfectly aligned With all the Zero crossings happening at 
eXactly the same time. Any misalignment creates unmatched 
glitches that Will cause interference to the desired signal. On 
the forWard link, the multiple signals transmitted to all the 
mobiles are added together to form one composite CDMA 
signal. As a result, the signals are in perfect alignment With 
each other and since all signals travel the same path, they 
Will stay aligned. Therefore, orthogonal codes are practical 
and straight-forWard to implement. The only disadvantages 
are limited processing gain and the limited number of 
available codes. 
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[0019] UtiliZing orthogonal codes on the reverse link is 
more dif?cult since the different codes are originating from 
the different mobile stations that are randomly distributed as 
a function of distance from the base station Where the signals 
must arrive in perfect alignment. This means that, to have all 
the signals arrive in synchronism at the base station, each 
mobile station Would have to start its reference point at a 
different time to compensate for the variance in path length. 
This has been considered too dif?cult to be practical in 
current systems. US. Pat. No. 5,404,376 addresses this issue 
by having the base station establish and broadcast a rela 
tionship betWeen the mobile received C/I and distance that 
is continually updated on the basis of measured data. Based 
on this relationship, the mobile estimates the PN phase that 
Will make the PN code arrive at the base station approxi 
mately in sync With other mobile transmissions. There are 
many problems With this approach. In particular, it is dif? 
cult to maintain a consistent relationship betWeen C/I and 
distance from the base station. Even at best, this relationship 
Will depend on the direction taken by the propagation path. 
US. Pat. No. 5,404,376 proposes some complicated tech 
niques Whereby correction factors are added to accommo 
date for the direction, or sector, Wherein the mobile is 
located. At best the result is only an estimate and there is still 
a large uncertainty that has to be searched. This invention 
overcomes these dif?culties by addressing the determination 
of the distance of the mobile from the base station in a 
unique, simple and direct manner. 

SUMMARY OF THE INVENTION 

[0020] The present invention relates to a method for 
reverse-link synchroniZation. A mobile terminal ?rst trans 
mits to a base station a signal in a reverse-link direction 
Wherein a timing used for said signal is set according to a 
transmission received in a forWard-link direction from the 
base station. At the base station, a synchroniZation sequence 
in the transmitted signal is detected and the timing of the 
transmitted signal is evaluating. The base station then sends 
timing adjustment information in the form of synchroniZa 
tion commands to the mobile terminal based on said evalu 
ation. These synchroniZation commands indicate timing 
adjustments in one-eighth of a chip increments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
preferred embodiments of the invention, and together With 
the description serve to eXplain the principles of the inven 
tion. 

[0022] FIG. 1 is a prior art scheme for synchronously 
recovering message data; 

[0023] FIG. 2 shoWs a synchronous spread-spectrum sys 
tem With a bit synchroniZer, synchroniZed to a generic chip 
code generator according to the present invention; 

[0024] FIG. 3A shoWs a synchronous spread spectrum 
transmitter system for a plurality of message data; 

[0025] FIG. 3B shoWs a spread spectrum receiver using a 
synchronous detector for receiving a plurality of spread 
spectrum processed signals; 

[0026] FIG. 3C shoWs a spread spectrum receiver using a 
nonsynchronous detector for receiving a plurality of spread 
spectrum processed signals; 
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[0027] FIG. 4 shows a synchronous spread-spectrum 
demodulating method; 
[0028] FIG. 5 is a block diagram of a base station for 
communicating synchronously With, and geolocating a 
remote unit; 

[0029] FIG. 6 is a block diagram of a remote unit for 
communicating With a base station and geolocation; 

[0030] FIG. 7 is a block diagram of a mobile terminal in 
accordance With the orthogonal code synchroniZation sys 
tem and method of the present invention; and 

[0031] FIG. 8 is a block diagram of a base station of the 
orthogonal code synchroniZation system and method. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0032] Reference is noW made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings, Wherein like 
reference numerals indicate like elements throughout the 
several vieWs. 

[0033] The spread-spectrum communications and 
orthogonal code synchroniZation system and method of the 
present invention is an extension of an invention disclosed 
in a US. patent application entitled, SYNCHRONOUS 
SPREAD-SPECTRUM COMMUNICATIONS SYSTEM 
AND METHOD, by Donald L. Schilling, having Ser. No. 
07/626,109 and ?ling date of Dec. 14, 1990, noW issued US. 
Pat. No. 5,228,056. For completeness of disclosure, the 
folloWing discussion includes the disclosure presented in the 
original patent application, and subsequently goes into a 
discussion of orthogonal code synchroniZation according to 
the present invention. 

