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FIG. 62 
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FIG. 71 
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ADAPTIVE FORWARD POWER CONTROL 
AND ADAPTIVE REVERSE POWER 
CONTROL FOR SPREAD-SPECTRUM 

COMMUNICATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 09/789,389 filed Feb. 21, 2001 which is 
a continuation-in-part to U.S. patent application Ser. No. 
08/956,740 filed on Oct. 23, 1997, which issued on Apr. 10, 
2001 as U.S. Pat. No. 6,215,778; which is a continuation of 
U.S. patent application Ser. No. 08/669,775 filed on Jun. 27, 
1996, which issued on Aug. 25, 1998 as U.S. Pat. No. 5,799, 
010; which claims the benefit of U.S. Provisional Application 
No. 60/000,775 filed on Jun. 30, 1995, the contents of which 
are hereby incorporated by reference herein. 

FIELD OF INVENTION 

0002 The present invention generally pertains to Code 
Division Multiple Access (CDMA) communications, also 
known as spread-spectrum communications. More particu 
larly, the present invention pertains to a system and method 
for providing a high capacity, CDMA communications sys 
tem which provides for one or more simultaneous user bearer 
channels over a given radio frequency, allowing dynamic 
allocation of bearer channel rate while rejecting multipath 
interference. 

BACKGROUND 

0003 Providing quality telecommunication services to 
user groups which are classified as remote, such as rural 
telephone systems and telephone systems in underdeveloped 
countries, has proven to be a challenge in recent years. These 
needs have been partially satisfied by wireless radio services, 
such as fixed or mobile frequency division multiplex (FDM) 
systems, frequency division multiple access (FDMA) sys 
tems, time division multiplex (TDM) systems, time division 
multiple access (TDMA) systems, combination frequency 
and time division (FD/TDMA) systems, and other land 
mobile radio systems. Usually, these remote services are 
faced with more potential users than can be supported simul 
taneously by their frequency or spectral bandwidth capacity. 
0004 Recognizing these limitations, recent advances in 
wireless communications have used spread spectrum modu 
lation techniques to provide simultaneous communication by 
multiple users. Spread spectrum modulation refers to modu 
lating an information signal with a spreading code signal; the 
spreading code signal being generated by a code generator 
where the period Tc of the spreading code is substantially less 
than the period of the information data bit or symbol signal. 
The code may modulate the carrier frequency upon which the 
information has been sent, called frequency-hopped spread 
ing, or may directly modulate the signal by multiplying the 
spreading code with the information data signal, called direct 
sequence (DS) spreading. Spread-spectrum modulation pro 
duces a signal with bandwidth Substantially greater than that 
required to transmit the information signal. Synchronous 
reception and despreading of the signal at the receiver recov 
ers the original information. A synchronous demodulator in 
the receiver uses a reference signal to synchronize the 
despreading circuits to the input spread-spectrum modulated 
signal to recover the carrier and information signals. The 
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reference signal can be a spreading code which is not modu 
lated by an information signal. Such use of a synchronous 
spread-spectrum modulation and demodulation for wireless 
communication is described in U.S. Pat. No. 5.228,056 
entitled SYNCHRONOUS SPREAD-SPECTRUM COM 
MUNICATIONS SYSTEMAND METHOD by Donald L. 
Schilling, which techniques are incorporated herein by refer 
CCC. 

0005 Spread-spectrum modulation in wireless networks 
offers many advantages because multiple users may use the 
same frequency band with minimal interference to each 
user's receiver. Spread-spectrum modulation also reduces 
effects from other sources of interference. In addition, syn 
chronous spread-spectrum modulation and demodulation 
techniques may be expanded by providing multiple message 
channels for a single user, each spread with a different spread 
ing code, while still transmitting only a single reference sig 
nal to the user. Such use of multiple message channels modu 
lated by a family of spreading codes synchronized to a pilot 
spreading code for wireless communication is described in 
U.S. Pat. No. 5,166,951 entitled HIGH CAPACITY 
SPREAD-SPECTRUM CHANNEL by Donald L. Schilling, 
which is incorporated herein by reference. 
0006. One area in which spread-spectrum techniques are 
used is in the field of mobile cellular communications to 
provide personal communication services (PCS). Such sys 
tems desirably Support large numbers of users, control Dop 
pler shift and fade, and provide high speed digital data signals 
with low bit error rates. These systems employ a family of 
orthogonal or quasi-orthogonal spreading codes, with a pilot 
spreading code sequence synchronized to the family of codes. 
Each user is assigned one of the spreading codes as a spread 
ing function. Related problems of such a system are: Support 
ing a large number of users with the orthogonal codes, han 
dling reduced power available to remote units, and handling 
multipath fading effects. Solutions to such problems include 
using phased-array antennas to generate multiple steerable 
beams and using very long orthogonal or quasi-orthogonal 
code sequences. These sequences may be reused by cyclic 
shifting of the code synchronized to a central reference and 
diversity combining of multipath signals. Such problems 
associated with spread spectrum communications, and meth 
ods to increase the capacity of a multiple access, spread 
spectrum system are described in U.S. Pat. No. 4,901.307 
entitled SPREAD SPECTRUMMULTIPLE ACCESS COM 
MUNICATION SYSTEMUSING SATELLITE OR TER 
RESTRIAL REPEATERS by Gilhousen et al. which is incor 
porated herein by reference. 
0007. The problems associated with the prior art systems 
focus around reliable reception and synchronization of the 
receiver despreading circuits to the received signal. The pres 
ence of multipath fading introduces a particular problem with 
spread spectrum receivers in that a receiver must somehow 
track the multipath components to maintain code-phase lock 
of the receiver's despreading means with the input signal. 
Prior art receivers generally track only one or two of the 
multipath signals, but this method is not satisfactory because 
the combined group of low power multipath signal compo 
nents may actually contain far more power than the one or two 
strongest multipath components. The prior art receivers track 
and combine the strongest components to maintain a prede 
termined bit error rate (BER) of the receiver. Such a receiver 
is described, for example, in U.S. Pat. No. 5,109,390 entitled 
DIVERSITY RECEIVER IN A CDMA CELLULAR TELE 
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PHONE SYSTEM by Gilhousen et al. A receiver that com 
bines all multipath components, however, is able to maintain 
the desired BER with a signal power that is lower than that of 
prior art systems because more signal power is available to the 
receiver. Consequently, there is a need for a spread spectrum 
communication system employing a receiver that tracks Sub 
stantially all of the multipath signal components, so that 
Substantially all multipath signals may be combined in the 
receiver, and hence the required transmit power of the signal 
for a given BER may be reduced. 
0008 Another problem associated with multiple access, 
spread-spectrum communication systems is the need to 
reduce the total transmitted power of users in the system, 
since users may have limited available power. An associated 
problem requiring power control in spread-spectrum systems 
is related to the inherent characteristic of spread-spectrum 
systems that one user's spread-spectrum signal is received by 
another user's receiver as noise with a certain power level. 
Consequently, users transmitting with high levels of signal 
power may interfere with other users’ reception. Also, ifa user 
moves relative to another user's geographic location, signal 
fading and distortion require that the users adjust their trans 
mit power level to maintain a particular signal quality. At the 
same time, the system should keep the power that the base 
station receives from all users relatively constant. Finally, 
because it is possible for the spread-spectrum system to have 
more remote users than can be supported simultaneously, the 
power control system should also employ a capacity manage 
ment method which rejects additional users when the maxi 
mum system power level is reached. 
0009 Prior spread-spectrum systems have employed a 
base station that measures a received signal and sends an 
adaptive power control (APC) signal to the remote users. 
Remote users include a transmitter with an automatic gain 
control (AGC) circuit which responds to the APC signal. In 
Such systems the base station monitors the overall system 
power or the power received from each user, and sets the APC 
signal accordingly. Such a spread-spectrum power control 
system and method is described in U.S. Pat. No. 5.299,226 
entitled ADAPTIVE POWER CONTROL FOR A SPREAD 
SPECTRUM COMMUNICATION SYSTEM AND 
METHOD, and U.S. Pat. No. 5,093,840 entitled ADAPTIVE 
POWER CONTROL FOR A SPREAD SPECTRUM 
TRANSMITTER, both by Donald L. Schilling and incorpo 
rated herein by reference. This open loop system performance 
may be improved by including a measurement of the signal 
power received by the remote user from the base station, and 
transmitting an APC signal back to the base station to effec 
tuate a closed loop power control method. Such closed loop 
power control is described, for example, in U.S. Pat. No. 
5,107,225 entitled HIGH DYNAMIC RANGE CLOSED 
LOOP AUTOMATIC GAIN CONTROL CIRCUIT to 
Charles E. Wheatley, III et al. and incorporated herein by 
reference. 

0010. These power control systems, however, exhibit sev 
eral disadvantages. First, the base station must perform com 
plex power control algorithms, increasing the amount of pro 
cessing in the base station. Second, the system actually 
experiences several types of power variation: Variation in the 
noise power caused by the variation in the number of users 
and variations in the received signal power of a particular 
bearer channel. These variations occur with different fre 
quency, so simple power control algorithms can be optimized 
to compensate for only one of the two types of variation. 
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Finally, these power algorithms tend to drive the overall sys 
tempower to a relatively high level. Consequently, there is a 
need for a spread-spectrum power control method that rapidly 
responds to changes in bearer channel power levels, while 
simultaneously making adjustments to all users’ transmit 
power in response to changes in the number of users. Also, 
there is a need for an improved spread-spectrum communi 
cation system employing a closed loop power control system 
which minimizes the system's overall power requirements 
while maintaining a sufficient BER at the individual remote 
receivers. In addition, such a system should control the initial 
transmit power level of a remote user and manage total system 
capacity. 
0011 Spread-spectrum communication systems desirably 
should support large numbers of users, each of which has at 
least one communication channel. In addition, Such a system 
should provide multiple generic information channels to 
broadcast information to all users and to enable users to gain 
access to the system. Using prior art spread-spectrum systems 
this could only be accomplished by generating large numbers 
of spreading code sequences. 
0012. Further, spread-spectrum systems should use 
sequences that are orthogonal or nearly orthogonal to reduce 
the probability that a receiver locks to the wrong spreading 
code sequence orphase. The use of such orthogonal codes and 
the benefits arising therefrom are outlined in U.S. Pat. No. 
5,103,459 entitled SYSTEMAND METHOD FOR GENER 
ATING SIGNAL WAVEFORMS IN A CDMA CELLULAR 
TELEPHONE SYSTEM, by Gilhousen et al. and U.S. Pat. 
No. 5,193,094 entitled METHOD AND APPARATUS FOR 
GENERATING SUPER-ORTHOGONAL CONVOLU 
TIONAL CODES AND THE DECODING THEREOF, by 
Andrew J. Viterbi, both of which are incorporated herein by 
reference. However, generating such large families of code 
sequences with Such properties is difficult. Also, generating 
large code families requires generating sequences which have 
a long period before repetition. Consequently, the time a 
receiver takes to achieve synchronization with Such a long 
sequence is increased. Prior art spreading code generators 
often combine shorter sequences to make longer sequences, 
but such sequences may no longer be sufficiently orthogonal. 
Therefore, there is a need for an improved method for reliably 
generating large families of code sequences that exhibit 
nearly orthogonal characteristics and have a long period 
before repetition, but also include the benefit of a short code 
sequence that reduces the time to acquire and lock the receiver 
to the correct code phase. In addition, the code generation 
method should allow generation of codes with any period, 
since the spreading code period is often determined by 
parameters used such as data rate or frame size. 
0013 Another desirable characteristic of spreading code 
sequences is that the transition of the user data values occurat 
a transition of the code sequence values. Since data typically 
has a period which is divisible by 2", such a characteristic 
usually requires the code-sequence to be an even length of2'. 
However, code generators, as is well known in the art, gen 
erally use linear feedback shift registers which generate codes 
of length 2'-1. Some generators include a method to aug 
ment the generated code sequence by inserting an additional 
code value, as described, for example, in U.S. Pat. No. 5.228, 
O54 entitled POWER-OF-TWO LENGTH PSEUDONOISE 
SEQUENCE GENERATOR WITH FAST OFFSET 
ADJUSTMENT by Timothy Rueth et al. and incorporated 
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herein by reference. Consequently, the spread-spectrum com 
munication system should also generate spreading code 
sequences of even length. 
0014 Finally, the spread-spectrum communication sys 
tem should be able to handle many different types of data, 
such as FAX, Voiceband data and ISDN, in addition to tradi 
tional voice traffic. To increase the number of users sup 
ported, many systems employ encoding techniques such as 
ADPCM to achieve “compression of the digital telephone 
signal. FAX, ISDN and other data, however, require the chan 
nel to be a clear channel. Consequently, there is a need for a 
spread spectrum communication system that Supports com 
pression techniques that also dynamically modify the spread 
spectrum bearer channel between an encoded channel and a 
clear channel in response to the type of information contained 
in the user's signal. 

