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SYSTEM AND METHOD FOR GENERATING SIGNAL
WAVEFORMS IN A CDMA CELLULAR TELEPHONE
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to cellular telephone systems. More
specifically, the present invention relates to a novel and improved
system and method for communicating information, in a mobile
cellular telephone system or satellite mobile telephone system, using
spread spectrum communication signals.

I1. Description of the Related Art

The use of code division multiple access (CDMA) modulation

techniques is one of several techniques for facilitating communications

in which a large number of system users are present. Other multiple
access communication system techniques, such as time division

“multiple access (TDMA), frequency division multiple access (FDMA) and

AM modulation schemes such as amplitude companded single sideband
(ACSSB) are known in the art. However the spread spectrum
modulation technique of CDMA has significant advantages over these

- modulation techniques for multiple access communication systems.
- The use of CDMA techniques in a multiple access communication

system is disclosed in U.S. Patent No. 4,901,307, issued February 13, 1990,
entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS", assigned to the assignee of the present invention, of
which the disclosure thereof is incorporated by reference.

In the just mentioned patent, a multiple access technique is
disclosed where a large number of mobile telephone system users each
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system and net for communicating information, in a nobile '
cel |l ul M@é’%@ e systemor.satellite nobile tel ephone syst é’rﬁ"b’sﬁ"%’g"“"“

spread spectrum conmuni cation signals. 15 " Il Description of the
Rel ated Art : The use of code division nultiple access (CDVA)
nmodul ati on techni ques is one of sevgral techniques for facilitating
conmuni cati ons 20 in which a large nunber of systemusers are present.
QO her multiple access comuni cation system techni ques, such as tine
di vi si on mul ti pl e access (TDMA), frequency division nmultiple access
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The use of CDVA techniques in a e access co
systemis di sclSpestrum cgnmumamnmn odn using QM&mmw;hqes. thego,
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increase in system user capacity. The use of CDMA results in a much
higher spectral efficiency than can be achieved using other multiple
access techniques.

The satellite channel typically experiences fading that is

10 characterized as Rician. Accordingly the received signal consists of a
direct component summed with a multiple reflected component having
Rayleigh fading statistics. The power ratio between the direct and
reflected component is typically on the order of 6-10 dB, depending upon
the characteristics of the mobile unit antenna and the environment

15 about the mobile unit.

Contrasting with the satellite channel, the terrestrial channel
experiences signal fading that typically consists of the Rayleigh faded
component without a direct component. Thus, the terrestrial channel
presents a more severe fading environment than the satellite channel in

20 which Rician fading is the dominant fading characteristic.

The Rayleigh fading characteristic in the terrestrial channel signal
is caused by the signal being reflected from many different features of the
physical environment. As a result, a signal arrives at a mobile unit
receiver from many directions with different transmission delays. At

25 the UHF frequency bands usually employed for mobile radio
communications, including those of cellular mobile telephone systems,
significant phase differences in signals traveling on different paths may
occur. The possibility for destructive summation of the signals may
result, with on occasion deep fades occurring.

30 Terrestrial channel fading is a very strong function of the physical

' position of the mobile unit. A small change in position of the mobile
unit changes the physical-delays of all the signal propagation paths,
which further results in a different phase for each path. Thus, the
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REPEATERS assigned to the assignee of the present invention, of

whi ch th ? gwure thereof is incorporated by reference. PCT/US91/04400 | n
t he just men ioned patent, a nultiple access technique is di scl osed
- where a | arge nunber of m)bl | e tel ephone system users each
2 having a transcei ver comuni cate through satellite repeaters or
. terrestrial base stations (also referred to®s cell-sites stations,

~cell-sites or for short, cells) using code division nultiple access
. (CDWVA) spread _

motion of the mobile unit through the environment can result in a

- quite rapid fading process. For examjale, in the 850 MHz cellular radio

frequency band, this fading can typically be as fast as one fade per second

per mile per hour of vehicle speed. Fading this severe can be extremely

5 disruptive to signals in the.terrestrial channel resulting in poor

communication quality. Additional transmitter power can be used to

overcome the problem of fading. However, such power increases effect

both the user, in excessive power consumption, and the system by
increased interference. '

10 The CDMA modulation techniques disclosed in U.S. Patent No.
4,901,307 offer many advantages over narrow band modulation
techniques used in communication systems employing satellite or
terrestrial repeaters. The terrestrial channel poses special problems to
any communication system particularly with respect to multipath

15 signals. The use of CDMA techniques. permit the special problems of the
terrestrial channel to be overcome by mitigating the adverse effect of
multipath, e.g. fading, while also exploiting the advantages thereof. '

In a CDMA cellular telephone system, the same frequency band
can be used for communication in all cells. The CDMA waveform

20 properties that provide processing gain are also used to discriminate
between signals that occupy the same frequency band. Furthermore the
high speed pseudonoise (PN) modulation allows many different
propagation paths to be separated, provided the difference in path delays
exceed the PN chip duration, i.e. 1/bandwidth. If a PN chip rate of

25 approximately 1 MHz is employed in a CDMA system, the full spread
spectrum processing gain, equal to the ratio of the spread bandwidth to
system data rate, can be employed against paths that differ by more than
one microsecond in path delay from the desired path. A one
microsecond path delay differential corresponds to differential path

30 distance of approximately 1,000 feet. The urban environment typically
provides differential path delays in excess of one microsecond, and up to
10-20 microseconds are reported in some areas.
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spectrum.co jgation signals. In using COMA comuni cati ons,pdt/giS9o9/04400
frequencvggg‘é{%ﬁm can be reused nultiple tinmes thus - perm ttli;’lg an

~increase in systemuser capacity. The use of CDVA results in a nuch
hi gher spectral efficiency than can be achieved using other multiple

access techni ques. The satellite 4hannel typically experiences
fading that is 10 characterized as R ciarm. Accordingly the received
signal consists of a direct conponent sumred with a multiple reflected
conponent havi ng Rayl ei gh fading statistics. The power ratio bet vveen

the direct and "5h By SURO IRBHMOK Pl F0ch"Ss il arilof F

dB, dependi ng upon ac erls I'cs of e un| ant en
t he environnent mcdulabootem yeshby cconyientional telephonecsirstems; the, e\ﬂst‘ﬁmﬁ%e

fﬁ; tel 't ! Ito Iecglhlannggn g\g?a l@rﬁﬁﬁxkrféﬁll& haN@Rlere mulepsm{ F&d Wﬁhﬁh{l@tbﬁ@i
di rect ycorrpongnt m?ﬂl!f RS‘%Q‘Y ‘% %ﬁﬁgﬂm gge Ouﬂ“ﬁﬁme
nglt ng gg\rfr: ' ﬁ{refagaiﬂanm hihes tamiddulatidmrprebessa 2 This vdlisltmﬂmtiun f gbiartly
characteristic i Re¢H ar Ve "?&P?EWMP&"‘S‘FSH%S ﬁﬂﬁ:@ﬁ %ﬁ‘glgﬁf'%q' %tally
si gnal being ref Ielmundte‘d mmsmg/CEMﬂedmmmmmlqm cause there will
occasionally exist paths with delayed differentials of less than the PN
chip duration for the particular system. Signals having path delays on
10 this order cannot be discriminated against in the demodulator, resulting
in some degree of fading.

It is therefore desirable that some form of diversity be provided
which would permit a system to reduce fading. Diversity is one
approach for mitigating the deleterious effects of fading. Three major

15  types of diversity exist: time dwersxty, frequency diversity and space
diversity.

Time dxversxty can best be obtained by the use of repetition, time
interleaving, and error detection and coding which is a form of
repetition. The present invention employes each of these techmques as

20 a form of time diversity.

CDMA by its inherent nature of being a wideband signal offers a
form of frequency diversity by spreading the signal energy over a wide
bandwidth. Therefore, frequency selective fading affects only a small
part of the CDMA signal bandwidth. :

25 Space or path diversity is obtained by provxdmg multiple signal
paths through simultaneous links from a mobile user through two or
‘more cell-sites. Furthermore, path diversity may be obtained by
exploiting the multipath environment through spread spectrum
processing by allowing a signal arriving with different propagation

30 delays to be received and processed separately. Examples of path
diversity are illustrated in copending U.S. Patent Application entitled
“SOFT HANDOFF IN A CDMA CELLULAR TELEPHONE SYSTEMZ; ---
Serial No. 07/433,030, filed November 7, 1989, and copending U.S. Patent
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physical environnent. As a result, a signal arrives at a nobile unit
recei vewd 9zyou6mny directions with different transm ssion dePEFAUSIN/ 0280
the UHF frequency bands usually enployed for nobile radio

comruni cati ons,

i ncludi ng those of cellular nobile tel ephone systens,

significant phase differences in signals traveling on different paths may
occur. The possibility for destructive sunm@tion of the signals may

result, with on occasion deep fades occurring. 30 . Terrestri al
channel fading is a very strong function of the physical posi ti on of
the nmobile unit. A small change in position of the nobile unit changes
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Applicationl entitéd SDIVERSITY RECEIVERAN'SA CDMAVCELLULAR er
EE?%OW%Q{SH‘%M’%@%&WO 07T}] éiﬁsgileals’o filed November 7,
1989, both assigned to the assignee of the present invention.

The deleterious effects of fading can be further controlled to a
certain extent in a CDMA system by controlling transmitter power. A -
system for cell-site and mobile unit power control is disclosed in
copending U.S. Patent Application entitled “METHOD AND
APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A
CDMA CELLULAR MOBILE TELEPHONE SYSTEM”, Serial No.
07/433,031, filed November 7, 1989, also assigned to the assignee of the
present invention.

The CDMA techniques as disclosed in ‘U.S. Patent No. 4,901,307
contemplated the use of coherent modulation and demodulation for
both directions of the link in mobile-satellite communications.
Accordingly, disclosed therein is the use of a pilot carrier signal as a
coherent phase reference for the satellite-to-mobile link and the cell-to-
mobile link. In the terrestrial cellular environment, however, the
severity of multipath fading, with the resulting phase disruption of the
channel, precludes usage of coherent demodulation technique for the
mobile-to-cell link. The present invention provides a means for
overcoming the adverse effects of multipath in the mobile-to-cell link by
using noncoherent modulation and demodulation techniques.

The CDMA techniques as disclosed in U.S. Patent No. 4,901,307
further contemplated the use of relatively long PN sequences with each
user channel being assigned a different PN sequence. The cross-
correlation between different PN sequences and the autocorrelation of a
PN sequence for all time shifts other than zero both have a zero average
value which allows the different user signals to be discriminated upon
reception

However, such PN signals are not orthogonal. Although the
cross-correlations average to zero, for a short time interval such as an
information bit time the cross-correlation follows a binomial
distribution. As such, the signals interfere with each other much the
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notion of the ile unit through the environment can result | .

quite rawmygég%ﬁg process. For exanple, in the 850 MHz cell ﬁ%&&l’%ﬂo
frequency band, this fading can typically be as fast as one fade per second
per mle per hour of vehicle speed. Fading this severe can be extrenely 5
di sruptive to signals in the terrestrial chdnel resulting in poor

. comuni cation quality. Additional transm tter power can be used to

. overcone the problem of fading. However, such power increases effect -

. both the user, in excessive power consunption, and the system by

| increased interf .3 : A i . i ' ed
' in U S. Patent l\ﬁrﬁg% 1‘1“&)]‘.”?87“&% mnyﬁgg\ggﬁgtlgﬂghs&%g?.tﬁg?g% and

' nmodul ati on speatralqdensity.e dThus dhenpther isenisignalse Ar BHpua)iingerference

| satellite or = nofsgl (iftfrhat 1{:&@5&@5&@?&81«;@3%'61' channel poses

ToTTultiparh 15 i gRhesexinknas Of GRUIHPALh LA BERGSCRNTR BRERinh i 3
. probl ems of ®he wideband PN CDMA system. If two or more paths are available with
greater than one microsecond differential path delay, two or more PN
receivers can be employed to separately receive these signals. Since these
signals will typically exhibit independence in multipath fading, i.e., they
usually do not fade together, the outputs of the two receivers can be
10 diversity combined. Therefore a loss in performance only occurs when
both receivers experience fades at the same time. Hence, one aspect of
the present invention is the provision of two or more PN receivers in
combination with a diversity combiner. In order to exploit the existence
of multipath signals, to overcome fading, it is necessary to utilize a
15 waveform that permits path diversity combining operations to be
performed. i
It is therefore an object of the present invention to provide for the
generation of PN sequences which are orthogonal so as to reduce mutual
interference, thereby permitting greater user capacity, and support path
20 diversity thereby overcoming fading.

SUMMARY OF THE INVENTION

25 The implementation of spread spectrum communication
techniques, particularly CDMA techniques, in the mobile cellular
telephone environment therefore provides features which vastly
‘enhance system reliability and capacity over other communication
system techniques. CDMA techniques as previously mentioned further

30 enable problems such as fading and interference to be readily overcome.
Accordingly, CDMA techniques further promote greater frequency reuse,
thus enabling a substantial increase in the number of system users.
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terrestrial channel to be overcome by mtigating the adverse effect of
mul ti patyyo g27080630adi ng, while also exploiting the advant ages ROWIUS91/04400

In a CDVA cel lul ar tel ephone system the same frequency band can be
used for communication in all cells. The CDVA waveform 20 properties that
provide processing gain are also used to disgrimnate bet ween signal s
t hat occupy the sanme frequency band. Furthernore the hi gh speed
pseudonoi se (PN) nodul ation allows many different . propagation paths to
be separated, provided the difference in path del ays exceed the PN

Vhiz' i 5 enpl oyed | n a ERRRPESRERS-invenBon,iS & el and {rapsebed metbedsdnd
O el o e r ooy ot at provids smdngeres
can be ST oYed el bl G i el e e 3358
differential corhigheocapacity antfbettertlink performaihcedi Witinorthogoaph Pk codes;| y
é’ 000 feet. ghe webap,&¥htflaRoh gé’%g"b%f a pPé&{%i‘ggthf ftﬁﬁ@“iﬁ%&v&’lﬁt h
el ays in excess of_ one m crosecond, and up to -20"m croseconds  ale
reported in sondesulding in no interference between the orthogonal codes, provided
only that the code time frames are time aligned with each other.
In an exemplary embodiment, signals are communicated between
a cell-site and mobile units using direct sequence spread spectrum
10 communication signals. In the cell-to-mobile link, pilot, sync, paging
and voice channels are defined. Information communicated on the cell-
to-mobile link channels are, in general, encoded, interleaved, bi-phase
shift key (BPSK) modulated with orthogonal covering of each BPSK
symbol along with quadrature phase shift key (QPSK) spreading of the
15 covered symbols. '
In the mobile-to-cell link, access and voice channels are defined.
Information communicated on the mobile-to-cell link channels are, in .
general, encoded, interleaved, orthogonal signalling along with QPSK
spreading.
20

BRIEF DESCRIPTION OF THE DRAWINGS

 The features, objects, and advantages of the present invention will
25 Dbecome more apparent from the detailed description set forth below
when taken in conjunction with the drawings in which like reference
characters identify correspondingly throughout and wherein:
Figure 1 is a schematic overview of an exemplary CDMA cellular
‘telephone system;
30 Figure 2 is a block diagram of the cell-site equipment as
implemented in the CDMA cellular telephone system;
Figure 3 is a block diagram of the cell-site receiver;
Figure 4 is a block diagram of the cell-site transmit modulator; and

. . /
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narrow band rodul ation systens such as the gatp&9daa00

4 .
nodul at Mﬁ’é@&ﬁ@%d by conventional tel ephone systens, the existence
of multiple paths results in severe nultipath fading. Wth w de band

CDMA nodul ati on,

however, the different paths may be discrinminated 5.

against in the denodul ation process. This digcrimnation greatl y

reduces the severity of nultipath fading. Multipath fading is not totally
elimnated in using CDVA discrimnation techni ques because there will
occasionally exist paths with delayed differentials of |ess than the PN

hip durati f th : [
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synchronization;.

Figure 6 is an exemplary timing diagram of sync channel hmmg
with orthogonal covering; -

Figure 7 is an exemplary timing dxagram of the overall cell-to-

‘mobile link timing;

Figure 8 is a block diagram of the mobile telephone switching
office equipment; .

Figure 9 is a block diagram of the mobile unit telephone
configured for CDMA communications in the CDMA cellular telephone
system; :

Figure 10 is a block diagram of the mobile unit receiver; and

Figure 11 is a block diagram of the mobile unit transmit
modulator; '

Figure 12 is an exemplary timing diagram of the mobile-to-cell
link for the variable data rate with burst transmission; and

Figure 13 is an exemplary timing diagram of the overall mobile-
to-cell link timing. ' '

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In a CDMA cellular telephone system, each cell-site has a plurality
of modulator-demodulator units or spread spectrum modems. Each
modem consists of a digital spread spectrum transmit modulator, at least
one digital spread spectrum data receiver and a searcher receiver. Each
modem at the cell-site is assigned to a mobile unit as needed to facilitate
communications with the assigned mobile unit.

A soft handoff scheme is employed for a CDMA cellular telephone
system in which a new cell-site modem is assigned to a mobile unit
while the_old_cell-site modem continues to service the call. When the
mobile unit is located in the transition region between the two cell-sites,

s ’—/ .
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I n sone degree of fading. It is therefore desirable that sone
form of yelhygjgpsy be provided whi ch woul d pernmit a systBET{US?a4HW
fading. D versity is one approach for mtigating the del eterious
effects of fading. Three magjor 1 5 types of diversity exist: tinme
diversity, frequency diversity and space diversity. - Time
diversity can best be obtained by the use o8 repetition, tine

i nterleaving, and error detection and coding which is a form of

repetition. The present invention enployes each of these techniques as 20
a formof tine diversity. CDMA by its inherent nature of bei ng a

v deband signal e TGS cln be swgemdavgbdaekesqg ForeH Btwhdry cell-siteSad! Sigrial

si gnal energy over ore, f uency sel ect Ive
AW

fading affects shiepgthsdigtates. Sipge ther "t“l’b‘ ewmitsisy &n8 cating
Space or path diggigH Y%ti FeagPohenedllSite Pivddesh N ewred idisheptingneffects to [thehs

PO o™ inabilerht s fchepated b oSl ERE bt it thus'Bifizes
the multipat$h e'iﬁﬁlﬁp‘lé%beiv'éwlfah asﬁsﬂng inpthg handoff processdssaddition to a
allowng a si gn%xverrs{t'yvﬁxrﬁ%hvo“ntt%r thitlgating ¢’ HRE b fling.

In the CDMA cellular telephone system, each cell-site transmits a
“pilot carrier” signal. Should the cell be divided into sectors, each sector
has an associated distinct pilot signal within the cell. This pilot signal is

10 used by the mobile units to obtain initial system synchronization and to
provide robust time, frequency and phase tracking of the cell-site
transmitted signals. Each cell-site also transmits spread spectrum
modu_lated information, such as cell-site identification, system timing,
mobile paging information and various other control signals.

15 The pilot signal transmitted by each sector of each cell is of the -
same spreading code but with a different code phase offset. Phase offset
éllows the pilot signals to be distinguished from one another thus
distinguishing originating cell-sites or sectors. Use of the same pilot
signal code allows the mobile unit to find system timing

20 synchronization by a single search through all pilot signal code phases.
The strongest pilot signal, as determined by a correlation process for each
code phase, is readily identifiable. The identified strongest pilot signal
generally corresponds to the pilot signal transmitted by the nearest cell-
site. However, the strongest pilot signal is used whether or not it is

25 transmitted by the closest cell-site.

Upon acquisition of the strongest pilot sxgnal, i.e. initial
synchronization of the mobile unit with the strongest pilot signal, the
mobile unit searches for another carrier intended to be received by all
system users in the cell. This carrier, called the synchronization channel,

30 transmits a broadcast message containing system information for use by

the mobiles in the system. The system information identifies the cell-

site and the system in addition to conveying information which allows
the long PN codes, interleaver frames, vocoders and other system timing

4
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30 del ays, 1 recei ved and processed separately. Exanple .
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lustrated in copending U.S. Patent ‘Appl+cation entitled

"SOFT HANDOFF | N A CDVA CELLULAR TELEPHONE SYSTEM', Serial No.
071433,030, filed Novenber 7,1989, and copending U.S. Patent

Application entitled "D VERSI TY RECEI VER | NN\ CDVA CELLULAR'

TELEPHONE SYSTEM Serial No. 07/432,552, al-so filed Novenber 7, 1989,
both assigned to the assignee of the present invention.
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information used by the mobile mobile unit to be synchronized without
additional searching. Another channel, called the paging channel may
also be provided to transmit messages to mobiles indicating that a call
has arrived for them, and to respond with channel assignments when a
mobile initiates a call.

The mobile unit continues to scan the received pilot carrier signal
code at the code offsets corresponding to cell-site neighboring sector or
neighboring transmitted pilot signals. This scanning is done in order to
determine if a pilot signal emanating from a neighboring sector or cell is
becoming stronger than the pilot signal first determined to be strongest.
If, while in this call inactive mode, a neighbor sector or neighbor cell-site
pilot signal becomes stronger than that of the initial cell-site sector or
cell-site transmitted pilot signal, the mobile unit will acquire the
stronger pilot signals and correspondmg sync and paging channel of the
new sector or cell-site.

When a call is initiated, a pseudonoise (PN) code address is
determined for use during the course of this call. The code address may
be either assigned by the cell-site or be determined by prearrangement
based upon the identity of the mobile unit. After a call is initiated the
mobile unit continues to scan the pilot signal transmitted by the cell-site
through which communications are established in addition to pilot
signal of neighboring sectors or cells. Pilot signal scanning continues in
order to determine if one of the neighboring sector or cell transmitted
pilot signals becomes stronger than the pilot signal transmitted by the
cell-site the mobile unit is in communication with. When the pilot
signal associated with a neighboring cell or cell sector becomes stronger
than the pilot signal of the current cell or cell sector, it is an indication to
the mobile unit that a new cell or cell sector has been entered and that a
handoff should be initiated.

An exemplary telephone system in which the present invention is
embodied is illustrated in Figure 1. The system illustrated in Figure 1
utilizes spread spectrum modulation techniques in communication
between the system mobile units or mobile telephones, and the cell-sites.

-Sheet Has Been Rep laced




The del eterious effects of fading can be further controlled to a 5

certai n‘ﬁétﬁﬂ*of by a CDVA system by controlling transmtter P PEET7USSH1/04400
system for “Ce Site and nobile unit power control is disclosed in

copending U S. Patent Application entitled "METHOD AND APPARATUS .FOR
CONTRCLLI NG TRANSM SSI ON PONER | N A CDVA CELLULAR MOBI LE TELEPHONE
SYSTEM', Serial No. 1 0 07/433,031, filed Ndvenber 7, 1989, also assigned
to the assignee of the present invention. The CDVA

techni ques as disclosed in U S. Patent No. 4,901, 307 contenpl ated the
use of coherent nodul ati on and denodul ati on for both directions of

Lherein is the |CorBak Systects sl e‘F"‘E‘?‘g’“& y have Hessfdlyel *““‘H‘*’km"
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u5|ng noncoher ent nD I on tec ni ques
mobile telephone switching office (MTSO), typically includes interface

and processing circuitry for providing system control to the cell-sites.

Controller 10 also controls the routing of telephone calls from the public
10 switched telephone network (PSTN) to the appropriate cell-site for

transmission to the appropriate mobile unit. Controller 10 also controls

the routing of calls from the mobile units, via-at least one cell-site, to the

PSIN. Controller 10 may connect calls between mobile users via the

appropriate cell-sites since the mobile units do not typically
15 communicate directly with one another.

Controller 10 may be coupled to the cell-sites by various means
such as dedicated telephone lines, optical fiber links or microwave
communication links. In Figure 1, two such exemplary cell-sites 12 and
14 including, along with mobile units 16 and 18 each including a cellular

20 telephone are illustrated. Cell-sites 12 and 14 as discussed herein and
illustrated in the drawings are considered to service an entire cell.
However it should be understood that the cell may be geographically
divided into sectors with each sector treated as a different coverage area.
Accordingly, handoffs are made between sectors of a same cell as is

25 described herein for multiple cells, while diversity may also be achieved
between sectors as is for cells.

In Figure 1, arrowed lines 20a-20b and 22a-22b respectively define
the possible communication links between cell-site 12 and mobile unit
16 and 18. Similarly, arrowed lines 24a-24b and 26a-26b respectively

30 define the possible communication links between cell-site 14 and mobile
units 16 and 18. Cell-sites 12 and 14 nominally transmit using equal

power.
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The CDMA techni ues as disclosed in U S. Patent No. 4, 901, 307 9§}M&?r

conterrpl‘é(peﬁ? 9use of relativel y long PN sequences vmth each'z’%’ user
channel being assigned a different PN sequence. The cross- correlation
bet ween different PN sequences and the autocorrelati‘on of a PN

sequence for all time shifts other than zert®both have a zero average
val ue which allows the different user signals to be discrimnated upon

reception 30 However, such PN signals are not orthogonal. Although
t he cross-correl ations average to zero, for a short time interval such
as an  informati %ebﬁénléf*ées{ai\ﬁc&rﬁ% G cel1gt drendesignieds iR ic
di stribution. As such € Sl s_Interrerg vmt ﬁa%egl er mic

: shapes such that the mobile unit will normally osest to Sne ce cell-site,

and within one cell sector should the cell be divided into sectors. When
the mobile unit is idle, i.e. no calls in progress, the mobile unit
5 constantly monitors the pilot signal transmissions from each nearby cell-
site, and if applicable from a single cell-site in which the cell is sectorized.
As illustrated in Figure 1, the pilot signals are respectively transmitted to
mobile unit 16 by cell-sites 12 and 14 upon outbound or forward
communication links 20a and 26a. Mobile unit 16 can determine which
10 cell it is in by comparing signal strength in pilot signals transmitted from
cell-sites 12 and 14.
In the example illustrated in Figure 1, mobile unit 16 may be
considered closest to cell-site 12. When mobile unit 16 initiates a call, a
control message is transmitted to the nearest cell-site, cell-site 12. Cell-
15 site 12 upon receiving the call request message, transfers the called
number to system controller 10. System controller 10 then connects the
call through the PSTN to the intended recipient.
Should a call be initiated within the PSTN, controller 10 transmits
the call information to all the cell-sites in the area. The cell-sites in
20 return transmit a paging message within each respective coverage area
that is intended for the called recipient mobile user. When the intended
recipient mobile unit hears the page message, it responds with a control
message that is transmitted to the nearest cell-site. This control message
signals the system controller that this particular cell-site is in
25 communication with the mobile unit. Controller 10 then routes the call
through this cell-site to the mobile unit. Should mobile unit 16 move
out of the coverage area of the initial cell-site, cell-site 12, an attempt is
made to continue the call by routing the call through another cell-site.
With respect to cellular telephone systems, The Federal
30 Communications Commission (FCC) has allocated a total of 25 MHz for
mobile-to-cell links and 25 MHz for cell-to-mobile links. The FCC has
divided the allocation equally between two service providers, one of
which is the wireline telephone company for the service area and the

This Sheet Has Been RTlaced

|II||I A




sane as if they were wi de bandw dth Gaussi an noi se at the sane power
spect r alwO®2¢08639 Thus the other user signals, or nutual int L§94£04400
noise, ultimately limts the achi evabl e capacity. The exi stence
of multipath can provide path diversity to a 5 w deband PN CDVA system
If two or nore paths are available with lfreater t han one m crosecond

differential path delay, two or nore PN

ecei vers can be enployed to

separately receive these signals. Since t hese signals will typically
exhi bit independence in nultipath fading, i.e., they usual | y do not

f ade toget her,

the outputs of the two receivers can be 10 diversity

conbi ned. Ther ef otherchosen bynlotteryor Beeauseodf the,erdersinuhich allocations were
resent | nvent onice, URET2S M .'ﬂ%ﬁofﬁ?&*3%‘%?‘2@”&@‘%'?'3‘*5&%‘“‘““6
conbi nation wit h‘-"ahﬂ"t %‘ﬂl‘ﬁvﬁﬁ@i"h@ thrF bapds., %!’p&‘& ee?@%ﬁc@‘e
of nultipath sigggbbands mseés&mofmmgndtz 5 MHacwidéar Wdromé mionz@rirelihed
waveform t hats pera%e%s,pﬁge sub-bant tXr g&qln%ﬁ%eraé lo.g'iﬁ& wide. Thus, a

10

15

20

25

30

signal bandwidth of less than 1.5 MHz could be fit into any of the sub-
bands, while a bandwidth of less than 2.5 MHz could be fit into all but
one sub-band.

To preserve maximum flexibility in allocating the CDMA
technique to the available cellular frequency spectrum, the waveform
utilized in the cellular telephone system should be less than 1.5 MHz in
bandwidth. A good second choice would be a bandwidth of about 2.5
MHz, allowing full flexibility to the wireline cellular carriers and nearly
full flexibility to non-wireline cellular carriers. While using a wider -
bandwidth has the advantage of offering increased multipath
discrimination, disadvantages exist in the form of higher equipment
costs and lower flexibility in frequency assignment within the allocated
bandwidth. |

In a spread spectrum cellular telephone system, such as illustrated
in Figure 1, the preferred waveform design implemented involves a
direct sequence pseudonoise spread spectrum carrier. The chip rate of
the PN sequence is chosen to be 1.2288 MHz in the preferred
embodiment. This particular chip rate is chosen so that the resulting
bandwidth, about 1.25 MHz after filtering, is approximately one-tenth of
the total bandwidth allocated to one cellular service carrier.

Another consideration in the choice of the exact chip rate is that it
is desirable that the chip rate be exactly divisible by the baseband data
rates to be used in the system. It is also desirable for the divisor to be a
power of two. In the preferred embodiment, the baseband data rate is
9600 bits per second, leading to a choice of 1.2288 MHz, 128 times 9600 for
the PN chip rate. |

In the cell-to-mobile link, the binary sequences used for spreading
the spectrum are constructed from two different types of sequences, each

/ilaced



per f or nmed. It is therefore an object of the preseﬁﬁégﬁg
SO as

pr ovi deM92/0p&39 generation of PN sequences which are or

to reduce nutual interference, thereby permtting greater user
capacity, and support path 20 di versity thereby overcom ng fading.
SUMVARY OF THE I NVENTION 2 5 The inpéenentation of spread spectrum
conmuni cati on techni ques, particularly techni ques, in the nobile
cel lul ar t el ephone environnent therefore provides features which
vastly - enhance systemreliability and capacity over other

- A .
menti oned 1 urt haith Hlessa, PEOBFBiRHR BARNIGRSOIGEnL GsToRFer RekR g 18
be readily over ei@r code tha’ms@tﬂrmlb,y alll¥ignalscinna petisor sedtore that ismosed to
greater frequenc sriipinate between RRufbShn Sgndis | THe Bhied cddiF iLERD hékd 16

nunber of systef@® a
discriminate between signals transmitted by different.cells or sectors to

5 the mobile units. There is also an inner code that is used to discriminate
between user signals transmitted by single sector or cell.

The carrier waveform design in the preferred embodiment for the
cell-site transmitted signals utilizes a sinusoidal carrier that is
quadraphase (four phase) modulated by a pair of binary PN sequences

10 that provide the outer code transmitted by a single sector or cell. The
sequences are generated by two different PN generators of the same
sequence length. One sequence bi-phase modulates the in-phase channel
(I Channel) of the carrier and the other sequence bi-phase modulates the
quadrature phase (Q Channel) of the carrier. The resulting signals are

15 summed to form a composite four-phase carrier.

Although the values of a logical "zero” and a logical "one" are
conventionally used to represent the binary sequences, the signal
voltages used in the modulation process are +V volts for a logical "one"
and -V volts for a logical "zero". To bi-phase modulate a sinusoidal

20 signal, a zero volt average value sinusoid is multiplied by the +V or -V
voltage level as controlled by the binary sequences using a multiplier
circuit. The resulting signal may then be band limited by passing
through a bandpass filter. It is also known in the art to lowpass filter the
binary sequence stream prior to multiplying by the' sinusoidal signal,

25 thereby interchanging the order of the operations. A quadraphase
modulator consists of two bi-phase modulators each driven by a different
sequence and with the sinusoidal signals used in the bi-phase
modulators having a 90° phase shift therebetween.

In the preferred embodiment, the sequence length for the

30 transmitted signal carrier is chosen to be 32768 chips. Sequences of this
length can be generated by a modified maximal length linear sequence
generator by adding a zero bit to a length 32767 chip sequence. The
resulting sequence has good cross-correlation and autocorrelation
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7 The present invention is a novel and inproved nethod and
system f o 9peé3uct i ng PN sequences that provide orthogonal |!Q|‘/US91/04400

bet ween the users so that mutual interference will be reduced, allow ng
hi gher capacity and better |ink perforrrance. Wth orthogonal PN codes, 5
the cross-correlation is zero over a predet ned time interval,

resulting in no interference between the ort ogonal codes, prOV|ded

only that the code tinme frames are time aligned with each ot her.

In an exenplary enbodi nent, signals are comunicated between a

. cell-site and nobile units using direct sequence spread spectrum1l1 Q -

- conmuni cation si prapertiesn Goodc crasstaorrelbtion andkautodorrelationcpropesties are

necessary to prevent mutual interference between pilot carriers
transmitted by different cells.

A sequence this short in lepgth is desirable in.order to minimize

5 acquisition time of the mobile units when they first enter the system

without knowledge of system timing. With unknown timing, the entire

length of the sequence must be searched to determine the correct timing.

The longer the sequence, the longer time the acquisition search will

require. Although sequences shorter than 32768 could be used, it must

10 be understood that as sequence length is reduced, the code processing
gain is reduces. As processing gain is reduced, the rejection of multipath
interference along with interference from adjacent cells and other

~ sources will also be reduced, perhaps to unacceptable levels. Thus, there
is a desire to use the longest sequence that can be acquired in a reasonable

15 time. Itis also desirable to use the same code polynomials in all cells so
that the mobile unit, not knowing what cell it is in when initially
acquiring synchronization, can obtain full synchronization by searching
a single code polynomial. '

In order to simplify the synchronization process, all the cells in

20 the system are synchronized to each other. In the exemplary
embodiment, cell synchronization is accomplished by synchronizing all
the cells to a common time reference, the Navstar Global Positioning
System satellite navigation system which is itself synchronized to
Universal Coordinated Time (UTC). .

25 Signals from different cells are differentiated by prov:dmg time
offsets of the basic sequences. Each cell is assigned a different time offset
of the basic sequences differing from its neighbors. In the preferred
embodiment, the 32768 repetition period is divided into a set of 512
timing offsets. The 512 offsets are spaced 64 chips apart. Each sector of

30 each cell in a cellular system is also assigned a different one of the offsets
to use for all its transmissions. If there are more than 512 sectors or cells
in the system, then the offsets can be reused in the same manner as
frequencies are reused in the present analog FM cellular system. In other

.‘ \
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and voi ce channels are defined. Information comunicated on the cell -

t 0- nobiwe 92/80863@hannel s are, in general, encoded, interleav®CT/HSIH044Q0
shift key (BPSK) nodulated with orthogonal covering. of each BPSK

syrrbol al ong wi th quadrature phase shift key (QPSK) spreading of the 15

covered synbol s. In the nobile-tg-cell link, access and voice
channel s are defi ned. I nformation co ni cated on the nobile-to-cel
| i nk channels are, in general, encoded, interleaved, orthogonal
signalling along with QPSK spreadi ng. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS The features, objects, and

advant ages of t designssendifferentt number| thaxe MMESMrmtddprensedrththe
detailed descri P%,d]s%?tﬁﬁret E;l@rlhkhsg nt of ﬁiﬁﬂ%gﬁﬁgﬁsgtscqpkﬂaﬁfd Revét b

the drawi ngs in e ref ers |
cor r espondi ngl yneeessahiar near mey lls to use neaFl'\}iSMﬁg time offsats i c

overview of an exenplagy ¥igﬁ3§§°~u§ﬁkﬁﬁﬂté¢! by-a célbloIPoRE dfSthe! s8Btors of the cell
5 share the same outer PN codes for the I and Q channels. The signals are
also spread with an inner orthogonal code generated by using Walsh
functions. A signal addressed to a particular user is multiplied by the
~ outer PN sequences and by a particular Walsh sequence, or sequence of
 Walsh sequences, assigned by the system controller for the duration of
10 the user's telephone call. The same inner code is applied to both the I
' and Q channels resulting in a modulation which is effectively bi-phase
for the inner code. I
It is well known in the art that a set of n orthogonal binary
sequences, each of length n, for n any power of 2 can be constructed, see
15 Digital Communications with Space Applications, S.W. Golomb et al.,
Prentice-Hall, Inc, 1964, pp. 45-64. In fact, orthogonal binary sequence sets
are also known for most lengths which are multiples of four and less
than two hundred. One class of such sequences that is easy to generate is
called the Walsh function, also known as Hadamard matrices.
20 A Walsh function of order n can be defined recursively as
follows:

W(n) = W(n/2) , W(n/2)
W(n/2) , Win/2) |"
25 )
where W' denotes the logical complement of W, and W(1) = |0 |
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30 . Figure 2 is a block diagramof the cell-site equi grrent as
i mpl eneWQ@8240863%e CDMA cell ul ar tel ephone system CE/YSP 04400 5

bl ock diagram of the cell-site receiver; ' Figure 4 is a block

di agram of the cell-site transmt nodul ator; and

REPLACEMENT SHEET 17 8.

Figure 5 is an exenplary timng diagram of -sync channel synbol

synchroni zati on; Figure 6 is an exenplary tim ng diagram of sync
channel timng wi th orthogonal covering; 5 Figure 7 is an

exenplary tim ngl.}gliléagram of the overall cell-to-
[4 . .