[0034] The spread spectrum signals of the present inven 
tion are designed to be “transparent” to other users, i.e., 
spread spectrum signals are designed to provide negligible 
interference to the communication of other existing users. 
The presence of a spread spectrum signal is dif?cult to 
determine. This characteristic is knoWn as loW probability of 
interception (LPI) and loW probability of detection (LPD). 
The LPI and LPD features of spread spectrum alloW trans 
mission betWeen users of a spread spectrum CDMA com 
munications system Without the existing users of the mobile 
cellular system experiencing signi?cant interference. The 
present invention makes use of LPI and LPD With respect to 
predetermined channels in the mobile cellular system or in 
the ?xed-service microWave system. By having the poWer 
level of each spread spectrum signal beloW the predeter 
mined level, then the total poWer from all spread spectrum 
used Within a cell does not interfere With mobile users in a 
mobile cellular system, or With microWave users in the 
?xed-service microWave system. 

[0035] Spread spectrum is also “j am” or interference resis 
tant. Aspread spectrum receiver spreads the spectrum of the 
interfering signal. This reduces the interference from the 
interfering signal so that it does not noticeably degrade 
performance of the spread spectrum system. This feature of 
interference reduction makes spread spectrum useful for 
commercial communications, i.e., the spread spectrum 
Waveforms can be overlaid on top of existing narroWband 
signals. 
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[0036] The present invention employs direct sequence 
spread spectrum, Which uses a phase modulation technique. 
Direct sequence spread spectrum takes the poWer that is to 
be transmitted and spreads it over a very Wide bandWidth so 

that the poWer per unit bandWidth (Watts/hertZ) is mini 
miZed. When this is accomplished, the transmitted spread 
spectrum poWer received by a mobile cellular user or a 

microWave user, having a relatively narroW bandWidth, is 
only a small fraction of the actual transmitted poWer. 

[0037] In a ?xed-service microWave system, by Way of 
example, if a spread spectrum signal having a poWer of 10 
milliWatts is spread over a ?xed-service microWave band 
Width of 10 MHZ and a microWave user employs a com 

munication system having a channel bandWidth of only 2 
MHZ, then the effective interfering poWer due to one spread 
spectrum signal, in the narroW band communication system, 
is reduced by the factor of 10 MHZ/2 MHZ. For ?fty 
concurrent users of spread spectrum, the poWer of the 
interfering signal due to spread spectrum is increased by 
?fty. 

[0038] The feature of spread spectrum that results in 
interference reduction is that the spread spectrum receiver 
actually spreads the received energy of any interferer over 
the same Wide bandWidth, 10 MHZ in the present example, 
While compressing the bandWidth of the desired received 
signal to its original bandWidth. For example, if the original 
bandWidth of the desired message data is only 30 kHZ, then 
the poWer of the interfering signal produced at a base station 
is reduced by 10 MHZ/30 kHZ. 

[0039] Direct sequence spread spectrum achieves a 
spreading of the spectrum by modulating the original signal 
With a very Wideband signal relative to the data bandWidth. 
This Wideband signal is chosen to have tWo possible ampli 
tudes, +1 and —1, and these amplitudes are sWitched, in a 
“pseudo-random” manner, periodically. Thus, at each 
equally spaced time interval, a decision is made as to 
Whether the Wideband modulating signal should be +1 or —1. 
If a coin Were tossed to make such a decision, the resulting 
sequence Would be truly random. HoWever, in such a case, 
the receiver Would not knoW the sequence a-priori and could 
not properly receive the transmission. Instead, a chip-code 
generator generates electronically an approximately random 
sequence, called a pseudo-random sequence, Which is 
knoWn a-priori to the transmitter and receiver. 

[0040] Code_Division Multiple Access 

[0041] Code division multiple access (CDMA) is a direct 
sequence spread spectrum system in Which a number, at least 
tWo, of spread-spectrum signals communicate simulta 
neously, each operating over the same frequency band. In a 
CDMA system, each user is given a distinct chip code. This 
chip code identi?es the user. For example, if a ?rst user has 
a ?rst chip code, g1(t), and a second user has a second chip 
code, g2(t), etc., then a receiver, desiring to listen to the ?rst 
user, receives at its antenna all of the energy sent by all of 
the users. HoWever, after despreading the ?rst user’s signal, 
the receiver outputs all the energy of the ?rst user but only 
a small fraction of the energies sent by the second, third, etc., 
users. 