SUMMARY 

0015 The present invention is embodied in a multiple 
access, spread spectrum communication system which pro 
cesses a plurality of information signals received simulta 
neously over telecommunication lines for simultaneous 
transmission over a radio frequency (RF) channel as a code 
division-multiplexed (CDM) signal. The system includes a 
radio carrier station (RCS) which receives a call request sig 
nal that corresponds to a telecommunication line information 
signal, and a user identification signal that identifies a user to 
which the call request and information signal are addressed. 
The receiving apparatus is coupled to a plurality of code 
division multiple access (CDMA) modems, one of which 
provides a global pilot code signal and a plurality of message 
code signals, and each of the CDMA modems combines one 
of the plurality of information signals with its respective 
message code signal to provide a spread-spectrum processed 
signal. The plurality of message code signals of the plurality 
of CDMA modems are synchronized to the global pilot code 
signal. The system also includes assignment apparatus that is 
responsive to a channel assignment signal for coupling the 
respective information signals received on the telecommuni 
cation lines to indicated ones of the plurality of modems. The 
assignment apparatus is coupled to a time-slot exchange 
means. The system further includes a system channel control 
ler coupled to a remote call-processor and to the time-slot 
exchange means. The system channel controller is responsive 
to the user identification signal, to provide the channel assign 
ment signal. In the system, an RF transmitter is connected to 
all of the modems to combine the plurality of spread-spec 
trum processed message signals with the global pilot code 
signal to generate a CDM signal. The RF transmitter also 
modulates a carrier signal with the CDM signal and transmits 
the modulated carrier signal through an RF communication 
channel. 
0016. The transmitted CDM signalis received from the RF 
communication channel by a subscriber unit (SU) which pro 
cesses and reconstructs the transmitted information signal 
assigned to the Subscriber. The SU includes a receiving means 
for receiving and demodulating the CDM signal from the 
carrier. In addition, the SU comprises a subscriber unit con 
troller and a CDMA modem which includes a processing 
means for acquiring the global pilot code and despreading the 
spread-spectrum processed signal to reconstruct the transmit 
ted information signal. 
0017. The RCS and the SUs each contain CDMA modems 
for transmission and reception of telecommunication signals 
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including information signals and connection control signals. 
The CDMA modem comprises a modem transmitter having: 
a code generator for providing an associated pilot code signal 
and for generating a plurality of message code signals; a 
spreading means for combining each of the information sig 
nals, with a respective one of the message code signals to 
generate spread-spectrum processed message signals; and a 
global pilot code generator which provides a global pilot code 
signal to which the message code signals are synchronized. 
0018. The CDMA modem also comprises a modem 
receiver having associated pilot code acquisition and tracking 
logic. The associated pilot code acquisition logic includes an 
associated pilot code generator, a group of associated pilot 
code correlators for correlating code-phase delayed versions 
of the associated pilot signal with a receive CDM signal for 
producing a despread associated pilot signal. The code phase 
of the associated pilot signal is changed responsive to an 
acquisition signal value until a detectorindicates the presence 
of the despread associated pilot code signal by changing the 
acquisition signal value. The associated pilot code signal is 
synchronized to the global pilot signal. The associated pilot 
code tracking logic adjusts the associated pilot code signal in 
phase responsive to the acquisition signal so that the signal 
power level of the despread associated pilot code signal is 
maximized. Finally, the CDMA modem receiver includes a 
group of message signal acquisition circuits. Each message 
signal acquisition circuit includes a plurality of receive mes 
sage signal correlators for correlating one of the local receive 
message code signals with the CDM signal to produce a 
respective despread receive message signal. 
0019. To generate large families of nearly mutually 
orthogonal codes used by the CDMA modems, the present 
invention includes a code sequence generator. The code 
sequences are assigned to a respective logical channel of the 
spread-spectrum communication system, which includes In 
phase (I) and quadrature (Q) transmission over RF commu 
nication channels. One set of sequences is used as pilot 
sequences which are code sequences transmitted without 
modulation by a data signal. The code sequence generator 
circuit includes a long code sequence generator including a 
linear feedback shift register, a memory which provides a 
short, even code sequence, and a plurality of cyclic shift, 
feedforward sections which provide other members of the 
code family which exhibit minimal correlation with the code 
sequence applied to the feedforward circuit. The code 
sequence generator further includes a group of code sequence 
combiners for combining each phase shifted version of the 
long code sequence with the short, even code sequence to 
produce a group, or family, of nearly mutually orthogonal 
codes. 

0020. Further, the present invention includes several 
methods for efficient utilization of the spread-spectrum chan 
nels. First, the system includes a bearer channel modification 
system which comprises a group of message channels 
between a first transceiver and second transceiver. Each of the 
group of message channels supports a different information 
signal transmission rate. The first transceiver monitors a 
received information signal to determine the type of informa 
tion signal that is received, and produces a coding signal 
relating to the coding signal. If a certain type of information 
signal is present, the first transceiver Switches transmission 
from a first message channel to a second message channel to 
Support the different transmission rate. The coding signal is 
transmitted by the first transceiver to the second transceiver, 
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and the second transceiver Switches to the second message 
channel to receive the information signal at a different trans 
mission rate. 
0021. Another method to increase efficient utilization of 
the bearer message channels is the method of idle-code Sup 
pression used by the present invention. The spread-spectrum 
transceiver receives a digital data information signal includ 
ing a predetermined flag pattern corresponding to an idle 
period. The method includes the steps of 1) delaying and 
monitoring the digital data signal; 2) detecting the predeter 
mined flag pattern; 3) Suspending transmission of the digital 
data signal when the flag pattern is detected; and 4) transmit 
ting the data signal as a spread-spectrum signal when the flag 
pattern is not detected. 
0022. The present invention includes a system and method 
for closed loop APC for the RCS and SUs of the spread 
spectrum communication system. The SUS transmit spread 
spectrum signals, the RCS acquires the spread-spectrum sig 
nals, and the RCS detects the received power level of the 
spread-spectrum signals plus any interfering signal including 
noise. The APC system includes the RCS and a plurality of 
SUs, wherein the RCS transmits a plurality of forward chan 
nel information signals to the SUs as a plurality of forward 
channel spread-spectrum signals having a respective forward 
transmit power level, and each SU transmits to the base sta 
tion at least one reverse spread-spectrum signal having a 
respective reverse transmit power level and at least one 
reverse channel spread-spectrum signal which includes a 
reverse channel information signal. 
0023 The APC system includes an adaptive forward 
power control (AFPC) system, and an adaptive reverse power 
control (ARPC) system. The AFPC system operates by mea 
Suring, at the SU, a forward signal-to-noise ratio of the 
respective forward channel information signal, generating a 
respective forward channel error signal corresponding to a 
forward error between the respective forward signal-to-noise 
ratio and a pre-determined signal-to-noise value, and trans 
mitting the respective forward channel error signal as part of 
a respective reverse channel information signal from the SU 
to the RCS. The RCS includes a plural number of AFPC 
receivers for receiving the reverse channel information sig 
nals and extracting the forward channel error signals from the 
respective reverse channel information signals. The RCS also 
adjusts the respective forward transmit power level of each 
one of the respective forward spread-spectrum signals 
responsive to the respective forward error signal. 
0024. The ARPC system operates by measuring, in the 
RCS, a reverse signal-to-noise ratio of each of the respective 
reverse channel information signals, generating a respective 
reverse channel error signal representing an error between the 
respective reverse channel signal-to-noise ratio and a respec 
tive pre-determined signal-to-noise value, and transmitting 
the respective reverse channel error signal as a part of a 
respective forward channel information signal to the SU. 
Each SU includes an ARPC receiver for receiving the forward 
channel information signal and extracting the respective 
reverse error signal from the forward channel information 
signal. The SU adjusts the reverse transmit power level of the 
respective reverse spread-spectrum signal responsive to the 
respective reverse error signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 is a block diagram of a code division multiple 
access communication system according to the present inven 
tion. 
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0026 FIG.2a is a block diagram of a 36 stage linear shift 
register Suitable for use with long spreading code of the code 
generator of the present invention. 
0027 FIG.2b is a block diagram of circuitry which illus 
trates the feed-forward operation of the code generator. 
0028 FIG. 2C is a block diagram of an exemplary code 
generator of the present invention including circuitry forgen 
erating spreading codes from the long spreading codes and 
the short spreading codes. 
0029 FIG. 2d is an alternate embodiment of the code 
generator circuit including delay elements to compensate for 
electrical circuit delays. 
0030 FIG. 3a is a graph of the constellation points of the 
pilot spreading code QPSK signal. 
0031 FIG. 3b is a graph of the constellation points of the 
message channel QPSK signal. 
0032 FIG. 3c is a block diagram of exemplary circuitry 
which implements the method of tracking the received 
spreading code phase of the present invention. 
0033 FIG. 4 is a block diagram of the tracking circuit that 
tracks the median of the received multipath signal compo 
nentS. 