W(Q) = 0,0
0,1 and

W(4) =

10
W(B) is as follows:
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A Walsh sequence is one of the rows of a Walsh function matrix. A
Walsh function of order n contains n sequences, each of length n bits.
A Walsh function of order n (as well as'. other orthogonal
25 functions) has the property that over the interval of n code symbols, the
cross-correlation between all the different sequences within the set is
zero, provided that the sequences are time aligned with each other. This
can be seen by noting that every sequence differs from every other
sequence in exactly half of its bits. It should also be noted that there is
30 always one sequence containing all zeroes and that all the other
sequences contain half ones and half zeroes.
Neighboring cells and sectors ctan reuse the Walsh sequences
because the outer PN codes used in neighboring cells and sectors are

i



mobile |link timng; Figure 8 is a block diagramof the nobile

t el ephorWPsw 463 NY of fi ce equi pnent; Fi gur e PCT/8/S8140440(K
di agram o Ae mobi |l e unit tel ephone 10 configured for CDMA communi cati ons
in the CDVA cellul ar tel ephone system Figure 10 is a bl ock
di agram of the nobile unit receiver; and Figure 11 is a bl ock

di agram of the nobile unit transmt m;’tﬁjlator, 15 Figure 12 is
an exenplary timng diagram of the nobile-to-cell link for the

vari able data rate with burst transm ssion; and Figure 13 is an
exenplary timng_ diagram of the overall nobile- to-cell link timng.
20 Y il Becmure-pp N A ffaring PrOPERAtiRELmeS for signals between 3

EVMBODI MENTS ~ particular midbile@ idtatidn 4hdr tw6! G0 tRofe Affefént Ealld) itds/nsi te
has a plurality possible to satisfy the condition of time alignment required for Walsh
function orthogonality for both cells at one time. Thus, reliance must be
5 placed on the outer PN code to provide discrimination between signals
arriving at the mobile unit from different cells. However, all the signals
transmitted by a cell are orthogonal to each other and thus do not
contribute interference to each other. This eliminates the majority of the
interference in most locations, allowing a higher capacity to be obtained.
10 The system further envisions the voice channel to be a variable
rate channel whose data rate can be varied from data block to data block
with 2 minimum of overhead required to control the data rate in use.
The use of variable data rates reduces mutual interference by eliminating
unnecessary transmissions when there is no useful speech to be
15 transmitted. Algorithms are utilized within the vocoders for generating
a varying number of bits in each vocoder block in accordance with
variations in speech activity. During active speech, the vocoder may
produce 20 msec. data blocks containing 20, 40, 80, or 160 bits, depending
on the activity of the speaker. It is desired to transmit the data blocks in a
20 fixed amount of time by varying the rate of transmission. It is further
desirable not to require signalling bits to inform the receiver how many
bits are being transmitted.
The blocks are further encoded by the use of a cyclic redundancy
check code (CRCC) which appends to the block an additional set of parity
25 Dbits which can be used to determine whether or not the block of data has
' been decoded correctly. CRCC check codes are produced by dividing the
data block by a predetermined binary polynomial. The CRCC consists of
all or a portion of the remainder bits of the division process. The CRCC
is checked in the receiver by reproducing the same remainder and
30 checking to see of the received remainder bits are the same as the
regenerated check bits.
In the disclosed invention, the receiving decoder decodes the
block as if it contains 160 bits, and then again as if it contains 80 bits, etc.
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25 of nodul at or-denodul ator units or spread spectrum nodens. Each

nodem CW??MGﬁ a digital spread spectrumtransmit nodul at ®CI/E$91/64400
one digital spread spectrumdata receiver and a searcher receiver. Each
nodem at the cell-site is assigned to a nobile unit as needed to facilitate
comuni cations with the assigned nobile unit. 3 0 A soft handoff
schene is enployed for a CDVA cellular tel epﬂ&ne systemin which a new
cell-site nodemis assigned to a nobile unit while the old cell-site
nmodem conti nues to service the call. Wen the nmobile unit is |ocated
in the transition region between the two cell-sites,

9 _ until all possible block lengths have been tried. The CRCC is computed

for each trial decoding. If one of the trial decodings results in a correct
CRCC, the data block is accepted and passed on to the vocoder for further
processing. If no trial decoding produces a valid. CRCC, the received

5 symbols are passed on to the system's signal processor where other
processing operations can optionally be performed.

In the cell transmitter, the power of the transmitted waveform is
varied as the data rate of the block is varied. The highest data rate uses
the highest carrier power. When the data rate is lower than the

10 maximum, the modulator, in addition to lowering the power, repeats
each encoded data symbol a number of times as required to achieve the
desired transmission rate. For example, at the lowest transmission rate,
each encoded symbol is repeated four times.

In the mobile transmitter, the peak power is held constant but the

15  transmitter is gated off 1/2, or 1/4 or 1/8 of the time in accordance with
the number of bits to be transmitted in the data block. The positions of
the on-times of the transmitter is varied pseudo-randomly in accordance
with the mobile user's addressed user code.

20 Cell-to-Mobile Link
In the preferred embodiment, the Walsh function size n, is set
equal to sixty-four (n = 64) for the cell-to-mobile link. Therefore each of
up to sixty-four different signals to be transmitted are assigned a unique
orthogonal sequence. The forward error correction (FEC) encoded

25 symbol stream for each voice conversation is multiplied by its assigned
Walsh sequence. The Walsh coded/FEC encoded s}mbol stream for each
voice channel is then multiplied by the outer PN coded waveform. The.
resultant spread symbol streams are then added together to form a
composite waveform.

30 "The resulting composite waveform is then modulated onto a
sinusoidal carrier, bandpass filtered, translated to the desired operating
frequency, amplified and radiated by the antenna system. .\lternate
embodiments of the present invention may interchange the order of
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the call can be switched back and forth between cell-sites as signal
stren%?ﬂ es. Since the nobile unit is always conmuni cRCTIYS91/04400
t hroughat” I'east one cell-site.nodem fewer disrupting effects to the
mobile unit or in service will occur. The nobile unit thus utilizes 5
mul tiple receivers for assisting in the ha&%off process in addition to a

diversity function for mtigating the effe®s of fading. In the
CDMVA cel lul ar tel ephone system each cell-site transnmts a "pil ot
carrier" signal. Should the cell be divided into sectors, each sector
has an associated distinct pilot signal within the cell. This pilot signal

is 1 0 used bydre wfbthe justt describedaioperations! feysfami::ygchhenteﬁ-ts'lm

colloite T WylfmiRrd 3eddt Crot SUGIE) 1 thyP BESGrdLARE RY OIIFS cach

spect rum meajoe ackannel bymthe comtesuPIN goded | waveformieands pesfaran the

S onal's. 1 g flteringGperd ibfipHbr Y SuAAGEN Il theOtRanelotighall 16 be

cell is of ghe radiated by é'ﬁr%fer\%g cBicls Well kpowm,inythe casd tha Jhe %’(aféé’f

of fset. Phase qihné#¥ operations bel dhtérclinged 0 tbe Gbdinedui varidbus om
P Vsmiaye bl ge

one another t hlixsnplementaﬁon advantages and different designs.
The waveform design of the preferred embodiment for cellular
. service uses the pilot carrier approach for the cell-to-mobile link as
10 described in Patent No. 4,901,307. All cells transmit pilot carriers using
. the same 32768 length sequence, but with different timing offsets to
prevent mutual interference. | :
The pilot waveform uses the all-zero Walsh sequence, i.e. a
Walsh sequence comprised of all zeroes that is found in all Walsh
15 function sets. The use of the all-zero Walsh sequence for all cells' pilot
| carriers allows the initial search for the pilot waveform to ignore the
Walsh functions until after the outer code PN synchronization has been
obtained. The Walsh framing is locked to the PN code cycle by virtue of
the length of the Walsh frame being a factor of the PN sequence length.
20 Therefore, provided that the cell addressing offsets of the PN code are
multiples of sixty-four chips (or the Walsh frame length) then the Walsh
framing is known implicitly from the outer PN code timing cycle.
All the cells in a service area are supplied with accurate
synchronization. In the preferred embodiment, a GPS receiver at each
25 .cell synchronizes the local waveform timing to Universal Coordinated
Time (UTC). The GPS system allows time synchronization to better than
1 microsecond accuracy. Accurate synchronization of cells is desirable in
order to allow easy handoff of calls between cells when mobiles move
from one cell to another with a call in progress. If the neighboring cells
30 are synchronized, the mobile unit will not have difficulty synchronizing
to the new cell thereby facilitating a smooth handoff.
T The pilot carrier is transmitted at a higher power level than a
typical voice carrier so as to provide greater signal to noise and

«. -
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di stinguishing originating cell-sites or sectors. Use of the same pil ot

si gnal wodka/edd39ws the nobile unit to find systemtimng 20 PCT/US91/04400
synchroni zation by a single search through all pilot signal code phases.

The strongest pilot signal, as determned by a correlation process for each
code phase, is readily i dentifiable. The i tified strongest pilot signal
general ly corresponds to the pilot signal tfansmtted by the nearest cell-
site. However, the strongest pilot signal is used whether or not it is 2 5

transmtted by the cl osest cel | -site. Upon acqui sition of the
strongest pilot signal, i.e. initial yrhchronl zation of the nobile
unit with the stmmgpagncq)max@mfgnath;s signal.The highercpowier level pilot caorier

cell. This carrler ron| zat] on c nsm. t

broadcast nmessadBake i?P§$1 %%f?tﬁﬁqfﬂ?okﬁﬁm e cagrigy phase of; the Pi'jiOt
mobi les in the eiffia Ih@mmlyrmdefmwm itde! tracldfg tdifuﬁﬁ' frhe carrier

The I ong PN Sotatisst, e ol iR °°”Vt5éasﬂ>e'ré’fr§%€?%% 42458 AriiFt Bhase
reference for demodulation of the carriers modulated by user
information signals. This technique allows many user carriers to share
the common pilot signal for carrier phase reference. For example, in a
system transmitting a total of fifteen simultaneous voice carriers, the

10 pilot carrier might be allocated a transmit power equal to four voice
carriers. '
_ In addition to the pilot carrier, another carrier intended to be
received by all system users in the cell is transmitted by the cell-site. This
carrier, called the synchronization channel, also uses the same 32768
15 length PN sequence for spectrum spreading but with a different, pre-
assigned Walsh sequence. The synchronization channel transmits a-
broadcast message containing system information for use by the mobiles
in the system. The system information identifies the cell-site and the
system and conveys information allowing the long PN codes used for
20 mobile information signals to be synchromzed without additional
searching. :
Another channel, called the paging channel may be provided to
transmit messages to mobiles indicating that a call has arrived for them,
and to respond with channel assignments when a mobile initiates a call.
25 Each voice carrier transmits a digital representation of the speech
for a telephone call. The analog speech waveform is digitized using
standard digital telephone techniques and then compressed using a
vocoding process to a data rate of approximately 9600 bits per second.
This data signal is then rate r = 1/2, constraint length K = 9
30 convolutional encoded, with repetition, and interleaved in order to
provide error detection and correction functions which allow the system
to operate at a much lower signal-to-noise and interference ratio.

anot her carri er drghgadagh f;ﬂ Haf dcBGRIHGH S4ré to be ¢ ﬂ@agghgﬁegﬁeémahaem
all
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information used by the nobile nobile unit to be synchronized w thout
addi ti o @6? gi ng. Another channel, called the paging cha USY/
al so be provi to transmt nessages to nobiles indicating that a ca
has arrived for them and to respond with channel assignnents when a 5

mobile initiates a call. The mohile unit continues to scan the
recei ved pilot carrier signal code at e code offsets correspondi ng
to cell-site neighboring sector or nei ghboring transnitted pil ot
signals. This scanning is done in order to determine if a pilot signal
emanating froma nei ghboring sector or cell is 1 0 becom ng stronger than

the pilot signal Téchriudstfor donvdlutfortal eridolingsrepetition!dnd \:ihltéﬂeawntghaﬁe

| call inactive m)‘ggn l?n&g'hgliﬂb&e &?Ct or or neighbor cell-site
| The resulting encoded symbols are multiplied by an assigned
Walsh sequence and then multiplied by the outer PN code. This process
S results in a PN sequence rate of 1.2288 MHz or 128 times the 9600 bps data
rate. The resulting signal is then modulated onto an RF carrier and
summed with the pilot and setup carriers, along with the other voice
~ carriers. Summation may be accomplished at several different points in
the processing such as at the IF frequency, or at the baseband frequency

10 either before or after multiplication by the PN sequence.

Each voice carrier is also multiplied by a value that sets its-
' transmitted power relative to the power of the other voice carriers. This
power control feature allows power to be allocated to those links that
require higher power due to the intended recipient being in a relatively
15 . unfavoring location. Means are provided for the mobiles to report their
received signal-to-noise ratio to allow the power to be set at a level so as
to provide adequate performance without waste. The orthogonality
property of the Walsh functions is not disturbed by using different power
levels for the the different voice carriers prov:ded that time alignment is
20 maintained. -

Figure 2 illustrates in block diagram form an exemplary
embodiment cell-site equipment. At the cell-site, two receiver systems
are utilized with each having a separate antenna and analog receiver for
space diversity reception. In each of the receiver systems the signals are

25 processed identically until the signals undergoes a diversity combination
process. The elements within the dashed lines correspond to elements
corresponding to the communications between the cell-site and one
mobile unit. The output of the analog receivers are also provided to
other elements used in communications with other mobile units.

30 In Figure 2, the first receiver system is comprised of antenna 30,
analog receiver 32, searcher receiver 34 and digital data receiver 36. The
first receiver system may also include an ophonal dxgntal data receiver

i



pil ot signal beconmes stronger than that of the initial cell-site sector or

cel | -siywg dyggeagi tted pilot signal, the nobile unit wll acepgTvesyire4400
stronger pilot signals and correspondlng sync and pagi ng channel of the 1 5

new sector or cell-site. When a call is initiated, a pseudonoise
(PN) code address is determ ned for use during the course of this
call. The code address nay be either ég%igned by the cell-site or be
determ ned by prearrangenent based upon the identity of the nobile
unit. After a call is initiated the 2 0O nobile unit continues to scan the
pilot signal transmtted by the cell-site t hr ough whi ch comuni cati ons

ar ?I est Iz:a)b: i shed receierli38i oThecsegohdt receivers systetn dhcludleghintenra tep?matog)rf
cells. Pilot si mne if one o
t he nei ghbori ngqggéygfi%:}h%ﬁp?r aWﬁ Q‘ad d!glt%ﬁ?{ﬁxtegﬂ}%% becones
stronger than the pi (e celysite alsoinciudes ceblysitergontrol precessart48.t Keomtidl | e
unit isin Com“ﬁ}bﬁé’gs "48""1§ lou to'8aki 'reteivers 3%, %%aaﬁt?SW'ﬁf:ﬁg Wit 2

nei ghbori ng cel I¥ or ce sect or “becaones_ st ronger he pi gnhal
of the curredt @enchsrrmvers@étmd 44+ Gontzel precessar 4 provides amang ABFT e

unit that a newfaftiony, fﬁﬁbﬁoﬁ?ﬁﬁéﬁ aBaigREF Preceissh ﬁih Bi¥nal generation;
handoff shoul d be o 4 atr@n a control over hansn'?g Hiverst iversity combinin
whi ch the presePOWSREAMTYn 2R ity, g
and system control processor interface with the MTSO (Figure 8). Walsh
sequence assignment along with transmitter and receiver assignment is
10 also provided by control processor 48.
Both receiver systems are coupled by data receivers 36, 38, and 46
to diversity combiner and decoder drcuitry 50. Digital link 52 is coupled
to receive the output of diversity combiner and decoder circuitry 50.
Digital link 52 is also coupled to control processor 48, cell-site transmit
15 modulator 54 and the MTSO digital switch. Digital link 52 is utilized to
communicate signals to and from the MTSO (Figure 8) with cell-site
transmit modulator 54 and circuitry 50 under the control of control
processor 48.
‘The mobile unit transmitted signals are direct sequence spread
20 spectrum signals that are modulated by a PN sequence clocked at a
predetermined rate, which in the preferred embodiment is 1.2288 MHz.
This dock rate is chosen to be an integer mulhple of the baseband data
rate of 9.6 Kbps.
Signals received on antenna 30 are provided to analog receiver 32.
25 The details of receiver 32 are further illustrated in Figure 3. Signals
received on antenna 30 are provided to downconverter 100 which is
comprised of RF amplifier 102 and mixer 104. The received signals are
- provided as an input to RF amplifier where they are amplified and
output to an input to mixer 104. Mixer 104 is provided another input,
30 that being the output from frequency synthesizer 106. The amplified RF
signals are translated in mixer 104 to an IF frequency by mixing with the -
frequency synthesizer output signal. o
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enbodied is illustrated in Figure 1. The systemillustrated in Figure 1
utili zesygpgHaekssrect rum nodul ation techni ques in comuni cat iRgT/US91/04400
bet ween the system nobile units or nobile tel ephones, -and the cell-sites.
Cel lul ar systens in l.arge cities may have hundreds of cell-site stations
serving hundreds of thousands of nobile teli hones. The use of spread
spectrum techni ques, in particular COMA, readily facilitates increases in
~user capacity in systenms of this size as conpared to conventional FM 5

- nodul ation cellular systens.

10

15

20

25

30

The IF signals are then output from mixer 104 to bandpass filter
(BPF) 108, typically a Surface Acoustic Wave (SAW) filter having a
passband of 1.25 MHz, where they are bandpass filtered. The filtered
signals are output from BPF 108 to IF amplifier 110 where the signals are
amplified. The amplified IF signals are output from IF amplifier 110 to
analog to digital (A/D) converter 112 where they are digitized at a 9.8304
MHz clock rate which is exactly 8 times the PN chip rate. Although
(A/D) converter 112 is illustrated as part of receiver 32, it could instead be
a part of the data and searcher receivers. The digitized IF signals are
output from (A/D) converter 112 to data receiver 36, optional data |
receiver 38 and searcher receiver 34. The signals output from receiver 32
are I and Q channel signals as discussed later. Although as illustrated in
Figure 3 with. A/D converter 112 being a single device, with later
splitting of the I and Q channel signals, it is envisioned that channel
splitting may be done prior to digitizing with two separate A/D
converters provided for digitizing the I and Q channels. Schemes for the
RF-IF-Baseband frequency downconversion and analog to digital
conversion for I and Q channels are well known in the art.

" Searcher receiver 34 is used to at the cell-site to scan the time
domain about the received signal to ensure that the associated digital
data receiver 36, and data receiver 38 if used, are tracking and processing
the strongest available time domain signal. Searcher receiver 64
provides a signal to cell-site control processor 48 which provides control
signals to digital data receivers 36 and 38 for selecting the appropriate
received signal for processing. |

The signal processing in the cell-site data receivers and searcher
receiver is different in several aspects than the signal processing by
similar elements in the mobile unit. In the inbound, i.e. reverse or
mobile-to-cell link, the mobile unit does not transmit a pilot signal that
can be used for coherent reference purposes in signal processing at the
cell-site. The mobile-to-cell link is characterized by a non-coherent
modulation and demodulation scheme using 64-ary orthogonal
signalling.
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In Figure 1, systemcontroller and switch 10, also referred to as

nobi | e twbe;;hmqsvm tching office (MISO), typically includes poraisuzes400
and processing circuitry for providing systemcontrol to the cell-sites.

Controller 10 also controls the routing of tel ephone calls fromthe public
10 swi tched tel ephone network (PSTN) to the appropriate cell-site for
transm ssion to the appropriate nobile unit. 2%ontrol ler 10 also control s
the routing of calls fromthe nobile units, via at |east one cell-site, to
t he PSTN. Controller 10 may connect caIIs bet ween nobil e users via

t he appropriate cell-sites since the nobile units do not typically 15

ComT}Jnle?t etﬂl Feclt : y i ttheosd-aoidtehogonal sxgnalhr@r’pxrdtbhe, thé nwbilee unit
coupled to the c - Sl
tel gphone l i nes, SBFFEQFafﬁ%’Bﬂ(‘.Ws 'b?a?ﬁ% e O?r}sa 180%0%5{%“3*1““}'

links. In Figur eséquetnms.smie seof seqyences| choseasare2knawn as Walsh functions.
| udi | |
tel ephone arc. | | THE; SR %F&*&?téé"%@* 1 %‘4; 5’745’*5‘3%@%8%2?'%.%2%&39‘
i lustrated i temcodingiisdbe Fast Hadamand-TransfornFHTan entire cel | .
Ho it should b h 2| histdt!
wever It shou e RBFB&E-??W 5 again#d #@reﬁa beiﬁhe??e@é@@faﬂ dlgltal data

ii Vi deq into sectors % a sect qr ted a di f;,ﬁ? ent overg&gear ia
ccordingly, hantRSBIETE 0 AR JERRYR c?‘gpé Pumta ;R Analeg re
In order to decode the spread spectrum signals transmitted to the
particular cell-site receiver through which the mobile unit
10 communicates, the proper PN sequences must be generated. Further
~ details on the generanon of the mobile unit sxgnals are discussed later
herein.
As illustrated in Figure 3, receiver 36 includes two PN generators,
PN generators 120 and 122, which generate two different short code PN
15 sequences of the same length. These two PN sequences are common to
those of all cell-site receivers and all mobile units with respect to the
outer code of the modulation scheme as discussed in further detail later
herein. PN generators 120 and 122 thus respectively provide the output
sequences, PNi and PNqg. The PN; and PNq sequences are respectively
20 referred to as the In-Phase () and Quadrature (Q) channel PN sequences.
The two PN sequences, PNy and PN, are generated by different
polynomials .of degree 15, augmented to produce sequences of length
32768 rather than 32767 which would normally be produced. For
example, the augmentation may appear in the form ‘of the addition of a
25 single zero to the run of fourteen 0's in a row which appears one time in
every maximal linear sequence of degree 15. In other words, one state of
the PN generator would be repeated in the generation of the sequence.
Thus the modified sequence contains one run of fifteen 1's and one run
of fifteen 0's. Such a PN generator circuit is disclosed in copending U.S.
30 Patent Application entitted "POWER OF TWO LENGTH PSEUDO-
NOISE SEQUENCE GENERATOR WITH FAST OFFSET
" ADJUSTMENTS", Serial No. 07/ filed _, and
assigned to the assignee of the present invention.
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25 described herein for nultiple cells, while diversity may al so be

achi ev 92/0069¢t ween sectors as is for cells. | p¢¥/2159¢/04400
arr owe i nes 20a-20b and 22a-22b respectively define t he possible
conmuni cation |inks between cell-site 12 and nobile unit 16 and 18.
Simlarly, arrowed |ines 24a-24b and 26a-26b respectively 3 0 define the
possi bl e comuni cation |inks between cell-s2ée 14 and nobile units 16
and 18. Cell-sites 12 and 14 nominally transnit using equal . power.
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In the exemplary embodiment receiver 36 also includes a long
code PN generator 124 which generates a PNy sequence corresponding to
a PN sequence generated by the mobile unit in the mobile-to-cell link.
PN generator 124 can be a maximal linear sequence generator that
generates a user PN code that is very long, for example degree 42, time
shifted in accordance with an additional factor such as the mobile unit
address or user ID to provide discrimination among users. ‘Thus the cell-
site received signal is modulated by both the long code PNy sequence
and the short code PNj and PNQ sequences. In the alternative, a non-
linear encryption generator, such as an encryptor using the data
encryption standard (DES) to encrypt a 64-symbol representation of
universal time using' a user specific key, may be utilized in place of PN
generator 124.

The PNy sequence output from PN generator 124 is exclusive-
OR'ed with the PNj and PNQ sequences respectively in exclusive-OR
gates 126 and 128 to provide the sequences PN}’ and PNQ'".

The sequences PN1' and PNq' are provided to PN QPSK correlator
130 along with the I and Q channel signals output from receiver 32.
Correlator 130 is is utilized to correlate the I and Q channel data with the
PNy and PNQ' sequences. The correlated I and Q channel outputs of
correlator 130 are respectively provided to accumulators 132 and 134
where the symbol data is accumulated over a 4-chip period. The outputs

- of accumulators 132 and 134 are provided as inputs to Fast Hadamard

Transform (FHT) processor 136. FHT processor 148 ‘produces a set of 64
coefficients for every 6 symbols. The 64 coefficients are then multiplied
by a weighting function generated in control .processor 48. The
weighting function is linked to the demodulated signal strength. The
weighted data output from FHT 136 is provided to diversity combiner
and decoder circuity 50 (Figure 2) for further processing.

The second receiver system processes the received signals in a
manner similar to that discussed with respect to the first receiver system
of Figures 2 and 3. The weighted 64 symbols output from receivers 36
and 46 are provided to diversity combiner and decoder circuitry 40.
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The cell-site service areas or cells are designed in geographic shapes

such thaoopmoedpi |l € unit will normally be closest to one cepCTAISH/04400
and within one cell sector should the cell be divided into sectors. Wen

the nobile unit is idle, i.e. no calls in progress, the nmobile unit 5
constantly nmonitors the pilot signal transnjssions fromeach nearby cell-
site, and if applicable froma single cell-¥1te in which the cell is
sectori zed. As illustrated in Figure 1, the pilot signals are
respectively transmtted to nobile unit 16 by cell-sites 12 and 14
upon out bound or forward comuni cation |inks 20a and 26a. Mobile unit

16 can determ necwuxuu 30 includes an adder whirh addsathegveighted 64taoeffitients

[he exampi o 111 (eiAceel f’é‘)%r*%e péghied s %e?ﬁs%%ﬁ% receiver i, %,
cl osest to cell Tesu &11132 xmts darercomparediwithc oneaanather in order to
control ”Essage defermingSthd 18gesP c’oQPfiéi €SThé Shaghififde of' esk&?ng]a%lsoﬁl
Cell- 15 te 12 upon recel request ®nessa ransf &rsthe
cal | ed B sesult. jog &%Ffeé\hfxcpr the lasgest of Abei 64 caefficients, is
connects the usedtabldetémﬁimfh héle?ﬁ&ﬁgg% WC rllitisrlgﬁﬂdﬁﬁilb&ts'r%gﬁetvgltmn a
tsﬂguizgl ? Fﬁ:‘ l)r nSa’t*eghit #%E’E\Mh ik %‘?‘F&émﬁat‘ﬂe‘mﬂ'&y g‘he cell-sites in
The Viterbi decoder contained within circuitry 50 is of a type
capable of decoding data encoded at the mobile unit with a constraint
10 length K =9, and of a code rate r = 1/3. The Viterbi decoder is utilized to
~ determine the most likely information bit sequence. Periodically,
nominally 1.25 msec , a signal quality estimate is obtained and
transmitted as a mobile unit power adjustment command along with
data to the mobile unit. Further information on the generation of this
15 quality estimate is discussed in further detail in the copending
application mentioned above. This quality estimate is the average
signal-to-noise ratio over the 1.25 msec interval.
Each data receiver tracks the timing of the received signal it is
receiving. This is accomplished by the well known technique of
20  correlating the received signal by a slightly early local reference PN and
correlating the received signal with a slightly late local reference PN.
The difference between these two correlations will average to zero if
there is no timing error. Conversely, if there is a timing error, then this
difference will indicate the magnitude and sign of' the error and the
25  receiver's timing is adjusted accordingly. _
The cell-site further includes antenna 62 which is coupled to GPS
receiver 64. GPS receiver processes signals received on antenna 62 from
 satellites in the Navstar Global Positioning System satellite navigation
system so as to provide timing signals indicative of Universal
30 Coordinated Time (UTC). GPS receiver 64 provides these timing signals
to control processor 48 for timing synchronizing at the cell-site as
discussed previously.
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20 return transmt a pagi ng nessage within each respective coverage area
t hat is“';d@f,@g for the called recipient nobile user. Wen pae/usd 1904400
reci pient nobile unit hears the page nessage, it responds with a control
nmessage that is transmtted to the nearest cell-site. This control nessage
signals the systemcontroller that this particular cell-site is in 25
conmuni cation with the nobile unit. Control @8r 10 then routes the call
through this cell-site to the nobile unit. Should nobile unit 16 nove

out of the coverage area of the initial cell-site, cell-site 12, an attenpt

S made to continue the call by routing the call through another
Egljle; Z : tgb InVFigare &pp ntsmhb di?thhldata redeipdr0B® rmagtiserinclided for
v for o modHHIoREd ﬁforgﬁ% 8 3R sV siebn. 182 s?%#ﬁﬁf%iﬂsb?ﬁéﬁ%éf s,

FCC has di wreceiver iscsimilasdtatthat degcribed with referencectosthe /data receivers 3§,
one gLe - Whi Ghid Z6.! fiGectiver! 38 ndy? bRPEGIiZed ATRAB celINitd B6 obithinl G8dHiGRal
5 diversity modes. This additional data receiver alone or in combination
with additional receivers can track and receive other possible delay paths
of mobile unit transmitted signals. Optional additional digital data
receivers such as receiver 38 provides additional diversity modes which
are extremely useful in those cell-sites which are located in dense urban
- 10  areas where many possibilities for multipath signals occur.
Signals from the MTSO are coupled to the appropriate transmit
modulator via digital link 52 under control of control processor 48.
Transmit modulator 54 under control of control processor 48 spread
spectrum modulates the data for transmission to the intended recipient
15 mobile unit. Further details with respect to the structure and operation
of transmit modulator 54 are discussed below with reference to Figure 4.
The output of transmit modulator 54 is provided to transmit
power control circuitry 56 where under the control of control processor
48 the transmission power may be controlied. The output of circuitry 56
20 is provided to summer 57 where it is summed with the output of
transmit modulator/transmit pdwer control circuits directed to other
mobiles in the cell. The output of summer 57 is provided to transmit
power amplifier circuitry 58 where output to antenna 60 for radiating to '
mobile units within the cell service area. Figure 2 further illustrates
25 pilot/control channel generators and transmit power control circuitry 66.
Circuitry 66 under control of control processor éenerates and power
controls the pilot signal, the sync channel, and the paging channel for
coupling to circuitry 58 and output to antenna 60.
A block diagram of an exemplary embodiment of the cell-site
30 transmitter is illustrated in Figure 4. The transmitter includes a pair of
PN sequence generators used in generating the outer code. These PN
generators generate two different PN"—s;equences, i.e. the PNf and PNqg
sequences, as was discussed with reference to Figure 3. However, these
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ot her chosen by lottery. Because of the order in which allocations were
made, twe 92208630Hz al | ocated to each carrier for each directPGUSI{OE00i| nk
is further subdivided into two sub-bands. For the wireline carriers, the
sub- bands are each 10 MHz and 2.5 MHz wide. For the non-wireline 5
carriers, the sub-bands are each 11 MHz and 1.5 MHz wi de. Thus, a

signal bandwi dth of less than 1.5 Mz coul d2®e fit into any of the sub-
bands, while a bandwi dth of less than 2.5 MHz could be fit into all but

one sub-band. To preserve maximum flexibility in allocating the
CDOVA 1 0 technique to the available cellular frequency spectrum the

wavef orm N} hﬁ&? cgséd&um@& ré deld afife focordin lﬁsgpuléisé&oﬂ 8 gell

than 1.5 MHz in A good Second choi ce wo bandw dt h
of about 2.5 address
In Figure 4, the transmitter circuitry of Figure 3 is illustrated in

further detail with the pilot, sync; paging and voice channel signals. The
S transmitter drcuitry includes two PN generators, PN generators 196 and
198, which generate the PN1 and PNQ sequences. PN generators 196 and
198 are responsive to an input signal corresponding to a sector or cell
address signal from the control processor so as to provide a
predetermined time delay to the PN sequences. These time delayed PN
10 and PNQ sequences again relate respectively to the In-Phase (I) and
Quadrature (Q) channels. Although only two PN generators are
illustrated for respectively generating the PNj'and PNQ sequences for the
corresponding channels of the cell-site or sector, it should be understood
that many other PN generator schemes may be implemented. For
15  example, in a unsectorized cell, a pair of PN generators may be provided
for each of the pilot, sync, paging and voice channels to produce, in
synchronization, the PNj and PNQ sequences used in the outer code.
Such a case may be advantageous to avoid distributing the PNj and PNg

sequences throughout a large number of dircuits.
20 In the preferred embodiment, Walsh function encodmg of the
' channel signals is employed as the inner code. In the exemplary
numerology as disclosed herein, a total of 64 different Walsh sequences
are available with three of these sequences dedicated to the pilot, sync
and paging channel functions. In the sync, paging and voice channels,
25 input data is convolutionally encoded and then interleaved as is well
"~ known in the art. Furthermore, the convolutional encoded data is also
provided with repetition before interleaving as is also well known in the

art. |

The pilot channel contains no data modulation and is
30 characterized as an unmodulated spread spectrum signal that all of the
users of a particular cell-site or sector use for acquisition or tracking
purposes. Each cell, or if divided into sectors, each sector has a unique
pilot signal. However, rather than using different PN generators for the

'* . \
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Mz, allowing full flexibility to the wireline cellular carriers and nearly
full fleyhbh/ookze to non-wireline cellular carriers. Wile uspgpg,gsoy/igfool S
bandw dt h has the advantage of offering increased nmultipath

di scrim nation, disadvantages exist in the form of higher equi pnent

costs and lower flexibility in frequency assignnent within the allocated

bandwi dt h. In a spread spectruB0cel | ul ar tel ephone system such
as illustrated 20 in Figure 1, the preferred waveform desi gn i npl enent ed

i nvol ves a di rect sequence pseudonoi se spread spectrumcarrier. The
chip rate of t he PN sequence is chosen to be 1.2288 MHz in the
preferred T hC ol pek).: he
resul ting %anﬂ%nggmit l(fb{)liut é rﬂ&#%fﬁ?éﬁ gﬁf}ﬁ%ﬁg@g&éﬁlﬁ%mtel
one-tenth of 2 B‘Oﬁ to 3156, shifts, in| thecsame biﬁ’ér?@%’@!‘ﬁrl augg'émgé his

e 1S Chat i e e e ot YIS s e
by the basebandtVigs40  the ﬂé?g M%&M&ﬁ&y%@ﬁgﬁﬁ c?é'%
desirabl e f5r tisingi this shift ©fbtheabasic sequence,othe shifts mﬁitewrstfchrﬂﬂd the
Crbo0 T RS e sy o 8 B AL, |20 10
‘The pilot sequence must therefore be long enough that many
different sequences can be generated by shifts in the basic sequence to
support a large number of pilot signals in the system. Furthermore, the
10 - separation or shifts must be great enough to ensure that there is no
interference in pilot signals. Accordingly, in a exemplary embodiment of
the present invention the pilot sequence length is chosen to be 215. The
" sequence is generated started by a sequence 215-1 with an extra 0
~ appended to the sequence when a particular state is detected. In the
15 exemplary embodiment there are chosen to be 512 different pilot signals
with offsets in the basic sequence of 64 chips. However, offsets may be
integer multiples of the 64 chip offset with a corresponding reduction in
the number of different pilot signals.
In generating the pilot signal, the Walsh "zero” (Wp) sequence
20 which consists of all zeroes is used so as to not modulate the pilot signal,
which in essence is the PN and PN sequences. The Walsh "zero" (Wg)
sequence is therefore multiplied by the PN} and PNg sequences in
- exclusive-OR gates. The resulting pilot signal thus contains only the PN
and PN sequences. With all cell-sites and sectors having the same PN
25 sequence for the pilot signal, the distinguishing feature between cell-sites
or sectors of origination of the transmission is the phase of the sequence.
, With respect to the portion of transmit modulator and power
control circuitry 66 for the pilot channel, Walsh generator (Wy) 200
generates a signal corresponding to the all zero function as just
30 discussed. The timing in the generation of the Walsh function is
provided by the control processor, as in the case of all Walsh function
generators in the cell-site and mobile unit. The output of generator 200
is provided as an input to both of exclusive-OR gates 202 and 204. The
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In the cell-to-nobile Iink, the binary sequences used for spreading

t he spegioorp@é3® constructed fromtwo different types of seqRETEHS91/84400
with different properties to provide different functions. There is an

outer code that is shared by all signals in a cell or sector that is used
to di scrimnate between nultipath S|gaf The outer code is al so used
to di scri m nate between signals trans tted by different cells or
sectors to 5 the nmobile units. There is also an inner code that is used
to discrimnate

other input of exclusive-OR gate 202 receives the PNjsignal while the

other input of exclusive-OR gate 204 receives the PN signal. The PNj

and PNQ signals are respectively exclusive-OR'ed with the output of

generator 200 and respectively provided as inputs to Finite Impulse

5 Response (FIR) filters 206 and 208. The filtered signals output from FIR

filters 206 and 208 provided to a transmit power control circuitry

comprised of gain control elements 210 and 212. The signals provided to

gain control elements 210 and 212 are gain controlled in response to

input signals (not shown) from the control processor. The signals

10 output from gain control elements are provided to transmit power

' amplifier circuitry 58 whose detailed structure and function is described

later herein. '

The sync channel information is encoded and then multiplied in

exclusive-OR gates by a preassigned Walsh sequence. In the exemplary

15 embodiment, the selected Walsh function is the (W32) sequence which

' consists of a sequence of 32 "ones" followed by 32 "zeros”". The resulting

sequence is then multiplied by the PNj and PNg sequences in exclusive-

ORgates. In the exemplary embodiment the sync channel data

. information is provided to the transmit modulator typically at a rate of

20 1200 bps. In the exemplary embodiment the sync channel data is

preferably convolutionally encoded at a rate r = 1/2 with a constraint

length K = 9, with each code symbol repeated twice. This encoding rate

and constraint length is common to all encoded forward link channels,

i.e. sync, paging and voice. In an exemplary embodiment, a shift register

25 structure is employed for the generators of the code Gy = 753 (octal) and

Gz = 561 (octal). The symbol rate to the sync channel is in the exemplary
embodiment 4800 sps, i.e. one symbol is 208 psec or 256 PN chips.

The code symbols are interleaved by means of a convolutional

interleaver spanning in the exemplary embodiment 40 msec. The

30 tentative parameters of the interleaver are I = 16 and J = 48. Further

“details on interleaving is found in Data Communication, Networks and

Systems, Howard W. Sams & Co., 1987, pp. 343-352. The effec: of the

convolutional interleaver is to disperse unreliable channel symbols such

L}
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bet ween user signals transmtted by single sector or cell. The
carri er“\{@éﬁ(ﬁggg design in the preferred enbodi ment for the pcr/yusotlosdod e
t

transm signals utilizes a sinusoidal carrier that is quadr aphase
(four phase) nodul ated by a pair of binary PN sequences 10 that provide
the outer code transmtted by a single sector or cell. The sequences
are generated by two different PN generatorai of the sane sequence

| engt h. One sequence bi-phase nodul ates the in-phase channel (1

Channel) of the carrier and the other sequence bi-phase nodul ates the
guadrature phase (Q Channel) of the carrier. The resulting signals are 1 5

sumred to form gy, %?i}oﬁhbesﬁﬁﬁélspﬁlaﬁw joRls: sequence of I-1 &¥ ‘fé‘%ﬁ%rﬁﬂ&

o ropresent ¢ ?é%snaﬁ?arééqﬁan@és 344*2?@1 sanbols § ing %&Z&éﬁ?ﬁw@sed
modul ation pro ivaléntly Symboloin ﬁad:on sequence dl]vbls
average vl ue mﬁss%%sftp@%mﬁ?f ?lﬁl BRbRE ah i deip rleav“%ra' eféwet)‘?ét
control l ed By twords nﬂrly-smmndcps és; ngaastniﬂg obIIISes bols,cthe:lymbo‘l:hare
bandpase 1 ?2?&%@%@%@#%@%&%@%&%&@ e (Bl
bi nary sequence st r ¢Ehe synorchannel isymhols of aparticular nali(»mectyrgmlhed to
the corresponding pilot signal for that cell or sector. Figure 5 illustrates
the timing of two different pilot channels (N) and (N+1) which are
10 separated by a shift of 64 chips. Figure 5 illustrates only by way of
example a timing diagram for the exemplary pilot and sync channels
with the state of the actual pilot signal chips and sync channel symbols
'not illustrated. Each sync channel starts a new interleaver cycle with the
first code symbol (cx) of a code symbol pair (cy, ¢'y), due to a code repeat of
15 two, shifted with respect to absolute time by an amount equal to the
corresponding pilot. :

As illustrated in Figure 5, ‘l'he N pilot channel starts a new
interleaver cycle, or pilot sync, at the time tx. Similarly, the N+1 pilot -
channel starts a new interleaver cycle or pilot sync at the time ty which

20 occurs 64 chip later in time than time tx. The pilot cycle in the exemplary
embodiment is 26.67 msec long, which corresponds to 128 sync channel
code symbols or 32 sync channel information bits. The sync channel
symbols are interleaved by a convolutional interleaver which spans
26.67 msec. Thus, when the mobile unit has acquired the pilot signal, it

25 has immediate sync channel interleaver synchronization.