US 2005/0220051 A1 

[0042] CDMA is interference limited. That is, the number 
of users that can use the same spectrum and still have 
acceptable performance is determined by the total interfer 
ence poWer that all of the users, taken as a Whole, generate 
in the receiver. Unless one takes great care in poWer control, 
those CDMA transmitters Which are close to the receiver 
cause overwhelming interference. This effect is knoWn as 
the “near-far” problem. In a mobile environment the near-far 
problem could be the dominant effect. Controlling the poWer 
of each individual mobile remote user is possible so that the 
received poWer from each mobile remote user is the same. 
This technique is called “adaptive poWer control”. See US. 
Pat. No. 5,093,840, having issue date of Mar. 3, 1992, 
entitled, ADAPTIVE POWER CONTROL FORASPREAD 
SPECTRUM SYSTEM AND METHOD, by Donald L. 
Schilling, Which is incorporated herein by reference. 

[0043] The spread spectrum communications system of 
the present invention is a code division multiple access 
(CDMA) system. Spread spectrum CDMA can signi?cantly 
increase the use of spectrum. With CDMA, each user in a 
cell uses the same frequency band. HoWever, each CDMA 
signal has a separate pseudo random code Which enables a 
receiver to distinguish a desired signal from the remaining 
signals. Remote users in adjacent cells use the same fre 
quency band and the same bandWidth, and therefore “inter 
fere” With one another. A received signal may appear some 
What noisier as the number of user’s signals received by a 
PCN base station increases. 

[0044] Each unWanted user’s signal generates some inter 
fering poWer Whose magnitude depends on the processing 
gain. Remote users in adjacent cells increase the expected 
interfering energy compared to remote users Within a par 
ticular cell by about 50%, assuming that the remote users are 
uniformly distributed throughout the adjacent cells. Since 
the interference increase factor is not severe, frequency 
reuse is not employed. 

[0045] Each spread spectrum cell can use a full 10 MHZ 
band for transmission and a full 10 MHZ band for reception. 
Hence, using a chip rate of ?ve million chips per second and 
a coding data rate of 4800 bps results in approximately a 
processing gain of 1000 chips per bit. It is Well knoWn to 
those skilled in the art that the maximum number of CDMA 
remote users that can concurrently use a frequency band is 
approximately equal to the processing gain. 

[0046] Orthogonal Codes 

[0047] A pilot on the return link is noW considered to be 
practical, because it decreases the C/I that is required to 
achieve the desired Eb/NO, as disclosed in US. Pat. No. 
5,506,864 and US. Pat. No. 5,544,156. This improvement 
derives from the ability to use synchronous or coherent 
detection. As described in these patents, the use of a pilot or 
generic chip-code improves the performance of both 
orthogonal and non-orthogonal coded links. Since, for 
orthogonal channels, each mobile requires unique pilot and 
information codes, the number of active users is reduced by 
tWo. If there are a limited number of codes this could have 
a serious impact. US. Pat. No. 5,506,864 uses the pilot from 
the mobile to measure the distance betWeen the base station 
and the mobile using non-orthogonal codes. This invention 
expands upon that patent to include orthogonal codes and 
uses the knoWledge of the distance to the mobile terminal to 
adjust the phase of the information channel to make it align 
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With the other mobile signals arriving at the base station. The 
mobile receives the pilot or generic chip code signal from 
the base station and uses the timing and phase of the base 
station pilot signal to originate the remote-pilot signal it 
sends to the base station (5.2.1.2b). That is, the returned pilot 
has no delay going through the mobile; the returned pilot 
looks like a radar re?ection off the mobile. It is, of course, 
stronger in signal strength and, because there are many 
remote pilots that Will be returned to the base station, it is a 
different but similar pseudo-noise code than the base station 
pilot pseudonoise code. 

[0048] The base station receives the pilot signals from all 
active mobiles and measures the phase difference, When 
possible doWn to 0.1 chip, betWeen the returned pseudo 
noise sequence and the transmitted pseudo-noise sequence 
for each mobile station. What is measured is the round trip 
delay; the actual distance is one half this number measured 
in chips, to 0.1 chip (5 .2.1.2c—evaluate timing). This infor 
mation is transmitted to the mobile user and, if the mobile 
user is operating in an orthogonal mode on the return link, 
the mobile user uses this information to adjust the phase of 
the PN code on the remote message to arrive at the base 
station at a predetermined time, as established by the base 
station(c). Therefore, the PN code of the remote pilot and the 
remote user message channels are at different phases, but 
they both have the same carrier signal and the pilot carrier 
can be used to generate a reference for coherent detection in 
the user message channel. 