0034 FIG. 5a is a block diagram of the tracking circuit 
that tracks the centroid of the received multipath signal com 
ponents. 
0035 FIG. 5b is a block diagram of the Adaptive Vector 
Correlator. 
0036 FIG. 6 is a block diagram of exemplary circuitry 
which implements the acquisition decision method of the 
correct spreading code phase of the received pilot code of the 
present invention. 
0037 FIG. 7 is a block diagram of an exemplary pilot rake 

filter which includes the tracking circuit and digital phase 
locked loop for despreading the pilot spreading code, and 
generator of the weighting factors of the present invention. 
0038 FIG. 8a is a block diagram of an exemplary adaptive 
vector correlator and matched filter for despreading and com 
bining the multipath components of the present invention. 
0039 FIG. 8b is a block diagram of an alternative imple 
mentation of the adaptive vector correlator and adaptive 
matched filter for despreading and combining the multipath 
components of the present invention. 
0040 FIG. 8c is a block diagram of an alternative embodi 
ment of the adaptive vector correlator and adaptive matched 
filter for despreading and combining the multipath compo 
nents of the present invention. 
0041 FIG. 8d is a block diagram of the Adaptive Matched 
Filter of one embodiment of the present invention. 
0042 FIG. 9 is a block diagram of the elements of an 
exemplary radio carrier station (RCS) of the present inven 
tion. 
0043 FIG. 10 is a block diagram of the elements of an 
exemplary multiplexer suitable for use in the RCS shown in 
FIG. 9. 

0044 FIG. 11 is a block diagram of the elements of an 
exemplary wireless access controller (WAC) of the RCS 
shown in FIG. 9. 
0045 FIG. 12 is a block diagram of the elements of an 
exemplary modem interface unit (MIU) of the RCS shown in 
FIG. 9. 
0046 FIG. 13 is a high level block diagram showing the 
transmit, receive, control and code generation circuitry of the 
CDMA modem. 
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0047 FIG. 14 is a block diagram of the transmit section of 
the CDMA modem. 
0048 FIG. 15 is a block diagram of an exemplary modem 
input signal receiver. 
0049 FIG. 16 is a block diagram of an exemplary convo 
lutional encoder as used in the present invention. 
0050 FIG. 17 is a block diagram of the receive section of 
the CDMA modem. 
0051 FIG. 18 is a block diagram of an exemplary adaptive 
matched filter as used in the CDMA modem receive section. 
0052 FIG. 19 is a block diagram of an exemplary pilot 
rake as used in the CDMA modem receive section. 
0053 FIG. 20 is a block diagram of an exemplary auxil 
iary pilot rake as used in the CDMA modem receive section. 
0054 FIG. 21 is a block diagram of an exemplary video 
distribution circuit (VDC) of the RCS shown in FIG.9. 
0055 FIG. 22 is a block diagram of an exemplary RF 
transmitter/receiver and exemplary power amplifiers of the 
RCS shown in FIG. 9. 
0056 FIG. 23 is a block diagram of an exemplary SU of 
the present invention. 
0057 FIG. 24 is a flow-chart diagram of an exemplary call 
establishment algorithm for an incoming call request used by 
the present invention for establishing a bearer channel 
between an RCS and an SU. 
0058 FIG.25 is a flow-chart diagram of an exemplary call 
establishment algorithm for an outgoing call request used by 
the present invention for establishing a bearer channel 
between an RCS and an SU. 
0059 FIG. 26 is a flow-chart diagram of an exemplary 
maintenance power control algorithm of the present inven 
tion. 
0060 FIG. 27 is a flow-chart diagram of an exemplary 
AFPC algorithm of the present invention. 
0061 FIG. 28 is a flow-chart diagram of an exemplary 
ARPC algorithm of the present invention. 
0062 FIG. 29 is a block diagram of an exemplary closed 
loop power control system of the present invention when the 
bearer channel is established. 
0063 FIG. 30 is a block diagram of an exemplary closed 
loop power control system of the present invention during the 
process of establishing the bearer channel. 
0064 FIG. 31 is a schematic overview of an exemplary 
code division multiple access communication system in 
accordance with the present invention. 
0065 FIG.32 is a diagram showing the operating range of 
a base station. 
0066 FIG.33 is a timing diagram of communication sig 
nals between a base station and a Subscriber unit. 
0067 FIG. 34 is a flow diagram of the establishment of a 
communication channel between a base station and a Sub 
scriber unit. 
0068 FIG. 35 is a graph of the transmission power output 
from a subscriber unit. 
0069 FIGS. 36A and 36B are flow diagrams of the estab 
lishment of a communication channel between a base station 
and a subscriber unit in accordance with the preferred 
embodiment of the present invention using short codes. 
0070 FIG. 37 is a graph of the transmission power output 
from a subscriber unit using short codes. 
0071 FIG.38 shows the adaptive selection of short codes. 
0072 FIG. 39 is a block diagram of a base station in 
accordance with the present invention. 
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0073 FIG. 40 is a block diagram of an exemplary sub 
scriber unit in accordance with the present invention. 
0074 FIGS. 41A and 41B are flow diagrams of a ramp-up 
procedure implemented in accordance with the present inven 
tion. 
0075 FIG. 42 is a prior art CDMA communication sys 
tem. 

0076 FIG. 43 is a graph of the distribution of acquisition 
opportunities of the system of FIG. 42. 
0077 FIG. 44 is a diagram showing the propagation of 
signals between a base station and a plurality of Subscriber 
units. 
0078 FIG. 45 is a flow diagram of an exemplary embodi 
ment of the initial establishment of a communication channel 
between a base station and a Subscriber unit using slow initial 
acquisition. 
007.9 FIG. 46 is a flow diagram of an exemplary embodi 
ment of the reestablishment of a communication channel 
between a base station and a subscriber unit using fast re 
acquisition. 
0080 FIG. 47 is a diagram of the communications 
between a base station and a plurality of subscriber units. 
I0081 FIG. 48 is a diagram of the base station and a sub 
scriber unit which has been virtually located. 
I0082 FIG. 49 is a schematic overview of a plurality of 
subscriber units which have been virtually located. 
0083 FIG.50 is a subscriber unit made inaccordance with 
one embodiment of the present invention. 
I0084 FIG. 51 is a flow diagram of an alternative embodi 
ment of the initial establishment of a communication channel 
between a base station and a Subscriber unit using slow initial 
acquisition. 
I0085 FIG. 52 is a flow diagram of an alternative embodi 
ment of the reestablishment of a communication channel 
between a base station and a subscriber unit using fast re 
acquisition. 
I0086 FIG. 53 is a flow diagram of an alternative embodi 
ment of the initial establishment of a communication channel 
between a base station and a Subscriber unit using slow initial 
acquisition. 
I0087 FIG. 54 is a block diagram of a prior art data com 
munication bus. 
I0088 FIG.55 is a table of prior art data bus architectures. 
I0089 FIG. 56 is a simplified block diagram of an embodi 
ment of the present invention. 
0090 FIG.57A-E is an electrical schematic of an embodi 
ment of the present invention. 
0091 FIG. 58 is a block diagram of the message transmit 
DMA 
0092 FIG. 59 is a block diagram of the message receive 
DMA 
0093 FIG. 60 is a block diagram of the digital processor 
system. 
0094 FIG. 61 is a block diagram of a communication 
system in accordance with the present invention connected to 
originating and terminating nodes. 
(0095 FIG. 62 is a flow diagram of the establishment of a 
communication channel between originating and terminating 
nodes in accordance with the prior art. 
(0096 FIG. 63 is a flow diagram of the establishment of a 
communication channel between originating and terminating 
nodes in accordance with the present invention. 
0097 FIG. 64 is a block diagram of a base station in 
accordance with the teachings of the present invention. 
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0098 FIG. 65 is a block diagram of a prior art single input 
FIR filter. 
0099 FIG. 66 is a block diagram of a prior art single input 
FIR filter Structure. 
0100 FIG. 67 is a block diagram of an alternative imple 
mentation of a prior art, single input FIR filter structure. 
0101 FIG. 68A is a block diagram of a single channel of a 
multichannel FIR filter. 
0102 FIG. 68E3 is a detailed block diagram of a multichan 
nel FIR filter. 
0103 FIG. 69 is a block diagram showing a first refine 
ment. 

0104 FIG.70 is a block diagram showing a second refine 
ment. 

0105 FIG. 71 is a block diagram of the multichannel 
processing element. 
0106 FIG.72A is a global block diagram of a LUT table. 
0107 FIG. 72B is a detailed block diagram showing the 
multichannel LUT input of the present invention. 
0108 FIG. 73 is a detailed block diagram of an embodi 
ment of the present invention. 

GLOSSARY OF ACRONYMS 

Acronym Definition 

AC Assigned Channels 
AD Analog-to-Digital 
ADPCM Adaptive Differential Pulse Code Modulation 
AFPC Adaptive Forward Power Control 
AGC Automatic Gain Control 
AMF Adaptive Matched Filter 
APC Adaptive Power Control 
ARPC Adaptive Reverse Power Control 
ASPT Assigned Pilot 
AVC Adaptive Vector Correlator 
AXCH Access Channel 
B-CDMA Broadband Code Division Multiple Access 
BCM Bearer Channel Modification 
BE Bit Error Rate 
BS Base Station 
CC Call Control 
CDM Code Division Multiplex 
CDMA Code Division Multiple Access 
CLK Clock Signal Generator 
CO Central Office 
CTCH Control Channel 
CUCH Check-Up Channel 
dB Decibels 
DCC Data Combiner Circuitry 
D Distribution Interface 
DLL Delay Locked Loop 
DM Delta Modulator 
DS Direct Sequence 
EPIC Extended PCM Interface Controller 
FBCH Fast Broadcast Channel 
FDM Frequency Division Multiplex 
FDTDMA Frequency & Time Division Systems 
FDMA Frequency Division Multiple Access 
FE Forward Error Correction 
FSK Frequency Shift Keying 
FSU Fixed Subscriber Unit 
GC Global Channel 
GLPT Global Pilot 
GPC Global Pilot Code 
GPSK Gaussian Phase Shift Keying 
GPS Global Positioning System 
HPPC High Power Passive Components 
HSB High Speed Bus 
I In-Phase 
IC Interface Controller 

Acronym 

ISDN 
ISST 
LAXPT 
LAPD 
LCT 
LE 
LFSR 
LI 
LMS 
LOL 
LPF 
LSR 
MISR 
MIU 
MM 
MOI 
MPC 
MPSK 
MSK 
MSU 
NE 
OMS 
OS 

OQPSK 
OW 
PARK 
PBX 
PCM 
PCS 
PG 
PLL 
PLT 
PN 
POTS 
STN 

Q 
QPSK 
RAM 
RCS 
RDI 
RDU 
RF 
RLL 
SAXPT 
SBCH 
SHF 
SIR 
SLIC 
SNR 
SPC 
SPRT 
STCH 
SU 
TDM 
TMN 
TRCH 
TSI 
TX 
TXIDAT 