The sync channel symbols are covered by the preassigned Walsh
sequence to provide orthogonality in the signal. In the sync channel,
one code symbol spans four cover sequences, i.e. one code symbol to four
repetitions of the "32 one™-"32 zero" sequence, as illustrated in Figure 6.

30 As illustrated in Figure 6, a single logical "one" represents the occurance

of 32 "one" Walsh chips while a single logical "zero " represents the
occurance of 32 "zero” Walsh chips. Orthogonality in the sync channel is

still maintained even though the sync channel symbols are skewed with
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m)dul at or coﬁg

erchangi ng the order of the operations. ﬁ
ts of two bi-phase nodul ators each drlven b W%‘“ﬂ?

sequence and with the sinusoidal signals used in the bi-phase

nodul at ors having a 90 phase shift therebetween. In the
preferred enbodi ment, the sequence length fagr the 3 0 transmtted signal
carrier is chosen to be 32768 chi ps. Sequences of this | ength can be
generated by a nodified maxi mal | ength |inear sequence gener at or by
adding a zero bit to a length 32767 chip sequence. The resul ting

sequence has gOOdpng)?o “absbhite aﬁh?end%pen in C)Corre'tﬁte' associated pilot channel

10

15

20

25

30

because sync channel shifts are integer multiples of the Walsh frame.

The sync channel messages in the exemplary embodiment are
variable in length. The length of the message is an integer multiple of 80
msec which corresponds to 3 pilot cydes. Included with the sync channel
information bits are cydlic redundancy (CRC) bits for error detection.

Figure 7 illustrates in the form of a timing diagram the overall
exemplary system timing. In the period of two seconds there are 75 pilot
cycles. In Figure 7, the N pilot and sync channels correspond to the
sector or cell using the unshifted pilot such that the pilot and sync
signals align exactly with UTC time. As such the pilot sync, i.e. initial
state, aligns exactly with a common 1 pulse per second (pps) signal.

In all cases in which a shifted pilot is used, a PN phase offset
corresponding to the pilot shift is introduced. In other words, pilot sync
(initial state) and sync channel messages are skewed with respect to the 1
Pps signals. The sync messages carries this phase offset information so
that the mobile unit can adjusts its timing accordingly.

As soon as a sync channel message has been correctly received, the
mobile unit has the ability to immediately synchronize to either a paging
channel or a voice channel. At pilot sync, corresponding to the end of
each sync message, a new 40 msec interleaver cycle begins. At that time,
the mobile unit starts demterleavmg the first code symbol of either a
code repetition, or a (cx, cx+1) pair, with decoder synchronization
achieved. The deinterleaver write address is initialized to 0 and the read
address is initialized to J, memory deinterleaver synchronization is
achieved.

The sync channel messages carry information regarding the state
of a 42-bit long PN generator for the voice channel assigned for the
communication with the mobile unit. This information is used at the
mobile unit digital data receivers to synchronize the corresponding PN
generators. For example, in Figure 7 the sync channel message N+1
contains a 42-bit field which is indicative of the state, state X, that the
sector or cell voice channel corresponding long code PN generator will

." \
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properties. Good cross-correlation and autocorrel ation properties are
necessarwgoe/peéseent nutual interference between pil ot carri epgT/US91/04400

transmtted by different cells. A sequence this short in length
is desirable in order to mnimze 5 acquisition tinme of the nobile units
~when they first enter the system wi t hout know edge of system tim ng.
- Wth unknown timng, the entire | engt h3f the sequence nust be
searched to determ ne the correct timng. The | onger the sequence,
the longer tinme the acquisition search wll require. Although

sequences shorter than 32768 coul d be used, it nust 10 be under st ood that
as sequence | endhdwveé %t raeﬂtb‘dﬁenhh&d:mrm:ﬁ@??;ﬁm&s 160 mﬁ%‘ Rtés Thdunobile

Ao BIOSESI N0 kil Sl Mol HELSSIECH, Bnd obbel Tapsagendoads at the
sources will al scorpectringtarttdof timehthesldng vode RNt e?atcﬁ'vwh? thiestate XheThe
Ot N toizef, o, msmmits
in all cellsSo descrambling ofithensen intemded messages.wi ng What cell it isin
gﬁ;ggh;ghf latly by Segﬁgﬁ'féqucﬂat"ﬁwwbhoaf (rafshfit thBdltddor and power
control arcmtry 66 for the sync channel, the sync channel information is
input from the control processor to encoder 214. The sync channel data
in the exemplary embodiment is, as discussed above, convolutional
10 encoded by encoder 214. Encoder 214 further provides repetition of the
encoded symbols, in the case of the sync channel the encoded symbols
are repeated. The symbols output from encoder 214 are provided to
interleaver 215 which provides convolutional interleaving of the
symbols. The interleaved symbols output from interleaver 215 are
15 provided as an input to exclusive-OR gate 216.
Walsh generator 218 generates a signal éorresponding to the
Walsh (W33) sequence that is provided as the other input to exclusive-
OR gate 216. The sync channel symbol stream and the Walsh (W33)
sequence are exclusive-OR'ed by exclusive-OR gate 216 with the result
20 thereof provided as an input to both of exclusive-OR gates 220 and 222.
The other input of exclusive-OR gate 220 receives the PNjsignal
while the other input of exclusive-OR gate 222 receives the PN signal.
The PNjand PNq signals are respectively exclusive-OR'ed with the
output of exclusive-OR gate 218 and respectively provided as inputs to
25 Finite Impulse Response (FIR) filters 224 and 226.. The filtered signals
output from FIR filters 224 and 226 provided to a transmit power control
circuitry comprised of digital variable gain control elements 228 and 230.
The signals provided to gain control elements 228 and 230 are digitally
gain controlled in response to input digital signals (not shown) from the
30 control processor. The signals output from gain control elements are
provided to transmit power amplifier circuitry 58.
The paging channel information is also encoded with repetition,
interleaved and then multiplied by a preassigned Walsh sequence . The

&
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a single code pol ynom al . In order to 5|rrpI|fythe
oriRe

- synchr onWQ# ocess, all the cells in 20 the system R ET/US91/04400

- synchroni zed to each other. 1In the exenplary enbodi ment, cell
synchroni zation is acconplished by synchronizing all the cells to a
comon tine reference, the Navstar G obal Pagitioning System
satellite navigation systemwhich is itself. synchronized to Uni ver sal
Coordinated Tine (UTC). 25 Signals fromdifferent cells are
differentiated by providing tine of fsets of the basic sequences. Each

[ d L ff t ot ff t . f
i ffering rom i TeuiAg Reapencs 15 then Jruttplied By e B and PG: fiduenses
repetition peri omeSdziavmecbﬂ cHarﬁ\kZ for a particafarosécwirsor Tell 512
of fsets are spac.ed ?lcj or of & ach cel | IRI&}O
hsrefdg 4 381 minc, Fhenpels Message. HERs

6
cel lul ar system ind §?‘ S
for all its tranﬂ-m gdn channhekbrdatar eateois variable,2itsdst im sthe exdrhplary

T equendt os. B bl ffﬁ%%fféﬁéﬁ?ﬁ%w#&c%% 4 1oliBRine Fremplary
, data rates: 9.6, 4.8, 2.4 and 1.2 kbps

With respect to the transmit modulator and power control
drcuitry of the paging channel, the paging channel information is input
from the control processor to encoder 232. Encoder 232 is in the

10 exemplary embodiment a convolutional encoder that also provides
repetition of the symbols according to the assigned data rate of the
channel. The output of encoder 232 is provided to interleaver 233 where
the symbols are convolutional interleaved. The output from interleaver
233 is provided as an input to exclusive-OR gate 234. Although the

15 paging channel data rate will vary, the code symbol rate is kept constant
at 19.2 ksps by code repetition.

Walsh generator 236 generates a signal, corresponding to a
preassigned Walsh sequence, that is provided as the other input to
exclusive-OR gate 234. The symbol data and Walsh sequence are

20 exclusive-OR'ed by exclusive-OR gate 234 and provided as an input to
‘both of exclusive-OR gates 238 and 240.

The other input of exclusive-OR gate 238 receives the PNjsignal
while the other input of exclusive-OR gate 240 receives the PN signal.
The PNjand PNQ signals are respectively exclusive-OR'ed with the

25 output of exclusive-OR gate 234 and respectively provided as inputs to
Finite Impulse Response (FIR) filters 242 and 244. The filtered signals
output from FIR filters 242 and 244 provided to a transmit power control
drcuitry comprised of gain control elements 246 and 248. The signals
provided to gain control elements 246 and 248 are gain controlled in

30 response to input signals (not shown) from the control processor. The
signals output from gain control elements are provided to transmit
power amplifier circuitry 58.
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desi gns, ‘goggioﬁé nt nunber than 512 offsets could be used. Wth
. r easonabl assi gnnent of pilot signal offsets, it shoﬁcglmm
necessary for near neighboring cells to use near neighboring tinme offsets.

Al'l signals transmtted by a cell or one of the sectors of the cell 5
share the sane outer PN codes for the | an@eQ channels. The signals are
al so spread with an inner orthogonal code generated by using WAl sh
functjons. A signal addressed to a particular user is multiplied by the
outer PN sequences and by a particul ar Wal sh sequence or sequence of

the user-s ol sphone Aadeciral S e chdiheLls fag, Sheodd Wifh rePedtod.
interleaved, scrambled, multiplied by its a551gned Walsh sequence (Wj -
Wj), and then multiplied by the PNj and PN sequences. The Walsh
" sequence to be used by a particular channel is assigned by the system
S controller at call setup time in the same manner as channels are assigned
to calls in the analog FM cellular system. In the exemplary embodiment
illustrated herein, up to 61 dxfferent Walsh sequences are available for
use by the voice channels.
In the exemplary embodiment of the present invention, the voice
10 channel utilizes a variable data rate. The intent in using a variable data
rate is to lower the data rate when there is no voice activity thereby
- reducing interference generated by this particular voice channel to other
users. The vocoder envisioned to provide variable rate data is disclosed
in copending U.S. Patent Application "VARIABLE RATE VOCODER"
15 Serial No. filed _ , also assigned to the
assignee of the present invention. Such a vocoder produces data at four
different data rates based on voice activity on a 20 msec frame basis.
Exemplary data rates are 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps.
Although the data rate will vary on a 20 msec basis, the code symbol rate
20 is kept constant by code repetition at 19.2 ksps. Accordingly, the code
symbols are repeated 2, 4 and 8 times for the respective data rates
4.8 kbps, 2.4 kbps and 1.2 kbps.
~ Since the variable rate scheme is devised to reduce interference,
the code symbols at the lower rates will have lower energy. For example,
25  for the exemplary data rates of 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps, the
code symbol energy (Es) is respectively Ep/2, Ep/4, Ep/8 and Ep/16 where
Ep is the information bit energy for the 9.6 kbps transmission rate.
~ The code symbols are interleaved by a convolutional interleaver
such that code symbols with different energy levels will be scrambled by
30  the operation of the interleaver. In order to keep track of what energy
level a code symbol should have a label is attached to each symbol

specifying its data rate for scaling purposes. After orthogonal Walsh™

covering and PN spreading, the quadrature channels are digitally filtered
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and Q channels resulting in a nodul ation which is effectivel L -nhas o
for t haVOR&063%de. It is well known in the art ‘%/CHQPSQ?@Z?"% n

ort hogonal binary sequences, each of length n, for n any power of 2
can be constructed, see 15 Digital Communications with Space
Applications. SSW Colonb et al., Prgntice-Hall, Inc, 1964, pp.
45-64. I n fact, orthogonal binary sequence sets are al so known for
nost | engths which are nmultiples of four and |ess t han two hundr ed.
One cl ass of such sequences that is easy to generate is called the

P bt ) Sk ol RESREREE AT 5 o P g SYeive o
Wn) = W néighal colreéponding to the symbol energy level in order to W¢edrplish -
Wni2) 25 uhere W dengles < f oo call eOmLeELL 08 WA Wil b8 0
scaled by factors of: 1,1/42,1/2,0.1/2y2 . In one implementation the
5 vocoder would provide a data rate label in the form of a 2-bit number to
the FIR filter for controlling the filter scaling coefficient.
In Figure 4, the circuitry of two exemplary voice channels, voice
channels (i) and (j) are illustrated. The voice channel (i) data is input
from an associated vocoder (not shown) to transmit modulator 54
10 (Figure 3). Transmit modulator 54 is comprised of encoder 250;;
interleaver 251;; exclusive-OR gates 252;, 255; 256; and 258;; PN
generator 253;; and Walsh generator (Wj) 254;." :
The voice channel (i) data is input to encoder 250; where in the
: exemplary embodiment it is convolutional encoded with code symbol
15 repetition according to the input data rate. The encoded data is then -
provided to interleaver 251; where, in the exemplary embodiment, it is
convolutional interleaved. Interleaver 251; also receives from the
vocoder associated with the voice channel (i) a 2-bit data rate label that is
interleaved with the symbol data to identify at the data rate to the FIR
20 filters. The data rate label is not transmitted. At the mobile unit, the
decoder checks for all possible codes. The interleaved symbol data is
output from interleaver 251; at an exemplary rate of 19.2 ksps to an input
- of exclusive-OR gate 252;.
In the exemplary embodiment, each voice channel signal is
25 scrambled to provide greater security in cell-to-mobile transmissions.
Although such scrambling is not required it does enhance the security in
communications. For example, scrambling of the voice channel signals
may be accomplished by PN coding the voice channel signals with a PN
code determined by the mobile unit address of user ID. Such scrambling
30 may use the PNy sequence or encryption scheme as discussed with
reference to Figure 3 with respect to the particular receiver for the
mobile-to-cell communications. Accordingly, a separate PN generator
may be implemented for this function as illustrated in Figure 4.
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0, 1,0, 1 0,0, 1, 1

Although scrambling is discussed with reference to a PN sequence,
scrambling may be accomplished by other techniques including those
well known in the art.

Referring again to Figure 4, scrambling of the.voice channel (i)
signal may be accomplished by providing PN generator 253; which
receives the assigned mobile unit address from the control processor.
PN generator 253; generates a unique PN code that is provided as the
other input to exclusive-OR gate 252;. The output of exclusive-OR gate
252; is instead provided to the one input of exclusive-OR gate 255;.

Walsh generator (W;) 254; generates, in response to a function
select signal and timing signals from the control processor, a signal
corresponding to a preassigned Walsh sequence. The value of the
function select signal may be determined by the address of the mobile
unit. The Walsh _seQuence signal is provided as the other input to
exclusive-OR gate 255;. The scrambled symbol data and Walsh sequence
are exclusive-OR'ed by exclusive-OR gate 255; with the result provided
as an input to both of exclusive-OR gates 256; and 258;. PN generator -
253; along with all other PN generators and Walsh generators at the cell-
site provide an output at 1.2288 MHz. It should be noted that PN

_generator 253 includes a2 decimator which provides an output at a 19.2

kHz rate to exclusive-OR gate 255;.

The other input of exclusive-OR gate 256; receives the PNjsignal
while the other input of exclusive-OR gate 258; receives the PNq signal.
The PNjand PN( signals are respectively exclusive-OR'ed with the
output of exclusive-OR gate 252; and respectively provided as inputs to
Finite Impulse Response (FIR) filters 260; and 262;. The input symbols
are filtered according to the input data rate label (not shown) from
convolutional interleaver 251;.The filtered signals output from FIR
filters 260; and 262; provided to a transmit power control circuitry 56
comprised of gain control elements 264; and 266;. The signals provided
to gain control elements 264; and 266; are gain is controlled in response
to input signals (not shown) from the control processor. The signals
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W8) is as foll ows: 0,0,0,0,0,0,0,0
0, 1,0, 1, 90192700639 5 0,0, 1, 1, OPQT/US91/04400
W 8) 0,1,1,0,0,1,1,0

0,0,0,0,1,1,1,1 0,1,0,1,1,0,1,0
0,0,1,1,1,1,0,0 20 9 0,1,1,0,1,0,0,1

Wal sh sequence is one of the rows of a V\als.l;? function matrix. A Wal sh

function of order n contains n sequences, each of length n bits.
A Wal sh function of order n (as well as other orthogonal 2 5 functions)
has the property that over the interval of n code synbols, the

cross-correl ati mnupatvximm:agam enttiol felements care: (preyided hton transmist power
zero, provided tgﬂ) ggs are time aligned with each other. This -
n that

can be seen by

sequence in exactly ﬂdénbw@obvmse bits, theuf
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no ry sequence differs fromevery other

power control information. The power control bit rate is in the
exemplary embodiment 800 bps. The cell-site receiver which is
demodulating the mobile-to-cell signal from a given mobile, generates
the power control information which is inserted in the cell-to-mobile

A

ink voicegchannel; earries; s

voice channel addressed to that particular mobile. Further details on the

power control feature is disclosed in the above identified copending
application.
Power control bits are inserted at the output of the convolutional

interleaver by means of a technique called code symbol puncturing. In

other words, whenever a power control bit needs to be transmitted two
code symbols are replaced by two identical code symbols with polarity
given by the power control information. Moreover, power control bits
are transmitted at the energy level corresponding to the 9600 bps bit rate.

An additional constraint imposed on the power control
information stream is that the position of the bits must be randomized
among mobile-to-cell channels. Otherwise the full energy power control
bits would generate spikes of interference at regular mtervals thus
diminishing the detectability of such bits.

Figure 4 further illustrates voice channel (j) which is identical in
function and structure to that of voice channel (i). It is contemplated that
there exist many more voice channels (not illustrated) with the total of
voice channel being up to 61 for the illustrated embodiment.

With respect to the Walsh generators of Figure 4, Walsh functions

~ are a set of orthogonal binary sequences that can be easily generated by

means well known in the art. The characteristic of interest in the Walsh
function is that each of the 64 sequences is perfectly orthogonal to all of
the other sequences. As such, any pair of sequences differ in exactly as
many bit positions as they agree, i.e. 32 over an interval of 64 symbols.
Thus when information is encoded for transmission by the Walsh
sequences the receiver will be able to select any one of the Walsh

' \
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equence containing all zeroes and that all t y
sequencﬁésc"&z&}r”ﬁ hal f ones and hal f zeroes. Nei ghﬁ@[ﬂ?\%ﬁé%og

and sectors can reuse the Wal sh sequences because the outer PN codes
used in neighboring cells and sectors are

18 di stinct. Because of the differinggpropagation tines for signals
bet ween a particular nobile's location and two or nore different
cells, it is not possible to satisfy the condition of time alignnent
required for Wl sh function orthogonality for both cells at one tine.

Thus, reliance ns‘é&ﬁer?c%s as a desired "carrier” signal. Any signal energy encoded onto

the other Walsh sequences will be rejected and not result in mutual

interference to the desired one Walsh sequence.
In the exemplary embodiment for the cell-to-mobile link, the sync,
5 . paging and voice channels as mentioned previously use convolutional
encoding of a constraint length K = 9 and code rate r = 1/2, that is, two
encoded symbols are produced and transmitted for every information bit
to be transmitted. In addition to the convolutional encoding,
. convolutional interleaving of symbo! data is further employed. It is
10 further envisioned that repetition is also utilized in conjunction with
" the convolutional encoding. 'At the mobile unit the optimum decoder
_for this type of code is the soft decision Viterbi algorithm decoder. A
standard design can be used for decoding purposes. The resulting
decoded information bits are passed to the mobile unit digital baseband

. 15 equipment.

Referring again to Figure 4, circuitry 58 includes series of digital to
analog ( D/A) converters for converting the digital information from the
- PNyand PN spread data for the pilot, sync, paging and voice channels to
analog form. In particular the pilot channel PNj spread data is output

20 from gain control element 210 to D/A converter 268. The digitized data
is output from D/A converter 268 to an summer 284. Similarly, the
output of the corresponding gain control elements for the sync, paging
and voice channels PNj spread data, i.e. gain control elements 228, 246,
and 264; - 264j, are respectively provided to D/A converters 272, 276 and

25 280i - 280j where the signals are digitized and provided to summer 284.
The PNQ spread data for the pilot, sync, paging and voice channels are
output from gain control elements 221, 230, 248, and 266; - 266j, are
respectively provided to D/A converters 270, 274, 278 and 282; - 282j
where the signals are digitized and provided to summer 286.

30 Summer 284 sums the PNjspread data for the pilot, sync, paging
and voice channels and while summer 286 sums the and PNq spread
data for the same channels. The summed I and Q channel data is
respectively input along with local oscillator (LO) frequency signals
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5 placed on the outer PN code to provide discrimnation between signals
arrivi ngw£ 92/p863%bi l e unit fromdifferent cells. However, alﬂq/ﬁl,s"g(%%s
transmtted by a cell are orthogonal to each other and thus do not
contribute interference to each other. This elimnates the majority of the
interference in nost |ocations, allow ng a hygher capacity to be obtained.
10 . The system further envisions the voice channel to be a variable
rate channel whose data rate can be varied fromdata block to data bl ock
with a mninmum of overhead required to control the data rate in use.

The use of variable data rates, requces, nmutyal in erence by elimnatin
unnecessary tran§¥ﬂ(3§§))ﬂ§ Qﬂzt"ﬁgrt@ wm%mﬁ sééég g;e(g\es'ea{%nuxed and
B VAT YT ng nmher B e B e o ey Bt R
varyi ng nunber IfsS | Vv r bl i r Wi
variations in sp@é‘f’g RY% tRf.o"EﬂF&réoﬁbtsi‘\’@%&)gﬁweqqesmimekn%fhown)'
produce 20 nsec. Thebe rixeck IF sighalsnare) sdfaméd, inséummer 292band, preyiced tg
on the actlvigy %%ﬁgéfeaker. It is desired to transmt the data bl ocks
d

ina?20 fi time by varying the rate of transm ssion. It is
further desi r abl Mixer 294 mixes the summed isignali with: an iRF érequency signal

P v o brapied B (G yhiRSEEL 4 o s to provide gy
upconversion to the RF frequency band. e RF signal output from
mixer 294 is bandpass filtered by bandpass filter 298 and output to RF

10 amplifier 299. Amplifier 299 amplifies the band limited signal in
accordance with the input gain control signal from the transmit power
control circuitry 56 (Figure 3). It should be understood that the
embodiment illustrated for transmit power amplifier circuitry 58 is
merely for purposes of illustration with many variations in signal

15 summing, mixing, filtering and amplification possible as is well known
in the art. :

Cell-site control processor 48 (Figure 3) has the responsibility for
assignment of digital data receivers and transmit modulators to a
particular call. Control processor 48 also monitors the progress of the

20 call, quality of the signals and initiates teardown on loss of signal. The
cell-site communicates with the MTSO via link 52 where it is coupled by
a standard telephone wire, optical fiber, or microwave link.

" Figure 8 illustrates in block diagram form the equipment utilized
in the MTSO. The MTSO typically includes a system controller or

25 control processor 300, digital switch 302, diversity combiner 304, digital
vocoder 306 and digital switch 308. Although not illustrated additional
diversity combiners and digital vocoders are coupled between digital
switches 302 and 308.

When the cell-diversity mode is active, the call is processed by two

30 cell-sites. Accordingly, signals will arrive at the MTSO from more than
one cell-site with nominally the same information. However, because of
fading and interference on the inbound or reverse link from the mobile

laced
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check code (CRCC) which appends to the bl ock an additional set of parity 2
5 - bit swhozeedn be used to determ ne whether or not the blpefyusoidgdsno has
been decoded correctly. CRCC check codes are produced by dividing the

data bl ock by a predeterm ned binary polynom al. The CRCC consists of

all or a portion of the renainder bits of the division process. The CRCC
I's checked in the receiver by reproduci ng t%e sane renai nder and 30
checldng to see of the received remainder bits are the sane as the

regenerated check bits. In the disclosed invention, the

recei ving decoder decodes the block as if it contains 160 bits, and
then agai n as iunit to thecellssite8Othei signakfrom one cell-site may be of better quahty
19 than the signal from the other cell-site.

Digital switch 302 is used in routing the information stream
corresponding to a given mobile unit from one or more cell-sites to
5§ diversity combiner 304 or the corresponding diversity combiner as
- determined by a signal from system control processor 300. When the
system is not in the cell diversity mode, diversity combiner 304 may be
either bypassed or fed the same information on each input port.
A multiplicity of serial coupled diversity combiners and vocoder
10 are provided in parallel, nominally one for each call to be processed.
Diversity combiner 304 compares the signal quality indicators
accompanying the information bits frdx_n the two or more cell-site
signals. Diversity combiner 304 selects the bits corresponding to the
highest quality cell-site on a frame-by-frame basis of the information for
15 output to vocoder 306. ' .
Vocoder 306 converts the format of the digitized voice signal to
standard 64 Kbps PCM telephone format, analog, or any other standard -
format. The resultant signals is transmitted from vocoder 306 to digital
switch 308. Under the control of system control processor 300, the call is
20 routed to the PSTN.
Voice signals coming from the PSTN intended for the mobile
" units, are provided to digital switch 308 for coupling to an appropriate
- digital vocoder such as vocoder 306 under control of system control
processor 300. Vocoder 306 encodes the input digitizéd voice signals and
25 provides the resulting information bit stream directly to digital switch
302. Digital switch 302 under system control processor control direct the
encoded data to the cell-site or cell-sites to which the mobile unit is
communicating. Although discussed previously that information
transmitted to the MTSO analog voice, it is further envisioned that
30 digital information may also be communicated in the system. To ensure
compatibility with the system, care must be taken in proper framing of
the data.
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until all possible block |engths have been tried. The CRCC is conputed

for eacwowzao6d®ecodi ng. |If one of the trial decodings resul PCTVHSA1404400Ct
CRCC, the data block is accepted and passed on to the vocoder for further
processing. If no trial decoding produces a valid CRCC, .the received 5
synbol s are passed on to the systems sign processor where ot her

processi ng operations can optionally be pefYorned. In the cell
transmtter, the power of the transmtted waveformis varied as the
data rate of the block is varied. The highest data rate uses t he

hi ghest carrier power. \Wen the data rate is lower than the 10 naxinum
the nodul ator, in adfiitheomahile qmiti iy inhe panstoff r mnste communigstingdeded
data synbol a lge Q:Enls'xiéﬁsoraﬁl rae&f]ll rqi@efﬁtya‘iﬁb&éf ed@&l switcHE302 fdutes
transm ssion rate. “For exanpl e, e owest trans | rate

0 , .each
encoded synbol the calls) to the; apeaeprlmsell-sxtes or tran-wssm Ew?-r-'eapprowate

tr?ngm;;er ) E@H-Bill/éitrﬂﬁéiﬁ;ﬁérst@‘thé xfmmdéaltr ienf énoblile hﬁmsmwewrs:rfb
at e (0] or or e e 1N, ang enu
O e o o Bo themskile bait 1§ Cmminicaing aRith pely & Singls ellssite or Mgt i 3

on-tinmes of t heell diversity tmode,sthesignal issdivectedaonlgitola single cell-ditece

System control processor 300 provides control over digital
switches 302 and 306 for routing data to and from the MTSO. System
control processor 300 also determines the assignment of calls to the cell-

10 sites and to the vocoders at the MTSO. Furthermore, system control
processor 300 communicates with each cell-site control processor about
the assignment of particular calls between the MTSO and cell-site, and
the assignment of PN codes for the calls. It should be further understood
that as illustrated in Figure 8 digital switches 302 and 306 are illustrated

15 as two separate switches, however, this function may be performed by a
single physical switching unit. '

When the cell-diversity mode is in use, the mobile unit will use
the searcher receiver to identify and acquire the strongest multipath
signal from each of the two cell-sites. The digital data receivers will be

20 controlled by the searcher receiver and the control processor so as to
demodulate the strongest signals. When the number of receivers is less
than the number of cell-sites transmitting information in parallel, a
switching diversity capability is possible. For example, with only a single
data receiver and with two cell-sites transmitting, the searcher will

25 monitor the pilots from both cell-sites and choose the_strongest signal for
the receiver to demodulate. In this embodiment the choice can be made
.as frequently as every vocoder frame, or about every 20 msec.

The system control processor has responsibility for assignment of

. digital data receivers and modulators at the cell-site to handle particular

. 30 calls. Thus in the cell-to-mobile link, the system control processor
controls the assignment of Walsh sequences used at the cell-site in
transmission of a particular call to the mobile unit. In additon the
system control processor controls the receiver Walsh sequences and PN

." //
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with the nobile user's addressed user code. 20 Cell-to-Mbile Link

I n the Wedsooesh enbodi ment, the Wal sh function size n, is sptr/usei/essoal
to sixty-four-(n = 64) for the cell-to-nmobile [ink. Therefore each of .

“up to sixty-four different signals to be transnmtted are assigned a uni que
ort hogonal sequence. The forward error correction (FEC) encoded 25 synbol
stream for each voice conversation is nultiffied by its assigned Wal sh
sequence. The Wal sh coded/ FEC encoded synbol stream for each voi ce
channel is then nultiplied by the outer PN coded waveform The.

resul tant spread synbol streans are then added together to forma

conposi te wavef gpdes. 3Qn the moleFtd—@éH'lihH,g thengysteht conyl f@)cte%sbh@lso
nodul ated onto a nu50| ca.rrl er ﬁﬁnd&gss i|tered L sl ate }'o
t he desired opeFﬁPVRb’ EQJ sek, EN; eodes forathe cal by Sﬁg HHF na
system Alter naiﬁormahoﬁniiomew‘m'e winsthated ¢rmnt the MTSO 0 theey celisitecardige
the order of  grom there to the cell to the mobile. The system oontrol processor also
5 monitors the progress of the call, the quality of signals, and initiates tear
down on loss of signal.

Mobile-to Cell Link-

In the mobile-to-cell link, the channel characteristics dictate that

10 the modulation technique be modified. In particular, the use of a pilot
carrier as is used in the cell-to-mobile link is no longer feasible. The
pilot carrier must be more powerful than a: voice carrier in order to
provide a good phase reference for data modulation. With the cell-site

- transmitting many simultaneous voice carriers, a single pilot signal can

15 be shared by all the voice carriers. Therefore, the pilot signal power per
voice carrier is quite small. | -

In the mobile-to-cell link, however, there is usually only a single
voice carrier per mobile. If a pilot were used, it would require
significantly more power than the voice carrier. This situation is clearly

20 not desirable since overall system capacity would be greatly reduced due
to the interference caused by the presence of a larger number of high
power pilot signals. Therefore, a modulation capable of efficient
demodulation without a pilot signal must be used.

With the mobile-to-cell channel corrupted by Rayleigh fading,

25 resulting in a rapidly varying channel phase, coherent demodulator
techniques, such as a Costas loop which derives phase from the received
signal, are not feasible. Other techniques such as differentially coherent
PSK can be employed but fail to provide the desired level of signal-to-
noise ratio performance.

30 Thus, a form of orthogonal signaling such as binary, quaternary or
m-ary signalling should be employed. In the exemplary embodiment, a
64-ary orthogonal signaling technique is employed using Walsh
functions. The demodulator for m-ary orthogonal signaling requires

-
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20 sone of the just described operations for formng the cell-site
transm tWOP2400638 . For exanple, it may be preferred to mul t | PCT/US9d 104400
voi ce channel by the outer PN coded waveform and performthe filtering
operation prior to sunmation of all the channel signals to be 5 radiated
by the antenna. It is well known in the art_ ghat the order of | i near
operations may be interchanged to obtained ¥arious I npl enent ati on
advant ages and different designs. The wavef orm desi gn of the
preferred enbodi nent for cellular service uses the pilot carrier
approach for the cell-to-nobile link as 10 described in Patent No.

4,901, 307. Al | chanmeltcchesence pnlyovenrtheedurationmf transmissionrof ge7seary

length sequencey Ryt vk w&éﬁw& dthBbRfmeht SEHiS i Bnly two bit times.
The message encoding and modulation process begins with a
convolutional encoder of constraint length K = 9 and-code rate r = 1/3.
5 At a nominal data rate of 9600 bits per second, the encoder produces
28800 binary symbols per second. These are grouped into characters
containing 6 symbols each at a rate of 4800 characters per second with
there being 64 possible characters. Each character is encoded into a length
: 64 Walsh sequence containing 64 binary bits or "chips." The 64-ary

10 Walsh chip rate is 307,200 chips per second in the exemplary

embodlment
. The Walsh chips are  then covered" or multiplied by a PN
sequence running at the rate of 1.2288 MHz. -Each mobile unit is assigned
- aunique PN sequence for this purpose. This PN sequence can either be

15 assigned only for the duration of the call or assigned permanently to the
mobile unit. The assigned PN sequence is referred to herein as the user
PN sequence. The user PN sequence generator runs at a clock rate of
1.2288 MHz and so as to produce four PN chips for every Walsh chip.

Finally, a pair of short, length 32768, PN sequences are generated.

20 In the exemplary embodiment, the same sequences are used as for the
cell-to-mobile link. The user PN sequence covered Walsh chip sequence
is then covered or multiplied by each of the two short PN sequences.
The two resulting sequences then bi-phase modulate a quadrature pair of
sinusoids and are summed into a single signal. The resulting signal is

25 then bandpass filtered, translated to the final RF frequency, amplified,
filtered and radiated by the antenna of the mobile unit. As was discussed
with reference to the cell-to-mobile signal, the ordering of the filtering,
amplification, translation and modulation operations may be
interchanged.

30 In an alternative embodiment, two different phases of the user PN
code might be produced and used to modulate the two carrier phases of
the quadraphase waveform, dispensing with the need for using the
length 32768 sequences. In yet another alternative, the mobile-to-cell

iy



prevent nutual interference. The pilot waveform uses the

al | - zer wON2A0D63=quence, i.e. a Wal sh sequence conpri segi7usbi/oassmes
~that is found in all Walsh 15 function sets. The use of the all-zero Wlsh
sequence for all cells' pilot carriers allows the initial search for
the pilot waveformto ignore the Wal sh functions until after the outer
code PN synchroni zation has been obt a#fed. The Wal sh franing is |ocked
to the PN code cycle by virtue of the Il ength of the Wal sh frame being
a factor of the PN sequence length. 20 Therefore, provided that the cel
addressing offsets of the PN code are mul tiples of sixty-four chips

(or the VWl sh fifafnietoitilizé ?tm Nif¥eSthodulatiéri"alie Hispensip wikhi thiet |
fromthe outer lfDN_\(lzggn??ging%? clefp uaAII tIh% cglls *ihrga service
area are suppl inegdforithes eNCes. synchroni zation. In the preferred

embodi nent, a GPS r &ifd \cell-site qecéived forcldachy signahiproduces thecshoreRINor m

Lo L0, Ut vt an Skl IRL Ser PN gdlEn S ealflaci BB Bbicl ™

synchr oni zabi oecdived) IThe receiver ccoltelates the received signallenergy asigh leachi wiff

of a1, 0% e et AP 5 i, comblAhE" EREh of e Bohifieor !

mobi | e unit wi loutputs isathendseparately progessedoto demodulate the 64-ary encoding
and the convolutional coding using a Fast Hadamard Transform
processor and a Viterbi algorithm decoder. '

10 In another alternative modulation scheme for the mobile-to-cell
link, the same modulation scheme would be used as for the cell-to-
mobile link. Each mobile would utilize the pair of 32768 length sector
codes as outer codes. The inner code would utilize a length 64 Walsh
sequence that is assigned to the mobile for use while it is in that sector.

15 Nominally, the same Walsh sequence would be assigned to the mobile
for the mobile-to-cell link as is used for the cell-to-mobile link.

The above orthogonal PN coding scheme limits the available
bandwidth spreading that can be used by the modulation system to a
maximum rate of the chip rate divided by 64, or 19200 Hz for the

20 numbers used in the exemplary embodiment. This would preclude the

"~ use of m-ary encoding with large m as described for the exemplary
embodiment.- As an alternative, however, a rate r = 1/2, constraint
length K = 9 convolutional code could be used with differential binary
phase shift keying modulation of the encoded bina"ry symbols. The

25 demodulator in the cell-site could build up a phase reference over a
short interval using the technique described in the article "Nonlinear
Estimation of PSK-Modulated Carrier with Application to Burst Digital
Transmission”, Andrew J. Viterbi and Audrey M. Viterbi, IEEE
Transactions On Information Theory, Vol IT-29, No. 4, July 1983. For

30 example, a phase reference could be averaged over only 4 symbols
requiring no.more channel coherence than the above 64-ary scheme.

The performance of the just described alternative scheme,
however, will be inferior to the preferred embodiment in the presence of

4 \aced .
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to the new cell thereby facilitating a snooth handoff. The pil ot
carrier WO 92/80639 tted at a hi gher power |evel than a t VRO QIS91404400
carrier so as to provide greater signal to noise and .
interference margin for this signal.The higher power |evel pilot carrier
enables the initial acquisition search to bﬁ done at high speed and to
make possible a very accurate tracking of t € carrier phase of the pil ot
carrier by a relatively w de bandw dth phase tracking circuit. The carrier
5 phase obtained fromtracking the pilot carrier is used as the carrier
phase

severe Rayleigh fading and multipath conditions. However, in certain

environments where fading and multipath are less severe, for example,
the satellite-mobile channel and in certain land-mobile channels, the
performance of the alternative system could be better than the preferred
5 embodiment. This can occur because the gain from making the mobile
signals orthogonal to each other may exceed the loss in detection
efficiency of the DPSK scheme.
In order to satisfy the requlrement for time alignment in
orthogonal Walsh functions for the alternative mobile-to-cell link, each

10 cell receiver determines the time error from nominal timing of each
received signal. If a given received signal lags in timing, then the
associated cell modulator and transmitter will transmit a command to
this mobile to advance its transmit timing by a small increment.
Conversely, if the received signal timing of a mobile leads the nominal

15 timing, a command to retard by a small increment is transmitted to the
mobile. The timing adjustment increments are made on the order of 1/8
PN chip or 101.7 nanoseconds. The commands are transmitted at a
relatively low rate, on the order of 10 to 50 Hz and consist of a single bit
inserted into the digital voice data flow.