[0049] The data sampling point is usually tied to the 
repetition rate of the PN sequence and Will be adjusted in 
phase to comply With the data timing on the user message 
channel. Therefore, it is possible to signi?cantly reduce the 
mutual interference caused by the user message channels 
that are in communication With a common base station. 

[0050] The interference from the mobiles in adjacent cells 
is not orthogonal and appears as non-orthogonal interfer 
ence. Most orthogonal code CDMA systems utiliZe sectored 
antennas to obtain code reuse and reduce the interference. 
Therefore, at the edge of the cell, across the face of the 
sector, the mobiles in each cell transmit at maximum poWer 
and cause radiation into both cells at the maximum energy. 
HoWever, as the mobile users in the adjacent cell move 
toWard their base station, they reduce their poWer to keep it 
the same as When they Were on the edge of the cell. 
Assuming a fourth poWer attenuation curve, they reduce 
their poWer at a fourth poWer vs. distance rate and since they 
are also moving aWay from the base station being interfered 
With, their reduced transmitted poWer level, reduced as the 
fourth poWer, travels a further distance Which is also 
decreased at the fourth poWer factor. This doubles the effect 
of the fourth poWer factor Which means the adjacent cell 
interference from mobile users is much less than if poWer 
control Were not used. Therefore, the external interference, 
i.e., interference from mobile users operating With other base 
stations, introduced at the primary base station is doWn at 
least 6 db from the interference caused Within the cell from 
other mobile users operating With the primary base station. 
Therefore, it is possible to increase the number of users by 
a factor of four. As stated previously, each active mobile user 
transmits a pilot channel and an information or message 
channel. The information channels are adjusted so that they 
are orthogonal When they arrive at the base station. The pilot 
channels, hoWever, are not orthogonal but, after the infor 
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mation channel is functioning, the pilot channel power is 
reduced by 6 db. Therefore, even With the external interfer 
ence and the pilot channels, the capacity is doubled as the 
result of the present invention. 

[0051] Still another improvement is possible by shifting 
the phase of the remote pilot after acquisition to coincide 
With the user information channel. When this is accom 
plished the remote, pilots also become orthogonal and the 
only interference is the external interference that is radiated 
into the prime cell from users in adjacent cells. As stated 
previously, this interference is doWn at least 6 db, resulting 
in a fourfold increase in capacity. The, code tracking on the 
reverse link becomes more difficult since the error is gen 
erated in the base station and the oscillator that is controlled 
by this error voltage is in the mobile station. Therefore, the 
forWard link has to be used to transmit this error voltage to 
the mobile station. Generally, the range changes relatively 
sloWly and this remote control of the mobile code clock is 
not a problem. When sudden ?uctuations occur that are 
signi?cant enough to cause rapid severe misalignment, the 
mobile shifts the remote pilot code back to the acquisition 
mode. Upon reacquisition and completion of the necessary 
adjustments to bring the information channel back into 
proper alignment, the mobile sWitches back to the orthogo 
nal tracking mode. Therefore the non-orthogonal remote 
pilots are only “on” a small portion of the time and the 
resulting impact on capacity is small. Capacity should still 
be close to four times that of a non-orthogonal code system 
if there are enough orthogonal codes in the code set to 
actually capitalize on this advantage. 

[0052] Synchronous Spread Spectrum Communications 

[0053] As illustratively shoWn in FIG. 2, a spread spec 
trum code division multiple access (CDMA) communica 
tions system for use over a communications channel 110 is 
provided comprising generic means, message means, 
spreading means, summer means, transmitting means, 
generic-spread-spectrum-processing means, message 
spread-spectrum-processing means, acquisition and tracking 
means, detection means and synchronous means. The 
generic means and message means are embodied as a 

transmitter-generic-chip-code generator 101 and transmit 
ter-message-chip-code generator 102. The spreading means 
is shoWn as an EXCLUSIVE-OR device 103, Which may be 
an EXCLUSIVE-OR gate. Summer means is a combiner 
105 and the transmitting means includes a transmitter Which 
is embodied as a signal source 108 coupled to modulator 
107. The transmitter-message-chip-code generator 102 is 
coupled to the EXCLUSIVE-OR device 103. The transmit 
ter-generic-chip-code generator 101 is shoWn coupled to the 
transmitter-message-chip-code generator 102 and the source 
for message data. The EXCLUSIVE-OR device 103 and the 
transmitter-generic-chip-code generator 101 are coupled to 
the combiner 105. The modulator 107 is coupled betWeen 
the combiner 105 and the communications channel 110. 