TXQDAT 
UHF 
VCO 
VDC 
VGA 
VHF 
WAC 
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-continued 

LOSSARY OF ACRONYMS 

Definition 

integrated Services Digital Network 
initial System Signal Threshold 
Long Access Pilot 
Link Access Protocol 
Local Craft Terminal 
Local Exchange 
Linear Feedback Shift Register 
Line Interface 
Least Mean Square 
Loss of Lock 
Low Pass Filter 
Linear Shift Register 
Modem Input Signal Receiver 
Modem Interface Unit 
Mobility Management 
Modem Output Interface 
Maintenance Power Control 
M-ary Phase Shift Keying 
Minimum Shift Keying 
Mobile Subscriber Unit 
Network Element 
Operation and Maintenance System 
Operations System 
Offset Quadrature Phase Shift Keying 
Order Wire 
Portable Access Rights Key 
Private Branch Exchange 
Pulse Coded Modulation 
Personal Communication Services 
Pilot Generator 
Phase Locked Loop 
Pilot 
Pseudonoise 
Plain Old Telephone Service 
Public Switched Telephone Network 
Quadrature 
Quadrature Phase Shift Keying 
Random Access Memory 
Radio Carrier Station 
Receiver Data Input Circuit 
Radio Distribution Unit 
Radio Frequency 
Radio Local Loop 
Short Access Channel Pilots 
Slow Broadcast Channel 
Super High Frequency 
Signal Power to Interface Noise Power Ratio 
Subscriber Line Interface Circuit 
Signal-to-Noise Ratio 
Service PC 
Sequential Probability Ratio Test 
Status Channel 
Subscriber Unit 
Time Division Multiplexing 
Telecommunication Management Network 
Traffic Channels 
Time-Slot Interchanger 
Transmit 
I-Modem Transmit Data Signal 
Q-Modem Transmit Data Signal 
Ultra High Frequency 
Voltage Controlled Oscillator 
Video Distribution Circuit 
Variable Gain Amplifier 
Very High Frequency 
Wireless Access Controller 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0109 I. General System Description 
0110. The system of the present invention provides local 
loop telephone service using radio links between one or more 
base stations and multiple remote subscriber units. In the 
exemplary embodiment, a radio link is described for a base 
station communicating with a fixed subscriber unit (FSU), but 
the system is equally applicable to systems including multiple 
base stations with radio links to both FSUs and mobile sub 
scriber units (MSUs). Consequently, the remote subscriber 
units are referred to herein as subscriber units (SUs). 
0111 Referring to FIG. 1, base station (BS) 101 provides 
call connection to a local exchange (LE) 103 or any other 
telephone network Switching interface. Such as a private 
branch exchange (PBX) and includes a radio carrier station 
(RCS) 104. One or more RCSs 104, 105, 110 connect to a 
radio distribution unit (RDU) 102 through links 131, 132, 
137, 138, 139, and RDU 102 interfaces with LE 103 by 
transmitting and receiving call set-up, control, and informa 
tion signals through telco links 141, 142, 150. SUs 116, 119 
communicate with the RCS 104 through radio links 161,162, 
163, 164, 165. Alternatively, another embodiment of the 
invention includes several SUs and a “master” SU with func 
tionality similar to the RCS 104. Such an embodiment may or 
may not have connection to a local telephone network. 
0112. The radio links 161 to 165 operate within the fre 
quency bands of the DCS1800 standard (1.71-1.785 GHz and 
1.805-1880 GHz); the US-PCS standard (1.85-199 GHz); 
and the CEPT standard (2.0-2.7GHz). Although these bands 
are used in the described embodiment, the invention is 
equally applicable to the entire UHF to SHF bands, including 
bands from 2.7 GHz to 5 GHz. The transmit and receive 
bandwidths are multiples of 3.5 MHz starting at 7 MHz, and 
multiples of 5 MHz starting at 10 MHz, respectively. The 
described system includes bandwidths of 7, 10, 10.5, 14 and 
15 MHz. In the exemplary embodiment of the invention, the 
minimum guard band between the uplink and downlink is 20 
MHz, and is desirably at least three times the signal band 
width. The duplex separation is between 50 to 175 MHz, with 
the described invention using 50, 75, 80, 95, and 175 MHz. 
Other frequencies may also be used. 
0113 Although the described embodiment uses different 
spread-spectrum bandwidths centered around a carrier for the 
transmit and receive spread-spectrum channels, the present 
method is readily extended to systems using multiple spread 
spectrum bandwidths for the transmit channels and multiple 
spread-spectrum bandwidths for the receive channels. Alter 
natively, because spread-spectrum communication systems 
have the inherent feature that one user's transmission appears 
as noise to another user's despreading receiver, an embodi 
ment may employ the same spread-spectrum channel for both 
the transmit and receive path channels. In other words, uplink 
and downlink transmissions can occupy the same frequency 
band. Furthermore, the present method may be readily 
extended to multiple CDMA frequency bands, each convey 
ing a respectively different set of messages, uplink, downlink 
or uplink and downlink. 
0114. The spread binary symbol information is transmit 
ted over the radio links 161 to 165 using quadrature phase 
shift keying (QPSK) modulation with Nyquist Pulse Shaping 
in the present embodiment, although other modulation tech 
niques may be used, including, but not limited to, offset 
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QPSK (OQPSK), minimum shift keying (MSK). Gaussian 
phase shift keying (GPSK) and M-ary phase shift keying 
(MPSK) 
0115 The radio links 161 to 165 incorporate Broadband 
Code Division Multiple Access (B-CDMATM) as the mode of 
transmission in both the uplink and downlink directions. 
CDMA (also known as spread spectrum) communication 
techniques used in multiple access systems are well-known, 
and are described in U.S. Pat. No. 5,228,056 entitled SYN 
CHRONOUS SPREAD-SPECTRUM COMMUNICATION 
SYSTEMAND METHOD by Donald T Schilling. The sys 
tem described utilizes the direct sequence (DS) spreading 
technique. The CDMA modulator performs the spread-spec 
trum spreading code sequence generation, which can be a 
pseudonoise (PN) sequence; and complex DS modulation of 
the QPSK signals with spreading code sequences for the 
in-phase (I) and quadrature (Q) channels. Pilot signals are 
generated and transmitted with the modulated signals, and 
pilot signals of the present embodiment are spreading codes 
not modulated by data. The pilot signals are used for synchro 
nization, carrier phase recovery and for estimating the 
impulse response of the radio channel. Each SU includes a 
single pilot generator and at least one CDMA modulator and 
demodulator, together known as a CDMA modem. Each RCS 
104, 105, 110 has a single pilot generator plus sufficient 
CDMA modulators and demodulators for all of the logical 
channels in use by all SUs. 
0116. The CDMA demodulator despreads the signal with 
appropriate processing to combat or exploit multipath propa 
gation effects. Parameters concerning the received power 
level are used to generate the APC information which, in turn, 
is transmitted to the other end of the communication link. The 
APC information is used to control transmit power of the 
AFPC and ARPC links. In addition, each RCS 104,105 and 
110 can perform maintenance power control (MPC), in a 
manner similar to APC, to adjust the initial transmit power of 
each SU 111, 112, 115, 117 and 118. Demodulation is coher 
ent where the pilot signal provides the phase reference. 
0117 The described radio links support multiple traffic 
channels with data rates of 8, 16, 32, 64, 128, and 1.44kbs. The 
physical channel to which a traffic channel is connected oper 
ates with a 64k symbol/sec rate. Other data rates may be 
supported, and forward error correction (FEC) coding can be 
employed. For the described embodiment, FEC with coding 
rate of 1/2 and constraint length 7 is used. Other rates and 
constraint lengths can be used consistent with the code gen 
eration techniques employed. 
0118 Diversity combining at the radio antennas of RCS 
104,105 and 110 is not necessary because CDMA has inher 
ent frequency diversity due to the spreadbandwidth. Receiv 
ers include adaptive matched filters (AMFs) (not shown in 
FIG. 1) which combine the multipath signals. In the present 
embodiment, the exemplary AMFs perform maximal ratio 
combining. 
0119 Referring to FIG.1, RCS 104 interfaces to RDU 102 
through links 131, 132, 137, 139, which may use, for 
example, 1.544 Mb/s DS1, 2.048 Mb/s E1; or HDSL formats 
to receive and send digital data signals. While these are typi 
cal telephone company standardized interfaces, the present 
invention is not limited to these digital data formats only. The 
exemplary RCS line interface (not shown in FIG. 1) translates 
the line coding (such as HDB3, B8ZS, AMI) and extracts or 
produces framing information, performs alarms and facility 
signaling functions, as well as channel specific loop-back and 
parity check functions. The interfaces for this description 
provide 64kbs PCM encoded or 32 kbs ADPCM encoded 
telephone traffic channels or ISDN channels to the RCS for 
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processing. Other ADPCM encoding techniques can be used 
consistent with the sequence generation techniques. 
0120. The system of the present invention also supports 
bearer rate modification between the RCS 104 and each SU 
111,112,115, 117 and 118 communicating with the RCS 104 
in which a CDMA message channel Supporting 64kbs may be 
assigned to voiceband data or FAX when rates above 4.8 kbs 
are present. Such 64 kbs bearer channel is considered an 
unencoded channel. For ISDN, bearer rate modification may 
be done dynamically, based upon the D channel messages. 
0121. In FIG.1, each SU 111, 112, 115, 117 and 118 either 
includes or interfaces with a telephone unit 170, or interfaces 
with a local switch (PBX) 171. The input from the telephone 
unit may include Voice, Voiceband data and signaling. The SU 
translates the analog signals into digital sequences, and may 
also include a data terminal 172 or an ISDN interface 173. 
The SU can differentiate voice input, voiceband data or FAX 
and digital data. The SU encodes voice data with techniques 
such as ADPCM at 32 kbs or lower rates, and detects voice 
band data or FAX with rates above 4.8 kbs to modify the 
traffic channel (bearer rate modification) for unencoded 
transmission. Also, A-law, u-law or no compounding of the 
signal may be performed before transmission. For digital 
data, data compression techniques, such as idle flag removal, 
may also be used to conserve capacity and minimize interfer 
CCC. 

0122) The transmit power levels of the radio interface 
between RCS 104 and SUs 111, 112, 115, 117 and 118 are 
controlled using two different closed loop power control 
methods. The AFPC method determines the downlink trans 
mit power level, and the ARPC method determines the uplink 
transmit power level. The logical control channel by which 
SU 111 and RCS 104, for example, transfer power control 
information operates at least a 16 kHz, update rate. Other 
embodiments may use a faster or slower update rate, for 
example 64 kHz. These algorithms ensure that the transmit 
power of a user maintains an acceptable bit-error rate (BER), 
maintains the system power at a minimum to conserve power 
and maintains the power level of all SUs 111, 112, 115, 117 
and 118 received by RCS 104 at a nearly equal level. 
0123. In addition, the system uses an optional mainte 
nance power control method during the inactive mode of a 
SU. When SU 111 is inactive or powered-down to conserve 
power, the unit occasionally activates to adjust its initial trans 
mit power level setting in response to a maintenance power 
control signal from RCS 104. The maintenance power signal 
is determined by the RCS 104 by measuring the received 
power level of SU 111 and present system power leveland, 
from this, calculates the necessary initial transmit power. The 
method shortens the channel acquisition time of SU 111 to 
begin a communication. The method also prevents the trans 
mit power level of SU 111 from becoming too high and 
interfering with other channels during the initial transmission 
before the closed loop power control reduces the transmit 
power. 