20 ~ During a soft handoff operation, the mobile unit will be receiving
signals from two or more cells. Because the mobile unit can only align
its timing in response to one of cells' timing adjust commands, the
mobile unit will normally move its timing in response to the
commands received from the strongest cell being received. The mobile

25 unit transmitted signal will thus be in time alignment with the cell with
which it has the best path. Otherwise greater mutual interference to
other users will result.

If each cell receiver receiving a mobile signal performs the above
time error measurement and correction transmission operation, then all

30 the mobiles' received signals will normally be received with
approximately the same timing, resulting in reduced interference.

Figure 9 illustrates in block diagram form an exemplar, mobile
unit CDMA telephone set. The mobile unit CDMA telephone set

4
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reference for denodul ation of the carriers nodul ated by user

i nf or maW(92/8063%l s. This technique all ows many user carri er SCTAUSHOE400
the common pilot signal for carrier phase. reference. For exanple, in a
systemtransmtting a total of fifteen simultaneous voice carriers, the 10
pilot carrier mght be allocated a transm @¢gpower equal to four voice

carriers. - In addition to the pil-ot carrier, another carrier
i ntended to be received by all systemusers in the cell is transmtted
by the cell-site. This carrier, called the synchronization channel,

olep uogs e HRORgRE IRCuingh R BT FERHERER ABEBR NI BEE RS iR

channel trans mreeemer 344 tarah cransmik prager camphlfmrng.?oéysthntemimr@ iagudl

T B e 5%, 40 U S, T e

identifies the conve

allowing the | mmisamami;@@cepnono mh 8 singlenantennasi gAntenna 4%

synchroni zegl wigh, I gaenie! |
call ed thee%agl ng, c andmfﬁﬁcﬁf s: ?lgviilgdl thet? tnhrou H‘i’gf&%r

mobi | es i ndi caBfAlPg FReeiver ﬁ&ge’é(ﬂ’ d'eF%Wq equ&ﬁ'&'}'t
with channel agiplxepn§32 Wiichaaf®ypitally in 2hes850 MHz frequency band for

amplification and frequency downconversion to an IF frequency. This
translation process is accomplished using a frequency synthesizer of

10 standard design which permits the receiver to be tuned to any of the
frequencies within the receive frequency band of the overall cellular
telephone frequency band.The signals are also filtered and digitized for
providing to digital data receivers 540 and 542 along with searcher

© receiver 544. , _

15 The details of receiver 434 are further illustrated in Figure 10.
Received signals from antenna 430 are provided to downconverter 500
which is comprised of RF amplifier 502 and mixer 504. The received
signals are provided as an input to RF amplifier 502 where they are
amplified and output as an input to mixer 504. Mixer 504 is provided

20 with another input, that being the signal output from frequency
synthesizer 506. The amplified RF signals are translated in mixer 504 to
an IF frequency by mixing with the frequency synthesizer output signal.

The IF signals are output from mixer 504 to bandpass filter (BPF)
508, typically a Surface Acoustic Wave (SAW) filter having a passband of

25 approximately 1.25 MHz, where they are from bandpass filtered. The
characteristics of the SAW filter are chosen to match the waveform of
the signal transmitted by the cell-site. The cell-site transmitted signal is a
direct sequence spread spectrum signal that is modulated by a PN
sequence clocked at a predetermined rate, which in the exemplary

30 embodiment is 1.2288 MHz. This clock rate is chosen to be an integer
multiple of the baseband data rate of 9.6 kbps.

"~ The filtered signals are output from BPF 508 as an input to a
variable gain IF amplifier 510 where the signals are again amplified. The

i



25 Each voice carrier transmts a digital representation of the
speech WO 92/00639 t el ephone cal|. The anal og speech wavef or m PET(ISA/ 04408

using .- standard digital tel ephone techniques and then conpressed using
a vocodi ng process to a data rate of approximtely 9600 bits per
second. This data signal is then rate igg= 1/2, constraint length K =9

30 convolutional encoded, with repetition,- and interleaved in order to
provi de error detection and correction functions which allow the system
to operate at a much | ower signal-to-noise and interference ratio.

2 amplified IF signals are output from IF amplifier 510 to analog to digital
(A/D) converter 512 where the signals are digitized. The conversion of
the IF signal to a digital signal occurs at a 9.8304 MHz clock rate in the
exemplary embodiment which is_exactly eight times the PN chip rate.

5 Although (A/D) converter 512 is illustrated as part of receiver 534, it
could instead be a part of the data and searcher receivers. The digitized
IF signals are are output from (A/D) converter 512 to data receivers 440
and 442, and searcher receiver 444.
Receiver 434 also performs a power control function for adjusting
10 the transmit power of the mobile unit. An automatic gain control (AGC)
circuit 514 is also coupled to the output of IF amplifier 510. In response
to the level of the amplified IF signal, AGC circuit 514 provides a
feedback signal to the gain control input of IF amplifier 510. Receiver 434
also uses AGC circuit 514 to generate an analog power control signal that
15 is provided to transmit power control drcuitry 438.
In Figure 9, the digitized signal output from receiver 434 is
provided to digital data receivers 440 and 442 and to searcher receiver
444. It should be understood that an inexpensive, low performance
mobile unit might have only a single data receiver while higher
20 performance units may have two or more to allow diversity reception.
The digitized IF signal may contain the signals of many on-going
calls together with the pilot carriers transmitted by the current cell-site
and all neighboring cell-sites. The function of the receivers 440 and 442
are to correlate the IF samples with the proper PN sequence. This
25 correlation process provides a property that is well-known in the art as
“processing gain” which enhances the signal-to-interference ratio of a
signal matching the proper PN sequence while not enhancing other
signals. Correlation output is then synchronously detected using the
pilot carrier from the closest cell-site as a carrier phase reference. The
30 result of this detection process is a sequence of encoded data symbols.
A property of the PN sequence as used in the present invention is
that discrimination is provided against multipath signals. When the
signal arrives at the mobile receiver after passing through more than
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Technlques for convolutlonal encodi ng, repetition and interleaving are

wel | 93/8063% art. The resul ting encoded synBETAUSR1£04400
nultlplled by an assi gned Wal sh sequence and then multiplied by the
outer PN code. This process 5 results in a PN sequence rate of 1.2288MHz
or 128 times the 9600 bps data rategpThe resulting signal is then
.nmodul ated onto an RF carrier and sunaed with the pilot and setup
carriers, along with the other voice carriers.- Sunmati on may be
acconplished at several different points in t he processing such as at

it pl i cat| oot PR Yhehe JTE BE P AtFrb bl the XecdRAOR 18 oF Bhe sighdlc,
mul tiplied by Mmmmmetd;fﬁermce correspandsitot the differenceiat distance t he
power of the ¥R egyf:&ecaé dcﬂ?sofkgh?g%gauon P ¥hlis HHE dRfterEAbe eﬁc@%ééwtso

power to be al toth require-higher pome
the intended rane miceseeandythen ther corzelation pracess will disariminate: betweeveans

are provi dgd frRe pdths/OThecfeceivercat tchbbséry ether E@Cﬁ"&&?‘inﬂ Gaaéxgéofw' se

ratio to allow the gpﬁfr to bﬁééet at | evel so as

adequat e per f c fwo Tepeivers Héﬁ@ﬁaﬂd%d such %f%ﬂ?éYQ’? 40 t he
Wal sh functi oand €42)0theth ewwm;)bnduat patHs fdapr Baltrack’l and prodedsedsin or
the the dlffer%ﬂéugplce carriers provided that time alignnent |s

Searcher receiver 444, under control of control processor 446 is for

10 continuously scanning the time domain around the nominal time of a
received pilot signal of the cell-site for other multi-path pilot signals
from the same cell-site and for other cell-site transmitted pilot signals.
Receiver 444 will measure the strength of any reception of a desired
waveform at times other than the nominal time. Receiver 444 compares

15 signal strength in the received signals. Receiver 444 provides a signal
strength signal to control processor 446 indicative of the strongest
signals.

Processor 446 provides control signals to data receivers 440 and 442
for each to process a different one of the strongest signals. On occasion

20 another cell-site transmitted pilot signal is of greater signal strength than
the current cell-site signal strength. Control processor 446 then would
generate a control message for transmission to the system controller via
the current cell-site requesting a transfer of the cell to the cell-site
corresponding to the strongest pilot signal. Receivers 440 and 442 may

25 therefore handle calls through two different cell-sites.

During a soft handoff operation, the mobile unit will be receiving
signals from two or more cells. Because the mobile unit can only align
its timing in response to one of cells' timing adjust commands, the
mobile unit will normally move its timing in response to the

. 30 commands received from the strongest cell being received. The mobile
unit transmitted signal will thus be in time alignment with the cell with
which it has the best path. Otherwise greater mutual interference to
other users will result.
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20 nmai nt ai ned. Figure 2 illustrates in block diagramform an
exenpl arWO 92/00638bodi nent cel |l -site equi pnent. At the cel k- siPET/USH/04400

receiver systemns are utilized with each having a separate antenna and
anal og receiver for space diversity reception. In each of the receiver
systens the signals are 25 processed identigﬁlly until the signals
undergoes a diversity conbination proceSs. The elenents within the
dashed lines correspond to el-enents -corresponding to the
comuni cati ons between the cell-site and one nobil e unit. The out put

of the analog receivers are also provided to other elenments used in

communi cations with oF¥ . eﬁﬁﬁm& ghanexemplary receiver, sucuas data raceiver 440

recei ver system isﬁll@@&ﬁfé@ﬁdf@:fﬂ\waemmﬁﬁi%ue 10. “DAP Yedeivér X£0 irdudes PN
er

S e e il SHEChad BT Senvte The B sm PG s

manner and corresponding to those generated by the cell-site. Timing

5 and sequence control signals are provided to PN generators 516 and 518

from control processor 446. Data receiver 440 also includes Walsh

generator 520 which provides the appropriate Walsh function for

communication with this mobile unit by the cell-site. Walsh generator

520 generates, in response to timing signals (not shown) and a function

10  select signal from the control processor, a signal corresponding to an

assigned Walsh sequence. The function select signal transmitted to the

mobile unit by the cell-site as part of the call set up message. The PNj

and PNq sequences output from PN generators 516 and 518 are

. Tespectively input to exclusive-OR gates 522 and 524. Walsh generator

15 520 provides its output to both of exclusive-OR gates 522 and 524 where

the signals are exclusive-OR'ed and output the sequences PN;' and

PNq'. _ _

The sequences PNy’ and PNQ' are provided to receiver 440 where

they are input to PN QPSK correlator 526. PN correlator 526 may be

20 constructed in a manner similar to the PN correlator of the cell-site

digital receivers. PN correlator 526 correlates the received 1 and Q

channel data with the PNy’ and PNQ' sequences and provides correlated

' I and Q channel data output to corresponding accumulators 528 and 530.

Accumulators 528 and 530 accumulate the input information over a

25 period of one symbol or 64 chips. The accumulator outputs are provided

to phase rotator 532 which also receives a pilot phase signal from control

processor 446. The phase of the received symbol data is rotated in

accordance with the phase of the pilot signal as determined by the

searcher receiver and the control processor. The output from phase

30 rotator 532 is the I channel data which is provided to the deinterleaver
and decoder circuitry. '

Control processor 446 also includes PN generator 52 which

generates the user PN sequence in response to an input mobile unit

N _ \‘\\\‘\\5‘\“\\~\\\
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recei ver 38. The second receiver systemincludes antenna 40, anal og

receiver - her receiver 44 and digital data receiver 4
The cel | "@??é@?@% includes cell-site control processor 48. ngtr{ltj)?g”wm

processor 48 is coupled to.data receivers 36, 38, and 46 along with 5
searcher receivers 34 and 44. Control processor 48 provi des anong ot her
functions, functions such as signal processidy; timng signal generation;
power control; and control over handoff, diversity, diversity conbining
and system control processar interface with the MISO (Figure 8): Wl sh
sequence assignnment along with transmitter and receiver assignnment is 10

al so provided by ,58pdsObr %&Cﬂgsﬁe“ﬁﬂ sequence outptﬁgﬁ-gn{ PN Q’é{eﬁv&?m is

and decoder ol rcFOViedoto BivareHy comhineD anst desprler, ircultry. bince: the, seiirie-
output of diver siiobifeSignatiis defaribleddwitlt ithé thbbile 3ser address PN sequence,
the output from PN generator 534 is used in descrambling the cell-site

5 transmitted signal intended for this mobile user similar to that as in the

cell-site receiver. PN generator 534 specifically provides the output PN

sequence to the deinterleaver and decoder circuity where it is used to

descramble the scrambled user data. Although scrambling is discussed

with reference to a PN sequence, it is envisioned that other scrambling

10 techniques including those well known in the art may be utilized.

The outputs of receivers 440 and 442 are thus provided to diversity
combiner and decoder circuitry 448. The diversity combiner circuitry
contained within circuitry 448 simply adjusts the timing of the two

_ streams of received symbols into alignment and adds them together.
15 This addition process may be proceeded by multiplying the two streams
by a number corresponding to the relative signal strengths of the two
streams. This operation can be considered a maximal ratio diversity
combiner. The resulting combined signal stream is then decoded using a
forward error detection (FEC) decoder also contained within circuitry 448.
20 The usual digital baseband equipment is a digital vocoder system. The
CDMA system is designed to accommodate a variety of different vocoder
designs. .

Baseband circuitry 450 typically includes a digital vocoder (not

shown) which may be a variable rate type as disclosed in the previously
25 mentioned copending patent application. Baseband circuitry 450 further

serves as an interface with a handset or any other type of peripheral

device. Baseband circuitry 450 accommodates a variety of different

vocoder designs. Baseband circuitry 450 provides output information

signals to the user in accordance with the information provided thereto
30 from dircuitry 448.

In the mobile-to-cell link, user analog voice signals are typically
provided through a handset as an input to baseband circuitry 450.
Baseband circuitry 450 includes an analog to digital (A/D) converter (not

4
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Digital Link 52 is also coupled to control processor 48, cell-site transmt
1 5 modul¥PIR/03%nd the MTSO digital switch. Digital |ink 52PCI/US1/02400

to comuni cate signals to and fromthe MISO (Figure 8 with cell-site .
transmt nodul ator 54 and circuitry 50 under the control of control
processor 48. The nobile unit trégsm' tted signals are direct
sequence spread 20 spectrum signals that ar&“nodul ated by a PN sequence
docked at a predeterm ned rate, which in the preferred enbodi nent is
1.2288 Mz. This clock rate is chosen to be an integer multiple of the
baseband data rate of 9.6 Kbps. Signal s received on antenna

30 are provided s@mhm@i 0N the apslogrisignalk to |digital IfQ?BI. vafhe?,dlgutd
further illust ra&%ﬁal s pravided. toStl‘@@lﬁltal vodgder VQ@O?W&E SHF&?l d. ?’8?

provided to downc

r 109 whi g ris } ;
and nixer 104. TN eq $§ Bmae‘irtg a mﬁE?ﬂ&é@&?@ﬁm HE) encoding
anplifier where tireyit nhot stiown) ifoflefrd? correctivh, Un e ekern Eﬁ\BBdi?dent

o
1 equency. syt he Ot EFbEOrERAal ancBRihE Fmplemaitoia ‘of & icankalitian
m xer 104 to an emcoding schenye.byThei digitized ehcoded signalfzswlpﬂﬁlrdmrﬁds@baﬂér
output signal.  creuitry 450 to transmit modulator 452.
' Transmit modulator 452 first Walsh- encodes the transmit data
and then modulates the encoded signal on a PN carrier signal whose PN
10  sequence is chosen according to the assigned address function for the call.
The PN sequence is determined by control processor 446 from call setup
information that is transmitted by the cell-site and decoded by receivers
440 and 442 and control processor 446. In the alternative, control
processor 446 may determine the PN sequence through prearrangement
15  with the cellsite. Control processor 446 provides the PN sequence
information to transmit modulator 452 ard to receivers 440 and 442 for
call decoding.
The output of transmit modulator 452 is provxded to transmit
power control circuitry 438. Signal transmission power is controlled by
20 the analog power control signal provided from receiver 434. Control bits
transmitted by the cell-sites in the form power adjustment command are
processed by data receivers 440 and 442. The power adjustment
command is used by control processor 446 in setting the power level in
mobile unit transmission. In response to this ¢ommand, control
25  processor 446 generates a digital power control signal that is provided to
circuitry 438. Further information on the relationship of receivers 440
and 442, control processor 446 and transmit power control 438 with
respect to power control is further described in the above-mentioned
copending patent application.
30 Transmit power control circuitry 438 outputs the power controlled
modulated signal to transmit power amplifier circuitry 436. Circuitry 436
amplifies and converts the IF signal to an RF frequency by mixing with a
frequency synthesizer output signal which tunes the signal to the proper

4
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The I F signals are then output fromm xer 104 to bandpass filter _ .

(BPF) WO 92/00638a1 |y a Surface Acoustic Wave (SAW filter haRGHESP1/04400
passband of 1.25 MHz, where they are bandpass filtered. The filtered
signals are output fromBPF 108 to IF anplifier 110 where the signals are

5 anplified. The anplified IF signals are54utput fromIF anplifier 110 to
analog to digital (A/D) converter 112 where they are digitized at a 9.8304
MHz clock rate which is exactly 8 times the PN chip rate. Although

(A/D) converter 112 is illustrated as part of receiver 32, it could instead

be output frequency. Circuitry 436 includes an amplifier which amplifies
the power to a final output level. The intended transmission signal is
output from circuitry 436 to diplexer 432. Diplexer 432 couples the signal

to antenna 340 for transmission to the cell-sites. o
5 Control processor 446 also is capable of generating control
messages such as cell-diversity mode requests and cell-site
communication termination commands. These commands are
provided to transmit modulator 452 for transmission. Control processor
446 is responsive to the data received from data receivers 440 and 442,
10 and search receiver 444 for making decisions relative to handoff and

diversity combining. :

. With respect to transmission by the mobile unit, the mobile user
analog voice signal is first passed through a digital vocoder. The vocoder
output is then, in sequence, convolutional forward error correction

- 18 (FEC) encoded, 64-ary orthogonal sequence encoded and modulated on a
PN carrier signal. The 64-ary orthogonal sequence is generated by a
Walsh function encoder. The encoder is controlled by collecting six
successive binary symbol outputs from the convolutional FEC encoder.
The six binary collectively determine which of the 64 possible Walsh
20 sequences will be transmitted. The Walsh sequence is 64 bits long. Thus,
the Walsh "chip” rate must be 9600 * 3 * (1/6) * 64 = 307200 Hz for a 9600

bps data transmission rate. - |
In the mobile-to-cell link, a common short PN sequence is used
for all voice carriers in the system, while user address encoding is done
25 using the user PN sequence generator. The user PN sequence is
uniquely assigned to the mobile for at least the duration of the call. The
user PN sequence is exclusive-OR'ed with the common PN sequences,
which are length 32768 augmented maximal linear shift register
sequences. The resulting binary signals then each bi-phase modulate a
30 quadrature carrier, are summed to form a composite signal, are bandpass
filtered, and translated to an IF frequency output. In the exemplary
embodiment, a portion of the filtering process is actually carried out by a
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a part of the data and searcher receivers. The digitized IF signals are 1 0
. out put f maDOEMA0B39 converter 112 to data receiver 36, optional PGE(ES91/04400

recei ver 38 and

searcher receiver 34. The signals output fromreceiver 32

are | and Q channel signals as discussed |later. Although as illustrated in
Figure 3 with A/D converter 112 being a si ngge device, with later

“splitting of the I and Q channel signals, il

is envisioned that channel 1

splitting nmay be done prior to digitizing with two separate A/D
converters provided for digitizing the | and Q channels. Schenes for the
RF- | F- Baseband frequency downconversion and anal to digital

(IR digiial irice

conversi on for |fiRite impulsenresponse

1, Opgrating on the binary

Sear cher recei vq*eqﬁén'@sou@p@.to at the cell-site to scan the tinme 20
domai n about the recejved si | to,ensure that the assogiated diqgital
data receiver 36, an?’lﬁ@#\g@g‘?ﬁgp%‘étsﬁ POYFE @FLM#%%;I‘]&‘ %éefg‘eﬁ‘h
the strongest avheldigital tormtroliprovessor gvdithe dnalog eeceiveri convested to the RF

Gl gnal s to aPy dapadkafy #%?ﬁeﬁtﬁéﬁwﬁﬁéwreiﬁsﬁﬁéixﬁ% ef Whicl

provi des a sjgn

25 received si gunes fthe signaletssproper output frequency s andal

ified tonthen

cel | -site data iBeAioifbht 10515 OPiE Mnsmit sigrfll 35 When' padlel 66 ' M afpiveer

aspects than the s) g{la rocessi ng

10

16

and the antenna.

Figure 11 illustrates a preferred, but yet exemplary, embodiment of
mobile unit transmit modulator 452. Data is provided in digital form
from the user digital baseband circuitry to encoder 600 where in the
exemplary embodiment is convolutionally encoded. The output of
encoder 600 is provided to interleaver 602 which in the exemplary
embodiment is a block interleaver. The interleaved symbols are output
from block interleaver 602 to Walsh encoder 604 of transmit modulator

452. Walsh encoder 604 utilizes the input symbols to generate a code

- sequence output. The Walsh sequence is provided to one input of

20

25

exclusive-OR gate 606. : : :

Transmit modulator 452 further includes PN generator 608 which
receives the mobile unit address as an input in determining the output
PN sequence. PN generator 608 generates the user specific 42-bit
sequence as was discussed with reference to Figure 3 and 4. A further
attribute of PN generator 608 that is common to all user PN generators
and not previously discussed is the use of a masking technique in
generating the output user PN sequence. For example, a 42-bit mask is
provided for that user with each bit of the 42-bit mask exclusive-OR'ed

. with a bit output from each register of the series of shift register that
form the PN generator. The results of the mask and shift register bit

30

exclusive-OR operation are then exclusive-OR'ed together to form the
PN generator output that is used as the user PN sequence. The output
PN sequence of PN generator 608, the sequence PNy, is input to
exclusive-OR gate 606. The Walsh symbol data and the PNy s-juence

_—
This Sheet Has

i

5

g

e
I



simlar elenents in the nobile unit. In the inbound, i.e. reverse or
mobi | e- WO 9P963% nk, the nobile unit does not transnmit a pi | BETAISHAP4408at
30 can be used for coherent reference purposes in signal processing at the

~cell-site. The nobile-to-cell link is characterized by a non-coherent
nodul ati on and denodul ati on schenme using 6dgary orthogonal si gnal | i ng.
25 In the 64-ary orthogonal signalling process, the nobile
uni t transmtted synbols are encoded into one of 26, i.e. 64,

different binary

are exclusive-OR'ed in exclusive-OR gate 606 and provided as in input
to both of exclusive-OR gates 610 and 612.
Transmit modulator 452 further includes PN generators 614 and
616 which respectively generate PNj and PNQ sequences. All mobile
5 units use the same PNj and PNQ sequences. These PN sequences are in
the exemplary embodiment the zero-shift used in the cell-to-mobile
communications. The other input of exclusive-OR gates 610 and 612 are
respectively provided with the PNj and PNq sequences output from PN
generators 614 and 616. The sequences PN and PN are exclusive-OR'ed
10 in the respective exclusive-OR gates with the output provided to
transmit power control 438 (Figure 9).
In the exemplary embodiment, the mobile-to-cell link uses rate
r = 1/3 convolutional code with constraint length K = 9. The generators
for the code are Gy = 557 (octal), G2 = 663 (octal), and G3 = 711 (octal).
"~ 15 Similar to the cell-to-mobile link, code repetition is used to
accommodate the four different data rates that the vocoder produces on a
20 msec frame basis. Unlike the cell-to-mobile link, the repeated code -
symbols are not transmitted over the air at lower energy levels, rather
only one code symbol of a repetition group is transmitted at the nominal
20 power level. In conclusion, the code repetition in the exemplary
embodiment is used merely as an expedient to fit the variable data rate
scheme in the interleaving and modulation structure as it will be shown
in the following paragraphs.
A block interleaver spanning 20 msec, exactly one vocoder frame,
25 is used in the mobile-to-cell link. The number of code symbols in 20
~ msec, assuming a data rate of 9600 bps and a code rate r=1/3, is 576. The N
and B parameters, N is equal to the number of rows and B to the number
of columns of the interleaver array are 32 and 18, respectively. The code
symbols are written into the interleaver memory array by rows and read
30 out by columns.
The modulation format is 64—ary orthogonal signalling. In other
words, interleaved code symbols are grouped into groups of six to select
one out of 64 orthogonal waveforms. The 64 time orthogonal
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sequences. The set of sequences chosen are known as Wal sh functions.
- The opt iwmwa/eessove function for the Wal sh function mary si grar/u$91/04400

encoding is the Fast Hadamard Transform (FHT). Ref erri ng again
to Figure 2, searcher receiver 34 and digital data receivers 36 and
38, receive the signals output from anal og ceiver 32. In order to
- decode the spread spectrumsignals transmtied to the parti cul ar
. cell-site receiver through which the nobile unit 10 conmunicates, the
_proper PN sequences nust be generated. Further details on the

Tt Waveloahe ol the et o i oS pomtcs I
generators 120 @ggliltd4robillilifik.generate two different short code PN 15
Faences of LN STy oS foh e R e 3 e, and i
outer code of tieferredliitot asna sWadste symbob dntervali n Atirg600; bps) 208.33t gsec
Cequences, Sﬁ?iﬁ%ﬂ*ﬁﬁ?ﬁ%@%ﬁﬂéfﬁ%&&ﬂi@%fﬁ*ﬁb"o‘ﬁ at e
respectivel y 20codefsymbal rateaequak tor2880(s spsi ) Thed br symbol (iptervalnisel
gglnz fg?:gcgi' gi ?‘#%‘rﬁe"ri]?ed ims 542qulil FeHPER Chine Thltvals, Weﬁ%.eié]as .Wﬁlsh
chips, each lasting 208.33 / 64 = 3.25 pusec. The Walsh chip rate is then
1/3.25usec = 307.2 kHz. Since the PN spreading rate is symmetric in the
10 two links, i.e. 1.2288 MHz, there are exactly 4 PN chips per Walsh chip.
A total of three PN generators are used in the mobile-to-cell link
path. The user specific 42-bit PN generator and the pair of 15-bit I and Q
channel PN generators. Following the user specific spreading operation,
‘the signal is QPSK spread as it was done in the cell-to-mobile link.
15  Unlike the cell-to-mobile link, where each sector or cell was identified by
unique sequences of length 215, here all mobile units use the same I and
Q PN sequences. These PN sequences are the zero-shift sequences used
in the cell-to-mobile link, also referred to as the pilot sequences.
Code repetition and energy scaling are used in the cell-to-mobile
20 link to accommodate the variable rates produced by the vocoder. The
mobile-to-cell link uses a different scheme based on a burst transmission.
The vocoder produces four different data rates, i.e. 9600, 4800, 2400,
and 1200 bps, on a 20 msec frame basis as in the cell-to-mobile link. The
information bits are encoded by the rate r = 1/3 corivolutional encoder
25 and code symbols are repeated 2, 4, and 8 times at the three lower data
rates. Thus, the code symbol rate is kept constant at 28800 sps. Following
the encoder, the code symbols are interleaved by the block interleaver
‘which spans exactly one vocoder frame or 20 msec. A total of 576 code
symbols are generated every 20 msec by the convolutional encoder, some
30 of which might be repeated symbols. _
The code symbols sequence as it is transmitted is shown in Figure
12. Notice that a vocoder frame, 20 msec, has been subdivided into 16
slots each lasting 1.25 msec. The numerology of the mobile-to-cell link is

AR AR
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pol ynom al s of degree 15, augnented to produce sequences of |ength

32768 r WMO2/0063h 32767 which woul d normal |y be produced. FoPCT/US91£04408 e,
t he augnmentation nay appear in the formof the addition of a 25 single
zero to the run of fourteen 0's in a row which appears one tinme in

every maxi mal |inear sequence of degree 15ggln other words, one state of
the PN generator would be repeated in the generation of the sequence.

Thus the nodified sequence contains one run of fifteen |'s and one run

of fifteen 0's. Such a PN generator circuit is disclosed in copending U.S.

30 Patent Application .entitl " PONER TW) LEN P NGl SE
SEQUENCE GENE ehinrsach agﬁgﬁ‘fe m%%&fﬁ%@‘,‘ﬁﬁ@%?%ﬁé or
filed equivaléntly 6 Wadslysgthbols abth@ 4800 15ps rite! hAt thesk/R rate, i.e.

:{é‘é E thiz (I\)/E NT sHEdSPO bps, the slots are grouped into 8 groups each comprising 2 slots. At

the 1/4 rate, i.e. 2400 bps, the slots are grouped into 4 groups each
8§ comprising 4 slots, and finally at the 1/8 rate, i.e. 1200 bps, the slots are
grouped into 2 groups each comprising 8 slots.

An exemplary symbol burst transmission pattern is further
illustrated in Figure 12. For example, at the 1/4 rate, i.e. 2400 bps, during
the fourth slot of the first group the fourth and eighth row of the

10 interleaver memory array are read out by columns and sequentially
transmitted. The slot position for the. transmitted data must be
randomized in order to reduce the interference.

~ The mobile-to-cell link timing is illustrated in Figure 13. Figure
13 expands upon the timing diagram of Figure 7 to include the mobile-

15 to-cell channels, i.e. voice and access. The synchronization of the
mobile-to-cell link comprises the following steps:

1. Decode successfully a sync message, i.e. CRC check;

2. Load long PN shift register with state received in the sync
message; and

20 3. Compensate for pilot code phase offset if receiving from a
sector which uses a shifted pilot.

At this point the mobile has complete synchronization, i.e. PN
synchronization and real time synchronization, and can begin to
transmit on either the access channel or voice channel.

25 The mobile unit in order to originate a call must be provided with
signaling attributes in order to complete a call to another system user via
a cell-site. In the mobile-to-cell link the envisioned access technique is
the slotted ALOHA. An exemplary transmission bit rate on the reverse
channel is 4800 bps. An access channel packet comprises of a preamble

30 followed by the information.

The preamble length is in the exemplary embodiment an integer
multiple of 20 msec frames and is a sector/cell parameter which the
mobile receives in one of the paging channel messages. Since the cell
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26 In the exenpl ary enbodi ment receiver 36 also includes a
. 1 ong WO 22706639\ generator 124 which generates a PN err] scqIIpS91/04400

corresponding to a PN sequence generated by the nobile unit in the
nmobi | e-to-cell 1ink. PN generator 124 can be a maximal |inear
sequence generator that 5 generates a userggPN code that is very long, for
exanpl e degree 42, tine shifted in acCordance wth an additional

- factor such as the nobile unit address or user ID to provide

~discrimnation anmong. users. Thus the cell - site received signal is

- nodul ated by both the I ong code PN err] sequence and the short code

" PN[err] and PN &eeeiveryishcthe. preamblesato resodve \propagation delays; this scheme
St andar ;°?D%§?e;§°§£éﬁ‘§fp?‘°@%‘2€ I g;“?s“?ﬁ?g‘??‘%ﬁ"g?"@“ radiys Ve Spei!
time using a us eifer éﬁ% elis either prearfanged of tyagsmitted to the
g(zazerator |124: mo}:)Liée ué“%s oﬁhgfm%gg]ﬁ}\lmnncedogt put from PN gener at or I
- e;il ﬁ)s(icv 2 |O\$e The xﬁgd\t’.l\’lahon is ngrngd Wnstaret FoP UHE FuratiohcoF ' the' ¥
preamble. The orthogonal waveform used in the preamble is Wy, i.e. the
all zero Walsh function. Notice that an all zero pattern at the input of
the convolutional encoder generates the desired waveform Wp.
- An access channel data packet may consist of one or at most two 20
10 msec frames. The coding, interleaving, and modulation of the access
channel is exactly the same as for a voice channel at the 9600 bps rate. In
an exemplary embodiment, the sector/cell requires the mobile units to
transmit a 40 msec preamble and the access channel message type
requires one data frame. Let Np be the number of preamble frames
15 where k is the number of 20 msec elapsed from a predefined time origin.
Then mobiles are allowed to initiate transmission on the access channel
only when the equation: (k, Np+2) = 0 is true.

With respect to other communications applications it may be
desirable to rearrange the various elements of the error correction

20 coding, the orthogonal sequence coding and the PN coding to better fit
the application.

For example, in satellite mobile communications where the
signals are relayed between large Hub earth stations and the mobile
terminals by one or more earth orbiting satellites, it may be desirable to

25 employ coherent modulation and demodulation techniques in both
directions of the link because the channel is much more phase coherent
than the terrestrial mobile channel. In such an application, the mobile
modulator would not utilize m-ary encoding as described above.
Instead, bi-phase or four-phase modulation of forward error correction

30 symbols might be employed with conventional coherent demodulation
with carrier phase extracted from the received signal using Costas loop
techniques. In addition, the orthogonal Walsh function channclization
such as herein described for the cell-to-mobile link may be employed. As

|
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gates 126 and 128 to provide the sequences PN err]' and PNQ .

The sequgpegodedberr]’ and PNl err]' are provided to PN QPSK cpeTaiSyfe4400
130 along with the I and Q channel signals output fromreceiver 32.
Correlator 130 is is utilized to correlate the I and Q channel data with
the 20 PN[err]' and PN[err]' sequences. The correlated |I and Q channel
out puts of correlator 130 are respectPvely provided to accumul ators
132 and 134 where the synbol data is accumul ated over a 4-chip
period. The outputs of accumul ators 132 and 134 are provided as

I nputs to Fast Hadamard Transform (FHT) processor 136. FHT processor
148 produces a lonig a8 the chafinel phiase remuins reasonably coheyerily|this Fiodifldtion

Ce T oL e g %@h‘%ﬁ“ﬂ%%%ﬁ%%wgvf-“ﬂ&éé@%oﬁ{?‘f"é“fﬁqﬂ' “
derpdul at ed si giadryserthogonal signaling ting in highemsystepucapadity.~HT 136 i s
provided to diversitpy “w&%@d‘?gggﬁéﬁﬁﬁgﬁféﬁw ¥o%&ﬂegﬂfees;ﬁéecfxor

further progesm ng. , 30 I Sys{em processes t

recei ved si gnal Waveform dlrectbamm RE yravelormainstgad: of qutilizing, ar vacnder
to the first reﬂﬁd\mC&&éhﬁiQues WhiletheUa&s of @%cadeir@\mtlé@n@ﬂ:ges

syl s Ut put Bl fE ey High Tk perforbince e el of nshitbhchebon
is high, resulting in additional cost and in  high power consumption.
These disadvantages may be especially unfavorable in a pocket portable

10 telephone where battery consumption and cost are important. In
customary digital telephone transmission practice, the speech waveform
is represented in a digital format as 8 bit speech samples at a sample rate
of 8 kHz. The CDMA system could encode the 8 bit samples directly into
carrier phase angles. This would eliminate the need for a vocoder or a

15 FEC encoder/decoder. It would also require a somewhat higher signal-
to-noise ratio for good performance, resulting in lower capacity. In
another alternative, the 8 bit speech samples could be directly encoded
into carrier amplitudes. In yet another alternative, the speech waveform
samples could be encoded into carrier phases and amplitudes.

20 The previous description of the preferred embodiments is
provided to enable any person skilled in the art to make or use the
present invention. The various modifications to these embodiments
will be readily apparent to those skilled in the art, and the generic
prindiples defined herein may be applied to other embodiments without

25 the use of the inventive faculty. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and novel
features disclosed herein.

30 WECLAIM:
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Crcuitry 50 includes an adder which adds the wei ghted 64 coefficients
fromrewd9R/0068 to the wei ghted 64 coefficients from recei PET/USI/HAD0.
resulting 64 coefficients are conpared with one another in order to
determ ne the | argest coefficient. The magni tude of the conparison 5

result; together with the identity or the |gjgest of t he—64—coefficients,

S used to determne a set of decoder. weights and sy
within a Viterbi algorithm decoder inplemented:-i n CI ‘ ﬂ“\ mm“\
The Viterbi decoder contained within circuitry 50 is

CLAIMS

1. A modulation system for use in spread spectrum
2 communications, comprising: _

means for generating a first orthogonal sequence signal
4 corresponding to a selected one of a plurality of orthogonal binary

sequences; |

6 means for generating a pseudo-noise (PN) signal corresponding to
a predetermined PN binary sequence;

8 means for combining said first orthogonal sequence s:gnal and

said PN slgnal and for providing a resultant first modulation signal.

2.  The system of Claim 1 further comprising additional means
2 for combining said first modulation signal with an input information
signal and for providing a resultant spread spectrum information signal.

3.  The system of Claim 1 wherein said plurality of orthogonal
2  binary sequences are Walsh sequences.

4. The system of Claim 1 wherein said PN sequence is an
2 augmented length maximal linear sequence PN code.
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capabl e of decoding data encoded at the nobile unit with a constraint 10
length Kwo®92/0063b of a code rate r = 1/3. The Viterbi decodePCriUS91/04408d
to determ ne the nost likely information bit sequence. Periodically,
nomnally 1.25 nmsec , a signal quality es%gﬁgte i s obtained and
“transmitted as a nobile unit power adjustrfent command al ong with dat a
to the nobile unit. Further information on_the generation of -this 1 5

quality estimate is discussed in further detail in the copendi ng
application nentioned above. This quality estimate is the average

signal -to-noise ratio over the 1.25 nsec interval. Each data
receiver tracks the timng of the received signal it is recei vi ng.
This is acconplished by the well known techni que of 20 correlating the
received signal by aTO/FROMy early | ocal reference T OTHER orrel ating

the received signal wipg§TR slightly late local refereGEELPSITES The

di fference between thes wo correlations will average tgerzero if
there is no timng error. versely, if there is Er;yﬂfﬁg error, then this
difference will indicate the nj f*the error and the.2 5

receiver's timng is adjusted accarding%iEM The cell-site further
i ncl udes antenna 62 which is coupled t \ recei ver 64. GPS receiver
processes signals received on ant ¢nnGONPROLER

"AND SWITCH

10—/ \

14

24

22b
20b 20a
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satellites in the Navstar dobal Positioning Systemsatellit

BTG TRkdet"
syst em & 98/gbgsoPr ovi de timng signals indicative of Uni ver BEIT/ESY
Coordi nated .-Tinme (UTC). GPS receiver 64 provides these timng signals

to control processor 48 for timng synch2¢m32|ng at the cell-site as
~ discussed previously.