[0054] At the receiver the generic-spread-spectrum-pro 
cessing means is embodied as the receiver-generic-chip 
code generator 121, the generic mixer 123 and the generic 
bandpass ?lter 125. The generic mixer 123 is coupled 
betWeen the receiver-generic-chip-code generator 121 and 
the generic-bandpass ?lter 125. The message-spread-spec 
trum-processing means is embodied as a receiver-message 
chip-code generator 122, a message mixer 124 and a mes 
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sage-bandpass ?lter 126. The message mixer 124 is coupled 
betWeen the receiver-message-chip-code generator 122 and 
the message-bandpass ?lter 126. A poWer splitter 115 is 
coupled betWeen the communications channel 110, and the 
generic mixer 123 and the message mixer 124. 

[0055] The acquisition and tracking means is embodied as 
an acquisition and tracking circuit 131. The acquisition and 
tracking circuit 131 is coupled to an output of the generic 
bandpass ?lter 125, and to the receiver-generic-chip-code 
generator 121. The receiver-message-chip-code generator 
122 preferably is coupled to the receiver-generic-chip-code 
generator 121. 

[0056] The detection means is embodied as a detector 139. 
The detector 139 is coupled to the message-bandpass ?lter 
126 and the generic-bandpass ?lter 125. The detector 139 
may be a nonsynchronous detector such as an envelope 
detector or square-laW detector. Alternatively, the detector 
139 may be a synchronous detector, Which uses a recovered 
carrier signal from the generic-bandpass ?lter 125. 

[0057] The synchronous means includes bit means, a 
loWpass ?lter 128 and electronic sWitch 130. The bit means 
is embodied as a bit synchroniZer 129. The loWpass ?lter 128 
and electronic sWitch 130 are coupled to the bit synchroniZer 
129. The bit synchroniZer 129, as shoWn in FIG. 2, prefer 
ably is coupled to the receiver-generic-chip-code generator 
121. Alternatively, the bit synchroniZer 129 may be coupled 
to an output of the detector 139. 

[0058] The transmitter-generic-chip-code generator 101 
generates a generic-chip-code signal, gO(t), and the trans 
mitter-message-chip-code generator 102 generates a mes 
sage-chip-code signal, g1(t). Synchronous timing of the 
message data, d1(t), and the message-chip-code signal, in 
FIG. 2, is provided by the generic-chip-code signal, 
although other sources can be used such as a common clock 
signal for synchroniZation. The EXCLUSIVE-OR device 
103 generates a spread-spectrum signal by spread-spectrum 
processing message data With the message-chip-code signal. 
The spread-spectrum processing may be accomplished by 
modulo-2 adding the message data to the message-chip-code 
signal. The combiner 105 combines the generic-chip-code 
signal With the spread-spectrum-processed signal. The com 
bined generic-chip-code signal and spread-spectrum-pro 
cessed signal may be a multilevel signal, having the instan 
taneous voltage levels of the generic-chip-code signal and 
the spread-spectrum-processed signal. 

[0059] The modulator 107, as part of the transmitter, 
modulates the combined generic-chip-code signal and 
spread-spectrum-processed signal by a carrier signal, cos 
Tot, at a carrier frequency, f0. The modulated generic-chip 
code signal and spread-spectrum processed signal are trans 
mitted over the communications channel 110 as a code 

division multiple access (CDMA) signal, xc(t). Thus, the 
CDMA signal includes the generic-chip-code signal and the 
spread-spectrum-processed signal as if they Were each 
modulated separately, and synchronously, on separate carrier 
signals having the same carrier frequency, f0, and transmit 
ted over the communications channel. 