0.124 RCS 104 obtains synchronization of its clock from 
an interface line such as, but not limited to, E1, T1, or HDSL 
interfaces. RCS 104 can also generate its own internal clock 
signal from an oscillator which may be regulated by a global 
positioning system (GPS) receiver. RCS 104 generates a glo 
ball pilot code, a channel with a spreading code but no data 
modulation, which can be acquired by remote SUs 111 
through 118. All transmission channels of the RCS are syn 
chronized to the pilot channel, and spreading code phases of 
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code generators (not shown) used for logical communication 
channels within RCS 104 are also synchronized to the pilot 
channel's spreading code phase. Similarly, SUs 111 through 
118 which receive the global pilot code of RCS 104 synchro 
nize the spreading and de-spreading code phases of the code 
generators (not shown) of the SUs to the global pilot code. 
(0.125 RCS 104, SU 111 and RDU 102 may incorporate 
system redundancy of system elements and automatic Switch 
ing between internal functional system elements upon a fail 
ure event to prevent loss or drop-out of a radio link, power 
Supply, traffic channel or group of traffic channels. 
0.126 II. Logical Communication Channels 
I0127. A channel of the prior art is usually regarded as a 
communications path which is part of an interface and which 
can be distinguished from other paths of that interface without 
regard to its content. However, in the case of CDMA, separate 
communications paths are distinguished only by their con 
tent. The term logical channel is used to distinguish the 
separate data streams, which are logically equivalent to chan 
nels in the conventional sense. All logical channels and Sub 
channels of the present invention are mapped to a common 64 
kilo-symbols per second (ksym/s) QPSK stream. Some chan 
nels are synchronized to associated pilot codes which are 
generated from, and perform a similar function to the system 
global pilot code (GPC). The system pilot signals are not, 
however, considered logical channels. 
I0128 Several logical communication channels are used 
over the RF communication link between the RCS and SU. 
Each logical communication channel either has a fixed, pre 
determined spreading code or a dynamically assigned spread 
ing code. For both pre-determined and assigned codes, the 
code phase is synchronized with the pilot code. Logical com 
munication channels are divided into two groups: the global 
channel (GC) group includes channels which are either trans 
mitted from the base station RCS to all remote SUs or from 
any SU to the RCS of the base station regardless of the SU’s 
identity. The channels in the GC group may contain informa 
tion of a given type for all users including those channels used 
by SUS to gain system access. Channels in the assigned chan 
nels (AC) group are those channels dedicated to communica 
tion between the RCS and a particular SU. 
I0129. The global channels (GC) group provides for 1) 
broadcast control logical channels, which provide point-to 
multipoint services for broadcasting messages to all SUs and 
paging messages to SUs; and 2) access control logical chan 
nels which provide point-to-point services on global channels 
for SUS to access the system and obtain assigned channels. 
The RCS of the present invention has multiple access control 
logical channels, and one broadcast control group. An SU of 
the present invention has at least one access control channel 
and at least one broadcast control logical channel. 
0.130. The global logical channels controlled by the RCS 
are the fast broadcast channel (FBCH) which broadcasts fast 
changing information concerning which services and which 
access channels are currently available, and the slow broad 
cast channel (SBCH) which broadcasts slow changing system 
information and paging messages. The access channel 
(AXCH) is used by the SUs to access an RCS and gain access 
to assigned channels. Each AXCH is paired with a control 
channel (CTCH). The CTCH is used by the RCS to acknowl 
edge and reply to access attempts by SUS. The long access 
pilot (LAXPT) is transmitted synchronously with AXCH to 
provide the RCS with a time and phase reference. An assigned 
channel (AC) group contains the logical channels that control 
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a single telecommunication connection between the RCS and 
a SU. The functions developed when an AC group is formed 
include a pair of power control logical message channels for 
each of the uplink and downlink connections, and depending 
on the type of connection, one or more pairs of traffic chan 
nels. The bearer control function performs the required for 
ward error control, bearer rate modification, and encryption 
functions. 
0131 Each SU 111, 112, 115, 117 and 118 has at least one 
AC group formed when a telecommunication connection 
exists, and each RCS 104, 105 and 110 has multiple AC 
groups formed, one for each connection in progress. An AC 
group of logical channels is created for a connection upon 
Successful establishment of the connection. The AC group 
includes encryption, FEC coding and multiplexing on trans 
mission, and FEC decoding, decryption and demultiplexing 
on reception. 
0132 Each AC group provides a set of connection oriented 
point-to-point services and operates in both directions 
between a specific RCS, for example, RCS 104 and a specific 
SU, for example, SU 111. An AC group formed for a connec 
tion can control more than one bearer over the RF communi 
cation channel associated with a single connection. Multiple 
bearers are used to carry distributed data such as, but not 
limited to, ISDN. An AC group can provide for the duplica 
tion of traffic channels to facilitate switch over to 64kbs PCM 
for high speed facsimile and modem services for the bearer 
rate modification function. 
0133. The assigned logical channels formed upon a suc 
cessful call connection and included in the AC group are a 
dedicated signaling channel order wire (OW), an APC chan 
nel, and one or more traffic channels (TRCH) which are 
bearers of 8, 16, 32, or 64 kbs depending on the service 
Supported. For Voice traffic, moderate rate coded speech, 
ADPCM or PCM can be supported on the traffic channels. For 
ISDN service types, two 64kbs TRCHs form the B channels 
and a 16 kbs TRCH forms the D channel. Alternatively, the 
APC subchannel may either be separately modulated on its 

Channel 
l8le Abbr. 

Fast FBCH 
Broadcast 
Channel 

Slow SBCH 
Broadcast 
Channel 

Access 
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own CDMA channel, or may be time division multiplexed 
with a traffic channel or OW channel. 

I0134 Each SU 111, 112, 115, 117 and 118 of the present 
invention Supports up to three simultaneous traffic channels. 
The mapping of the three logical channels for TRCHs to the 
user data is shown below in Table 1: 

TABLE 1 

Mapping of service types to the three available TRCH channels 

Service TRCH(0) TRCH(1) TRCH(2) 

16 kbs POTS TRCHF16 not used not used 
32 + 64kbs POTS (during BCM) TRCH/32 TRCH/64 not used 
32 kbs POTS TRCHF32 not used not used 
64kbs POTS not used TRCH 64 not used 
ISDND not used not used TRCHF16 
ISDN B - D TRCH64 not used TRCH16 
ISDN 2B - D TRCHF64 TRCHA64 TRCHF16 
Digital LL (a) 64kbs TRCH 64 not used not used 
Digital LL (a) 2 x 64kbs 
Analog LL (c) 64kbs 

TRCH64 TRCH 64 not used 
TRCH 64 not used not used 

I0135. The APC data rate is sent at 64kbs. The APC logical 
channel is not FEC coded to avoid delay and is transmitted at 
a relatively low power level to minimize capacity used for 
APC. Alternatively, the APC and OW may be separately 
modulated using complex spreading code sequences or they 
may be time division multilplexed. 
I0136. The OW logical channel is FEC coded with a rate 
1/2 convolutional code. This logical channel is transmitted in 
bursts when signaling data is present to reduce interference. 
After an idle period, the OW signal begins with at least 35 
symbols prior to the start of the data frame. For silent main 
tenance call data, the OW is transmitted continuously 
between frames of data. Table 2 Summarizes the logical chan 
nels used in the exemplary embodiment: 

TABLE 2 

Logical Channels and sub-channels of the B-CDMA Air Interface 

Direction 

(forward 
Brief O Bit Max Power 
Description reverse) rate BER level Pilot 

Global Channels 

Broadcasts F 16 kbs 1e-4 Fixed GLPT 
a.St 
changing 
system 
information 
Broadcasts F 16 kbS 1e-7 Fixed GLPT 
paging 
messages to 
FSUs and 
slow 
changing 
system 
information 
For initial R 32 kbs 1e-7 Controlled LAXPT 
80CESS by APC (i) Channels (i) 

AXCH 

attempts by 
FSUS 
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TABLE 2-continued 

10 
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Logical Channels and sub-channels of the B-CDMA Air Interface 

Direction 
(forward 

Channel Brief O Bit Max Power 
l8le Abbr. Description reverse) rate BER level 

Channels (i) granting 
80CESS 

Assigned Channels 

Control CTCH For 32 kbs e-7 Fixed 
16 kbs TRCH General F.R. 16 kbs e-4 Controlle 
POTS 16 POTS use by APC 
32 kbs TRCH General F.R. 32 kbs e-4 Controlle 
POTS 32 POTS use APC 

64kbs TRCHA POTS use F.R. 64kbs e-4 Controlle 
POTS 64 for in-band APC 

modems, fax 

D TRCHA. ISDND F.R. 16 kbs e-7 Controlle 
channel 16 channel APC 

Order OW assigned F.R. 32 kbs 1e-7 Controlle 
wire signaling APC 
channel channel 

APC APC carries F.R. 64kbs 2e-1 Controlle 
channel APC APC 

commands 

0137 III. The Spreading Codes 
0.138. The CDMA code generators used to encode the 
logical channels of the present invention employ linear shift 
registers (LSRs) with feedback logic which is a method well 
known in the art. The code generators of the present embodi 
ment of the invention generate 64 synchronous unique 
sequences. Each RF communication channel uses a pair of 
these sequences for complex spreading (in-phase and quadra 
ture) of the logical channels, so the generator gives 32 com 
plex spreading sequences. The sequences are generated by a 
single seed which is initially loaded into a shift register cir 
cuit. 
0139 IV. The Generation of Spreading Code Sequences 
and Seed Selection 
0140. The spreading code period of the present invention 

is defined as an integer multiple of the symbol duration, and 
the beginning of the code period is also the beginning of the 
symbol. The relation between bandwidths and the symbol 
lengths chosen for the exemplary embodiment of the present 
invention is: 

BW (MHZ) L (chips symbol) 

7 91 
10 130 
1O.S 133 
14 182 
15 195 

0141. The spreading code length is also a multiple of 64 
and of 96 for ISDN frame support. The spreading code is a 

by 

by 

by 

by 

by 

Pilot 

. p T 

S 

S 

r 

S 

C 

S 

sequence of symbols, called chips or chip values. The general 
methods of generating pseudorandom sequences using 
Galois Field mathematics is known to those skilled in the art. 
First, the length of the LFSR to generate a code sequence is 
chosen, and the initial value of the register is called a “seed’. 
Second, the constraint is imposed that no code sequence 
generated by a code seed may be a cyclic shift of another code 
sequence generated by the same code seed. Finally, no code 
sequence generated from one seed may be a cyclic shift of a 
code sequence generated by another seed. It has been deter 
mined that the spreading code length of chip values of the 
present invention is: 