28
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receiver is simlar to that described with reference to the_data r.ecejyers
36 WOR/08639Recei ver 38 may be utilized at the cell-si t BCTAUSR794400
additional 5 diversity nodes. This additional data receiver alone or in
combi nati on with additional receive3fi3an track and receive other

possi bl e del ay paths of nobile unit transmitted signals. Optd TO
additional digital data recei vers such as recei-ver 38 provi desgpTIONAL
addi ti onal di verrsu...y_m:de.s. WRILNe e —AF8 BX I BHRY ~50F b= +=N=f N S€ DIGITAL
cell-sites whic e_located in_dense urban 10 areas where ma y|
possibilities f "DOWNCONVERTERR! S 0CCiia Signal s rr m t BATA SO _
are coupled to thle pI’O{) ate t ansmt m)giul ator via dig t%l RECEIVER
under control off Fopbxe é#ocessbr \ ' | 54 under
control oFR@¥ntrg QL= egﬁ'_- A0 at e _dataTpor
transm ANTENNA !t he b pi ent 1 , YERGERhE! det agERRCHER
W th respect tolthele ructlﬁé and operati oq of tygglsmt dyl at SVER
are di scussed bqlbvg;nj—h—re-f—eq-eﬁ!:e to Figure 4. The] oyt pu 8
transmt nodul atorg s provided to transmt power contrEI circuitry

56 where undgp the cont rd—pyocessor 48 the trangm ssion
power may be cordtrol | ed %ﬁ@%t of ié) cuitry 56 20 is provided to
sumer 57 vvherellt is s HHES 1 3re out put of transmt
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nmobiles in the cell.

The out put of summer 57 is provided to transmt

power aw@ $2/0@639circuitry 58 where output to antenna 60 for PECAUSAI/044000

nobile units within the cell service area. Figure 2 further illustrates 25
pi l ot/ control channel generators and tradgit8t power control cirguitry 66
Circuitry 66 under control of control processor generates and ppwer
controls the pilot signal, the sync channel, and the paging chapnel for
coupling to 58 and out put to anten 3 A b oTK™
di agr am of aﬁtéiégpbér embodi ment off™ : rtter s~
i |1 ustrat e®ELL ADPRES Thetransmter ' PN | a
sequence gFROMIOONTROLET | ] esetqg\l -
generators geReces§orvwe di fferent PNisequences PNl err ] nd s
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29
t he secw@ 92700630 | addr ess.
circuitry of Figure 3 is illustrated in

pilot, sync

whi ch generate th

and voi ce channel
circuitry includes| two PN generators,
PN[err] and PN err] sequences$

Sigytds.
PN generators 196

PN[err] and PN err] sequences are delayed in tine according to

In Figure 4, POR/USA/0#MD0t er

further detail

The

with the

5 transmtter

—_ 2198

enerators 196 and

TO FIG. 4c

198 are vef to an input signal corresponding.to sector or cell
addr ess 'si"nga'I':l‘r ijde a
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Quadrat ugg (Q ¢h '
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for each of the pilot, sync, paging and voice channels to produce, in :
synchr oriWoea2/00639t he PN[err] and PN err] sequences used in tIMET/3i892/04d00ic.
Such a case may be advantageous to avoid distributing the PN err] and PNQ
sequences throughout a | arge nunber of ci its. 20 In the preferred
. enbodi nent, WAl sh_function encoding of t channel signals is

enpl oyed as the inner |code. In the exenplary numer ol ogy as di scl osed
herein, a total of 64 different WAl sh sequences - are available with
three of these sequen%es dedi cated to the pilot, sync and pagi ng
channel functions. Inlthe sync, paging and voice channels, 25 input data
is convolutionally endoded-and then interleaved as is vel | known in
the art. Furihernore, jthe convol utional encoded data is al so provi ded
with repetition be or% interleaving as is also well known in the art.
The pilot channel gontlains-no data nodul ation and is 30 characterized as
an unnodul ated spread|spectrum signal that_all of the . users of a
particular cell-site r sector use for ach|S|t|on or tracking

pur poses. Each—gel if divided into sectors, each sector FROM a uni que
pil ot signal. kae/erl rat her than using dlfferent PN genengiansMIfor the
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30 pilot signals, it is realized that a nore efficient maﬁb;o
c

gener at avgiokfoa63nt
- sequence. Uilizing this

searches the whol e sequence and
produces the strongest correlation.
the shifts nust be such that the-
interfere or cancel.

must therefore be | ong enough that many
generated by shifts in the basic sequence to

sequence,
or. sectors nust not

" pilot signals is to use shifts in P6I/Y§
technique a nobile unit sequentially

tqugatd the offset or shift that
In ‘using this shift of the basic.
pilots in adjacent cells
The pil ot sequence
di fferent -sequences can be
support a | arge nunber

of pilot signals in gheggyptem Furthernore, the
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10 separation or shifts must be great enough to ensure that there is no
i nt er f eWENB2/0063%i | ot signals. Accordingly, in a exenpl ary B&HOSHEM4081
the present invention the pilot sequenchlsngth is chosen to be 215. The
sequence is generated started by a sequ dd 215-1 with an extra 0
appended to the sequence when a particular state is detected. In the 15
.exenpl ary enbodi nent there are chosen to he 512 different pilot signals
with offsets in the basic sequence of 64 chips. However, offsets may be
integer multiples of the 64 chip offset with a corresponding reduction in

t he nunber of different pilot signals. I n generating the pil ot
signal, the Walsh "zero" (Werr]) sequence 20 which consists of all zeroes
is used so as to not nodul ate the pil ot signal, which in essence is
the PNNerr] and PN err] sequences. The Wal sh "zero" (Werr]) sequence
Is therefore nultiplied by the PN[err]an e S
excl usive-OR gates. The resulting pil ot @%g%élLbhﬁsfgg—ai?isb@nly t he
-~ PN err] and PNQ sequences. Wth al | GENERATOReINaBTATECXor s having t he
sanme PN 25 sequence for .the pil ot S|gnal t he di s\inguishing feature
between cel | -sites Cor &8s of & iSEGation the tradks®ESsion is
the ‘phase ofigdw seduence - [ Wilh respect ifon of
transmit nodul at or d power controly circuitry Gq for thelpil ot
channel , Wal sh gener aISJrPIGJMeB?IFb.ESGb SECS |
ZERO-SHIFT 11111 l 111 1
PILOT RERR | llll .
SYNC.CHANNEL MESSAGE SYNC MESSAGE
LENGTH MULTIPLE OF 80 MSEC ' #N+1

SYNC'II&JIl )//lz

CHANNEL r j | J I
SYNC MESSAGE #N |
LONG PN GENERATOR |
IS LOADED WITH X

PAGING o FOR SCRAMBLING
G o H
VOICE |
80 mSEC EQUAL TO - 1ST CODE SYMBOL OF NEW BIT
2 INTERLEAVER CYCLES OR DEINTERLEAVER WRITE ADDRESS 0
4 VOCODER FRAMES DEINTERLEAVER READ ADDRESS J

NEW INTERLEAVER CYCLE

TIME
FIG. 7
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generates a signal correspondlng to the all zero function as just 30

di scussq@y 92/08639' M ng in the generation of the Wl sh funct i BET{EYS91/04400
provided by the control processor, as in the case of all Wlsh function
generators in the cell-site and nobile: u9/l3 The out put of generator 200
~is provided as an input to both of exclusive-OR gates 202 and 204. The

: other input of exclusive-OR gate 202 receives the PN[err] signal while the
 other input of exclusive-OR gate 204 receives the PNQ signal. The PN err]
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and. PNQ signals are respectively exclusive-OR ed with the out put
gener atwoO ®2300638d r espectively provided as inputs to Fini teP'T—'Frﬂ-lﬁ

ut- of
93404480

Response (FIR) filters 206 and 208. The filtered signals output fromFIR
filters 206 and 208 provided to a transqpt/qgower control circuitry

conprised of ga
gain contro

out put from gain
anplifier circui,
| at er herein.
multiplied in
t he exenplary 15
sequence whi ch

"zeros". The res

n contro

control

etail ed,

excl usi ve-

el ements 210 an
el ements 210 and 212 are gain controlled in response to
i nput signals (not shown) fraomthe control

ts are provided to tr

hnel .
by SEARCHERSI

onfECERVER

e ANTENNANT , | t re—sT™
~consists pf |a seq
ul ti ng seqyence

PNQ sequences in
sync channel dat
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channel data

a i nformati

s then nmulti

n
on is provided to
bps. In the exen@#gry e
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he signals 1 0

mt power

fAunction is described
n is encoded and then
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nis L(g82)

‘| foll owed by 32
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length K =9, with each code synbol repeated tw ce.
and cmsmomm ength is common to all
i .e. sync, paging and voice. In an exenplary enbodi nent,
5 structure is enpl oyed for the gener41¢#48 of the code erf]
(octal) and Gerr] = 561 (octal).

This encoding rate
encoded forward | i nRCEAISM 4400

a shift register 2

= 753

The synbol rate to the symc—ehé@nel
Is in the exenplary enbodl ment 4800 sps, i.e. one synbol i4 26BARCKER
or 256 PN chips.~ —_—— e e E[30- GOGS- &Y FBOHs ~ar-e- +hter +eaved- by gég ?IIEFE‘
convol uti onal Lnterieaver. spang P@; in the exenplary enbodj Ife 6
nsec. The 30 tel EDO\VNCDNVER?ER ! aver are | = 14 and J =
48. Furt her e I I nt efl eavi ng |n Dat a Co ni cation.
Net wor ks and —3 }152. The
ef fect of FRQU__I_ M-l TO
channel D§PLENER EIES | DATA
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that any two synbols in a contiguous sequence of |1-1 or fewer synbols
are sepavotoarhoes9 at | east J+1 synbols in a deinterleaver outprgft/ 591’04400
Equi val ently, any two synbols in a contiguous sequence of J-1 synbols
are separated by at |east |+1 synbols atlZﬂdeeinterleaver output. In other
5 words, if I =16 and J =48, in a string of 15 synbols, the synbols are
- transmitted separated by 885 psec, thus praviding tine diversity.

The sync channel %yqﬁgls of a particular cell or sector are tied to
t he correspondi ng t signal for that cell or sector. Figure 5
il lustrates WSERti mi ng of t drF#erenté¥1+Ur—c N~ gnd (N+1)

which are 10 sepye3Tad by a shiftlof 64 cg{: 08 gure ﬂ str tes only

by way of il ag e prergteary—pi Iot nd sync
channel s v@ﬁéﬁé‘@osta%g Tg act ulgN pi llot] si g chl ps ana sync
I tlr at ed.
Silrs

channel syni6G® not i BENERAT@RArt s a pew
interl eaver ¢yqrewrtiTTthe ADDRES P2 B qgﬂﬁ Pynbol
pair (c[err], q[ eNCODERdUe to a cofle r BN I f
- e - - : TRANSHIT
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15 two, shifted with respect to absolute tine by .an anount equal to the
cor r espwodi2neneas | ot . As illustrated in Figure PCIVRISINOS DLt
channel starts a new. - - interleaver cycle, or pilot sync, at the time
t[err]. Simlarly, the N+1 pil ot eI starts a new interl eaver
cycle or pilot sync at the time t[err] I'C occurs 64 chip later in
time than tinme t[err]. The pilot cycle i nbodi nent is
26. 67 nsec | ong, which corresponds to 12 gﬁcﬁéﬁgptg?xalT) P@de synbol s or
32 sync channel information bits. The synGENRBARGR IN STé;ﬁbgls are

interl eaved by a convol uti ong gpg erl eagespghi ch spaps 2¢. SECnsec.
Thus, when the nobilge unit has jacguired thge pil ot si |, it 2 has

i medi ate s &Han synchrdni zat1 on, he sync
channel synbols are ilgned Wal sh I sequence to

provi de orthogonallt e sync channd , ¢ne code

e code s Iy t.o four

synbol
repetltlgﬁ%igﬁggp _ 6.
30 As il 1 gu |n | e Ioglcal "one"l re eserts t he
occurance of 32 |£3%l GEe a si ri]YN,CIME;ﬁ jero "
represents the QsENB‘l&h(MULCITIM "OFc180 MSEGHh S#N-Elthogoral ity in
the sync channel is} still)mgj ntainedeven thdugh tlhe sync ¢hannel
symbol s apg| pkeyRe vilth'_ | < il 7276 l
| | | ;
CHANNEL ;YNC MEéSAGE #N_,f 1ST CODE SYMBOL OF NEW
BIT INTERLEAVER WRITE
ADDRESS O DEINTERLEAVER
READ ADDRESS J NEW INTER-
| LONG PN GENERATOR ; LEAVER CYCLE
| 1S LOADED WITH X '
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OR VOICE HH—
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SYSTEM AND METHOD FOR GENERATING SIGNAL
WAVEFORMS IN A CDMA CELLULAR TELEPHONE
SYSTEM '

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to cellular telephone systems. More
specifically, the present invention relates to a novel and improved
system and method for communicating information, in a mobile
cellular telephone system or satellite mobile telephone system, using
spread spectrum communication signals.

II. Description of the Related Art

The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for facilitating communications
in which a largé number of system users are present. Other multiple
access communication system techniques, such as time division
multiple access (TDMA), frequency division multiple access (FDMA) and
AM modulation schemes such as amplitude companded single sideband
(ACSSB) are known in the art. However the spread spectrum
modulation technique of CDMA has significant 'advantages over these
modulation techniques for multiple access communication systems.
The use of CDMA techniques in a multiple access communication
system is disclosed in U.S. Patent No. 4,901,307, issued February 13, 1999,
entitled “SPREAD SPECTRUM MULTIPLE - ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS”, assigned to the assignee of the present invention, of
which the disclosure thereof is incorporated by reference.

In the just mentioned patent, a multiple access technique is
disclosed where a large number of mobile telephone system users each

REPLACEMENT SHE_EI

04 .MAR 997




——

exenplary systemtimng. In the period of two seconds there are 75 pil ot
cycles. In Figure 7, the N pilot and sync channels correspond to the 10
sector or cell using the unshifted pilot "such that the pilot and sync
signals align exactly with UTC tinme. As such the pilot sync, i.e. initial
state, aligns exactly with a common | pulse per second (pps) signalL

In all cases in which a shifted pilot is uséd, a PN phase of fset
corresponding to the pilot shift is i ntroduced. In other wor ds, pilot sync
15 (initial state) and sync channel nessages are skewed with respect to
the 1 pps signals. The sync nessages carries this phase offset

i nf or gat ' Fn SO  having 'hattriﬂi&em |®tﬁﬂidm@aﬂa Qﬂrb&gh lshb‘elhltén f‘épeaters or
accor di ngl y

oon a nne S
correctly recei viggrestmial basé sta rFFo't'Q QAR %ﬁ%‘f‘?%‘b"% séfeél‘if
synchroni ze to efdrhshor, pens)ngsﬁ{g codbadmtxonr multiple access 1 (EDMA) spread

Thterl eaver - cyol Sy comuRiRicon, signali®th B %ﬁg%ﬁﬁ“ﬁﬁaﬁpﬁ%
dei nt er| eavi r% t freqiency spmuuynanlbofreuscmdnuwple timesothus ypm&tingwpnor
a.(cferr], cler riq:&éasgg.hrs;s thrhudts tzd”‘!'ﬂé%ezéf CUMA resy i ﬁdﬁ%chThe

dei nterl eaver wr TNt

| to, O ess
is initialized tBigher spestral cﬁ}lﬁle@tcyem c§9nbﬁr§?ﬂ'|‘§‘<‘ﬂqeéﬁ“% other mu txple

achi eved. access techniques.
' The satellite channel typically experiences fading that is

10 characterized as Rician. Accordingly the received signal consists of a
direct component summed with a multiple reflected component having
Rayleigh fading statistics. The power ratio between the direct and
reflected component is typically on the order of 6-10 dB, depending upon
‘the characteristics of the mobile unit antenna and the environment

15 about the mobile unit.

Contrasting with the satellite channel, the terrestrial channel
experiences signal fading that typically consists of the Rayleigh faded
component without a direct component. Thus, the terrestrial channel
presents a more severe fading environment than the satellite channel in

20 which Rician fading is the dominant fading characteristic.

The Rayleigh fading characteristic in the terrestrial channel signal
is caused by the signal being reflected from many different features of the
physical environment. As a result, a signal arrives at a mobile unit
receiver from many directions with different transmission delays. At

25 the UHF frequency bands usually employed for mobile radio

' communications, including those of cellular mobile telephone systems,
significant phase differences in signals traveling on different paths may
occur. The possibility for destructive summation of the signals may

 result, with on occasion deep fades occurring.

30 Terrestrial channel fading is a very strong function of the physical
position of the mobile unit. A small change in position of the mobile
unit changes the physical delays of all the signal propagation'paths,
which further results in a different phase for each path. Thus, the
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A

nmessages carr rmation regarding the state- of a
F-;tmwo ce channel assigned for the
D1 eu;w%. This information is used at the 30

The sync channel
42-bit long PN ge
conmuni cation wt
mobile unit digital
generators. For exa
-contains a 42-bit ¥i
" sector or cell voi
34 -

ata receiver o synchroni ze the correspondi ng PN
34 MARF987, t he sync channel nessage N+1

which is ilnaicative f the state, state X, that the
~corresppndi ng | ong- code PN generator wil |

motion of the mobile unit through the environment can result in a
quite rapid fading process. For example, in the 850 MHz cellular radio
frequency band, this fading can typically be as fast as one fade per second
per mile per hour of vehicle speed. Fading this severe can be extremely
5 disruptive to signals in the terrestrial channel resulting in poor
communication quality. Additional transmitter power can be used to
overcome the problem of fading. However, such power increases effect
both the user, in excessive power consumption, and the system by
increased interference. |
10 The CDMA modulation techniques disclosed in U.S. Patent No.
4,901,307 offer many advantages over narrow band modulation
techniques used in communication systems employing satellite or
terrestrial repeaters. The terrestrial channel poses special problems to
ahy communication system particularly with respect to multipath
15 signals. The use of CDMA techniques permit the special problems of the
terrestrial channel to be overcome by mitigating the adverse effect of
multipath, e.g. fading, while also exploiting the advantages thereof.
In a CDMA cellular telephone system, the same frequency band
can be used for communication in all cells. The CDMA waveform
20 properties that provide processing gain are also used to discriminate
between signals that occupy the same frequency band. Furthermore the
high speed pseudonoise (PN) modulation allows many different
propagation paths to be separated, provided the difference in path delays
exceed the PN chip duration, i.e. 1/bandwidth. If a PN chip rate of
25 approximately 1 MHz is employed in a CDMA system, the full spread
spectrum processing gain, equal to the ratio of the spread bandwidth to
system data rate, can be employed against paths that differ by more than
one microsecond in path delay from the desired path. A one
microsecond path delay differential corresponds to differential path
30 distance of approximately 1,000 feet. The urban environment typically
provides differential path delays in excess of one microsecond, and up to
10-20 microseconds are reported in some areas.
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have at a predeterm.ned later tine ich as 160 nsec |ater. The nobile
unit, after successf i ﬂtngmaTS/no channel nessage, |oads at the
correct instant of { el PN generator with the state X. The
nobile unit |ong code}{PN generator s}t hus synchronized to permit 5
descranbling of thelu erQ driaR J8% sgages. Wth respect to the
portion of transmt war 4 control circuitry 66 for the
sync channel, the sy annel informgtion is i nput fromthe control
processor to encoder) 214. The syre—ehdnnel data in the exenplary
enbodi nent is, as discussed above, convolutional 10 encoded by encoder

214. Encoder 214 furmeﬁ xﬁb%“lﬂﬁa nfo@ilaltio) s9§tézﬂ§ such a8neRé athaiygEMs,

in the case of the s t.he encoded eat d Th
symbol s out put mogdnl éﬁ@Bo@F? ed by, ‘-'BN!WB@WS‘%/F epﬁong ﬁy&ﬁ%\}gg sgeWFﬁ cﬁ
provi des convol gf lxﬁﬁ&i leNpaths aesuleg infsevere mulnplgh‘daﬂi;n THWithnwdde deanet

i VS“EE”tgaEﬁ%”t SAufaBER, noiybhns R s Fafbg Hibtnifipieg
coL rreslp(r)]nglt r?ot ag hinstl in thvaaemo(dﬂayxonemm t hEhisi dnmm&ioaslgtmy
O e s’ BB 88 iy Sk b BBgale Mhg A gl
216 with the regbmmated in usmg CDMA discrimination xques cause there will
occasionally exist paths with delayed differentials of less than the PN
chip duration for the particular system. Signals having path delays on
10 this order cannot be discriminated against in the demodulator, resulting
in some degree of fading.

It is therefore desirable that some form of diversity be provided
which would permit a system to reduce fading. Diversity is one
approach for mitigating the deleterious effects of fading. Three major

15 types of diversity exist: time diversity, frequency diversity and space
diversity.

Time diversity can best be obtained by the use of repetition, time
interleaving, and error detection and coding which is a form of
repetition. The present invention employes each of these techniques as

20 a form of time diversity.

CDMA by its inherent nature of bemg a wideband signal offers a
form of frequency diversity by spreading the signal energy over a wide
bandwidth. Therefore, frequency selective fading affects only a small
part of the CDMA signal bandwidth. |

25 Space or path diversity is obtained by providing multiple signal
paths through simultaneous links from a mobile user through two or
more cell-sites. Furthermore, path diversity may be obtained by
exploiting the multipath environment through spread spectrum
processing by allowing a signal arriving with different propagation

30 delays to be received and processed separately. Examples of path
diversity are illustrated in copending U.S. Patent Application entitled
“SOFT HANDOFF IN A CDMA CELLULAR TELEPHONE SYSTEM”,
Serial No. 07/433,030, filed November 7, 1989, and copending U.S. Patent
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20 thereof provided as an input to both of exclusive-OR gates 220 and 222.
The other input of exclusive-OR gate 220 receives the PN[err] signal

whil e the other input of exclusi ‘vc ORlgate 222 receives the PNQ signal.
‘The PN err] and PNQ &p@“;ﬁlxﬁhﬁ tively exclusive-OR ed with the

out put of excl usive-

OR—g4 g and {raspectively provided as inputs to 25

Finite | npul se Responsk erls {224 arld 226. The filtered signals
output fromFIR filtkrg M%% ovided to a transmt power control

' circuitry conprised e gain control elenments 228 and 230.
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channel i nf or mat 1889,iboth| assignedtddhe assignee pf the ipresent inventibrs | eaved and
then multiplied by a ffg35atetdiibus BtrettsS6F F4dig carl Ve further controlled to a
5 certain extent in a CDMA system by controlling transmitter power. A

system for cell-site and mobile unit power control is disclosed in

copending U.S. Patent Application entitled “METHOD AND

APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A

CDMA CELLULAR MOBILE TELEPHONE SYSTEM”, Serial No.

10 07/433,031, filed November 7, 1989, also assigned to the assignee of the

present invention.

The CDMA techniques as disclosed in 'U.S. Patent No. 4,901,307
contemplated the use of coherent modulation and demodulation for
both directions of the link in mobile-satellite communications.

15  Accordingly, disclosed therein is the use of a pilot carrier signal as a
. coherent phase reference for the satellite-to-mobile link and the cell-to-
mobile link. In the terrestrial cellular environment, however, the
severity of multipath fading, with the resulting phase disruption of the
channel, precludes usage of coherent demodulation technique for the
20 mobile-to-cell link. The present invention provides a means for
overcoming the adverse effects of multipath in the mobile-to-cell link by
using noncoherent modulation and demodulation techniques.

The CDMA techniques as disclosed in U.S. Patent No. 4,901,307
further contemplated the use of relatively long PN sequences with each

25 user channel being assigned a different PN sequence. The cross-

correlation between different PN sequences and the autocorrelation of a

PN sequence for all time shifts other than zero both have a zero average

value which allows the different user signals to be dlscnmmated upon
reception

30 However, such PN signals are not orthogonal. Although the

cross-correlations average to zero, for a short time interval such as an

information bit time the cross-correlation follows a binomial

~ distribution. As such, the signals interfere with each other much the
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noise, ultimately limits the achievable capadity.

The existence of multipath can provide path diversity to a
wideband PN CDMA system. If two or more paths are available with
greater than one microsecond differential path delay, two or more PN
receivers can be employed to separately receive these signals. Since these
signals will typically exhibit independence in multipath fading, i.e., they
usually do not fade together, the outputs of the two receivers can be
diversity combined. Therefore a loss in performance only occurs when
both receivers experience fades at the same time. Hence, one aspect of
the present invention is the provision of two or more PN receivers in
combination with a diversity combiner. In order to exploit the existence
of multipath signals, to overcome fading, it is necessary to utilize a
waveform that permits path diversity combining operations to be
performed.

It is therefore an object of the present invention to provide for the
generation of PN sequences which are orthogonal so as to reduce mutual
interference, thereby permitting greater user capacity, and support path
diversity thereby overcoming fading.

SUMMARY OF THE INVENTION

The implementation of spread spectrum communication
techniques, particularly CDMA techniques, in the mobile cellular
telephone environment therefore provides features which vastly
enhance system reliability and capacity over other communication
system techniques. CDMA techniques as previously mentioned further
enable 'problems such as fading and interference to be readily overcome.
Accordingly, CDMA techniques further promote greater frequency reuse,
thus enabling a substantial increase in the number of system users.

[QCPA24PAT.F25] :
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“the symbol s are corpvél‘ﬁ‘t’?kﬁ‘lﬁWTl SWmErl ¢aved. The output frominterl eaver

233 is provided asjan i ugi ve- OR gate 234. Although the 15
*pagi ng channel dat ' he code synbol rate is kept constant
at 19.2 ksps by coflejrepeti : Wal sh generator. 236 generates a

signal, correspondj ng egssi gneg Wl sh sequence, that is

' ' excl usi ve-OR gate 234. The synbol data
and Wal sh sequence are 2 +ve- OR ed by exclusive-OR gate 234 and
provi ded as an input to bot h of exclusive-OR gates 238 and 240.

The ot her input of ﬁ:cl usi ve- QR gate 238 recei Yes he PNYe&rJ] Si gn I
while the other inptReopreseat ifveBton s noye i NRBY
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Fimite | mpul scbRegnnt Basisa 1t anbl]Inierierehol VAL bF refieed dluine
out put from FI Kighet capacity andrbettstdink pe rféﬂilanoe.anthnsrth pnakPNcmdespl
provided & oot Eaaft-sPAdIaRBR, 1 zrgol Bﬁ%ézéfeeﬂgrﬁ'@ ( Hine e
response to i nresulingnin ao( inferferense) between (thec ngl DrPl’O\ridgd
signal's out put ohlyiHafhe coBB itk fFARETaeStimetaliprivd WAth acH b ¢
In an exemplary embodiment, signals are communicated between
a cell-site and mobile units using direct sequence spread spectrum
10 communication signals. In the cell-to-mobile link, pilot, sync, paging
and voice channels are defined. Information communicated on the cell-
to-mobile link channels are, in general, encoded, interleaved, bi-phase
shift key (BPSK) modulated with orthogonal covering of each BPSK
symbol along with quadrature phase shift key (QPSK) spreading of the
15 covered symbols.
In the mobile-to-cell link, access and voice channels are deﬁned
. Information communicated on the mobile-to-cell link channels are, in
general, encoded, interleaved, orthogonal signalling along with QPSK
spreading.

20

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
25 become more apparent from the detailed description set forth below
when taken in conjunction with the drawings in which like reference
characters identify correspondingly throughout and wherein:
Figure 1 is a schematic overview of an exemplary CDMA cellular
telephone system;
30 Figure 2 is a block diagram of the cell-site equipment as
implemented in the CDMA cellular telephone system;
Figure 3 is a block diagram of the cell-site receiver;
Figure 4 is a block diagram of the cell-site transmit modulator; and
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Figure 5 is an exemplary timing diagram of sync channel symbol
synchronization; o

Figure 6 is an exemplary timing diagram of sync channel timing
with orthogonal covering;

Figure 7 is an exemplary timing diagram of the overall cell-to-

‘mobile link timing;

Figure 8 is a block diagram of the mobile telephone switching
office equipment;

Figure 9 is a block diagram of the mobile unit telephone
configured for CDMA communications in the CDMA cellular telephone
system;

Figure 10 is a block diagram of the mobile unit receiver; and

Figure 11 is a block diagram of the mobile unit transmit
modulator; | '

Figure 12 is an exemplary timing diagram of the mobile-to-cell
link for the variable data rate with burst transmission; and

Figure 13 is an exemplary timing diagram of the overall mobile-

to-cell link timing.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In a CDMA cellular telephone system, each cell-site has a plurality
of modulator-demodulator units or spread spectrum modems. Each
modem consists of a digital spread spectrum transmit modulator, at least
one digital spread spectrum data receiver and a searcher receiver. Each
modem at the cell-site is assigned to a mobile unit as needed to facilitate
communications with the assigned mobile unit.

A soft handoff scheme is employed for a CDMA cellular telephone
system in which a new cell-site modem is assigned to a mobile unit
while the old cell-site modem continues to service the call. When the
mobile unit is located in the transition region between the two cell-sites,

In
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Il lustrated herei up to 61 different Walsh sequences are avail able for

use by the voice CMPUMEMENT CYEET In the exenpl ary enbodi nent of the
"present invention, ce. 1 thannel utilizes a variable data rate.
The intent in usm varlabled h rate is to lower the data rate
- when there is no i@ 4 MAR 993/ ih=reby reduci ng interference
generated by thi ‘; rticular voictelchannel9to other - users. The vocoder
envi sioned to pr bvi de variabl e ratk data is disclosed i n copendi ng
U.S. Patent Appl teati-on—-VARLARLE RATE VOCODER' 1 5 Serial No.
filed . also assigned to the assi gnee of the present

vention. SucthelePBICbePkiHRER BalE Aid K8 betwedt (eI Sis 93! Aghal o5

based on voice ac Vi dy rane b rat es
are 9.6 kbps, strengthpdictates. kb§§\Q§m§hq mobijgsunit is a&myéugﬁmmsn&&tm ate

wll vary on AdBughoh 'tsoné Relcase nsdd@al fewee cﬁ@m ﬁngeéﬁe@@nﬁi dw by
code repetition at ~19. . Accordi t he.co s#m
repeated 2, 4 ile FN‘FBS“'f’é? Seruce e%'}r)lgé{q% dﬁ'ﬁ mabile um %"‘8 Réﬁges 2.4
kbps and 1.8 kiiftiple receivers fov assistinige irv ahe dandoffiprocesscire additiow iteeal t o
[ awer enr S;f g ﬁ&a@#@@éﬁﬁ%?ﬁg BT 2t s o 0.6 Kbpe.
4.8 kbps, 2.4 kbps hnthe CDM#A<ellular telephone system, each cell-site transmits a
“pilot carrier” signal. Should the cell be divided into sectors, each sector

has an associated distinct pilot signal within the cell. This pilot signal is

10 used by the mobile units to obtain initial system synchronization and to
provide robust time, frequency and phase tracking of the cell-site
transmitted signals. Each cell-site also transmits spread spectrum
modulated information, such as cell-site identification, system timing,
mobile paging information and various other control signals.

15 The pilot signal transmitted by each sector of each cell is of the
same spreading code but with a different code phase offset. Phase offset
allows the pilot signals to be distinguished from one another thus
distinguishing originating cell-sites or sectors. Use of the same pilot
signal code allows the mobile unit to find system timing

20 synchronization by a single search through all pilot signal code phases.
The strongest pilot signal, as determined by a correlation process for each
code phase, is readily identifiable. The identified strongest pilot signal
generally corresponds to the pilot signal transmitted by the nearest cell-
site. However, the strongest pilot signal is used whether or not it is

25 transmitted by the closest cell-site.

Upon acquisition of the strongest pilot signal, i.e. initial
synchronization of the mobile unit with the strongest pilot signal, the
mobile unit searches for another carrier intended to be received by all
system users in the cell. This carrier, called the synchronization channel,

30 transmits a broadcast message oﬁntéining system information for use by
the mobiles in the system. The system information identifies the cell-
site and the system in addition to conveying information which allows
the long PN codes, interleaver frames, vocoders and other system timing
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code synmbol energy (E[err]) is respectively Eb/2, Eb/4, Eb/8 and Eb/16

wher e Eb is the information bit energy for the 9.6 kbps transm ssion
rate. _ T eRBq_ggﬁg@b@ngpre interl eaved by a convol utiona

i nterl eaver sjc ols with different energy levels wll
be scranbled by 30 eratlon o# he inferleaver. In order to keep
track of what energ MAR/ 8972 [cade syntdl shoul d have a | abel is
attached to each sy I speciifying its data rate for scaling

pur poses. After orthogonal Walsh : covering and PN spreading, the
guadr ature channel s Lgitally. filtered

37 information used by the mobile mobile unit to be synchronized without

-additional searching. Another channel, called the paging channel may

also be provided to transmit messages to mobiles indicating that a call

has arrived for them, and to respond with channel assignments when a
5 mobile initiates a call.

The mobile unit continues to scan the received pilot carrier signal
code at the code offsets corresponding to cell-site neighboring sector or
neighboring transmitted pilot signals. This scanning is done in order to
determine if a pilot signal emanating from a neighboring sector or cell is

10 becoming stronger than the pilot signal first determined to be strongest.
If, while in this call inactive mode, a neighbor sector or neighbor cell-site
pilot signal becomes stronger than that of the initial cell-site sector or
cell-site transmitted pilot signal, the mobile unit will acquire the
stronger pilot signals and corresponding sync and paging channel of the

15 new sector or cell-site.

When a call is initiated, a pseudonoise (PN) code address is
determined for use during the course of this call. The code address may
be either assigned by the cell-site or be determined by prearrangement
based upon the identity of the mobile unit. After a call is initiated the

20 mobile unit continues to scan the pilot signal transmitted by the cell-site
through which communications are established in addition to pilot
signal of neighboring sectors or cells. Pilot signal scanning continues in
order to determine if one of the neighboring sector or cell transmitted

~ pilot signals becomes stronger than the pilot signal transmitted by the

25 cell-site the mobile unit is in communication with. When the pilot
signal associated with a neighboring cell or cell sector becomes stronger
than the pilot signal of the current cell or cell sector, it is an indication to
the mobile unit that a new cell or cell sector has been entered and that a
handoff should be initiated. _

30 An exemplary telephone system in which the present invention is
embodied is illustrated in Figure 1. The system illustrated in Figure 1
utilizes spread spectrum modulation techniques in communication
between the system mobile units or mobile telephones, and the cell-sites.
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mobile telephone switching office ( typically includes interface
and processing circuitry for providing system control to the cell-sites.
Controller 10 also controls the routing of telephone calls from the public
switched telephone network (PSTN) to the appropriate cell-site for
transmission to the appropriate mobile unit. Controller 10 also controls
the routing of calls from the mobile units, via-at least one cell-site, to the
PSTIN. Controller 10 may connect calls between mobile users via the
appropriate cell-sites since the mobile units do not typically
communicate directly with one another.

Controller 10 may be coupled to the cell-sites by various means
such as dedicated telephone lines, optical fiber links or microwave
communication links. In Figure 1, two such exemplary cell-sites 12 and
14 including, along with mobile units 16 and 18 each including a cellular
telephone are illustrated. Cell-sites 12 and 14 as discussed herein and
illustrated in the drawings are considered to service an entire cell.
However it should be understood that the cell may be geographically
divided into sectors with each sector treated as a different coverage area.
Accordingly, handoffs are made between sectors of a same cell as is
described herein for multiple cells, wl'ule diversity may also be achieved

g’?ﬁ_’[

’

' between sectors as is for cells.

30

In Figure 1, arrowed lines 20a-20b and 22a-22b respectively define
the possible communication links between cell-site 12 and mobile unit
16 and 18. Similarly, arrowed lines 24a-24b and 26a-26b respectively
define the possible communication links between cell-site 14 and mobile
units 16 and 18. Cell-sites 12 and 14 nominally transmit using equal

power.
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I nput of excl Usijve- OR gate 253i In the exenplary

enbodi nent, each voilce channel S|gndl is 232 scranbled to provi de greater
security in cell-to-lopbile transni ssigns. Al t hough such scrambling is
not required it does enhance the security in conmuni cati ons. For

exanpl e, scranbling of the voice channel signals may be acconplished
by PN codi ng t he voiThe cellssité scrgml arenst or xells| are designed imtgeagraplicvy

the mobile unitg E%ﬁ%h‘l&«a{’ﬁ?é nidpile’tif vgﬁi BE:ln'ail? t?éodof@&yto%ﬁst E&E—sﬂ@‘”

sequence or encry I on schene_as di Scuss erence |gure 3
with respect toakhaithiniong rell se@teéusmulﬁcshetcnabedlwded)mmesqcsor@a

conmuni cati ons. (i aeebile dnit B8 ﬁdi@arxaé e RO eAll¢ Al Progress, tH@YmBBile unit
| pl ement ed 5f or tn%lsn )9 rjn%x'u%‘rséﬁle p&gtséxrg% n'alngmlzzslsg;;nrse&om each nearby cell-
site, and if applicable from a single cell-site in which the cell is sectorized.
As illustrated in Figure 1, the pilot signals are respectively transmitted to
mobile unit 16 by cell-sites 12 and 14 upon outbound or forward
communication links 20a and 26a. Mobile unit 16 can determine which
10 cellitis in by comparing signal strength in pilot signals transmitted from
cell-sites 12 and 14.
In the example illustrated in Figure 1, mobile unit 16 may be
considered closest to cell-site 12. When mobile unit 16 initiates a call, a
. control message is transmitted to the nearest cell-site, cell-site 12. Cell-
15 site 12 upon receiving the call request message, transfers the called
number to system controller 10. System controller 10 then connects the
call through the PSTN to the intended recipient.
Should a call be initiated within the PSTN, controller 10 transmits
the call information to all the cell-sites in the area. The cell-sites in
20 return transmit a paging message within each respective coverage area
that is intended for the called recipient mobile user. When the intended
recipient mobile unit hears the page message, it responds with a control
message that is transmitted to the nearest cell-site. This control message
signals the system controller that this particular cell-site is in
25 communication with the mobile unit. Controller 10 then routes the call
through this cell-site to the mobile unit. Should mobile unit 16 move
out of the coverage area of the initial cell-site, cell-site 12, an attempt is
made to continue the call by routing the call through another cell-site.
With respect to cellular telephone systems, The Federal
30 Communications Commission (FCC) has allocated a total of 25 MHz for
mobile-to-cell links and 25 MHz for cell-to-mobile links. The FCC has
divided the allocation equally between two service providers, one of
which is the wireline telephone company for the service area and the
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signals fromthe 5044, tRE 1R5MEES AMiocsled t8¥Akh carrier for each direction of the link
is further subdivided into two sub-bands. For the wireline carriers, the
“sub-bands are each 10 MHz and 2.5 MHz wide. For the non-wireline
5 carriers, the sub-bands are each 11 MHz and 1.5 MHz wide. Thus, a
signal bandwidth of less than 1.5 MHz could be fit into any of the sub-
bands, while a bandwidth of less than 2.5 MHz could be fit into all but
one sub-band.
To preserve maximum flexibility in allocating the CDMA
10 technique to the available cellular frequency spectrum, the waveform
utilized in the cellular telephone system should be less than 1.5 MHz in
bandwidth. A good second choice would be a bandwidth of about 2.5
MHz, allowing full flexibility to the wireline cellular carriers and nearly
full flexibility to non-wireline cellular carriers. While using a wider
15 bandwidth has the advantage of offering increased multipath
discrimination, disadvantages exist in the form of higher equipment
costs and lower flexibility in frequency assignment within the allocated
bandwidth.
In a spread spectrum cellular telephone system, such as illustrated
20 in Figure 1, the preferred waveform design implemented involves a
direct sequence pseudonoise spread spectrum carrier. The chip rate of
the PN sequence is chosen to be 1.2288 MHz in the preferred
embodiment. This particular chip rate is chosen so that the resulting
bandwidth, about 1.25 MHz after filtering, is approximately one-tenth of
25  the total bandwidth allocated to one cellular service carrier.
Another consideration in the choice of the exact chip rate is that it
is desirable that the chip rate be exactly divisible by the baseband data
rates to be used in the system. It is also desirable for the divisor to be a
power of two. In the preferred embodiment, the baseband data rate is
30 9600 bits per second, leading to a ¢hoice of 1.2288 MHz, 128 times 9600 for
the?hldﬁpxaum
In the cell-to-mobile link, the binary sequences used for spreading
the spectrum are constructed from two different types of sequences, each

pl i shed by ot her techni ques incl uding
Referring again to Figure 4,
signal may be acconplished by
receiyes the assigned nobile unit
PN’g?enerator 253i generates a
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cell-site transmitted signals utilizes a smusoxdal carrier that is
quadraphase (four phase) modulated by a pair of binary PN sequences
10 that provide the outer code transmitted by a single sector or cell. The
sequences are generated by two different PN generators of the same
sequence length.: One sequence bi-phase modulates the in-phase channel
(I Channel) of the carrier and the other sequence bi-phase modulates the
quadrature phase (Q Channel) of the carrier. The resulting sxgnals are
1§ summed to form a composite four-phase carrier.