[0060] At a receiver, the generic-spread-spectrum-pro 
cessing means recovers the carrier signal, cos Tot, from the 
CDMA signal, xc(t), and the message-spread-spectrum-pro 
cessing means despreads the CDMA signal, xc(t), as a 
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modulated-data signal, d1(t). More particularly, referring to 
FIG. 2, the CDMA signal received from the communica 
tions channel 110, is divided by power splitter 115. The 
receiver-generic-chip-code generator 121 generates a replica 
of the generic-chip-code signal, go(t). The generic mixer 123 
uses the replica of the generic-chip-code signal for despread 
ing the CDMA signal, xc(t), from the poWer splitter 115, as 
a recovered-carrier signal. The spread-spectrum channel, of 
the CDMA signal having the generic-chip-code signal, gO(t) 
cos Tot, generally does not include data so that despreading 
the CDMA signal produces the carrier signal, only. The 
generic-bandpass ?lter 125 ?lters the recovered-carrier sig 
nal at the carrier frequency, or equivalently, at an interme 
diate frequency. In comparison to the message-bandpass 
?lter 126 Which has a bandWidth suf?ciently Wide for 
?ltering a modulated-data signal, the generic-bandpass ?lter 
125 can have a very narroW bandWidth for ?ltering the 
recovered-carrier signal. The very narroW bandWidth of the 
generic-bandpass ?lter 125 assists in extracting the recov 
ered-carrier signal from noise. 

[0061] The acquisition and tracking circuit 131 acquires 
and tracks the recovered-carrier signal from an output of the 
generic-bandpass ?lter 125. The replica of the generic-chip 
code signal from the receiver-generic-chip-code generator 
121 is synchroniZed to the recovered-carrier signal via 
acquisition and tracking circuit 131. 

[0062] The receiver-message-chip-code generator 122 
generates a replica of the message-chip-code signal, g1(t). 
The replica of the message-chip-code signal, g1(t), is syn 
chroniZed to the replica of the generic-chip-code signal, 
gO(t), from the receiver-generic-chip-code generator 121. 
Thus, the receiver-message-chip-code generator 122, via 
synchroniZation to the receiver-generic-chip-code generator 
121, has the same synchroniZation as the transmitter-mes 
sage-chip-code generator 102 via synchroniZation to the 
transmitter-generic-chip-code generator 101. Accordingly, 
the spread-spectrum communications channel having the 
generic-chip-code signal provides coherent spread-spectrum 
demodulation of the spread-spectrum channels With data. 

[0063] The message mixer 124 uses the replica of the 
message-chip-code signal for despreading the CDMA signal 
from the poWer splitter 115, to generate a modulated-data 
signal, d1(t) cos Tot. The modulated-data signal effectively is 
the message data modulated by the carrier signal. The 
message-bandpass ?lter 126 ?lters the modulated-data sig 
nal at the carrier frequency, or equivalently at an interme 
diate frequency DoWn converters, Which convert the 
modulated-data signal to an IF, optionally may be used 
Without altering the cooperative functions or teachings of the 
present invention. 

[0064] The detector 139 demodulates the modulated-data 
signal as a detected signal. The detected signal is ?ltered 
through loWpass ?lter 128, sampled by electronic sWitch 130 
and outputted as received data, d1(t). The received data, 
Without errors, are identical to the message data. The loW 
pass ?lter 128 and electronic sWitch 130 operate in an 
“integrate and dump” function, respectively, under the con 
trol of the bit synchroniZer 129. 

[0065] The bit synchroniZer 129 controls the integrating 
and dumping of loWpass ?lter 128 and electronic sWitch 130. 
The bit synchroniZer 129 preferably derives synchronization 
using the replica of the generic-chip-code signal from the 
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receiver-generic-chip-code generator 121 as illustrated in 
FIG. 2. The bit synchroniZer 129 also may derive synchro 
niZation from an output of the detector 139, as illustrated in 
FIG. 1. 

[0066] In a preferred embodiment, the bit synchroniZer 
129 receives the replica of the generic-chip-code signal, 
go(t), from the receiver-generic-chip-code generator 121. 
The replica of the generic-chip-code signal, by Way of 
example, may include a chip codeWord having 8250 chips. 
Assuming that there are eleven bits per chip codeWord, then 
there are 750 chips per bit of data. Since the replica of the 
generic-chip-code signal provides information to the bit 
synchroniZer 129 as to Where the chip codeWord begins, the 
bit synchroniZer 129 thereby knoWs the timing of the 
corresponding bits for synchroniZation. 