128x233,415=29,877,120 

0142. The FBCH channel of the exemplary embodiment is 
an exception because it is not coded with the 128 length 
sequence, so the FBCH channel spreading code has period 
233415. 
0143. The nonlinear sequence of length 128 is imple 
mented as a fixed sequence loaded into a shift register with a 
feed-back connection. The fixed sequence can be generated 
by an m-sequence of length 127 padded with an extra logic 0, 
1, or random value as is well known in the art. 
0144. The linear sequence of length L-233415 is gener 
ated using an LFSR circuit with 36 stages. The feedback 
connections correspond to an irreducible polynomial h(n) of 
degree 36. The polynomial h(x) chosen for the exemplary 
embodiment of the present invention is 

h(x)=x-6x35+x30-28+26x25-22-20x19x17+x16+ 
2+x+x+x+x+x+x2+1 

Equation (1) 

or, in binary notation 
h(x)=(1100001010110010110111101101100011101) Equation (2) 
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0145 A group of “seed' values for a LFSR representing 
the polynomial h(x) of Equation (2) which generates code 
sequences that are nearly orthogonal with each other is deter 
mined. The first requirement of the seed values is that the seed 
values do not generate two code sequences which are simply 
cyclic shifts of each other. 
I0146) The seeds are represented as elements of GF(2) 
which is the field of residue classes modulo h(x). This field 
has a primitive element 8–x+x+1 or, in binary notation 

8=(000000000000000000000000000000000111) 

0147 Every element of GF(2) can also be written as a 
power of Ö reduced modulo h(x). Consequently, the seeds are 
represented as powers of 8, the primitive element. 
0148. The solution for the order of an element does not 
require a search of all values; the order of an element divides 
the order of the field (GF(2)). When 8 is any element of 
GF(2) with 

X=1 Equation (4) 

Equation (3) 

for some e, then e2-1. Therefore, the order of any element 
in GF(2) divides 2-1. Using these constraints, it has been 
determined that a numerical search generates a group of seed 
values, n, which are powers of 6, the primitive element of 
h(x). 
014.9 The present invention includes a method to increase 
the number of available seeds for use in a CDMA communi 
cation system by recognizing that certain cyclic shifts of the 
previously determined code sequences may be used simulta 
neously. The round trip delay for the cell sizes and band 
widths of the present invention are less than 3000 chips. In 
one embodiment of the present invention, Sufficiently sepa 
rated cyclic shifts of a sequence can be used within the same 
cell without causing ambiguity for a receiver attempting to 
determine the code sequence. This method enlarges the set of 
sequences available for use. By implementing the tests pre 
viously described, a total of 3879 primary seeds were deter 
mined through numerical computation. These seeds are given 
mathematically as: 

8 modulo h(x) Equation (5) 

where 3879 values of n, with Ö=(00, ... 00111) as in (3), is a 
series incrementing by 1, starting at 1 and continuing to 1101, 
resuming at 2204 and continuing to 3305, resuming at 4408 
and continuing to 5509, and resuming at 6612 and ending at 
7184. 

0150. When all primary seeds are known, all secondary 
seeds of the present invention are derived from the primary 
seeds by shifting them multiples of 4095 chips modulo h(x). 
Once a family of seed values is determined, these values are 
stored in memory and assigned to logical channels as neces 
sary. Once assigned, the initial seed value is simply loaded 
into LFSR to produce the required spreading code associated 
with the seed value. 

0151. V. Rapid Acquisition Feature of Long and Short 
Codes. 

0152 Rapid acquisition of the correct code phase by a 
spread-spectrum receiveris improved by designing spreading 
codes which are faster to detect. It should be noted that 
spreading code, code sequence, spreading code sequence, 
chip code, chip sequence or chip code sequence may be used 
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interchangeably to refer to a modulation signal used to modu 
late an information signal, whereby the period of the modu 
lation signal is substantially less than the period of the infor 
mation signal. For simplicity, the term spreading code will be 
used. The present embodiment of the invention includes a 
new method of generating spreading codes that have rapid 
acquisition properties by using one or more of the following 
methods. First, a long code may be constructed from two or 
more short codes. The new implementation uses many 
spreading codes, one or more of which are rapid acquisition 
sequences of length L that have average acquisition phase 
searches rlog 2L. Sequences with Such properties are well 
known to those practiced in the art. The average number of 
acquisition test phases of the resulting long sequence is a 
multiple of r-log2L rather than half of the number of phases 
of the long sequence. 
0153. Second, a method of transmitting complex valued 
spreading codes (in-phase (I) and quadrature (Q) sequences) 
in a pilot spreading code signal may be used rather than 
transmitting real valued sequences. Two or more separate 
spreading codes may be transmitted over the complex chan 
nels. If the codes have different phases, an acquisition may be 
done by acquisition circuits in parallel over the different 
spreading codes when the relative phase shift between the two 
or more code channels is known. For example, for two spread 
ing codes, one can be sent on an in phase (I) channel and one 
on the quadrature (Q) channel. To search the spreading codes, 
the acquisition detection means searches the two channels, 
but begins the Q channel with an offset equal to one-half of 
the spreading code length. With code length of N, the acqui 
sition means starts the search at N/2 on the Q channel. The 
average number of tests to find acquisition is N/2 for a single 
code search, but searching the I and phase delayed Q channel 
in parallel reduces the average number of tests to N/4. The 
codes sent on each channel could be the same code, the same 
code with one channel's code phase delayed or different 
spreading codes. 
0154) VI. Epoch and Sub-Epoch Structures 
0155 The long complex spreading codes used for the 
exemplary system of the present invention have a number of 
chips after which the code repeats. The repetition period of 
the spreading code is called an epoch. To map the logical 
channels to CDMA spreading codes, the present invention 
uses an epoch and Sub-epoch structure. The code period for 
the CDMA spreading code to modulate logical channels is 
29877120 chips/code period, which is the same number of 
chips for all bandwidths. The code period is the epoch of the 
present invention, and Table 3 below defines the epoch dura 
tion for the Supported chip rates. In addition, two Sub-epochs 
are defined over the spreading code epoch and are 233415 
chips and 128 chips long. 
0156 The 233415 chip sub-epoch is referred to as a long 
Sub-epoch, and is used for synchronizing events on the RF 
communication interface Such as encryption key Switching 
and changing from global to assigned codes. The 128 chip 
short epoch is defined for use as an additional timing refer 
ence. The highest symbol rate used with a single CDMA code 
is 64 ksym/s. There are always an integer number of chips in 
a symbol duration for the supported symbol rates 64, 32, 16, 
and 8 kSym/s. 
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TABLE 3 

Bandwidths. Chip Rates, and Epochs 

Chip number of 128 chip 233415 chip 
Rate, chips in a Sub-epoch Sub-epoch Epoch 

Bandwidth Complex 64 kbit/sec duration* duration duration 
(MHz) (Mchip/sec) symbol (ms) (ms) (sec) 

7 S.824 91 21.978 40.078 S.130 
10 8.32O 130 15.385 28. OSS 3.591 
1O.S 8.512 133 15.038 27.422 3.510 
14 11648 182 10.989 20.039 2.565 
15 12.480 195 10.256 18.703 2.394 

* numbers in these columns are rounded to 5 digits. 

0157 VII. Mapping of the Logical Channels to Epochs 
and Sub-Epochs 
0158. The complex spreading codes are designed such that 
the beginning of the code epoch coincides with the beginning 
of a symbol for all of the bandwidths supported. The present 
invention supports bandwidths of 7, 10, 10.5, 14, and 15 
MHz. Assuming nominal 20% roll-off, these bandwidths cor 
respond to the following chip rates in Table 4. 

TABLE 4 

Supported Bandwidths and Chip Rates for CDMA. 

R (Complex Excess Factorization 
BW (MHz) Mchips/sec) BW, 9% L: (RL) = 64k of L 

7 S.824 2O.19 91 7 x 13 
10 8.32O 2O.19 130 2 x 5 x 13 
1O.S 8.512 23.36 133 7 x 19 
14 11648 2O.19 182 2 x 7 x 13 
15 12.48O 2O.19 195 3 x 5 x 13 

The number of chips in an epoch is: 
N=29877120=2x3x5x7x13x19 

0159. If interleaving is used, the beginning of an inter 
leaver period coincides with the beginning of the sequence 
epoch. The spreading sequences generated using the method 
of the present invention can Support interleaver periods that 
are multiples of 1.5 ms for various bandwidths. 
0160 Cyclic sequences of the prior art are generated using 
LFSR circuits. However, this method does not generate 
sequences of even length. One embodiment of the spreading 
code generator using the code seeds generated previously is 
shown in FIG.2a, FIG.2b, and FIG.2c. The present invention 
uses a 36 stage LFSR 201 to generate a sequence of period 
N'=233415=3x5x7x13x19, which is C, in FIG.2a. In FIGS. 
2a, 2b, and 2c, the symbol (D represents a binary addition 
(EXCLUSIVE-OR). A spreading code generator designed as 
above generates the in-phase and quadrature parts of a set of 
complex sequences. The tap connections and initial state of 
the 36 stage LFSR determine the sequence generated by this 
circuit. The tap coefficients of the 36 stage LFSR are deter 
mined such that the resulting sequences have the period 
233415. Note that the tap connections shown in FIG. 2a 
correspond to the polynomial given in Equation (2). Each 
resulting sequence is then overlaid by binary addition with the 
128 length sequence C to obtain the epoch period 29877 120. 
(0161 FIG.2b shows a feed forward (FF) circuit 202 which 
is used in the code generator. The signal Xin-1 is output of 
the chip delay 211, and the input of the chip delay 211 is Xn. 
The code chip Cn is formed by the logical adder 212 from 

Equation (6) 
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the input Xn and Xin-1. FIG. 2c shows the complete 
spreading code generator. From the LFSR 201, output signals 
go through a chain of up to 63 single stage FFS 203 cascaded 
as shown. The output of each FF is overlaid with the short, 
even code sequence C period 128–27 which is stored in code 
memory 222 and which exhibits spectral characteristics of a 
pseudorandom sequence to obtain the epoch N=29877 120. 
This sequence of 128 is determined by using an m-sequence 
(PN sequence) of length 127-2-1 and adding a bit-value, 
Such as logic 0, to the sequence to increase the length to 128 
chips. The even code sequence C is input to the even codeshift 
register 221, which is a cyclic register, that continually out 
puts the sequence. The short sequence is then combined with 
the long sequence using an EXCLUSIVE-OR operation 213, 
214, 220. 
(0162. As shown in FIG.2c, up to 63 spreading codes C. 
through C are generated by tapping the output signals of 
FF's 203 and logically adding the short sequence C* in binary 
adders 213, 214, and 220, for example. One skilled in the art 
would realize that the implementation of FF 203 will create a 
cumulative delay effect for the spreading codes produced at 
each FF stage in the chain. This delay is due to the nonzero 
electrical delay in the electronic components of the imple 
mentation. The timing problems associated with the delay can 
be mitigated by inserting additional delay elements into the 
FF chain in one version of the embodiment of the invention. 
The FF chain of FIG. 2C with additional delay elements is 
shown in FIG. 2d. 