Although the values of a logical "zero™ and a logical "one” are
conventionally used to represent the binary sequences, the signal
voltages used in the modulation process are +V volts for a logical "one"
and -V volts for a logical "zero". To bi-phase modulate a sinusoidal

20 signal, a zero volt average value sinusoid is multiplied by the +V or -V

' voltage level as controlled by the binary sequences using a multiplier
circuit. The resulting signal may then be band limited by passing
through a bandpass filter. It is also known in the art to lowpass filter the
binary sequence stream prior to multiplying by the sinusoidal signal,

25 thereby interchanging the order of the operations. A quadraphase
modulator consists of two bi-phase modulators each driven by a different
sequence and with the sinusoidal signals used in the bi-phase
modulators having a 90° phase shift therebetween. |

In the preferred embodiment, the sequence length for the

30 transmitted signal carrier is chosén to be 32768 chips. Sequences of this
length can be generated by a modified maximal length linear sequence
generator by adding a zero bit to a length 32767 chip sequence. The
resulting sequence has good cross-correlation and autocorrelation
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properties. Good cross-correlation and autocorrelation properties are
necessary to prevent mutual interference between pilot carriers
transmitted by different cells.

A sequence this short in length is desirable in order to minimize.
acquisition time of the mobile units when they first enter the system
without knowledge of system timing. With unknown timing, the entire
length of the sequence must be searched to determine the correct timing.
The longer the sequence, the longer time. the acquisition search will
require. Although sequences shorter than 32768 could be used, it must
be understood that as sequence length is reduced, the code processing
gain is reduces. As processing gain is reduced, the rejection of multipath
interference along with interference from -adjacent cells and other
sources will also be reduced, perhaps to unacceptable levels. Thus, there
is a desire to use the longest sequence that can be acquired in a reasonable
time. It is also desirable to use the same code polynomials in all cells so
that the mobile unit, not knowing what cell it is in when initially
acquiring synchronization, can obtain full synchromzahon by searching
a single code polynomial. '

In order to simplify the synchronization process, all the cells in
the system are synchronized to each other. In the exemplary
embodiment, cell synchronization is accomplished by synchronizing all
the cells to a common time reference, the Navstar Global Positioning
System satellite navigation system which is itself synchronized to
Universal Coordinated Time (UTC).

Signals from different cells are differentiated by providing time
offsets of the basic sequences. Each cell is assigned a different time offset
of the basic sequences differing from its neighbors. In the preferred
embodiment, the 32768 repetition period is divided into a set of 512
timing offsets. The 512 offsets are spaced 64 chips apart. Each sector of
each cell in a cellular system is also assigned a different one of the offsets
to use for all its transmissions. If there are more than 512 sectors or cells
in the system, then the offsets can be reused in the same manner as
frequencies are reused in the present analog FM cellular system. In other
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~ functions. A sign a particular user is multiplied by the
outer PN sequences and by a particular Walsh sequence, or sequence of
Walsh sequences, assigned by the system controller for the duration of
10 the user's telephone call. The same inner code is applied to both the I
and Q channels resulting in a modulation which is effectively bi-phase
for the inner code. o )
It is well known in the art that a set of n orthogonai binary
sequences, each of length n, for n any power of 2 can be constructed, see
15 Digital Communications with Space Applications, S.W. Golomb et al.,
Prentice-Hall, Inc, 1964, pp. 45-64. In fact, orthogonal binary sequence sets
are also known for most lengths which are multiples of four and less
than two hundred. One class of such sequences that is easy to generate is
called the Walsh function, also known as Hadamard matrices.
20 A Walsh function of order n can be defined recursively as
follows:

W(n) = Wi(n/2) , W(n/2)
W(n/2) , W(n/2)
25
where W' denotes the logical complement of W, and W(1) = |0 '
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Thus, _
WQ) = 0,0
0,1 and
5
_ 0,000
W4) = 0,101
o‘ o’ 1’ l
011,0
10
W(8) is as follows:
0. 0, Q, 0,0,000
_ 01,010,101
15 001,100 1,1
W() = 0,1,1,0,0,1,1,0
0,000111,1
0,1,01,10,1,0
0,0,1,1,1,1,0, 0
20 o’ l' 1' o’ 1' o' o' 1

A Walsh sequence is one of the rows of a Walsh function matrix. A
- Walsh function of order n contains n sequences, each of length n bits.
A Walsh function of order n (as well as other orthogonal
25 functions) has the property that over the interval of n code symbols, the
cross-correlation between all the different sequences within the set is
zero, provided that the sequences are time aligned with each other. This
can be seen by noting that every sequence differs from every other
sequence in exactly half of its bits. It should also be noted that there is
30 always one sequence containing all zeroes and that all the other
~ sequences contain half ones and half zeroes.
Neighboring cells and sectors can reuse the Walsh sequences
because the outer PN codes used in neighboring cells and sectors are
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| contribute interference to each other. This eliminates the majority of the
interference in most locations, allowing a higher capacity to be obtained.
10 The system further envisions the voice channel to be a variable
rate channel whose data rate can be varied from data block to data block
with a minimum of overhead required to control the data rate in use.
The use of variable data rates reduces mutual interference by eliminating
unnecessary transmissions when there is no useful speech to be
15 transmitted. Algorithms are utilized within the vocoders for generating
' a varying number of bits in each vocoder block in accordance with
variations in speech activity. During active speech, the vocoder may
produce 20 msec. data blocks containing 20, 40, 80, or 160 bits, depending
on the activity of the speaker. It is desired to transmit the data blocks in a
20 fixed amount of time by varying the rate of transmission. It is further
desirable not to require signalling bits to inform the receiver how many
bits are being transmitted.
The blocks are further encoded by the use of a cyclic redundancy
check code (CRCC) which appends to the block an additional set of parity
25 bits which can be used to determine whether or not the block of data has
been decoded correctly. CRCC check codes are produced by dividing the
~ data block by a predetermined binary polynomial. The CRCC consists of
all or a portion of the remainder bits of the division process. The CRCC
is checked in the receiver by reproducing the same remainder and
30 - checking to see of the received remainder bits are the same as the
regenerated check bits.
In the disclosed invention, the receiving decoder decodes the
block as if it contains 160 bits, and then again as if it contains 80 bits, etc.
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S5 symbols are passed on to the system's signal processor where other
processing operations can optionally be performed.

In the cell transmitter, the power of the transmitted waveform is
varied as the data rate of the block is varied: The highest data rate uses
the highest carrier power. When the data rate is lower than the

10 maximum, the modulator, in addition to lowering the power, repeats
each encoded data symbol a number of times as required to achieve the
desired transmission rate. For example, at the lowest transmission rate,
each encoded symbol is repeated four times.

In the mobile transmitter, the peak power is held constant but the

15 transmitter is gated off 1/2, or 1/4 or 1/8 of the time in accordance with
the number of bits to be transmitted in the data block. The positions of
the on-times of the transmitter is varied pseudo-randomly in accordance
with the mobile user's addressed user code.

20 Cell-to-Mobile Link
- In the preferred embodiment, the Walsh function size n, is set
equal to sixty-four (n = 64) for the cell-to-mobile link. Therefore each of
up to sixty-four different signals to be transmitted are assigned a unique
orthogonal sequence. The forward error correction (FEC) encoded

25 symbol stream for each voice conversation is multiplied by its assigned
Walsh sequence. The Walsh coded/FEC encoded symbol stream for each
voice channel is then multiplied by the outer PN coded waveform. The.
resultant spread symbol streams are then added together to form a
composite waveform.

30 " The resulting composite waveform is then modulated onto a
sinusoidal carrier, bandpass filtered, translated to the desired operating
frequency, amplified and radiated by the antenna system. .\lternate
embodiments of the present invention may interchange the order of
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sin(2[err]ft) and cost2-er+1+ {-) ate provided from suitable frequency
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: voice channel by the outer PN coded waveform and perform the
_ filtering operation prior to summation of all the channel signals to be
5 radiated by the antenna. It is well known in the art that the order of
linear operations may be interchanged to obtained various
implementation advantages and different designs.
The waveform design of the preferred embodiment for cellular
service uses the pilot carrier approach for the celi-to-mobile link as
10 described in Patent No. 4,901307. All cells transmit pilot carriers using
the same 32768 length sequence, but with different timing offsets to
prevent mutual interference. :
The pilot waveform uses the all-zero Walsh sequence, ie. a
Walsh sequence comprised of all zeroes that is found in all Walsh
15 function sets. The use of the all-zero Walsh sequence for all cells’ pilot
carriers allows the initial search for the pilot waveform to ignore the
Walsh functions until after the outer code PN synchronization has been
obtained. The Walsh framing is locked to the PN code cycle by virtue of
the length of the Walsh frame being a factor of the PN sequence length.
20 Therefore, provided that the cell addressing offsets of the PN code are
multiples of sixty-four chips (or the Walsh frame length) then the Walsh
framing is known implicitly from the outer PN code timing cycle. _
All the cells in a service area are supplied with accurate
synchronization. In the preferred embodiment, a GPS receiver at each
25 .cell synchronizes the local waveform timing to Universal Coordinated
Time (UTC). The GPS system allows time synchronization to better than
1 microsecond accuracy. Accurate synchronization of cells is desirable in
order to allow easy handoff of calls between cells when mobiles move
from one cell to another with a call in progress. If the neighboring cells
30 are synchronized, the mobile unit will not have difficulty synchronizing
to the new cell thereby facilitating a smooth handoff.
The pilot carrier is transmitted at a higher power level than a
typical voice carrier so as to provide greater signal to noise and
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the common pilot signal for carrier phase reference. For example, in a
system transmitting a total of fifteen simultaneous voice carriers, the
10 pilot carrier might be allocated a transmit power equal to four voice
carriers.

In addition to the pilot carrier, another carrier intended to be
received by all system users in the cell is transmitted by the cell-site. This
carrier, called the synchronization channel, also uses the same 32768

15 length PN sequence for spectrum spreading but with a different, pre-
assigned Walsh sequence. The synchronization channel transmits a
broadcast message containing system information for use by the mobiles
in the system. The system information identifies the cell-site and the
system and conveys information allowing the long PN codes used for

20 mobile information signals to be synchronized without additional
searching.

Another channel, called the paging channel may be provxded to
transmit messages to mobiles indicating that a call has arrived for them,
and to respond with channel assignments when a mobile initiates a call.

25 Each voice carrier transmits a digital representation of the speech
for a telephone call. The analog speech waveform is digitized using
standard digital telephone techniques and then compressed using a
vocoding process to a data rate of approximately 9600 bits per second.
This data signal is then rate r = 1/2, constraint length K = 9

30 convolutional encoded, with repetition, and interleaved in order to
provide error detection and correction functions which allow the system
to operate at a much lower signal-to-noise and interference ratio.
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Techniques for convolutional encoding, repetition and interleaving are
well known in the art.

The resulting encoded symbols are multiplied by an assigned
Walsh sequence and then multiplied by the outer PN code. This process

. Tesults in a PN sequence rate of 1.2288 MHz or 128 times the 9600 bps data
rate. The resulting signal is then modulated onto an RF carrier and

summed with the pilot and setup carriers, along with the other voice
carriers. Summation may be accomplished at several different points in
the processing such as at the IF frequency, or at the baseband frequency
either before or after multiplication by the PN sequence.

Each voice carrier is also multiplied by a value that sets its
transmitted power relative to the power of the other voice carriers. This
power control feature allows power to be allocated to those links that
require higher power due to the intended recipient being in a relatively
unfavoring location. Means are provided for the mobiles to report their
received signal-to-noise ratio to allow the power to be set at a level so as
to provide adequate performance without waste. The orthogonality
property of the Walsh functions is not disturbed by using different power
levels for the the different voice carriers provided that time alignment is
maintained.

Figure 2 illustrates in block diagram form an exemplary
embodiment cell-site equipment. At the cell-site, two receiver systems
are utilized with each having a separate antenna and analog receiver for
space diversity reception. In each of the receiver systems the signals are
processed identically until the signals undergoes a diversity combination
process. The elements within the dashed lines correspond to elements
corresponding to the communications between the cell-site and one
mobile unit. The output of the analog receivers are also provided to
other elements used in communications with other mobile units.

In Figure 2, the first receiver system is comprised of antenna 30,
analog receiver 32, searcher receiver 34 and digital data receiver 36. The
first receiver system may also include an optional digital data receiver
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and system control processor interface with the MTSO (Figure 8). Walsh
sequence assignment along with transmitter and receiver assignment is
10 also provided by control processor 48.
Both receiver systems are coupled by data receivers 36, 38, and 46
to diversity combiner and decoder circuitry 50. Digital link 52 is coupled
to receive the output of diversity combiner and decoder circuitry 50.
Digital link 52 is also coupled to control processor 48, cell-site transmit
15 modulator 54 and the MTSO digital switch. Digital link 52 is utilized to
communicate signals to and from the MTSO (Figure 8) with cell-site -
transmit modulator 54 and circuitry 50 under the control of control
processor 48. |
The mobile unit transmitted signals are direct sequence spread
20 spectrum signals that are modulated by a PN sequence clocked at a
predetermined rate, which in the preferred embodiment is 1.2288 MHz.
This clock rate is chosen to be an integer multiple of the baseband data
rate of 9.6 Kbps. '
Signals received on antenna 30 are provided to analog receiver 32.
25 The details of receiver 32 are further illustrated in Figure 3. Signals
received on antenna 30 are provided to downconverter 100 which is
comprised of RF amplifier 102 and mixer 104. The received signals are
provided as an input to RF amplifier where they are amplified and
output to an input to mixer 104. Mixer 104 is provided another input,
30 that being the output from frequency synthesizer 106. The amplified RF
signals are translated in mixer 104 to an IF frequency by mixing with the
frequency synthesizer output signal.
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The IF signals are then output from mixer 104 to bandpass filter
(BPF) 108, typically a Surface Acoustic Wave (SAW) filter having a
passband of 1.25 MHz, where they are bandpass filtered. The filtered
signals are output from BPF 108 to IF amplifier 110 where the signals are

5 - amplified. The amplified IF signals are output from IF amplifier 110 to

analog to digital (A/D) converter 112 where they are digitized at a 9.8304

MHz clock rate which is exactly 8 times the PN chip rate. Although

(A/D) converter 112 is illustrated as part of receiver 32, it could instead be

a part of the data and searcher receivers. The digitized IF signals are

10 output from (A/D) converter 112 to data receiver 36, optional data

receiver 38 and searcher receiver 34. The signals output from receiver 32

are I and Q channel signals as discussed later. Although as illustrated in

Figure 3 with A/D converter 112 being a single device, with later

splitting of the I and Q channel signals, it is envisioned that channel

15 splitting may be done prior to digitizing with two separate A/D

converters provided for digitizing the I and Q channels. Schemes for the

RF-IF-Baseband frequency downconversion and analog to digital
conversion for I and Q channels are well known in the art.

Searcher receiver 34 is used to at the cell-site to scan the time

20 domain about the received signal to ensure that the associated digital
- data receiver 36, and data receiver 38 if used, are tracking and processing
the strongest available time domain signal. Searcher receiver 64
provides a signal to cell-site control processor 48 which provides control
signals to digital data receivers 36 and 38 for selecting the appropriate

25 received signal for processing. _

The signal processing in the cell-site data receivers and searcher
receiver is different in several aspects than the signal processing by
similar elements in the mobile unit. In the inbound, i.e. reverse or
mobile-to-cell link, the mobile unit does not transmit a pilot signal that

30 can be used for coherent reference purposes in signal processing at the
cell-site. The mobile-to-cell link is characterized by a non-coherent
modulation and demodulation scheme using 64-ary orthogonal
signalling.
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In order to decode the spread spectrum signals transmitted to the
particular cell-site receiver through which the mobile unit

 communicates, the proper PN sequences must be generated. Further

details on the generation of the mobile unit signals are discussed later
herein. )

As illustrated in Figure 3, receiver 36 includes two PN generators,
PN generators 120 and 122, which generate two different short code PN
sequences of the same length. These two PN sequences are common to
those of all cell-site receivers and all mobile units with respect to the
outer code of the modulation scheme as discussed in further detail later
herein. PN generators 120 and 122 thus respectively provide the output -
sequences, PNj and PNq. The PNj and PNq sequences are respectively
referred to as the In-Phase (I) and Quadrature (Q) channel PN sequences.

The two PN sequences, PNj and PNq, are generated by different
polynomials of degree 15, augmented to produce sequences of length
32768 rather than 32767 which would normally be produced. For
example, the augmentation may appear in the form of the addition of a
single zero to the run of fourteen 0's in a row which appears one time in
every maximal linear sequence of degree 15. In other words, one state of
the PN generator would be repeated in the generation of the sequence.
Thus the modified sequence contains one run of fifteen 1's and one run
of fifteen 0's. Such a PN generator circuit is disclosed in copending U.S.
Patent Application entitied "POWER OF TWO LENGTH PSEUDO-
NOISE SEQUENCE GENERATOR WITH FAST OFFSET
ADJUSTMENTS", Serial No. 07/ , filed , and
assigned to the assignee of the present invention.
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5 generates a user PN code that is very long, for example degree 42, time
shifted in accordance with an additional factor such as the mobile unit
address or user ID to provide discrimination among users. ‘Thus the cell-
site received signal is modulated by both the long code PNy sequence
and the short code PNj and PNQ sequences. In the alternative, a non-
10 linear encryption generator, such as an encryptor using the data
encryption standard (DES) to encrypt a 64-symbol representation of
universal time using a user specific key, may be utilized in place of PN
generator 124.
The PNy sequence output from PN generator 124 is exclusive-
15 OR'ed with the PN and PNQ sequences respectively in exclusive-OR
gates 126 and 128 to provide the sequences PNJ' and PNQ".
The sequences PN1' and PNQ' are provided to PN QPSK correlator
130 along with the I and Q channel signals output from receiver 32.
Correlator 130 is is utilized to correlate the I and Q channel data with the
20 PNy and PNQ' sequences. The correlated I and Q channel outputs of
correlator 130 are respectively provided to accumulators 132 and 134
where the symbol data is accumulated over a 4-chip period. The outputs
of accumulators 132 and 134 are provided as inputs to Fast Hadamard
Transform (FHT) processor 136. FHT processor 148 produces a set of 64
25  coefficients for every 6 symbols. The 64 coefficients are then multiplied
by a weighting function generated in control processor 48. The
weighting function is linked to the demodulated signal strength. The
weighted data output from FHT 136 is provided to diversity combiner
and decoder circuity 50 (Figure 2) for further processing.
30 The second receiver system processes the received signals in a
manner similar to that discussed with respect to the first receiver system
~of Figures 2 and 3. The weighted 64 symbols output from receivers 36
and 46 are provided to diversity combiner and decoder circuitry 40.
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from receiver 36 to the weighted 64 coefficients from receiver 46. The
resulting 64 coefficients are compared with one another in order to
determine the largest coefficient. The magnitude of the comparison
result, together with the identity or the largest of the 64 coefficients, is
used to determine a set of decoder weights and symbols for use within a
Viterbi algorithm decoder implemented in circuitry 50.

The Viterbi decoder contained within circuitry 50 is of a type
capable of decoding data encoded at the mobile unit with a constraint
length K = 9, and of a code rate r = 1/3. The Viterbi decoder is utilized to
determine the most likely information bit sequence. Periodically,
nominally 1.25 msec , a signal quality estimate is obtained and
transmitted as a mobile unit power adjustment command along with
data to the mobile unit. Further information on the generation of this
quality estimate is discussed in further detail in the copending
application mentioned above. This quality estimate is the average
signal-to-noise ratio over the 1.25 msec interval.

Each data receiver tracks the timing of the received signal it is
receiving. This is accomplished by the well known technique of
correlating the received signal by a slightly early local reference PN and
correlating the received signal with a slightly late local reference PN.
The difference between these two correlations will average to zero if
there is no timing error. Conversely, if there is a timing error, then this
difference will indicate the magnitude and sign of the error and the
receiver’s timing is adjusted accordingly.

The cell-site further includes antenna 62 which is coupled to GPS
receiver 64. GPS receiver processes signals received on antenna 62 from
satellites in the Navstar Global Positioning System satellite navigation
system so as to provide timing signals indicative of Universal
Coordinated Time (UTC). GPS receiver 64 provides these timing signals
to control processor 48 for timing synchronizing at the cell-site as
discussed previously.
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' ' receivers such as receiver 38 provides additional diversity modes which
are extremely useful in those cell-sites which are located in dense urban
10 areas where many possibilities for multipath signals occur.
Signals from the MTSO are coupled to the appropriate transmit
modulator via digital link 52 under control of control processor 48.
Transmit modulator 54 under control of control processor 48 spread
spectrum modulates the data for transmission to the intended recipient
15 mobile unit. Further details with respect to the structure and operation
of transmit modulator 54 are discussed below with reference to Figure 4.
The output of transmit modulator 54 is provided to transmit
power control circuitry 56 where under the control of control processor
48 the transmission power may be controlled. The output of circuitry 56
20 is provided to summer 57 where it is summed with the output of
transmit modulator/transmit power control circuits directed to other
mobiles in the cell. The output of summer 57 is provided to transmit
power amplifier circuitry 58 where output to antenna 60 for radiating to
mobile units within the cell service area. Figure 2 further illustrates
25 pilot/control channel generators and transmit power control circuitry 66.
Circuitry 66 under control of control processor generates and power
controls the pilot signal, the sync channel, and the paging channel for
coupling to circuitry 58 and output to antenna 60.
A block diagram of an exemplary embodiment of the cell-site
30 transmitter is illustrated in Figure 4. The transmitter includes a pair of
PN sequence generators used in generating the outer code. These PN
generators generate two different PN sequences, i.e. the PNj and PNg
sequences, as was discussed with reference to Figure 3. However, these
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PN1 and PNq sequences are delayed in time according to the sector or cell
address. | -
In Figure 4, the transmitter circuitry of Figure 3 is illustrated in
further detail with the pilot, sync, paging and voice channel signals. The
5 transmitter drcuitry includes two PN generators, PN generators 196 and
198, which generate the PN and PNg sequences. PN generators 196 and
198 are responsive to an input signal corresponding to a sector or cell
address signal from the control processor so as to provide a
predetermined time delay to the PN sequences. These time delayed PN
10 and PNQ sequences again relate respectively to the In-Phase (I) and
Quadrature (Q) channels. Although only two PN generators are
illustrated for respectively generating the PNj and PNQ sequences for the
corresponding channels of the cell-site or sector, it should be understood
that many other PN generator schemes may be implemented. For
16 example, in a unsectorized cell, a pair of PN generators may be provided
for each of the pilot, sync, paging and voice channels to produce, in
synchronization, the PNj and PNQ sequences used in the outer code.
Such a case may be advantageous to avoid distributing the PNj and PNg
sequences throughout a large number of dircuits.
20 In the preferred embodiment, Walsh function encoding of the
' channel signals is employed as the inner code. In the exemplary
numerology as disclosed herein, a total of 64 different Walsh sequences
are available with three of these sequences dedicated to the pilot, sync
and paging channel functions. In the sync, paging and voice channels,
25 input data is convolutionally encoded and then interleaved as is well
known in the art. Furthermore, the convolutional encoded data is also
provided with repetition before interleaving as is also well known in the
art. _ |
The pilot channel contains no data modulation and is
30 characterized as an unmodulated spread spectrum signal that all of the
users of a particular cell-site or sector use for acquisition or tracking
purposes. Each cell, or if divided into sectors, each sector has a unique
pilot signal. However, rather than using different PN generators for the
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singl e signal . The r eLhe P ggwce, must therefore be long enough that many
different sequences can be generated by shifts in the basic sequence to

_ support a large number of pilot signals in the system. Furthermore, the
10 separation or shifts must be great enough to ensure that there is no
interference in pilot signals. Accordingly, in a exemplary embodiment of

the present invention the pilot sequence length is chosen to be 215, The

' sequence is generated started by a sequence 215-1 with an extra 0
appended to the sequence when a particular state is detected. In the

15 exemplary embodiment there are chosen to be 512 different pilot signals
with offsets in the basic sequence of 64 chips. However, offsets may be
integer multiples of the 64 chip offset with a corresponding reduction in

the number of different pilot signals.

In generating the pilot signal, the Walsh "zero” (Wp) sequence

20 which consists of all zeroes is used so as to not modulate the pilot signal,
which in essence is the PN| and PN sequences. The Walsh "zero" (W)
sequence is therefore multiplied by the PNj and PNg sequences in
exclusive-OR gates. The resulting pilot signal thus contains only the PN

and PNq sequences. With all cell-sites and sectors having the same PN

25  sequence for the pilot signal, the distinguishing feature between cell-sites
or sectors of origination of the transmission is the phase of the sequence.

With respect to the portion of transmit modulator and power

control circuitry 66 for the pilot channel, Walsh generator (Wy) 200
generates a signal corresponding to the all zero function as just

30 discussed. The timing in the generation of the Walsh function is
provided by the control processor, as in the case of all Walsh function
generators in the cell-site and mobile unit. The output of generator 200

is provided as an input to both of exclusive-OR gates 202 and 204. The
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other input of exclusive-OR gate 202 receives the PNjsignal while the
other input of exclusive-OR gate 204 receives the PN signal. The PNp -
and PNq signals are respectively exclusive-OR'ed with the output of
generator 200 and respectively provided as inputs to Finite Impulse
Response (FIR) filters 206 and 208. The filtered signals output from FIR
filters 206 and 208 provided to a transmit power control circuitry
comprised of gain control elements 210 and 212. The signals provided to
gain control elements 210 and 212 are gain controlled in response to
input signals (not shown) from the control processor. The signals
output from gain control elements are provided to transmit power
amplifier circuitry 58 whose detailed structure and function is described
later herein. '

~ The sync channel information is encoded and then mulhplxed in
exclusive-OR gates by a preassigned Walsh sequence. In the exemplary
embodiment, the selected Walsh function is the (W32) sequence which
consists of a sequence of 32 "ones” followed by 32 "zeros". The resulting
sequence is then multiplied by the PNj and PNq sequences in exclusive-
OR gates. In the exemplary embodiment the sync channel data
information is provided to the transmit modulator typically at a rate of
1200 bps. In the exemplary embodiment the sync channel data is
preferably convolutionally encoded at a rate r = 1/2 with a constraint
length K = 9, with each code symbol repeated twice. This encoding rate
and constraint length is common to all encoded forward link channels,
i.e. sync, paging and voice. In an exemplary embodiment, a shift register

_structure is employed for the generators of the code Gj = 753 (octal) and

Gz = 561 (octal). The symbol rate to the sync channel is in the exemplary
embodiment 4800 sps, i.e. one symbol is 208 psec or 256 PN chips.

. The code symbols are interleaved by means of a convolutional
interleaver spanning in the exemplary embodiment 40 msec. The
tentative parameters of the interleaver are I = 16 and J = 48. Further
details on interleaving is found in Data Communication, Networks and
Systems, Howard W. Sams & Co., 1987, pp. 343-352. The effec: of the
convolutional interleaver is to disperse unreliable channel symbols such
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The sync channel symbols of a particular cell or sector are tied to
the corresponding pilot signal for that cell or sector. Figure 5 illustrates
the timing of two different pilot channels (N) and (N+1) which are

10 separated by a shift of 64 chips. Figure. 5 illustrates only by way of

' example a timing diagram for the éxemplary pilot and sync channels
with the state of the actual pilot signal chips and sync channel symbols
not illustrated. Each sync channel starts a new interleaver cycle with the
first code symbol (cx) of a code symbol pair (cy, '), due to a code repeat of

1S two, shifted with respect to absolute time by an amount equal to the
corresponding pilot.

As illustrated in Figure 5, The N pilot channel starts a new
interleaver cycle, or pilot sync, at the time tx. Similarly, the N+1 pilot
channel starts a new interleaver cycle or pilot sync at the time ty which

20 occurs 64 chip later in time than time t;. The pilot cycle in the exemplary
embodiment is 26.67 msec long, which corresponds to 128 sync channel
code symbols or 32 sync channel information bits. The sync channel
symbols are interleaved by a convolutional interleaver which spans
26.67 msec. Thus, when the mobile unit has acquired the pilot signal, it

25 has immediate sync channel interleaver synchronization.

The sync channel symbols are covered by the preassigned Walsh
sequence to provide orthogonality in the signal. In the sync channel,
one code symbol spans four cover sequences, i.e. one code symbol to four
repetitions of the "32 one"-"32 zero" sequence, as illustrated in Figure 6.

30 As illustrated in Figure 6, a single logical "one” represents the occurance
of 32 "one" Walsh chips while a single logical "zero " represents the
occurance of 32 "zero” Walsh chips. Orthogonality in the sync channel is
still maintained even though the sync channel symbols are skewed with
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Figure 7 illustrates in the form of a timing diagram the overall
exemplary system timing. In the period of two seconds there are 75 pilot
cycles. In Figure 7, the N pilot and sync channels correspond to the

10  sector or cell using the unshifted pilot such that the pilot and sync
signals align exactly with UTC time. As such the pilot sync, i.e. initial
state, aligns exactly with a common 1 pulse per second (pps) signal.

In all cases in which a shifted pilot is used, a PN phase offset

, corresponding to the pilot shift is introduced. In other words, pilot sync
15  (initial state) and sync channel messages are skewed with respect to the 1
pps signals. The sync messages carries this phase offset information so

that the mobile unit can adjusts its timing accordingly.

As soon as a sync channel message has been correctly received, the
mobile unit has the ability to immediately synchronize to either a paging

20 channel or a voice channel. At pilot sync, corresponding to the end of
each sync message, a new 40 msec interleaver cycle begins. At that time,
the mobile unit starts deinterleaving the first code symbol of either a
code repetition, or a (cx, cx+1) pair, with decoder synchronizatibn :
achieved. The deinterleaver write address is initialized to 0 and the read

25 address is initialized to J, memory deinterleaver synchronization is
achieved.

The sync channel messages carry information regarding the state
of a 42-bit long PN generator for the voice channel assigned for the
communication with the mobile unit. This information is used at the

30 mobile unit digital data receivers to synchronize the corresponding PN
generators. For example, in Figure 7 the sync channel message N+1
contains a 42-bit field which is indicative of the state, state X, that the
sector or cell voice channel corresponding long code PN generator will
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unit, after successfully decodmg a sync channel message, loads at the
correct instant of time the long code PN generator with the state X. The
mobile unit long code PN generator is thus synchronized to permit

- descrambling of the user intended messages.

With respect to the portion of transmit modulator and power
control circuitry 66 for the sync channel, the sync channel information is
input from the control processor to encoder 214. The sync channel data
in the exemplary embodiment is, as discussed above, convolutional
encoded by encoder 214. Encoder 214 further provides repetition of the
encoded symbols, in the case of the sync channel the encoded symbols
are repeated. The symbols output from encoder 214 are provided to
interleaver 215 which provides convolutional interleaving of the
symbols. The interleaved symbols output from interleaver 215 are

provided as an input to exclusive-OR gate 216.

Walsh generator 218 generates a signal corresponding to the
Walsh (W32) sequence that is provided as the other input to exclusive-
OR gate 216. The sync channel symbol stream and the Walsh (W32)
sequence are exclusive-OR'ed by exclusive-OR gate 216 with the result
thereof provided as an input to both of exclusive-OR gates 220 and 222.

The other input of exclusive-OR gate 220 receives the PNjsignal
while the other input of exclusive-OR gate 222 receives the PNq signal.
The PNjand PNq signals are respectively exclusive-OR'ed with the
output of exclusive-OR gate 218 and respectively provided as inputs to
Finite Impulse Response (FIR) filters 224 and 226. The filtered signals
output from FIR filters 224 and 226 provided to a transmit power control
circuitry comprised of digital variable gain control elements 228 and 230.
The signals provided to gain: control elements 228 and 230 are digitally
gain controlled in response to input digital signals (not shown) from the
control processor. The signals output from gain control elements are
provided to transmit power amplifier circuitry 58.

The paging channel information is also encoded with repetition,
interleaved and then multiplied by a preassigned Walsh sequence . The
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circuitry of the paging channel, the paging channel information is input
from the control processor to encoder 232. Encoder 232 is in the
10 exemplary embodiment a convolutional encoder that also provides
repetition of the symbols according to the assigned data rate of the
channel. The output of encoder 232 is provided to interleaver 233 where
the symbols are convolutional interleaved. The output from interleaver
233 is provided as an input to exclusive-OR gate 234. Although the
15 paging channel data rate will vary, the code symbol rate is kept constant
at 19.2 ksps by code repetition.

Walsh generator 236 generates a slgnal correspondmg to a
preassigned Walsh sequence, that is provided as the other input to
exclusive-OR gate 234. ‘The symbol data and Walsh sequence are

20 exclusive-OR'ed by exclusive-OR gate 234 and provided as an input to
both of exclusive-OR gates 238 and 240.

The other input of exclusive-OR gate 238 receives the PNjsignal
while the other input of exclusive-OR gate 240 receives the PNq signal.
The PNjand PNQ signals are respectively exclusive-OR'ed with the

25 output of exclusive-OR gate 234 and respectively provided as inputs to |
Finite Impulse Response (FIR) filters 242 and 244. The filtered signals
output from FIR filters 242 and 244 provided to a transmit power control
drcuitry comprised of gain control elements 246 and 248. The signals
provided to gain control elements 246 and 248 are gain controlled in

30 response to input signals (not shown) from the control processor. The
signals output from gain control elements are provided to transmit
power amplifier circuitry 58.
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The data of each voice channel is also encoded with repetition,
interleaved, scrambled, multiplied by its assigned Walsh sequence (Wj -
Wj), and then multiplied by the PNj and PN sequences. The Walsh
sequence to be used by a particular channel is assigned by the system
controller at call setup time in the same manner as channels are assigned
to calls in the analog FM cellular system. In the exemplary embodiment
illustrated herein, up to 61 different Walsh sequences are available for
use by the voice channels.

In the exemplary embodiment of the present invention, the voice
channel utilizes a variable data rate. The intent in using a variable data
rate is to lower the data rate when there is no voice activity thereby
reduding interference generated by this particular voice channel to other
users. The vocoder envisioned to provide variable rate data is disclosed
in copending U.S. Patent Application "VARIABLE RATE VOCODER"
Serial No. ___, filed , also assigned to the
assignee of the present invention. Such a vocoder produces data at four
different data rates based on voice activity on a 20 msec frame basis.
Exemplary data rates are 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps.
Although the data rate will vary on a 20 msec basis, the code symbol rate
is kept constant by code repetition at 19.2 ksps. Accordingly, the code
symbols are repeated 2, 4 and 8 times for the respective data rates
4.8 kbps, 2.4 kbps and 1.2 kbps.

Since the variable rate scheme is devised to reduce interference,
the code symbols at the lower rates will have lower energy. For example,
for the exemplary data rates of 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps, the
code symbol energy (Ey) is respectively Ey/2, Ep/ 4, Ep/8 and Ep/16 where
Ep is the information bit energy for the 9.6 kbps transmission rate.