[0067] The present invention further may include trans 
mitting as the CDMA signal, a plurality of spread-spectrum 
processed signals for handling a plurality of message data. 
In this case the invention includes a plurality of message 
means and a plurality of spreading means. Referring to FIG. 
3A, the plurality of message means may be embodied as a 
plurality of transmitter-message-chip-code generators and 
the plurality of spreading means may be embodied as a 
plurality of EXCLUSIVE-OR gates. The plurality of trans 
mitter-message-chip-code generators generates a plurality of 
message-chip-code signals. In FIG. 3A, the plurality of 
transmitter-message-chip-code generators is shoWn as ?rst 
transmitter-message-chip-code generator 102 generating 
?rst message-chip-code signal, g1(t), second transmitter 
message-chip-code generator 172 generating second mes 
sage-chip-code signal, g2(t), through Nth transmitter-mes 
sage-chip-code generator 182 generating Nth message-chip 
code signal, gN(t). The plurality of EXCLUSIVE-OR gates 
is shoWn as ?rst EXCLUSIVE-OR gate 103, second 
EXCLUSIVE-OR gate 173, through Nth EXCLUSIVE-OR 
gate 183. The plurality of EXCLUSIVE-OR gates generates 
a plurality of spread-spectrum-processed signals by 
modulo-2 adding the plurality of message data d1(t), d2(t), . 

. , dN(t) With the plurality of message-chip-code signals 
g1(t), g2(t), . . . , gN(t), respectively. More particularly, the 
?rst message data d1(t), are modulo-2 added With the ?rst 
message-chip-code signal, g1(t), the second message data 
d2(t), are modulo-2 added With the second message-chip 
code signal, g2(t), through the Nth message data, dN(t), 
Which are modulo-2 added With the Nth message-chip-code 
signal, gN(t). 

[0068] The transmitter-generic-chip-code generator 101 is 
coupled to the plurality of transmitter-message-chip-code 
generators and the source for the plurality of message data, 
d1(t), d2(t) . . . dN(t). The generic-chip-code signal go(t), in 
a preferred embodiment, provides synchronous timing for 
the plurality of message-chip-code signals g1(t), g2(t), . . . 
,gN(t), and the plurality of message data, d1(t), d2(t), . . . , 

[0069] The combiner 105 combines the generic-chip-code 
signal and the plurality of spread-spectrum-processed sig 
nals, by linearly adding the generic-chip-code signal With 
the plurality of spread-spectrum-processed signals. The 
combined signal typically is a multilevel signal, Which has 
the instantaneous voltage levels of the generic-chip-code 
signal and the plurality of spread-spectrum-processed sig 
nals. 
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[0070] The modulator 107, as part of the transmitter, 
modulates the combined generic-chip-code signal and the 
plurality of spread-spectrum-processed signals by a carrier 
signal, cos Tot, at a carrier frequency, f0. The modulated 
generic-chip-code signal and the plurality of spread-spec 
trum processed signals are transmitted over the communi 
cations channel 110 as a CDMA signal, XC(I). The CDMA 
signal, Xc(t) has the form: 

SUB i(t)+d SUB i(t)]cos TSUB 0 z} Thus, 

[0071] the CDMA signal includes the generic-chip-code 
signal and the plurality of spread-spectrum-processed sig 
nals as if they Were each modulated separately, and syn 
chronously, on separate carrier signals With the same carrier 
frequency, f0, and transmitted over the communications 
channel. 

[0072] The present invention includes receiving a CDMA 
signal Which has a plurality of spread-spectrum-processed 
signals. The receiver further includes a plurality of message 
spread-spectrum processing means, a plurality of detection 
means and a plurality of synchronous means. The plurality 
of message-spread-spectrum-processing means, as shoWn in 
FIG. 3B, may be embodied as a plurality of message-chip 
code generators, a plurality of message miXers and a plu 
rality of message-bandpass ?lters. A mixer is connected 
betWeen a respective message-chip-code generator and mes 
sage-bandpass ?lter. The plurality of message miXers is 
coupled to the poWer splitter 115. More particularly, the 
plurality of message-chip-code generators is shoWn embod 
ied as ?rst message-chip-code generator 122, second mes 
sage-chip-code generator 172, through Nth message-chip 
code generator 182. The plurality of message miXers is 
shoWn as ?rst message miXer 124, second message miXer 
174 through Nth message mixer 184. The plurality of mes 
sage-bandpass ?lters is shoWn as ?rst message-bandpass 
?lter 126, second message-bandpass ?lter 176, through Nth 
message-bandpass ?lter 186. 

[0073] The plurality of detection means may be embodied 
as a plurality of synchronous detectors Which is shoWn as 
?rst synchronous detector 127, second synchronous detector 
177 through Nth synchronous detector 187. Each of the 
plurality of synchronous detectors are coupled to one of the 
plurality message-bandpass ?lters. 