0163 The code-generators in the exemplary embodiment 
of the present invention are configured to generate either 
global codes or assigned codes. Global codes are CDMA 
codes that can be received or transmitted by all users of the 
system. Assigned codes are CDMA codes that are allocated 
for a particular connection. When a set of spreading codes are 
generated from the same generator as described, only the seed 
of the 36 stage LFSR is specified to generate a family of 
spreading codes. Spreading codes for all of the global codes 
are generated using the same LFSR circuit. Therefore, once 
an SU has synchronized to the global pilot signal from an 
RCS and knows the seed for the LFSR circuit for the global 
channel codes, it can generate not only the pilot spreading 
code but also all other global codes used by the RCS. 
0164. The signal that is upconverted to RF is generated as 
follows. The output signals of the above shift register circuits 
are converted to an antipodal sequence (0 maps into +1, 1 
maps into -1). The logical channels are initially converted to 
QPSK signals, which are mapped as constellation points as is 
well known in the art. The in-phase and quadrature channels 
of each QPSK signal form the real and imaginary parts of the 
complex data value. Similarly, two spreading codes are used 
to form complex spreading chip values. The complex data are 
spread by being multiplied by the complex spreading code. 
Similarly, the received complex data is correlated with the 
conjugate of the complex spreading code to recover despread 
data. 

(0165 VIII. Short Codes 
0166 Short codes are used for the initial ramp-up process 
when a SU accesses an RCS. The period of the short codes is 
equal to the symbol duration and the start of each period is 
aligned with a symbol boundary. Both SU and RCS derive the 
real and imaginary parts of the short codes from the last eight 
feed-forward sections of the code generator producing the 
global codes for that cell. 
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0167. The short codes that are in use in the exemplary 
embodiment of the invention are updated every 3 ms. Other 
update times that are consistent with the symbol rate may be 
used. Therefore, a change-over occurs every 3 ms starting 
from the epoch boundary. At a change-over, the next symbol 
length portion of the corresponding feed-forward output 
becomes the short code. When the SU needs to use a particu 
lar short code, it waits until the first 3 ms boundary of the next 
epoch and stores the next symbol length portion output from 
the corresponding FF section. This shall be used as the short 
code until the next change-over, which occurs 3 ms later. 
0168 The signals represented by these short codes are 
known as short access channel pilots (SAXPTs). 
0169 IX. Mapping of Logical Channels to Spreading 
Codes 

0170 The exact relationship between the spreading codes 
and the CDMA logical channels and pilot signals is docu 
mented in Table 5a and Table 5b. Those signal names ending 
in -CH correspond to logical channels. Those signal names 
ending in -PT correspond to pilot signals, which are 
described in detail below. 

TABLE 5a 

Spreading code sequences and global CDMA codes 

Logical Channel 
Sequence Quadrature or Pilot Signal Direction 

Co FBCH Forward (F) 
C1 Q FBCH 
CeDC: GLPT 
CeBC: Q GLPT 
CCDC: SBCH 
CeBC: Q SBCH 
CCDC: CTCH (O) 
C, DC: Q CTCH (O) 
CCDC: APCH (1) 
CeDC: Q APCH (1) 
CCDC* CTCH (1) 
CeBC Q CTCH (1) 
CeBC* APCH (1) 
CDC* Q APCH (1) 
CeBC* CTCH (2) 
CeBC* Q CTCH (2) 
CCDC* APCH (2) 
CeBC Q APCH (2) 
CséEC* CTCH (3) 
CCDC* Q CTCH (3) 
CCDC* APCH (3) 
CeBC* Q APCH (3) 
CeBC* reserved 
CCDC* Q reserved 

Co DC* reserved 
CeBC* Q reserved 
CeBC* AXCH (3) Reverse (R) 
CDC* Q AXCH (3) R 
CeBC* LAXPT (3) R 

SAXPT (3) seed 
CeBC* Q LAXPT (3) R 

SAXPT (3) seed 
CéEC* AXCH (2) R 
CCDC* Q AXCH (2) R 
Csé DC* LAXPT (2) R 

SAXPT(2) seed 
Co, DC* Q LAXPT (2) R 

SAXPT (2) seed 
CDC* AXCH (1) R 
CeBC* Q AXCH (1) R 
CeBC* LAXPT (1) R 

SAXPT (1) seed 
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TABLE 5a-continued 

Spreading code sequences and global CDMA codes 

Logical Channel 
Sequence Quadrature or Pilot Signal Direction 

CCDC* Q LAXPT (1) R 
SAXPT (1) seed 

CCDC* I AXCH (O) R 
CeBC* Q AXCH (O) R 
CCDC* I LAXPT (O) R 

SAXPT (0) seed 
Cs, DC: Q LAXPT (O) R 

SAXPT (0) seed 
Css DC* I IDLE 
CCDC* Q IDLE 
CBC: I AUX R 
Cice Q AUX R 
CeBC* I reserved 
CCDC* Q reserved 

TABLE 5b 

Spreading code sequences and assigned CDMA codes. 

Logical Channel 
Sequence Quadrature or Pilot Signal Direction 

CCDC: ASPT Reverse (R) 
CeBC: Q ASPT R 
CBC* APCH R 
CeBC: Q APCH R 
CCDC: OWCH R 
CeBC: Q OWCH R 
CCDC: TRCH (O) R 
C, DC: Q TRCH (O) R 
CCDC: TRCH (1) R 
CCDC: Q TRCH (1) R 
CCDC* TRCH (2) R 
CeBC Q TRCH (2) R 
CCDC* TRCH (3) R 
CCDC* Q TRCH (3) R 
CCDC* reserved 
CeBC* Q reserved 

CCDC* reserved 
CeBC* Q reserved 
CCDC* TRCH (3) Forward (F) 
C,CBC* Q TRCH (3) F 
Cs DC* TRCH (2) F 
CCDC* Q TRCH (2) F 
CCDC* TRCH (1) F 
CeBC* Q TRCH (1) F 
CCDC* TRCH (O) F 
CCDC* Q TRCH (O) F 
CCDC* OWCH F 
CeBC* Q OWCH F 
CCDC* APCH F 
CCDC* Q APCH F 
Css DC* IDLE 
CCDC* Q IDLE 
Co DC* reserved 
CCDC* Q reserved 
CeBC* reserved 
CCDC* Q reserved 

(0171 For global codes, the seed values for the 36 bit shift 
register are chosen to avoid using the same code, or any cyclic 
shift of the same code, within the same geographical area to 
prevent ambiguity or harmful interference. No assigned code 
is equal to, or a cyclic shift of a global code. 



US 2011/O 194571 A1 

(0172 X. Pilot Signals 
0173 The pilot signals are used for synchronization, car 
rier phase recovery and forestimating the impulse response of 
the radio channel. The RCS 104 transmits a forward link pilot 
carrier reference as a complex pilot code sequence to provide 
time and phase reference for all SUs 111, 112, 115, 117 and 
118 in its service area. The power level of the global pilot 
(GLPT) signal is set to provide adequate coverage over the 
whole RCS service area, which area depends on the cell size. 
With only one pilot signal in the forward link, the reduction in 
system capacity due to the pilot energy is negligible. 
0.174. The SUs 111, 112, 115, 117 and 118 each transmit a 
pilot carrier reference as a quadrature modulated (complex 
valued) pilot spreading code sequence to provide a time and 
phase reference to the RCS for the reverse link. The pilot 
signal transmitted by the SU of one embodiment of the inven 
tion is 6 dB lower than the power of the 32 kbs POTS traffic 
channel. The reverse pilot channel is subject to APC. The 
reverse link pilot associated with a particular connection is 
called the assigned pilot (ASPT). In addition, there are pilot 
signals associated with access channels. These are called the 
long access channel pilots (LAXPTs). Short access channel 
pilots (SAXPTs) are also associated with the access channels 
and used for spreading code acquisition and initial power 
ramp-up. All pilot signals are formed from complex codes, as 
defined below: 

{ Complex Code . Carrier 

0.175. The complex pilot signals are de-spread by multi 
plication with conjugate spreading codes: {(CCDC*)-j. 
(CCDC*)}. By contrast, traffic channels are of the form: 

TRCH(forward/reverse) = {(CCDC) +j.(CCDC). (+1) + j (+1)} 
{ Complex Codes }. Data 
Symbol 

which thus form a constellation set at 

radians with respect to the pilot signal constellations. The 
GLPT constellation is shown in FIG. 3a, and the TRCH, 
traffic channel constellation is shown in FIG. 3b. 

0176 XI. Logical Channel Assignment of the FBCH, 
SBCH, and Traffic Channels 
(0177. The FBCH is a global forward link channel used to 
broadcast dynamic information about the availability of ser 
vices and AXCHs. Messages are sent continuously over this 
channel, and each message lasts approximately 1 ms. The 
FBCH message is 16 bits long, repeated continuously, and is 
epoch aligned. The FBCH is formatted as defined in Table 6. 
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TABLE 6 

FBCH format 

Bit Definition 

O Traffic Light O 
1 Traffic Light 1 
2 Traffic Light 2 
3 Traffic Light 3 

4-7 service indicator bits 
8 Traffic Light O 
9 Traffic Light 1 
10 Traffic Light 2 
11 Traffic Light 3 
12-15 service indicator bits 

0.178 For the FBCH, bit 0 is transmitted first. As used in 
Table 6, a traffic light corresponds to an access channel 
(AXCH) and indicates whether the particular access channel 
is currently in use (a red) or not in use (a green). A logic 1 
indicates that the traffic light is green, and a logic 0 indicates 
the traffic light is red. The values of the traffic light bits may 
change from octet to octet and each 16 bit message contains 
distinct service indicator bits which describe the types of 
services that are available for the AXCHs. 

0179. One embodiment of the present invention uses ser 
vice indicator bits as follows to indicate the availability of 
services or AXCHs. The service indicator bits {4, 5, 6, 7, 12. 
13, 14.15} taken together may be an unsigned binary number, 
with bit 4 as the MSB and bit 15 as the LSB. Each service type 
increment has an associated nominal measure of the capacity 
required, and the FBCH continuously broadcasts the avail 
able capacity. This is scaled to have a maximum value equiva 
lent to the largest single service increment possible. When a 
SU requires a new service or an increase in the number of 
bearers it compares the capacity required to that indicated by 
the FBCH and then considers itself blocked if the capacity is 
not available. The FBCH and the traffic channels are aligned 
to the epoch. 
0180 Slow broadcast information frames contain system 
or other general information that is available to all SUs and 
paging information frames contain information about call 
requests for particular SUs. Slow broadcast information 
frames and paging information frames are multiplexed 
together on a single logical channel which forms the slow 
broadcast channel (SBCH). As previously defined, the code 
epoch is a sequence of 29,877,120 chips having an epoch 
duration which is a function of the chip rate defined in Table 
7 below. In order to facilitate power saving, the channel is 
divided into N “Sleep' cycles, and each cycle is subdivided 
into M slots, which are 19 ms long, except for 10.5 MHz 
bandwidth which has slots of 18 ms. 