The code symbols are interleaved by a convolutional interleaver
such that code symbols with different energy levels will be scrambled by
the operation of the interleaver. In order to keep track of what energy
level a code symbol should have a label is attached to each symbol
specifying its data rate for scaling purposes. After orthogonal Walsh |
covering and PN spreading, the quadrature channels are digitally filtered




anal og receiver 434. Receiver 434 receives the RF frequency signals from
di pl exer 432 which are typically in the 850 Miz freflugi¥c aaadyﬁqﬁr,
anplification and frequency downconversion to an I-F f'ﬂnnﬂ cy..Th

transl ati on process is acconplished using a frequenty syntheS|zer o 1 0
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frequencies w thin the receive frequency bB¥nhd of the bverall cell ul
t el ephone frequency band. The signals are also filtefed and dlgltlzed f or
providing to digital data receivers 540 and 542 al |

recei ver 544. 15 The details of recei ver 434 are further illustrated
in Figure 10. a Fikité Tirfsulse h@l@!‘a m@meﬁnét)wﬂlefbdeﬁve a
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filter having a pasd® cu'cmtry of two exemplary voice channels, voice
channels (1) and (;) are illustrated. The voice channel (i) data is input
from an associated vocoder (not shown) to transmit modulator 54
10 (Figure 3). Transmit modulator 54 is comprised of encoder 250;;
interleaver 251j; exclusive-OR gates 252;, 255; 256; and 258;; PN
generator 253;; and Walsh generator (W;) 254;.-
The voice channel (i) data is input to encoder 250, where in the
exemplary embodiment it is convolutional encoded with code symbol
15 repetition according to the input data rate. The encoded data is then
provided to interleaver 251; where, in the exemplary embodiment, it is
convolutional interleaved. Interleaver 251; also receives from the
vocoder assodated with the voice channel (i) a 2-bit data rate label that is
interleaved with the symbol data to identify at the data rateto the FIR
20 filters. The data rate label is not transmitted. At the mobile unit, the
decoder checks for all possible codes. The interleaved symbol data is
output from interleaver 251; at an exemplary rate of 19.2 ksps to an input
of exclusive-OR gate 252;.
In the exemplary embodiment, each voice channel signal is
25 scrambled to provide greater security in cell-to-mobile transmissions.
Although such scrambling is not required it does enhance the security in
communications. For example, scrambling of the voice channel signals
may be accomplished by PN coding the voice channel signals with a PN
code determined by the mobile unit address of user ID. Such scrambling
30 may use the PNy sequence or encryption scheme as discussed with
reference to Figure 3 with respect to the particular receiver for the
mobile-to-cell communications. Accordingly, a separate PN generator
may be implemented for this function as illustrated in Figure 4.
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- Although scrambling is discussed with reference to a PN sequence,

scrambling may be accomplished by other techniques including those
well known in the art.

~ Referring again to Figure 4, scrambling of the voice channel (i)
signal may be accomplished by providing PN generator 253; which
receives the assigned mobile unit address from the control processor.
PN generator 253; generates a unique PN code that is provided as the

* other input to exclusive-OR gate 252;. The output of exclusive-OR gate

252; is instead provided to the one input of exclusive-OR gate 255;.

Walsh generator (W;) 254; generates, in response to a function
select signal and timing signals from the control processor, a signal
corresponding to a preassigned Walsh sequence. The value of the
function select signal may be determined by the address of the mobile
unit. The Walsh sequence signal is provided as the other input to
exclusive-OR gate 255;. The scrambled symbol data and Walsh sequence
are exclusive-OR'ed by exclusive-OR gate 255; with the result provided
as an input to both of exclusive-OR gates 256; and 258;. PN generator
253; along with all other PN generators and Walsh generators at the cell-
site provide an output at 1.2288 MHz. It should be noted that PN
generator 253 includes a decimator which provides an output at a 19.2
kHz rate to exclusive-OR gate 255;.

_ The other input of exclusive-OR gate 256; receives the PNj signal
while the other input of exclusive-OR gate 258; receives the PNg signal.
The PNjand PNqsignals are respectively exclusive-OR'ed with the
output of exclusive-OR gate 252; and respectively provided as inputs to
Finite Impulse Response (FIR) filters 260; and 262;. The input symbols
are filtered according to the input data rate label (not shown) from
convolutional interleaver 251;.The filtered signals output from FIR
filters 260; and 262; provided to a transmit power control circuitry 56
comprised of gain control elements 264; and 266;. The signals provided
to gain control elements 264; and 266; are gain is controlled in response
to input signals (not shown) from the control processor. The signals
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anplified IF signals are output fromIF anplifier 510 to analog to digital
(A/D) converter 512 where the signals are digitized. The converS| on of
the IF signal to a digital signal occurs at a 9. §364 —e=TeR=F=atrg in the
exenpl ary embodi ment which is exactly eight timeg PR W Nl pSHEftTe.

Al t hough (A/D) converter 512 is illustrated as prgof receiver %34,
could instead be a part of the data and s88rcher §r cegg Igitized
|F signals are are output from (A/D) converter 532ito data receiyefs 440
and 442, and searcher receiver 444, e 434~ per f or s
a power control function for adjusting 10 the trfansmt power of .the nobile

unit. An auto g C to

t he out put of h;“t ﬂ%ee%lgbnﬁﬁf?‘égggﬁs% A{ ﬁh qu—'ehe ?evefl n‘? 'ttﬁiﬁgr
anplified IF _sagwp&lrg;rmwyé&t 514 provides a f eedback signal to the
gain control input g JddideR'tb/vdite Dits, tRecRirwiird*fifik voxcefﬂh%ﬁnﬁﬁw

O oL e bl alaadnba. THY poves-coR0l B rae; s gt o
the digiti Zd gxémpla tdm;odmtrm \bps. 43Thes cell-siterreceiled whidhgis al
data recelvers dho u?atm & Mobf e-igi%reﬁhg'lrgnra FFomch given mobile, generates
the power control information which is inserted in the cell-to-mobile
voice channel addressed to that particular mobile. Further details on the
power control feature is disclosed in the above identified copending
10 application. |

Power control bits are inserted at the output of the convolutional
interleaver by means of a technique called code symbol puncturing. In
other words, whenever a power control bit needs to be transmitted two
code symbols are replaced by two identical code symbols with polarity

15 given by the power control information. Moreover, power control bits
are transmitted at the energy level corresponding to the 9600 bps bit rate.

An additional constraint imposed on- the power control
information stream is that the position of the bits must be randomized
among mobile-to-cell channels. Otherwise the full energy power control

20 Dits would generate spikes of interference at regular mtervals thus
diminishing the detectability of such bits.

Figure 4 further illustrates voice channel (j) which is identical in
function and structure to that of voice channel (i). It is contemplated that
there exist many more voice channels (not illustrated) with the total of

25 voice channel being up to 61 for the illustrated embodiment.

With respect to the Walsh generators of Figure 4, Walsh functions
are a set of orthogonal binary sequences that can be easily generated by
means well known in the art. The characteristic of interest in the Walsh
function is that each of the 64 sequences is perfectly orthogonal fo all of

30 the other sequences. As such, any pair of sequences differ in exactly as
many bit positions as they agree, i.e. 32 over an interval of 64 symbols.
Thus when information is encoded for transmission by the Walsh
sequences the receiver will be able to select any one of the Walsh
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encoding of a constraint length K = 9 and code rate r = 1/2, that is, two

encoded symbols are produced and transmitted for every information bit
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16

to be transmitted. In addition to the convolutional encoding,
convolutional interleaving of symbol data is further employed. It is
further envisioned that repetition is also utilized in conjunction with
the convolutional encoding. At the mobile unit the optimum decoder
for this type of code is the soft decision Viterbi algorithm decoder. A

‘standard design can be used for decoding purposes. The resulting

decoded information bits are passed to the mobile unit digital baseband
equipment.
Referring again to Figure 4, circuitry 58 includes series of digital to

| analog (. D/A) converters for converting the digital information from the

20

PNj and PN spread data for the pilot, sync, paging and voice channels to
analog form. In particular the pilot channel PNj spread data is output
from gain control element 210 to D/A converter 268. The digitized data
is output from D/A converter 268 to an summer 284. Similarly, the
output of the corresponding gain control elements for the sync, paging

~ and voice channels PNj spread data, i.e. gain control elements 228, 246,
and 264; - 264j, are respectively provided to D/A converters 272, 276 and

25

30

280i - 280j where the signals are digitized and provided to summer 284.
The PNq spread data for the pilot, sync, paging and voice channels are
output from gain control elements 221, 230, 248, and 266; - 266j, are
respectively provided to D/A converters 270, 274, 278 and 282; - 282]
where the signals are digitized and provided to summer 286.

Summer 284 sums the PNjspread data for the pilot, sync, paging
and voice channels and while summer 286 sums the and PNq spread
data for the same channels. The summed I and Q channel data is
respectively input along with local oscillator (LO) frequency signals



50 one path, there will be a difference in the receptlon time of

t he signal. This reception tine difference COFICQF gs~t-ot he

di fference in distance di vided by the velocit kﬁ&ﬂ%ﬂm&shggrlf
this tinme difference exceeds one m crosecond, jtHen ?ﬁe*cor*e#i
process will discrimnate between 5 the paths. The rqgg hoose
whet her to track and receive the ear ler or |4t ér pa

receivers are provided, such as receivers 440 a n. twoi

i ndependent paths can be tracked and processed in , paraIIeI i

Searcher receiver 444, under control of control procéssor 2z8~s—fer10
continuously s@Sin(2nft) drick Cos(@rftotoniixerso2B8lahd 2900wherd thidy arée miked and

provided to summer 292. The LO frequency signals Sin(2rft) and -
Cos(2nft) are provided from suitable frequency sources (not shown).
These mixed IF signals are summed in summer 292 and provided to

5 mixer 294.

Mixer 294 mixes the summed signal with an RF frequency signal
provided by frequency synthesizer 296 so as to provide frequency
upconversion to the RF frequency band. The RF signal output from
mixer 294 is bandpass filtered by bandpass filter 298 and output to RF

10 amplifier 299. Amplifier 299 amplifies the band limited signal in
accordance with the input gain control signal from the transmit power
control circuitry 56 (Figure 3). It should be understood that the
embodiment illustrated for transmit power amplifier circuitry 58 is
merely for purposes of illustration with many variations in signal

15 summing, mixing, filtering and amplification possible as is well known
in the art.

Cell-site control processor 48 (Figure 3) has the responsxblhty for
assignment of digital data receivers and transmit modulators to a
particular call. Control processor 48 also monitors the progress of the

20  call, quality of the signals and initiates teardown on loss of signal. The
cell-site communicates with the MTSO via link 52 where it is coupled by
a standard telephone wire, optical fiber, or microwave link.

Figure 8 illustrates in block diagram form the equipment utilized
in the MTSO. The MTSO typically includes a system controller or

25  control processor 300, digital switch 302, diversity combiner 304, digital

" vocoder 306 and digital switch 308. Although not illustrated additional
diversity combiners and digital vocoders are coupled between digital
switches 302 and 308.

When the cell-diversity mode is active, the call is processed by two

30 cell-sites. Accordingly, signals will arrive at the MTSO from more than
one cell-site with nominally the same information. However, because of
fading and interference on the inbound or reverse link from the mobile
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fromthe sane cell-site and for other cell-site trans -'.ems si gnaljs.

Recei ver 444 will neasure the strength of any receptign fof a désiT
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signal strength in the received signals. Regeiver 444 prOV|§Es aaQ?gnaI?
strength signal to control processor 446 i cative off t

si gnal s. - Processor 446 provides control sijgnals to data
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strongest signals. On occasion 2 0 another cell:-site transnitted pi | ot

signal is of gr aitetb megml-sst; the s from one celksite maycbe of dettesiquality
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mobi le unit wi | isy$ieRhis ot Hb\?ﬁe FF@ diversi PM% B%Wtﬁ’q'h’é‘er%" may be
elther bypassed or fed the same information on each input port.
_ A multiplicity of serial coupléd diversity combiners and vocoder
10 are provided in parallel, nominally one for each call to be processed.
Diversity combiner 304 compares the signal quality indicators
accompanying the information bits from the two or more cell-site
signals. Diversity combiner 304 selects the bits corresponding to the
nighest quality cell-site on a frame-by-frame basis of the information for
15 output to vocoder 306.

Vocoder 306 converts the format of the digitized voice signal to
standard 64 Kbps PCM telephone format, analog, or any other standard
jormat. The resultant signals is transmitted from vocoder 306 to digital
switch 308. Under the control of system control prooessor 300, the call is

20 routed to the PSTN.

Voice signals coming from the PSTN intended for the mobile
units, are provided to digital switch 308 for coupling to an appropriate
Jdigital vocoder such as vocoder 306 under control of system control
processor 300. Vocoder 306 encodes the input digitized voice signals and

25 provides the resulting information bit stream directly to digital switch
302. Digital switch 302 under system control processor control direct the
encoded data to the cell-site or cell-sites to which the mobile unit is
communicating. Although discussed previously that information
transmitied to the MTSO analog voice, it is further envisioned that

30 digital information may also be conimunicated in the system. To ensure
compatibility with the system, care must be taken in proper framing of
the data.
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result.

Further details of an exenplary receiver, such as dath e&‘im am-}
dis illustrated in further detail in Figure 8. Data rpckiver 440 inclides
PN generators 516 and 518 which generate the PN-err] and PNQ

sequences in a

manner and correspondi ng to those—gererated hy the

cell-site. Timng

If the mobile unit is in a handoff mode communicating to
multiple cell-sites or in a cell diversity mode, digital switch 302 routes
the calls to the appropriate cell-sites for transmission by the appropriate
cell-site transmitter to the intended recipient mobile unit. However, if
the mobile unit is communicating with only a single cell-site or not in a
cell diversity mode, the signal is directed only to a single cell-site.

System control processor 300 provides control over digital

B switches 302 and 306 for routing data to and from the MTSO. System
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control processor 300 also determines the assignment of calls to the cell-
sites and to the vocoders at the MTSO. Furthermore, system control .
processor 300 communicates with each cell-site control processor about
the assignment of particular calls between the- MTSO and cell-site, and
the assignment of PN codes for the calls. It should be further understood
that as illustrated in Figure 8 digital switches 302 and 306 are illustrated
as two separate switches, however, this function may be performed by a -
single physical switching unit.

When the cell-diversity mode is in use, the ‘mobile unit will use
the searcher receiver to identify and acquire the strongest multipath
signal from each of the two cell-sites. The digital data receivers will be
controlled by the searcher receiver and the control processor so as to
demodulate the strongest signals. When the number of receivers is less
than the number of cell-sites transmitting information in parallel, a

. switching diversity capability is possible. For example, with only a single

data receiver and with two cell-sites transmitting, the searcher will
monitor the pilots from both cell-sites and choose the strongest signal for
the receiver to demodulate. In this embodiment the choice can be made
as frequently as every vocoder frame, or about every 20 msec.

The system control processor has responsibility for assignment of
digltal data receivers and modulators at the cell-site to handle particular
calls. Thus in the cell-to-mobile link, the system control processor
controls the assignment of Walsh sequences used at the cell-site in
transmission of a particular call to the mobile unit. In additun the’
system control processor controls the receiver Walsh sequences and PN
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5 and sequence control signals are provided to PN T
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520 generates, in response to timng signals (not ih pwn) an ungt on 10

518

sel ect signal fromthe control processor, # signal |cofT

assi gned Wal sh sequence. The function select signabl.transmtted to t e
mobile unit by the cell-site as part of the call set up nessage.—~Tte
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to correspondi ng accunul ators 528 and 530.
Mobile-to Cell Link
In the mobile-to-cell link, the channel characteristics dictate that
10 the modulation technique be modified. In particular, the use of a pilot
carrier as is used in the cell-to-mobile link is no longer feasible. The
pilot carrier must be more powerful than a- voice carrier in order to
provide a good phase reference for data modulation. With the cell-site
. transmitting many simultaneous voice carriers, a single pilot signal can
15 be shared by all the voice carriers. Therefore, the pilot signal power per
voice carrier is quite small.

In the mobile-to-cell link, however, there is usually only a smgle
voice carrier per mobile. If a pilot were used, it would require
signiﬁcantly'more power than the voice carrier. This situation is clearly

20 not desirable since overall system capacity would be greatly reduced due
to the interference caused by the presence of a larger number of high
power pilot signals. Therefore, a modulation capable of efficient
demodulation without a pilot signal must be used.

With the mobile-to-cell channel corrupted by Rayleigh fading,

25 resulting in a rapidly varying channel phase, coherent demodulator
techniques, such as a Costas loop which derives phase from the received
signal, are not feasible. Other techniques such as differentially coherent
PSK can be employed but fail to provide the desired level of signal-to-
noise ratio performance.

30 Thus, a form of orthogonal signaling such as binary, quaternary or
m-ary signalling should be employed. In the exemplary embodiment, a
64-ary orthogonal signaling technique is employed using Walsh
functions. The demodulator for m-ary orthogonal signaling requires
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Accunul ators 528 and 530 accunul ate the input informatio raz2bs
~period of one symbol or 64 chips. The accumul ator outputg !

processor 446. The phase of the received synbol data is [
accordance wth the phase of the pilot signal as determjngd Byumg 7 |
searcher receiver and the control processor45The out put {f lom phase 128 !
rotator 532 is the | channel data which is provided to fhe del nter+eaver ,'
and decoder circuitry. _ Control processor 446 Lncl udes PN
generator 53 which generates the-user PN sequence in respons

I nput mobi [ & uni hannel coherence only over the duration of transmission of the m-ary
symbol. In the exemplary embodiment, this is only two bit times.

The message encoding and modulation process begins with a

convolutional encoder of constraint length K = 9 and code rate r = 1/3.

5 At a nominal data rate of 9600 bits per second, the encoder produces

28800 binary symbols per second. These are groﬁped into characters

containing 6 symbols each at a rate of 4800 characters per second with

there being 64 possible characters. Each character is encoded into a length

64 Walsh sequence containing 64 binary bits or "chips.” The 64-ary

10 Walsh chip rate is 307,200 chips per second in the exemplary
embodiment.

The Walsh chips are then "covered" or multiplied by a PN
sequence running at the rate of 1.2288 MHz. Each mobile unit is assigned
a unique PN sequence for this purpose. This PN sequence can either be

15  assigned only for the duration of the call or assigned permanently to the
mobile unit. The assigned PN sequence is referred to herein as the user
PN sequence. The user PN sequence generator runs at a clock rate of
1.2288 MHz and so as to produce four PN chips for every Walsh chip.

Finally, a pair of short, length 32768, PN sequences are generated.

20 In the exemplary embodiment, the same sequences are used as for the
cell-to-mobile link. The user PN sequence covered Walsh chip sequence
is then covered or multiplied by each of the two short PN sequences.
The two resulting sequences then bi-phase modulate a quadrature pair of
sinusoids and are summed into a single signal. The resulting signal is

25 then bandpass filtered, translated to the final RF frequency, amplified,
filtered and radiated by the antenna of the mobile unit. As was discussed
with reference to the cell-to-mobile signal, the ordering of the filtering,
amplification, translation and modulation operations may be
interchanged.

30 In an alternative embodiment, two different phases of the user PN
code might be produced and used to modulate the two carrier phases of
the quadraphase waveform, dispensing with the need for using the
length 32768 sequences. In yet another alternative, the mobile-to-cell
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address or user |ID. The PN sequence output from PN generator 534 is

provided to diversity conbiner and decoder circuitry. s LSE?MI_WF o-
mobil e signal is scranbled with the nobile user add}e SAELEY
the output from PN generator 534 is used in descra ng the cell-sjtg
transmtted signal intended for this nobile user si ai0 4 MAR®Pas] in
cell-site receiver. PN generator 534 specif4gally pfol)ides the output] PN
sequence to the deinterl eaver and decoder circuity ere rrres-used tjo
descranbl e the scranbled user data. Although sanbli s discussed '
with reference to a PN sequence, |t i s envisioned that other scranbiing 1 0

The outputs of roueoiAd s only Bbhage; MEUpcRY ol Uispersiy with the

conbi ner and demfmlﬁletﬁhoﬂweqn&@he diversity comnbiner circuit ry

contai ned within ciropy uééi?e % Ve %lruasalt&i nfal ”?}x‘&tﬁ@stﬂﬁ ‘SHBrt P
streans of received sy s | n nrrent an t t her. 5 Th| S
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nunber corregpongicsived? Theréceiver 'cﬁﬁeﬁtﬂl@he&béamfﬁgﬁl édé?gy\dﬁth each of
the coded waveforms in separate correlators. Each of the correlator
outputs is then separately processed to demodulate the 64-ary encoding
and the convolutional coding using a Fast Hadamard Transform
processor and a Viterbi algorithm decoder.

10 In another alternative modulation scheme for the mobile-to-cell
link, the same modulation scheme would be used as for the cell-to-
mobile link. Each mobile would utilize the pair of 32768. length sector
codes as outer codes. The inner code would utilize a length 64 Walsh
sequence that is assigned to the mobile for use while it is in that sector.

15 Nominally, the same Walsh sequence would be assigned to the mobile
for the mobile-to-cell link as is used for the cell-to-mobile link.

The above orthogonal PN coding scheme limits the available
bandwidth spreading that can be used by the modulation system to a '
maximum rate of the chip rate divided by 64, or 19200 Hz for the

20 numbers used in the exemplary embodiment. This would preclude the

"~ use of m-ary encoding with large m as described for the exemplary
embodiment. As an alternative, however, a rate r = 1/2, constraint
length K = 9 convolutional code could be used with differential binary
phase shift keying modulation of the encoded binary symbols. The

25 demodulator in the cell-site could build up a phase reference over a
short interval using the technique described in the article "Nonlinear
Estimation of PSK-Modulated Carrier with Application to Burst Digital
Transmission”, Andrew J]. Viterbi and Audrey M. Viterbi, IEEE
Transactions On Information Theory, Vol IT-29, No. 4, July 1983. For

30 example, a phase reference could be averaged over only 4 symbols
requiring no more channel coherence than the above 64-ary scheme.

The performance of the just described alternative scheme,
however, will be inferior to the preferred embodiment in the presence of
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circuitry 450 further serves as an interface with a handset ©
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circuitry 4% i embodiment Jhis can torcur @uemthse( fiegaim fromt making the mobile
signals orthogonal to each other may exceed the loss in detection
efficiency of the DPSK scheme. |
In order to satisfy the requirement for time alignment in
orthogonal Walsh functions for the alternative mobile-to-cell link, each

10 cell receiver determines the time error from nominal timing of each
received signal. If a given received signal lags in timing, then the
associated cell modulator and transmitter will transmit a command to
this mobile to advance its transmit timing by a small increment.

~ Conversely, if the received signal timing of a mobile leads the nominal

15 timing, a command to retard by a small increment is transmitted to the
mobile. The timing adjustment increments are made on the order of 1/8
PN chip or 101.7 nanoseconds. The commands are transmitted at a
relatively low rate, on the order of 10 to 50 Hz and consist of a single bit
inserted into the digital voice data flow.

20 - During a soft handoff operation, the mobile unit will be receiving
signals from two or more cells. Because the mobile unit can only align
its timing in response to one of cells' timing adjust commands, the
mobile unit will normally move its timing in response to the
commands received from the strongest cell being received. The mobile

25 unit transmitted signal will thus be in time alignment with the cell with
which it has the best path. Otherwise greater mutual interference to
other users will result.

If each cell receiver receiving a mobile signal performs the above
time error measurement and correction transmission operation, then all

30 the mobiles’ received signals will normally be received with
approximately the same timing, resulting in reduced interference.

Figure 9 illustrates in block diagram form an exemplar, mobile
unit CDMA telephone set. The mobile unit CDMA telephone set
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53 shown) which converts the anal og signal to digig form  The

di gi tal signal is provided to the digital vocoder eREPhACEMiNPWq&d
'ecr'rvn-é-F-EC

The vocoder output is provided to a forward error cér

encodi ng circuit (not shown) for error correction. In e“< ary
enbodiment 5 the error correction encoding jnplenented {s ﬁ A

convol uti onal encodi ng schene. The di glﬁ zed encode mnal LS out Diut

from baseband circuitry 450 to transmt nodul ator 4
Transmit nodul ator 452 first Wal sh encodes the transmt
nodul ates the encoded signal on a PN carrier signal whose PN 1 O sequence
i s chosen accor diindutles shamenng 430 whithds colipled throughrdiplexerad32 to analoghe

PN sequence is d%@é:%f‘%b%n&o%{x@mﬁrBS%%?%mﬁﬁxefrr £35°% Anfetini# 430 and
diplexer 432 are of standard design and permit simultaneous
transmission and reception through a single antenna. Antenna 430

5 collects transmitted signals and provides them through diplexer 432 to
analog receiver 434. Receiver 434 receives the RF frequency signals from
diplexer 432 which are typically in the 850 MHz frequency band for
amplification and frequency downconversion to an IF frequency. This
translation process is accomplished using a frequency synthesizer of

10 standard design which permits the receiver to be tuned to any of the
frequencies within the receive frequency band of the overall cellular
telephone frequency band.The signals are also filtered and digitized for
providing to digital data receivers 540 and 542 along with searcher
receiver 544.

15 The details of receiver 434 are further illustrated in Figure 10.
Received signals from antenna 430 are provided to downconverter 500
which is comprised of RF amplifier 502 and mixer 504. The received
signals are provided as an input to RF amplifier 502 where they are
amplified and output as an input to mixer 504. Mixer 504 is provided

20 with another input, that being the signal output from frequency
synthesizer 506. The amplified RF signals are translated in mixer 504 to
an IF frequency by mixing with the frequency synthesizer output signal.

The IF signals are output from mixer 504 to bandpass filter (BPF)
508, typically a Surface Acoustic Wave (SAW) filter having a passband of

25 approximately 1.25 MHz, where they are from bandpass filtered. The

' characteristics of the SAW filter are chosen to match the waveform of
the signal transmitted by the cell-site. The cell-site transmitted signal is a
direct sequence spread spectrum signal that is modulated by a PN
sequence clocked at a predetermined rate, which in the exemplary

30 embodiment is 1.2288 MHz. This clock rate is chosen to be an integer

~ multiple of the baseband data rate of 9.6 kbps.
The filtered signals are output from BPF 508 as an input to a
variable gain IF amplifier 510 where the signals are again amplified. The
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information that is transmtted by the cell-site and &EERAREAITHN Sleiei yers
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to transmt power control circuitry 438. Signal

controlled by 2 0 the anal og power control signal provided from receiver
434. Control bits transmtted by the cell-sites in the form power
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and 442, and searcher receiver 444.
Receiver 434 also performs a power control function for adjusting
10 the transmit power of the mobile unit. An automatic gain control (AGC)
circuit 514 is also coupled to the output of IF amplifier 510. In response
to the level of the amplified IF signal, AGC circuit 514 provides a
feedback signal to the gain control input of IF amplifier 510. Receiver 434
also uses AGC circuit 514 to generate an analog power control signal that
15 is provided to transmit power control circuitry 438.
In Figure 9, the digitized signal output from receiver 434 is
provided to digital data receivers 440 and 442 and to searcher receiver
444. It should be understood that an inexpensive, low performance
mobile unit might have only a single data receiver while higher
20 performance units may have two or more to allow diversity reception.
The digitized IF signal may contain the signals of many on-going
calls together with the pilot carriers transmitted by the current cell-site
and all neighboring cell-sites. The function of the receivers 440 and 442
are to correlate the IF samples with the proper PN sequence. This
25 correlation process provides a property that is well-known in the art as
“processing gain” which enhances the signal-to-interference ratio of a
signal matching the proper PN sequence while not enhancing other
signals. Correlation output is then synchronously detected using the
pilof carrier from the closest cell-site as a carrier phase reference. The
30 result of this detection process is a sequence of encoded data symbols.
A property of the PN sequence as used in the present invention is
that discrimination is provided against multipath signals. When the
signal arrives at the mobile receiver after passing through more than
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one path, there will be a difference in the reception time of the signal.
This reception time difference corresponds to the difference in distance
divided by the velocity of propagation. If this time difference exceeds
one microsecond, then the correlation process will discriminate between
the paths. The receiver can choose whether to track and receive the
earlier or later path. If two receivers are provided, such as receivers 440
and 442, then two independent paths can be tracked and processed in
parallel.

Searcher receiver 444, under control of conu'ol processor 446 is for
continuously scanning the time domain around the nominal time of a
received pilot signal of the cell-site for other multi-path pilot signals
from the same cell-site and for other cell-site transmitted pilot signals.
Receiver 444 will measure the strength of any reception "of a desired
waveform at times other than the nominal time. Receiver 444 compares
signal strength in the received signals. Receiver 444 provides a signal
strength signal to control processor 446 indicative of the strongest
signals.

Processor 446 provides control signals to data receivers 440 and 442
for each to process a different one of the strongest signals. On occasion
another cell-site transmitted pilot signal is of greater signal strength than
the current cell-site signal strength. Control processor 446 then would
generate a control message for transmission to the system controller via
the current cell-site requesting a transfer of the cell to the cell-site
corresponding to the strongest pilot signal. Receivers 440 and 442 may
therefore handle calls through two different cell-sites.

During a soft handoff operation, the mobile unit will be receiving
signals from two or more cells. Because the mobile unit can only align
its timing in response to one of cells' timing adjust commands, the
mobile unit will normally move its timing in response to the
commands received from the strongest cell being received. The mobile
unit transmitted signal will thus be in time alignment with the cell with
which it has the best path. Otherwise greater mutual interference to
other users will result.
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messages such as cell-diversity node requests and cel | _

communi cation term nation conmands. These commands eﬂEPLACEMENIvSHEH tio
fransmt nodul ator 452 for transm ssion. Control procesper———"
responsive to the data received fromdata receivers- 440 aglr %1959 a d
search receiver 444 for making decisions relative to 4

di versity conbi ning. Wth respea to transpi ksion..bythe i |l e
unit, the nobile user anal og voice signal is firpt passed through_
digital vocoder. The vocoder" output is then, in ree;

convol utional forward error correction 15 (FEC)- encoded, 64-ary orthogonal

sequence encoded andryrgker défils of #n exem qreceiver, sudhnas datd eedeiverr440
orthogonal oL ibeted PR dhell iy P8 Tl R o RO g P
outputs from t hgenerators 516 amad STE@hich génerate the PINg andPNigisequences in a
Tarci o STRSOERC ok iRfodds gﬁw‘ﬁ% it byt SN
"chi p" rat e Smusand sequenwe-control signals-are providerbtm PN generators; 56 and 51§,s
data transm ssi@Qgn{ "ébﬁtrol processor 448. t'DhtH“iEchﬁrér%&G'dlsb'ﬁiﬁluMWﬁB&\
short PN sequence IS usg df\or \lr{de\émtl(l:ee acarrrl (; 'Waﬁﬁ %rs‘tc&r;}l }Q’{}' l e
user address erBeREFAT 920owhich pro ppropriate s
communication with this mobile unit by the cell-site. Walsh generator
520 generates, in response to timing signals (not shown) and a function
10 select signal from the control processor, a signal corresponding to an
assigned Walsh sequence. The function select signal transmitted to the
mobile unit by the cell-site as part of the call set up message. The PN}
and PNQ sequences output from PN generators 516 and 518 are
respectively input to exclusive-OR gates 522 and 524. Walsh generator
15 520 provides its output to both of exclusive-OR gates 522 and 524 where
the signals are exclusive-OR'ed and output the sequences PNy’ and
PNq'. '
The sequences PNy’ and PNQ' are provided to receiver 440 where
they are input to PN QPSK correlator 526. PN correlator 526 may be
20 constructed in a manner similar to the PN correlator of the cell-site
digital receivers. PN correlator 526 correlates the received I and Q
channel data with the PNy’ and PNQ' sequences and provides correlated
I and Q channel data output to corresponding accumulators 528 and 530.
Accumulators 528 and 530 accumulate the input information over a
25 period of one symbol or 64 chips. The accumulator outputs are provided
to phase rotator 532 which also receives a pilot phase signal from control
processor 446. The phase of the received symbol data is rotated in
accordance with the phase of the pilot signal as determined by the
searcher receiver and the control processor. The output from phase
30 rotator 532 is the I channel data which is provided to the deinterleaver
and decoder circuitry. '
Control processor 446 also includes PN generator 52: which
generates the user PN sequence in response to an input mobile unit
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- . address or user ID. The PN sequende output from PN generator 534 is

provided to diversity combiner and decoder drcuitry. Since the cell-to-
mobile signal is scrambled with the mobile user address PN sequence,
the output from PN generator 534 is used in descrambling the cell-site
transmitted signal intended for this mobile user similar to that as in the
cell-site receiver. PN generator 534 specifically provides the output PN
sequence to the deinterleaver and decoder circuity where it is used to
descramble the scrambled user data. Although scrambling is discussed
with reference to a PN sequence, it is envisioned that other scrambling
techniques including those well known in the art may be utilized.

The outputs of receivers 440 and 442 are thus provided to diversity
combiner and decoder circuitry 448. The diversity combiner circuitry
contained within circuitry 448 simply adjusts the timing of the two
streams of received symbols into alignment and adds them together.
This addition process may be proceeded by multiplying the two streams
by a number corresponding to the relative signal strengths of the two
streams. This operation can be considered a maximal ratio diversity
combiner. The resulting combined signal stream is then decoded using a
forward error detection (FEC) decoder also contained within circuitry 448.
The usual digital baseband equipment is a digital vocoder system. The
CDMA system is designed to accommodate a variety of different vocoder
designs.

Baseband circuitry 450 typically includes a digital vocoder (not
shown) which may be a variable rate type as disclosed in the previously
mentioned copending patent application. Baseband circuitry 450 further
serves as an interface with a handset or any other type of peripheral

"device. Baseband circuitry 450 accommodates a variety of different

vocoder designs. Baseband circuitry 450 provides output information
signals to the user in accordance with the information provided thereto
from circuitry 448. |

In the mobile-to-cell link, user analog voice signals are typically
provided through a handset as an input to baseband circuitry 450.
Baseband circuitry 450 includes an analog to digital (A/D) converter (not
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circuitry 450 to transmit modulator 452. '

Transmit modulator 452 first Walsh encodes the transmit data
and then modulates the encoded signal on a PN carrier signal whose PN
sequence is chosen according to the assigned address function for the call.
The PN sequence is determined by control processor 446 from call setup
information that is transmitted by the cell-site and decoded by receivers
440 and 442 and control processor 446. In the alternative, control
processor 446 may determine the PN sequence through prearrangement
with the cell-site. Control processor 446 provides the PN sequence
information to transmit modulator 452 and to receivers 440 and 442 for
call decoding.

The output of transmit modulator 452 is provided to transmit

power control circuitry 438. Signal transmission power is controlled by
the analog power control signal provided from receiver 434. Control bits
transmitted by the cell-sites in the form power adjustment command are
processed by data receivers 440 and 442. The power adjustment
command is used by control processor 446 in setting the power level in
mobile unit transmission. In response to this command, control
processor 446 generates a digital power control signal that is provided to
circuitry 438. Further information on the relationship of receivers 440
and 442, control processor 446 and transmit power control 438 with
respect to power control is further described in the above-mentioned
copending patent application. ]
Transmit power control circuitry 438 ou(puis the power controlled
modulated signal to transmit power amplifier circuitry 436. Circuitry 436
amplifies and converts the IF signal to an RF frequency by mixing with a
frequency synthesizer output signal which tunes the signal to the proper
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20 receives the nobile unit- address as an input in deter ] .
PN sequence. PN generator 608 generates the user specifi _;ngﬁngF§“UT
sequence as was discussed with reference to Figure 3 and j4.} A furthér™ b
attribute of PN generator 608 that is comon to all user PN ggqgnggo§§7 :
and not previously discussed is the use of maski ng technilque in 25 i
generating the output user PN sequence. For~'exanple, a 42-brt—Tmask—s j
provi ded for that user with each bit of the 42-bit nask _xclu5|ve-CR'eq
with a bit output fromeach register of the series of shift register tiat—
formthe PN generator. The results of the mask and shift register bit
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Xl usi ve. OR gatHBUBHOR Ervtch e W diplexer 432 DIPlexe 32 epuplag tbe signal
to antenna 340 for transmission to the cell-sites.

5 Control processor 446 also is capable of generating control
messages such as cell-diversity mode requests and -cell-site
communication termination commands. These commands are
provided to transmit modulator 452 for transmission. Control processor
446 is responsive to the data received from data receivers 440 and 442,

10 and search receiver 444 for making decisions relative to handoff and
diversity combining.

With respect to transmission by the mobile unit, the mobile user
analog voice signal is first passed through a digital vocoder. The vocoder
output is then, in sequence, convolutional forward error correction

18 (FEC) encoded, 64-ary orthogonal sequence encoded and modulated on a
PN carrier signal. The 64-ary orthogonal sequence is generated by a
Walsh function encoder. The encoder is controlled by collecting six
successive binary symbol outputs from the convolutional FEC encoder.
The six binary collectively determine which of the 64 possible Walsh

20 sequences will be transmitted. The Walsh sequence is 64 bits long. Thus,
the Walsh "chip” rate must be 9600 * 3 * (1/6) * 64 = 307200 Hz for a 9600
bps data transmission rate. '

In the mobile-to-cell link, a common short PN sequence is used
for all voice carriers in the system, while user address encoding is done

28 using the user PN sequence generator. The user PN sequence is
uniquely assigned to the mobile for at least the duration of the call. The
user PN sequence is exclusive-OR'ed with the common PN sequences,
which are length 32768 augmented maximal linear shift register
sequences. The resulting binary signals then each bi-phase modulate a

33 quadrature carrier, are summed to form a composite signal, are bandpass
filtered, and translated to an IF frequency output. In the exemplary
embodiment, a portion of the filtering process is actually carried out by a
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respectively provided with the PNJerr] and PN err] sequgnces output
generators 614 and 616. The sequences PN err] and PN err] are
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provi ded to ' r control 438 (Figure 9). In the
exenpl ary enbodi ment, h%ul%oq%fl e-to-cell link uses rate

convol utional code wi Thecomesdulator:outpustis then powenecmuedcl;x siglr(a?s from
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5 frequency of operation by mixing with a frequency synthesizer which
tunes the signal to proper output frequency, and then amplified to the
final output level. The transmit signal is then passed on to the diplexer

and the antenna. '
Figure 11 illustrates a preferred, but yet exemplary, embodiment of
10 mobile unit transmit modulator 452. Data is provided in digital form
from the user digital baseband circuitry to encoder 600 where in the
exemplary embodiment is convolutionally encoded. The output of
encoder 600 is provided to interleaver 602 which in the exemplary
embodiment is a block interleaver. The interleaved symbols are output
15 from block interleaver 602 to Walsh encoder 604 of transmit modulator
452. Walsh encoder 604 utilizes the input symbols to generate a code
sequence output. The Walsh sequence is provided to one input of

-exclusive-OR gate 606.