[0074] The plurality of synchronous means may include a 
bit synchroniZer 129, a plurality of loWpass ?lters and a 
plurality of electronic sWitches. The plurality of loWpass 
?lters is shoWn as ?rst loWpass ?lter 128, second loWpass 
?lter 178, through Nth loWpass ?lter 188. The plurality of 
electronic sWitches is shoWn as ?rst electronic sWitch 130, 
second electronic sWitch 180 through Nth electronic sWitch 
190. Each of the plurality of synchronous detectors is 
coupled to an output of the generic-bandpass ?lter 125. The 
recovered-carrier signal from the generic-bandpass ?lter 125 
serves as the reference signal for synchronously demodu 
lating each of the plurality of message-data signals by the 
plurality of synchronous detectors, as a plurality of received 
data, d1(t), d2(t), . . . , dN(t). 

[0075] The detection means alternatively may be embod 
ied as a plurality of nonsynchronous detectors, such as 
envelope detectors 139, 189, 199, as shoWn in FIG. 3C. 
Typically, the nonsynchronous detectors do not require the 
recovered-carrier signal. 

Oct. 6, 2005 

[0076] The bit synchroniZer 129 derives timing from the 
replica of the generic-chip-code signal, go(t), and controls 
the timing of the integrating and dumping functions of the 
plurality loWpass ?lters and the plurality of electronic 
sWitches. 

[0077] With the use of the invention as embodied in FIG. 
3B, a generic-spread-spectrum channel, as part of the 
CDMA signal, provides the recovered-carrier signal, as 
discussed previously. The acquisition and tracking circuit 
131 acquires and tracks the recovered-carrier signal from an 
output of the generic-bandpass ?lter 125. The replica of the 
generic-chip-code signal from the receiver-generic-chip 
code generator 121 is synchroniZed to the recovered-carrier 
signal via acquisition and tracking circuit 131. The receiver 
generic-chip-code generator 121 generates a replica of the 
generic-chip-code signal, go(t), Which provides timing to bit 
synchroniZer 129 and to the plurality of receiver-message 
chip-code generators 122, 172, 182. 

[0078] The present invention also includes a method for 
synchronously demodulating a CDMA signal. Message data 
are input to the spreading means. Referring to FIG. 4, the 
method comprises the steps of generating 403 a generic 
chip-code signal. The method further includes generating 
405 message data synchroniZed to the generic-chip-code 
signal, and generating 407 a message-chip-code signal syn 
chroniZed to the generic-chip-code signal. Message data are 
processed, using a spread-spectrum modulator, With the 
message-chip-code signal to generate a spread-spectrum 
processed signal. The generic-chip-code signal is combined 
409 With the spread-spectrum-processed signal. The method 
transmits 411 the combined generic-chip-code signal and 
spread-spectrum-processed signal on a carrier signal over 
the communications channel as a CDMA signal. 

[0079] At a receiver, the method includes recovering 413 
the carrier signal from the CDMA signal and despreading 
415 the CDMA signal as a modulated-data signal. The 
recovered-carrier signal is used to synchroniZe the step of 
despreading the CDMA signal and to optionally synchro 
nously demodulate 417 and output 419 the modulated-data 
signal as received data. 

[0080] In use of the system as set forth in FIG. 3A, the 
transmitter-generic-chip-code generator 101 generates the 
generic-chip-code signal, go(t). Message data are spread 
spectrum processed by the EXCLUSIVE-OR device 103 
With message-chip-code signal, g1(t), from transmitter-mes 
sage-chip-code generator 102. The combiner 105 combines 
the generic-chip-code signal With the spread-spectrum-pro 
cessed signal. The combined signal may be, for eXample, a 
multilevel signal, Which is generated by linearly adding the 
voltage levels of the generic-chip-code signal and the 
spread-spectrum-processed signal, or by adding the voltage 
levels of the generic-chip-code signal With a plurality of 
spread-spectrum-processed signals. The transmitter trans 
mits on a carrier signal having a carrier frequency, fo, the 
combined generic-chip-code signal and the plurality of 
spread-spectrum-processed signals. The CDMA signal is 
transmitted through the communications channel 110. 

[0081] At the receiver, as shoWn in FIG. 3B, the generic 
spread-spectrum-processing means embodied as the 
receiver-generic-chip-code generator 121, the generic miXer 
123 and the generic-bandpass ?lter 125, cooperatively oper 
ate to recover the carrier signal from the CDMA signal. The 
