TABLE 7 

SBCH Channel Format Outline 

Spreading 
Code Epoch Cycle Slots Slot 

Bandwidth Rate Length Cycles. Length Cycle Length 
(MHz) (MHz) (ms) Epoch N (ms) M (ms) 

7.0 S.824 5130 5 1026 S4 19 
1O.O 8.32O 3591 3 1197 63 19 
1O.S 8.512 3510 3 1170 65 18 



US 2011/O 194571 A1 

TABLE 7-continued 

SBCH Channel Format Outline 

Spreading 
Code Epoch Cycle Slots Slot 

Bandwidth Rate Length Cycles Length Cycle Length 
(MHz) (MHz) (ms) Epoch N (ms) M (ms) 

14.O 11648 2565 3 855 45 19 
1S.O 12.48O 2394 2 1197 63 19 

0181 Sleep cycle slot #1 is always used for slow broadcast 
information. Slots #2 to HM-1 are used for paging groups 
unless extended slow broadcast information is inserted. The 
pattern of cycles and slots in one embodiment of the present 
invention run continuously at 16 kbs. 
0182. Within each sleep cycle the SU powers-up the 
receiver and re-acquires the pilot code. It then achieves carrier 
lock to a sufficient precision for satisfactory demodulation 
and Viterbi decoding. The settling time to achieve carrier lock 
may be up to 3 slots in duration. For example, an SU assigned 
to Slot #7 powers up the receiver at the start of slot #4. Having 
monitored its slot the SU will have either recognized its 
paging address and initiated an access request, or failed to 
recognize its paging address in which case it reverts to the 
sleep mode. Table 8 shows duty cycles for the different band 
widths, assuming a wake-up duration of 3 slots. 

TABLE 8 

Sleep-Cycle Power Saving 

Bandwidth (MHz) Slots/Cycle Duty Cycle 

7.0 S4 7.4% 
1O.O 63 6.3% 
1O.S 65 6.2% 
14.0 45 8.9% 
1S.O 63 6.3% 

0183 XII. Spreading Code Tracking and AMF Detection 
in Multipath Channels 
0184 Three CDMA spreading code tracking methods in 
multipath fading environments are described which track the 
code phase of a received multipath spread-spectrum signal. 
The first is the prior art tracking circuit which simply tracks 
the spreading code phase with the highest detector output 
signal value, the second is a tracking circuit that tracks the 
median value of the code phase of the group of multipath 
signals, and the third is the centroid tracking circuit which 
tracks the code-phase of an optimized, least mean squared 
weighted average of the multipath signal components. The 
following describes the algorithms by which the spreading 
code phase of the received CDMA signal is tracked. 
0185. A tracking circuit has operating characteristics that 
reveal the relationship between the time error and the control 
voltage that drives a voltage controlled oscillator (VCO) of a 
spreading code phase tracking circuit. When there is a posi 
tive timing error, the tracking circuit generates a negative 
control voltage to offset the timing error. When there is a 
negative timing error, the tracking circuit generates a positive 
control voltage to offset the timing error. When the tracking 
circuit generates a Zero value, this value corresponds to the 
perfect time alignment called the lock out. 
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0186 FIG. 3c shows the basic tracking circuit. Received 
signal r(t) is applied to matched filter 301, which correlates 
r(t) with a local code-sequence c(t) generated by code gen 
erator 303. The output signal of the matched filter x(t) is 
sampled at the sampler 302 to produce samples XInT and 
xnT+T/2. The samples xnT and xInT+T/2 are used by a 
tracking circuit 304 to determine if the phase of the spreading 
code c(t) of the code generator 303 is correct. The tracking 
circuit 304 produces an error signal e(t) as an input to the code 
generator 303. The code generator 303 uses this signal e(t) as 
an input signal to adjust the code-phase it generates. 
0187. In a CDMA system, the signal transmitted by the 
reference user is written in the low-pass representation as: 

& Equation (7) 

s(t) = X C. Pr( - kT.) 
k=-& 

0188 where C represents the spreading code coefficients, 
“P(t) represents the spreading code chip waveform and T is 
the chip duration. Assuming that the reference user is not 
transmitting data so that only the spreading code modulates 
the carrier. Referring to FIG. 3c, the received signal is: 

i Equation (8) 

r(t) = Xais(t-ti) 
i=1 

Here, a, is due to fading effect of the multipath channel on the 
i-th path and t, is the random time delay associated with the 
same path. The receiver passes the received signal through a 
matched filter, which is implemented as a correlation receiver 
and is described below. This operation is done in two steps: 
first the signal is passed through a chip matched filter and 
sampled to recover the spreading code chip values; then this 
spreading code is correlated with the locally generated 
spreading code. 
(0189 FIG.3c shows the chip matched filter 301, matched 
to the chip waveform P(t), and the sampler 302. Ideally, the 
signal x(t) at the output terminal of the chip matched filter 301 
is: 

Equation (9) 
x(t) = S. X. aic g(t- ti - kT) 

where: 

g(t) = Pr(t) : h R(t) Equation (10) 

M is the number of multipath components. Here, h(t) is the 
impulse response of the chip matched filter 301 and * 
denotes convolution. The order of the summations can be 
rewritten as: 

Equation (11) 

where: 
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-continued 
Mg Equation (12) 

f(t) = Xaig (t-ti) 

In the multipath channel described above, the sampler 302 
samples the output signal of the chip matched filter 301 to 
produce X(nT) at the maximum power level points of g(t). In 
practice, however, the waveform g(t) is severely distorted 
because of the effect of the multipath signal reception, and a 
perfect time alignment of the signals is not available. 
0190. When the multipath distortion in the channel is neg 
ligible and a perfect estimate of the timing is available, i.e., 
a=1, t—0, and a-0, i=2,..., M, the received signal is 
r(t)=S(t). Then, with this ideal channel model, the output of 
the chip matched filter becomes: 

& Equation (13) 
x(t) = X cig ( - kT.) 

0191) When there is multipath fading, however, the 
received spreading code waveform is distorted, and has a 
number of local maxima that can change from one sampling 
interval to another depending on the channel characteristics. 
For multipath fading channels with quickly changing channel 
characteristics, it is not practical to try to locate the maximum 
of the waveform f(t) in every chip period interval. Instead, a 
time reference may be obtained from the characteristics of f(t) 
that may not change as quickly. Three tracking methods are 
described based on different characteristics off(t). 
(0192 XIII. Prior Art Spreading Code Tracking Method: 
0193 Prior art tracking methods include a code tracking 
circuit in which the receiver attempts to determine the timing 
of the maximum matched filter output value of the chip wave 
form occurs and samples the signal accordingly. However, in 
multipath fading channels, the receiver despread code wave 
form can have a number of local maxima, especially in a 
mobile environment. In the following, f(t) represents the 
received signal waveform of the spreading code chip con 
volved with the channel impulse response. The frequency 
response characteristic of f(t) and the maximum of this char 
acteristic can change rather quickly making it impractical to 
track the maximum of f(t). 
0194 Define t to be the time estimate that the tracking 
circuit calculates during a particular sampling interval. Also, 
define the following error function as: 

{ f(t)dt - i) Equation (14) 

s = 0 - (c) 

The tracking circuits of the prior art calculate a value of the 
input signal that minimizes the errore. One can write: 

mine=1-max t?."ft) Equation (15) 

0.195 Assuming f(t) has a smooth shape in the values 
given, the value oft for which f(t) is maximum minimizes the 
errore, so the tracking circuit tracks the maximum point of 
f(t). 
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(0196) XIV. Median Weighted Value Tracking Method 
0197) The median weighted tracking method of one 
embodiment of the present invention, minimizes the absolute 
weighted error, defined as: 

e= |t-tf(t)dt Equation (16) 

This tracking method calculates the median signal value of 
f(t) by collecting information from all paths, where f(t) is as 
in Equation (12). In a multipath fading environment, the 
waveform f(t) can have multiple local maxima, but only one 
median. To minimize e, the derivative of Equation (16) is 
taken with respect to t and the result is equated to zero, which 
provides: 

The value of t that satisfies Equation (17) is called the 
median of f(t). Therefore, the median tracking method of the 
present embodiment tracks the median of f(t). 
0198 FIG. 4 shows an implementation of the tracking 
circuit based on minimizing the absolute weighted error 
defined above. The signal x(t) and its one-half chip offset 
version x(t+T/2) are sampled by the A/D 401 at a rate 1/T. The 
following Equation determines the operating characteristic of 
the circuit in FIG. 4: 

Equation (17) 

2. Equation (18) 

et =XIf (t -nT/2)-f(t + nT/2) 
=l 

0199 Tracking the median of a group of multipath signals 
keeps the received energy of the multipath signal components 
Substantially equal on the early and late sides of the median 
point of the correct locally generated spreading code phase c. 
The tracking circuit consists of an AID 401 which samples an 
input signal x(t) to form the half-chip offset samples. The half 
chip offset samples are grouped into an early set of Samples 
and a late set of samples. The first correlation bank adaptive 
matched filter 402 multiplies each early sample by the spread 
ing code phases c(n+1), c(n+2),..., c(n+L), where L is Small 
compared to the code length and approximately equal to half 
the number of chips of delay between the earliest and latest 
multipath signal. The output of each correlator is applied to a 
respective first Sum-and-dump bank 404. The magnitudes of 
the output values of the L Sum-and-dumps are calculated in 
the calculator 406 and then summed in summer 408 to give an 
output value proportional to the signal energy in the early 
multipath signals. Similarly, a second correlation bank adap 
tive matched filter 403 operates on the late samples, using 
code phases c(n-1), c(n-2). . . . . c(n-L), and each output 
signal is applied to a respective sum-and-dump circuit in an 
integrator 405. The magnitudes of the L Sum-and-dump out 
put signals are calculated in calculator 407 and then Summed 
in summer 409 to give a value for the late multipath signal 
energy. Finally, the subtractor 410 calculates the difference 
and produces error signal e(t) of the early and late signal 
energy values. 
0200. The tracking circuit adjusts by means of error signal 
e(t) the locally generated code phases c(t) to cause the differ 
ence between the early and late values to tend toward 0. 
0201 XV. Centroid Tracking Method 
0202 The optimal spreading code tracking circuit of one 
embodiment of the present invention is called the squared 
weighted tracking (or centroid) circuit. Defining t to denote 












































