Transmit modulator 452 further includes PN generator 608 which
20 receives the mobile unit address as an input in determining the output
PN sequence. PN generator 608 generates the user specific 42-bit
sequence as was discussed with reference to Figure 3 and 4. A further
attribute of PN generator 608 that is common to all user PN generators
and not previously discussed is the use of a masking technique in
25 generating the output user PN sequence. For example, a 42-bit mask is
- provided for that user with each bit of the 42-bit mask exclusive-OR'ed
with a bit output from each register of the series of shift register that
form the PN generator. The results of the mask and shift register bit
exclusive-OR operation are then exclusive-OR'ed together to form the
30 PN generator output that is used as the user PN sequence. The output
PN sequence of PN generator 608, the sequence PNy, is input to
exclusive-OR gate 606. The Walsh symbol data and the PNy s-juence
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communications. The other input of exclusive-OR gates 6%0 and 612 are
respectively provided with the PNj and PNq sequences output from PN
generators 614 and 616. The sequences PN1 and PN are exclusive-OR'ed
10 in the respective exclusive-OR gates with the output provided to
transmit power control 438 (Figure 9).
In the exemplary embodiment, the mobile-to-cell link uses rate
r = 1/3 convolutional code with constraint length K = 9. The generators
for the code are Gy = 557 (octal), G2 = 663 (octal), and G3 = 711 (octal).
1§ Similar to the cell-to-mobile link, code repetition is used to
accommodate the four different data rates that the vocoder produces on a
20 msec frame basis. Unlike the cell-to-mobile link, the repeated code
symbols are not transmitted over the air at lower energy levels, rather
only one code symbol of a repetition group is transmitted at the nominal
20 power level. In conclusion, the code repetition in the exemplary
embodiment is used merely as an expedient to fit the variable data rate
scheme in the interleaving and modulation structure as it will be shown
in the following paragraphs. ,
A block interleaver spanning 20 msec, exactly one vocoder frame,
25 is used in the mobile-to-cell link. The number of code symbols in 20
msec, assuming a data rate of 9600 bps and a code rate r=1/3, is 576. The N
and B parameters, N is equal to the number of rows and B to the number
of columns of the interleaver array are 32 and 18, respectively. The code
symbols are written into the interleaver memory array by rows and read
30 out by columns.
The modulation format is 64-ary orthogonal signalling. In other
words, interleaved code symbols are grouped into groups of six to select
one out of 64 orthogonal waveforms. The 64 time orthogonal

or t hogonal
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waveforms are the same Walsh functions used as cover sequences in the
cell-to-mobile link.

The data modulation time interval is equal to 208.33 psec, and is
referred to as a Walsh symbol interval. At 9600 bps, 208.33 usec
corresponds to 2 information bits and equivalently to 6 code symbols at a

code symbol rate equal to 28800 sps. - The Walsh symbol interval is

subdivided into 64 equal length time intervals, referred to as Walsh
chips, each lasting 208.33 / 64 = 3.25 usec. The Walsh chip rate is then
1/3.25usec = 307.2 kHz. Since the PN spreading rate is symmetric in the
two links, i.e. 1.2288 MHz, there are exactly 4 PN chips per Walsh chip.

A total of three PN generators are used in the mobile-to-cell link
path. The user specific 42-bit PN generator and the pair of 15-bit I and Q
channe! PN generators. Following the user specific spreading operation,
the signal is QPSK spread as it was done in the cell-to-mobile link.
Unlike the cell-to-mobile link, where each sector or cell was identified by
unique sequences of length 215, here all mobile units use the same I and
Q PN sequences. These PN sequences are the zero-shift sequences used
in the cell-to-mobile link, also referred to as the pilot sequences. |

Code repetition and energy scaling are used in the cell-to-mobile
link to accommodate the variable rates produced by the vocoder. The

mobile-to-cell link uses a different scheme based on a burst transmission.

The vocoder produces four different data rates, i.e. 9600, 4800, 2400,
and 1200 bps, on a 20 msec frame basis as in the cell-to-mobile link. The
information bits are encoded by the rate r = 1/3 convolutional encoder
and code symbols are repeated 2, 4, and 8 times at the three lower data
rates. Thus, the code symbol rate is kept constant at 28800 sps. Following
the encoder, the code symbols are interleaved by the block interleaver
which spans exactly one vocoder frame or 20 msec. A total of 576 code
symbols are generated every 20 msec by the convolutional encoder, some
of which might be repeated symbols.

The code symbols sequence as it is transmitted is shown in Figure
12. Notice that a vocoder frame, 20 msec, has been subdivided into 16
slots each lasting 1.25 msec. The numerology of the mobile-to-cell link is

a5 a varsh;, synbol
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chi ps, each lasting 208.33 / 64 = 3.25 psec. The Walsh chip rate is then

1/3 25psec = 307.2 kHz. Since the PN spreading rate is sy
1.2288 M1z, there are exactly 4 PN chi ps perpP(ACBMENTISHEET
A total of three PN generators are used in the nobil e-to- etttk

t Wo i nks, i.e.

tric inthe 1.0

path. The user specific 42-bit PN generator_and the pair §pf 1&2&&@?
channel PN generators. Follow ng the user s?écific spreadfng )

the signal is QPSK spread as it was done in the cell-to-npbtle link. 15
Unlike the cell-to-nmobile Iink, where each sector or cell jwas identified

uni que sequences of length 2[err], here all nobile units |

Q PN sequences.
in the cell-to-
Code repetition
to accommodat e 4380
nobi | e-t o-cel
The vocoder pro

uces , f.our ere
and 1200 bps® ofCMPISingA siqtg,
groupe ériﬁﬁﬁztgrbupgbsc}iab g-,sin g8 glotenvol uti onal encoder 25
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informati on bit

and code synbol s are fepeated
rates. Thus, the codé‘gyﬁﬁ?ﬁ‘prlﬁ)é qy@aﬁ&p

10

15

- 20

25

30

Q

stich thaPlh seaqheshmeﬁteteare 36 codecsyanbols atcthec28800 sps:tate or
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illustrated in Figure 12. For example, at the 1/4 rate, i.e. 2400 bps, during
the fourth slot of the first group the fourth and eighth row of the
interleaver memory array are read out by columns and sequentially
transmitted. The slot position for the transmitted data must be
randomized in order to reduce the interference. )

The mobile-to-cell link timing is illustrated in Figure 13. Figure
13 expands upon the timing diagram of Figure 7 to include the mobile-
to-cell channels, i.e. voice and access. The synchronization of the
mobile-to-cell link comprises the following steps:

1. Decode successfully a sync message, i.e. CRC check;

2. Load long PN shift register with state received in the sync
message; and :

3. Compensate for pilot code phase offset if receiving from a
sector which uses a shifted pilot.

At this point the mobile has complete synchronization, i.e. PN
synchronization and real time synchronization, and can begin to
transmit on either the access channel or voice channel.

The mobile unit in order to originate a call must be provided with
signaling attributes in order to complete a call to another system user via
a cell-site. In the mobile-to-cell link the envisioned access technique is
the slotted ALOHA. An exemplary transmission bit rate on the reverse
channel is 4800 bps. An access channel packet comprises of a preamble
followed by the information.

The preamble length is in the exemplary embodunent an integer
multiple of 20 msec frames and is a sector/cell parameter which the

~ mobile receives in one of the paging channel messages. Since the cell

byj.
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the encoder, the code synbols are interleaved by the blogk interleaver

whi ch spans exactly one vocoder frame or 20 nsec. A total nfp|lACEMENTESHEET
synbol s aré generated every 20 nsec by the convol utional {e ~~SOTE—3)
of which m ght be repeated synbol s. -The codefs nbé)l Sﬁ%@“
as it is transmtted is shown in Figure 12. Notice|tHatU4 r
frame, 20 nsec, has been subdivided into 1659 slots qgaqh Jasting 1. 25
nsec. The nunerol ogy of the nobile-to-cell link is

REPLACEMENT SHEET | oG strett

that in each slot there are 36 code synbols at the 28800 sps rate or

10

1§
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receivers use the preambles to resolve propagation delays this scheme
allows the preamble length to vary based on the cell radius. The users
PN code for the access channel is either prearranged or transmitted to the
mobile units on the paging channel.

The modulation is fixed and constant for the duration of the
preamble. The orthogonal waveform used in the preamble is Wy, i.e. the
all zero Walsh function. Notice that an all zero pattern at the input of
the convolutional encoder generates the desired waveform Wp. .

An access channel data packet may consist of one or at most two 20
msec frames. The coding, interleaving, and modulation of the access
channel is exactly the same as for a voice channel at the 9600 bps rate. In
an exemplary embodiment, the sector/cell requires the mobile units to
transmit a 40 msec preamble and the access channel message type
requires one data frame. Let Np be the number of preamble frames
where k is the number of 20 msec elapsed from a predefined time origin.
Then mobiles are allowed to initiate transmission on the access channel
only when the equation: (k, Np+2) = 0 is true.

With respect to other communications applications it may be
desirable to rearrange the various elements of the error correction
coding, the orthogonal sequence coding and the PN coding to better fit
the application.

For example, in satellite mobile communications where the
signals are relayed between large Hub earth stations and the mobile
terminals by one or more earth orbiting satellites, it may be desirable to
employ coherent modulation and demodulation techniques in both
directions of the link because the channel is much more phase coherent
than the terrestrial mobile channel. In such an application, the mobile
modulator would not utilize m-ary encoding as described above.
Instead, bi-phase or four-phase modulation of forward error correction
symbols might be employed with conventional coherent demodulation
with carrier phase extracted from the received signal using Costas ldop
techniques. In addition, the orthogonal Walsh function channclization
such as herein described for the cell-to-mobile link may be employed. As
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equi val ently 6 Wal sh synbols at the 4800 sps rate. At the 1 /¢t ALEMENT §H
4800 bps, the slots .are grouped into 8 groups each conpris g—i—sﬂ(—e‘w

fhe 1/4 rate, i.e. 2400 bps, the slots are grouped into 4 brbups each 5
conprising 4 slots, and finally at the 1/8 rate, i.e. 1200} bps! .

EET

S

are grouped into 2 groups each corrprlgd ng 8 slots. An
exenpl ary synbol burst transm ssion patter®is further illustrated

in |J-

Figure 12. For exanple, at the 1/4 rate, i.e. 2400 bps, dukdng the

fourth slot of the first group the fourth and ei ghth row of the 1 0
interl eaver nenory array are read out by columms and sequentially
transnmitted. Twngg las tthe chianneh phase remains:reasonably coherent;sthisenodulation

by ot orcel W lebRdaHcE %ﬁﬁ%ﬂ"{‘i’?&@ Sirasion viith Jowef Eb/No than

expands upon tm-arymrﬂg:gnmgsm mﬂgemmgm bxgqmlayatemmpml e- 15

to-cel |l channel s | 1% an Wﬂﬂbzﬁtéﬂ&dﬁ thd
m)blletocll link co sthet@gﬁg D?:e(%
successf ul I g‘ﬁg@f mfom Instead of ‘Zhhl?% CR

shift register aWdtPEGt qxs& VWhilE thecuse/ 6f a vocod@?sﬁﬁdeFﬁenécRﬁxques
3. compensate toliPin Very Kigh AR pettormance, the Sompidiity ‘ot irplementation
is high, resulting in additional cost and in. high power consumption.
These disadvantages may be especially unfavorable in a pocket portable
10 telephone where battery consumption and cost are important. In
customary digital telephone transmission practice, the speech waveform
is represented in a digital format as 8 bit speech samples at a sample rate

of 8 kHz. The CDMA system could encode the 8 bit samples directly into

carrier phase angles. This would eliminate the need for a vocoder ora

15 FEC encoder/decoder. It would also require a somewhat higher signal-
to-noise ratio for good performance, resulting in lower capacity. In
another alternative, the 8 bit speech samples could be directly encoded
into carrier amplitudes. In yet another alternative, the speech waveform
samples could be encoded into carrier phases and amplitudes.

- 20 The previous description of the preferred embodiments is
provided to enable any person skilled in the art to make or use the
present invention. The various modifications to these embodiments
will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without

25 the use of the inventive faculty. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and novel
features disclosed herein. |
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sector which uses a shifted pilot At this point the nobile has
conpl ete synchroni zation, i.e. PN synchroni zati on and real tine
synchronlzatlon and can begin to transmt on either the access
channel or voice channel. 2 5 The nobile unit in order to originate
a call mnust be provided with - - si gnal i ng ttributesmmn

a call to another systemuser via a celfT-site. In tru ﬁl,mllﬂﬂug”m
| ink the envisioned access technique is the slotted ALOHA. -

exenplary transmssion bit rate on the reverse channel is 4800 bps. An
access channel packet conprises of a preanble 3.0 followed by the

I nf ormati on. The preanbl e Ienﬁﬂhﬁf n the exenpl ary enbodi ment
an i nteger mul tiple of 20 nsec frames and is a sector/cell paraneter

whi ch t he nobi |l ¢ recejves iin.  one of the pagi ng channel negsages. Since
t he cell 1. A modulation system for use in spread spectrum

2 communications, comprising:
means for generating a first orthogonal sequence signal
4 corresponding to a selected one of a plurality of orthogonal binary

sequences;

6 means for generating a pseudo-noise (PN) signal corresponding to
a predetermined PN binary sequence;

8 means for combining said first orthogonal sequence signal and

said PN signal and for providing a resultant first modulation signal.

2.  The system of Claim 1 further comprising additional means
2 for combining said first modulation signal with an input information
signal and for providing a resultant spread spectrum information signal.

| 3.  The system of Claim 1 wherein said plurality of orthogonal
2 binary sequences are Walsh sequences.

4. The system of Claim 1 wherein said PN sequence is an
2 augmented length maximal linear sequence PN code.

\
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59 receivers use the preanbles to resol ve propagati on delays this

schene allows the preanble length to vary based on the cell radius.
The users PN code for the access channel is either prearranged or
transmtted to the nobile units on the paging channel. 5 " The
nmodul ation is fixed and constant for 't he6édurati on of the preanbl e. The
orthogonal waveformused in the preanble is W, i.e. the all zero

Wal sh function. Notice that an all zero pattern at the input of t he

convol utional cHEIEEN cMETBAD FOR (EENERATING S3ENAY WAVEFORMS IN An
access channel ®JtRMA ULAR, TELEPHONE(S¥IREM: at npst two 20 1 0 msec

frames. The cowerl eavi ng, and nodul ati on of the access channel
is exactly the for a voice channel at the 9600 bps rate. In an

exenpl ary embodi ment, the sector/cell requires the nmobile units to
transmt a 40 msec %%@Jﬂ%% %Q% ,E.Qghggcggrs c%%lca J.Sz'zsga %ftc&gtion
signals using spread spectrum communication
techniques. PN sequences are constructed that provide
orthogonality between the wusers so that mutual
interference will be reduced, allowing higher capacity
and better link performance. With orthogonal PN codes,
the cross-correlation is zero over a predetermined
time interval, resulting in no interference between
the orthogonal codes, provided only that the code time:
frames are time aligned with each other. In an
exemplary embodiment, signals are communicated between
a cell-site (12, 14) and mobile units (16, 18) using
direct sequence spread spectrum communication signals.
In the cell-to-mobile link, pilot, sync, paging and
voice channels are defined. Information communicated
on the cell-to mobile link channels are, in general,
encoded, interleaved, bi-phase shift key (BPSK)
modulated with orthogonal covering of each BPSK symbol
along with quadrature phase shift kéy (QPSK) spreading
of the covered symbols. In the mobile-to-cell 1link,
access and voice channels are defined. Information
communicated on the mobile-to-cell link channels are,

s

in general, encoded, interleaved, orthogonal

signalling along with QPSK spreading.

FIGURE 1 RIS
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requi res one data frane. Let Np be the nunber of preanble frames 15 wher e

k is the .nunber of 20 nsec el apsed froma predefined tinme origin. Then
nobiles are allowed to initiate transm ssion on the access channel

only when the equation: (k, Np+2) = 0 is true. Wth respect to

ot her communi cations applications it may be desi r ablfe

various elenents of the error correction 2 0 coding, th Hﬁﬁﬂﬁaﬂ'SHEET

sequence coding and the PN coding to betted fit t he a'pllcatlon
For exanple, in satellite nobile conmunications where th Hﬂj#@ a
rel ayed between | arge Hub earth stations and the nobile term

di rections of,

one or nore earth orbiting satellites, it may be desirabfe
coherent nodul ati on and denodul ati on technlques in both

~the link because the channel is much nore phase coherent t ha
terrestrial nobile channel. In such an application, the nobile
nodul at or woul d not ut ary encodi ng as describ e R
| nst ead, bi-phase or f g{iﬁﬁ se nodul ati on of formard?d RGM OTHEC tion 30
symbol s m ght be enploy th conventional coherent d T W th
carrier phase extracted fr t he recei ved signal using as Ioop
techniques. In addition, the ogonal Wl sh functi channel i zati on
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4 : . i REPLACEMENT SuEET _
1. A system for nodulating an information i En.‘ a spt ‘[31 spect rum

conmruni cation system conpri sing: mean or_ generatin n ort hogonal
function signal representive of an ort hopo MARN9970 el ected from
a plurality of orthogonal functions;- aps_for generatjing a

~ pseudor andom noi se (PN) signal of a predeternjned PN code;

means for combining said orthogonal functgon saild PN si gnal

and an information signal, and for providing a resultant__ — — —ndulation
si gnal . 2. - The dystem of claim 1l wherein sai 88 rglity of orthogonal
functions are—Yé&-sh : functions. 3. The systerm of claim1 wherein -
sai d PN sigmats “TsTar mrmned“réngrh————rram‘rmg‘ ngth lin
sequence PN gode. 202 /206 d-ﬁ Egg
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4. A spread spectrum nodul ator for nodulating a digital user information

si gnal for transm ssion to an intended recipient user, conprising;
ort hogonal function generator means for generating a presel ected Wl sh
function signal; first conbiner neans for, receivi and conbi ni ng
said user information signal . -and said Wl se functignpsp .
providing a resultant internedi ate ghodul ation signgl j—

psendor andom ne+se- (PN generator neans for generating fi
signals of a code sequehce different fromone another; a
conbi ner neans for, recéiving and conbining said inteérmedi

nodul ation signal respeg¢tively with said first and secon - (
provi di ng resul tant firft and second out put nodul ation s /
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5. The nodul ator of claim4 further conprising encoder neans for

recei ving and error correction encodi ng said user information
signal, and providing and error _ correction encod "ﬁEnﬁgﬁﬁaL
signal to said first combi ner neans for combi nat§ o ?ﬁu%ﬁi@ﬂﬂﬁ?%ﬁ
function signal-. 6. The nodul ator of claim5 further conﬁ?TETﬁg“‘ﬂ
interl eaver nmeans for receiving Znd interleavin | O £MAR' ;
correction encoded user information signal, and prjovi di ng sa {
interl eaved error correction encoded user information gignal to —Jsaid
first conbiner neans for conmbining with said Wal sh fundiign signal.
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7. The nodul ator of claim®6 further conprising transm ssion neans for

nmodul ating said first and second out put nodul ati on signals upon a carrier
si gnal and transmtting said nodul ated carrier signal. 8. The
nodul ator of claim7 wherein said transm ssion neans :
si gnal conversion nmeans for receiving and converting s&E
out put nodul ation signals to analog firsg and secondfo

si gnal s; carrier nodul ati on nmeans for receivi i rst
and second carrier signals respectively with nd .
second out put nodul ati on signals to form nod t and sdcond
carrier signals and conbining said nodul at ed §fi rst and secon

carrier signals as a transm ssion signal; freque Lonfneans
for receiving and converting said transm ssion’ signal to a higher
frequency; and antenna neans for . radiating said frequency converted
transm ssi on signal . 9. The nodul ator of claim4 further conprising

data scranbl er nmeans for
. USERS LONG (42—BIT) PN

GENERATOR IN STATE X

_ 1 SEC 2 SEC 4 SEC
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generating a scranbling signal unique to said intended recipient user, and
said first conbining nmeans further for receiving and conblnlng sai d
scranbl i ng signal with said user information signal g h
function signal. - 10. The nmodul ator -of claim9
data scranbl er neans conprises user PN gener at or neal
generating as said scranbling signal a uSer PN code
to said intended recipient user.
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11.

transm ssion system conpri sing:
and second spectrum spreadi ng signals;

generating a pilot channel
of a first orthogonal functionqgel ected froma set of44rthogonal

or t hogonal

The nodul ator of claim4 wherein said digital
i conprised of frames of variable rate vocoded voic
A code division multiple access (CDVA) transm ssion system
spectrum nodul ati on and transmi ssion of a plurality of
I nformati on signals each intended for a respective recipien
spreeadi ng neans for p
pi | ot channel
function signal

Lot

user

I npu

|nfornat|on si gha

ﬁ;ﬁg@@w

Y
user 1

oy

w.—o’-&-)

igital u
IS¢ 4

ener atl ng

I

|
|

alrs I LV pua :
representatlve i

.

functions, combining said fArst and second spectrum spreadi ng signals with
sai d pi | ot dhannel orthogonal fynction S|gna and providing as an
out put first and second pi | ot crangﬁ @*ﬁ? si gnal s;
plurality of user dhangeteNigans e;ch_hc AR spec%hﬁf gﬁe of a
plurality of user infornatlon sy ghal s, geREFEIY$E)a usey cha t hogona
function signal representatlve f la sellected one of] said orthogonal
functions of ' ol t hogormrat—fumctTomns wherei n each user
channel orthogonal functi
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si gnal

Is of a different orthogonal function tﬁgpkﬁ‘s‘%g@t’ $istigagh ot her
uger channel orthogonal function signal] gnd s ald'pTrUr’c annel
ort hogonal function signal conbining sdiq rg q%mg ef information
signal with said signal gener at ed user |channel “or thOgopaf function
signal so as to provide a resultant us¢r thamrel—or-hagopal i zed
I nformati on signal, conbining each resultbnt {ser channe
ort hogonal i zed i nf or mat i on signal with said first and secomd—Sspfc PR

spreadi ng signals, and

channel

roviding as and out
means corré'pon Thg Tirst ana_secon

ut_from each rquecIIﬁEhB§HER
user channel” out pul RECEIVER
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4

channel output si gnal s to analog form recei vi ng and converting each user

channel neans first and second user channel out put]sg T form
hannel mean: | . REBLAGEMERT TTEE

conmbining said anal og first pilot channel- output sjg ] og
first user channel output signal to provide{a)jfirst combi ne i gnal ,
conbi ni ng said anal og second pilot channel puf p@4 siagrgg7and jeach
anal og second user channel out pull2si gnal tof pfovi de a secorjd

conbi ned signal, conbining said first conbijped sIgnal wtta ffirst
carrier signal so as to provide a first nodul ated carrier signal
conbi ni ng sai d secqrguconbi ned signal with a second carrier Si gnal

so as to provide a
and second nodul a
si gnal a
13. The transm
auxi liary 600 chagnel
channel inforde;
ort hogonal fun

ort hogonal functy

nd nodul at ed carrier signal. canhining-said first
g rier S|gn s as a ¢ogpssi te nodul 64d carrier
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ystyﬂg FECY a'm 1BNf ur dhdr cdrisfng at|least one
GENERATORI| Vi IGgNERA'é&R) pctive|auxiliary

AIDQBEB ge ' a %g npel
repr eseht atﬁ el fct %ne of said
| T
| | waLsH I:;::>-- -
INTERLEAVER {—fe= | 612 POWER
| ENCODER é | coNTROL
I
I

\ I_

id set _CIII ort hogonal functi
606 ::j
604) I

|
I
PNQ |
452 | GENERATOR| 616 |
: b e e e e e o ————— _I
FULL RATE 004 (NN

I
I

1/2 RATE % %
|
|
I
I

N\

N

N

N ]
T . N__N

ey Doy 2
I I
I -
1/BRATE:I L 7/ ' I 7/ T B N N I
i { I i | I 1 i | ) I I-:
t=0 t = ZOmSEC

FIG. 12



~

(]

or t hogonal

function signal,

pi | ot

auxi I iary channel

channel

wher ei n each auxiliary channel orthogonal function signal is of] ggsjéferent 7t
function with respect to each other auxiliary channgl eLLhogonaI
each user channel orthogonal function signal gna
channel ort hogonal function signal, conbining said rec@i@ﬂ&ﬁ %97
_ I nformation signal with said generated guxiliary
ort hogonal function . signd8 so as to provide a rgsultant
ort hogonal i zed i nformation . signal, conbihi-kg~sach

auxi-liary channel

—

i

auxiliary channel orthogonalized infor maUSBRSSLONGI( 42-BIT) PMth said first

and second spectrum spreadi ng signals,
fromeach respective auxiliary,

channel

out put signalg to said't

1

a“@ENERRTGh'!N STATE X
1‘

out put
d secong i |1 ary
sal d for

transni ssi on népRS Fom 'm: overtgte ?
channel neans first an td 2 E¥CS annel outpul S|gnals to anal og
form conbi ni ndgeach anal g auxi |l iary chahnel output signa

with said a
first user

CELL SYNC

9p1L0 fyi st pil
gLoTrdelfl'H"m

9_chapne
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in saipd first conbined signal,

signal _and each

pof524-L TS

conbi ni ng each anal og second auxiliary
output signal with said analog second pilot channel
second user channel output signal in said second

out put

combi ned sREPAACED BHEETSIhe rgglul attor of cl ai m T3 Vi@ Qiceeelh SEA®TS SG
channelInpassp:ion fpaedder. §Opaged.......... forward erro gern%ﬁm(an g&p.cj_l“@{g R .....
(T ke ¢ gat a DQ[ 1$. Qf ,§§,lqug§e__r" i nfor @gg -,.,q 3‘510 ajj;t}ie?q

)y p

D@l b@lﬂllqimhergh& ach™dser ghannel §itgrg' aged -

NGbsBl CO’H&EJ-H ng_ pid n&endecl reci pient u A CI“’f‘ frrblé) “"”“
DATE OF RECEIPT .....ooooeoeorrsoso . CLAIMS
| DATE OF RECEIPT..20tM.....

'chhuz

1 A systex for moqu.l.mng an ipformation agn.l m a/

spread specTum COMMIMICATON SYREM. COmprsing:
means for gemeradng m orthogoaal fumcdion sigeal
representative of an orthogoral functon selected
. from 2 phuraliry of orthogonal funcgdons:

meaas for geucratmg 3 psendorandam newse (PN)

signal of 1 preder=rmined PN code

means for combining said orthogonal functon dgnal.

sncd PN sigml and an information signal, and for
providing = resnitaat first modunladon signal.

2 The system of claim 1 wher=in szid plnrality of
orthogonal functions 2re Walsh fancdcas.

3. The system of claim 1 whereip said PN signal is an
angmented length mxmu]-lcngth Imear sequence PN
code

4 A spread spectum modulatar for m.oduhcmg 2
digital user informadon: szgul for transmussion to 2a
mtended recipient user, comprising:

otrthogenal fanctdon generatiar means for geaerating a

preselected Walsh fanczion sigoal;

fxst combiner mesas for, receiving and combintng

said oser mformadon signal and said Walsh fane-
tiou signal, and providing a resuitant intermediate
maodalagon signal;

pendcmndom norse (PN) generator means for gener.

song frst zad second PN sigmals of 2 code se-
quence different from one another; and _
second combiner meaas for, receiving and combining
s2id mtermediate moduiation signal respectrively
‘with said first and second PN gignals, and provid-
mg resaitant fost and secoud oucput moduiasion

signals.
8 The modularor of claim 4 further comprising en-
- coder mesns. for recerving and oror correction eacod-
ing said user mformartion signal, and providing 1 exxar

combmer means for cambmadon with said Walsh func-

tion signal.
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wi th said encoded and interleaved user information signal. 16.
t r'ansm ssi on system-of claim 14 wherein said spreadi ng means conpri ses:

first pseudorandom noi se (PN) generator

gener at or

spectrum spreadi ng signal of an In-Phase PN chip code; second PN
means for rg—say d second spectrum spr eadi si gnal
of a Cpadraturef—-q: ’?j'nTnSH def; and wher ¢ aid | ns and

or t hogonal

zero

st at & :
receiving and conbi ni ng sai d flrst
said pilot channel

nnel

TS T - §s are.gach of a %ﬁ{
funct]i dn. ad N& tir ansmi ssmn syste Wher ei n

ting sal d pilot: channel

ort hogonal function signal,

6. The modulator of claim § farther comprising mtex-
leaver means for receiving snd mterleaviog sid exror
correction encoded user informarion sigzal, and provid-
ngwdmtaiavedmrcomoncmadedmmfa-
mng::lmmd&umamf«mhm-
tng with sand Walsh function signal.

7. The modulator of claim 6 further comprisng r2as-

mission. means for modunjating suid frst and second

durput modulation sigasls wpon a carrier sigml and
mmmgmdmodulnedmcagml

&Th:mod’tﬂﬂo:ofdm?wbmmdum—
SO0 (BCI0S COMmPrIses:

signal conversicn mexns for rez=ng and ccovening
sud first and seccnd sarput Toduiabden sigrals
a..zlog for=:
carmies medulation meansicr, mg and medulat-
ing firs: 1ad seccnd <t signais respestively
with said maicgz first md se=snd cutpur mcdula-
den sdgrmals, ind combizing suid modulated (Tw
and secoud arrier signals 35 2 Tamsmission sig=al;
frequency conversior means for res=rving and con-
vrung said Cansmussicn @gZeal © a Righer fre-
quaacys md
anteana means for radianng sud frequency coaverted
Tansmrission signal
9. Tte modulator of claim 4 further comprising data
sctambler means for geoerating 2 scrambling signal
mﬁquctosaidintmdcdeduicn:m and sud Srst
combining meuns further for recaiving and combining

said scrambling sigoal with said wer informazion sigaal
and stid Walsh funcdoxn signal

This Sheet Has Been Replac
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10. The modulator of caim 9 wheren said daa
4 scrambler means comprises mser PN generator means
forg:n:r.mngasazd s:rmbhngsxgnalaml’\fcedc
sequence unique to said mrended recipient user.

11. The modulator of claim € wherem snd digital usex
‘nformadon signal is comprised of frames of variable
rate vocoded voice data,

The

means for generating said first

Wal sh

d of a Wal sh function chip sequence of
"1 ot channel first conbiner neans for
spectrum spreadi ng signal wth



and pr.oviding said first pilot channel output signal; and
channel second conbi

spectrum spreadi ng $i ges! %%ﬁl. j | ot channel _orthogonal function
si gnal , R
66 and proyi

The transm ssion sy
conpri ses:

-63-

12 A =ode division auitple accsss (CDMA) Tass-
mission systcm for spread spectum modulacen and
transmissica of a plurality of Jpet digital user forma-
tion signals cch tended for 2 respective recivient
user. said gInsmissHon sysen Socpndng:

sproacEng m2o=s for geoemamng G5t xd second spec-

Tum sprading Sgemals

- pilet chagnel memns for, g=meracing 2 pdct chansel

orthogenal fancticn sigpal represeatative of 2 &rst
orthogoral fimeton seiected Som 2 s22 of crthicge-
nal {occtdons, combixing said fir d secoed spec-
tum spreading sigpals with said ptiot chaanel o
thogoral forcdon signai. aed providing s an Jat-
put et and second pilot channel curpat signalss

a plurality of ser channel means each for, recsiving

a respective coe.of a plurafity of wser informacon
sigrals, geaensing 3 uses chansel orthogonal fene-
don sigral representative of a selected oge of saud
arthogomal fncticns of said set of orthogonal fime-

. ticns whereln each cyer chammel orthogonal func-

' fonction signal, combining said received user infor-

ton sgmal 5 of 3 diffrext orthogoeal funcion
with respect to each other wser chanmel orthogosal
arthogomal fancrion signal so as o provide a resul-
o aser channel orthogonalized information sig~

mal, combining cach resuitant cser channel orthog- -

onalized informarion sigpal with said first snd sec-

" ond spectrom spreading signals, and providing &s

an outpur from each respective wser channel means
corresponding first and second user channel ootput
Sigpals; |

Tansmission means for. feceiving and converting said

first and second pilot chamnel curpat sigaals ©
malog form, receiving and converting each wer
chacnel merns first and second user channel output

signals 1o analog form. combining sxid analog first

pot channel cutput signal and each amalog first
user channe! ourput signal to provide a fust com-
bined signal, combining mid analog second mlot

channel oatpat signal and cach analog secoad user |

pi | ot
er_neans for receiving and conbi ning said second

5k Srtovans e o oncere AMHERRLAILN o
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user channel WAl sh functlon generator neans for generat| ng said respective

user channel orth
function c
channel first co
user i.nformation

|BE@@§§UIENE%\‘E efo and one state chips;

i\naé4 j@ d!generated us
, provi

gnal conprised of 'a sel ected Wl sh.

user

| f€T means for 'e ei ving and conbi ning said respective

function siigna ~f g said user chann I|zed
i nformati on signall; gser—chafnel. ggecond c “me W recei ving
and conbining saidq first : spe\Etrum spreadl ai d user
channel orthogonal TZed i nfornmtion si gnal , and providing said first
user channel output signal; and user channel third conbi ner neans
for receiving and CO”E.‘:H.HH% ,P ‘0 orovidBest igednapkegli Nng si gnal

an)|

wi th said generated ugeﬂ:c
and providing said se
transmi ssi on system ofER ﬁﬁrgcmm@mm&m |W@¢1é\nﬁ’é¥

COHDFISGS

generating said respeghinyéin,

1€1T,0¥

Qr h&on%%wbmﬁforrﬁt i on signal,

The
U nmeans

aux mtodulpted amreierVdigahlf coctbumgesid segoadeans f or

rd?:?@?.ﬂ"z:o 9995% function

signal conprised of a, 557[ dnﬁ?p%&a Bj Lon cgﬁﬂvse%uence of zero

and one state chi ps; 3Md 2cdala :v:-:e:sz

btm.':"' s.'ud £rs2 and second modulited carmier sig-
aals as 3 composits Todulated cxrier sigml, and
Tansmittng s3id compesite modilated curier sig-
niL
13. The cansmission systexm of damz 12 futher comx-
prising ¢ [east cee auxiliary channet means sach for,
recsiving 3 respectve anxiliary chanpel mfermarica
signal, generadng an auxiliary chansel orthogoenal func-
gon signal representadive of a selected one of suid or-
thogouzal {tactons of said set of crthogonal fiuxctons
wherem <ach anxiBary chaepel orthogonal fimcticn
sgnal is of a different orthogonal fanction with raspest
10 each other anxdiary chamnel orthogopal function
signal, =ach user changpel orthogenal function signal and
said prlot channpe! orthogonal fancton signal, combx-
mg said received auxiliary channel information signal
with said geaerated auxiliary channel crthogomt func-
Bon sigaal so as to provide a resuitant auxliary channei
orthogoralized information signal. combining exch aux-
thary channel orthogonalized informanon signal with
said first and second spectromm spreadmg sigeals, and
providing as an ouput from cach respective zaxiliary
channel meawns first and second anxiliary channel outpat
sigmals to said qansmission means; and
said for ransmassion means further for, recetving and
converting each auxiliary channel means frst and
second aaxiliaty channal output sigmals to asalog
form, combming each analog first auxiliary channel
output signal with said analog fixst pilot charmel
ocurput signal and each analog fixst user chanmel
output signal in said first combined signal. combin-
mg each anzlog secoud auxiliary chanael ocutput

- This Sheet Has Been Re
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signal with said analog secoad pilot chamel outpat
signal and each second user chiannel output signal
in said second combmed signal



auxiliary channel first conbiner neans for receiving and conbining said
respective auxiliary information signal with said generated auxiliary

channel orthogonal function signal, and providing said auxiliary
channel orthogonalized information signal; aUXIIIdIy channel
second conbi ner nmedn - and conbi nin

spect rum spreadi ng si?ﬁ MCW gﬂm E_LUXI I lary chgmmﬁ,ﬂ"! M#m ed

i nformati on signal,| and providi ng daild t auxi |+ ary chamn

signal; and auxi RidaAPRCA8Nd| th| r conbi ner means for recel VI ng and
conbi ni ng said ' 67

14, The modulator of clm 13 wherem each user
chamnel mexns s farther for forward arror correction
cacodmg and mntetieaving dat bits of said user imforma-
ton signal.

15. The modulator of claim lbwhe:unethar
channdmnssﬁmherforg:ncmmgandmbmmg
an intended recipient nser specific scrambling signal
with said encoded and mterlcaved user mformation
signal.

IG.Thcnmonsys:mofdmld»wh:msud
spreading means comprises:

firz psendorandom paise (PN) gencrator means for
gcacranag sard frst spectrum spreading signal of
an In-Phase PN chip code;

-second PN generator means for genexating said sec-
ond spectrum spreading signal of 2 Quadrature-
Phase PN ciip code; 20d

wbammdln—?hasezndﬂ;ded:amPhascPN
:hpeodsarccachofzdiﬁ':tmpdymmnl&mo-
ton.

17. Theumsysmofdml‘whamsad

.pﬂorcbanndmmpnscs. :

piot channel Walsh funcdon geperator means for
generatng said pilot channel arthogonal funcrion
signal comprised of 3 Walkh functon chip se-
quencs of zero state chips; -

pilot channe! first combiner menns for recaving and
combining said first spectrum spreading signal wach
said pilot caanne! orthogonai funcdon siznal, and
providing said {irst plot channel ourput signal; and
pilot channel second combmer menns for rec=iving
and ccmbimng said secsnd specttum spreading
signal wth said pidot channel arthagoral functon
signal, and arovmmg siid se=czd plot channef
curpat sigz=al
\
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second:spectrum spreadi ng signal wth said generated auxiliary_channel

ort hogonal i zed i nfo
channel oufp
each user informaji
time franmes of daja
vari abl e nunber o
nodul at or of claim

i mat—pnd providing said s auxiliary

Mgﬁ*%{%bb The HDW wher ei n
n signal is c ri sed mof fixed
W2e4 APR gomBh

0

a frame ig \‘\%\ i'sed of a
i ts of vari ag rat.e voc‘oﬁA“\Xg\\oe dat a. 21. The
20 W h Ji nput. ggser. i Aif ormati on signal frame of

data further conpktises a cyclic redundancy check code (CRCC) bits, said

- CRCC conput ed based upon said bits of variable rate vocoded voice
dat a. 22. The nod tar of claim?2l wherein certain input user

~information signal
control bit data.

f r attirst 3€ TRASTERIQR, FYaFe0f GRIBekT wilgerinsadhof power

Rser chonpei means comprises:
user chaanel Waish fmcSon gemerator means for
gezenting suid respective user channed orthogonal
foncticn sigral comprised of a selected Waish func.-
Gor chip sequescs of zero and one s:@le chips
user channel first combiner means for recsving and
‘combming said rsspectve user informadon si
Wzm said generated user channel orthogonal func-
ton signal, and providing said user chanpe! orthog-
opalizzq information signals
us:rdcb.ann:iln:cond combtner means for receiving
and com g sud first spreading spectrum s
u_tith said user channel onhogona?izad im‘ex':::azf:"‘za:nl
Sgni. and providing said first user channel ontput
signal; and =
' mcmnnd third coméiner means for recsiving md
| wx:h sud generated user ckaomel orthogenalized
mformation digaal, and providing said sacond user
clannel output signal
19. The razsmission system of claim 18 wherem each

auxilisry channe! means comprises: :

auxitiary chaonel Walsh fonction generator means for
generacng said respectve suxiliary channel o
thogonal finction signal comprised of a selectad
?’hs;shfmcnm' ciip sequence of zero aznd ons are

124N '

agxiliary channel Grst combiner means for receiving
and combmimg said respective auxiliary mforma-
ton signal with said generated auxiliary chammel
orthogoeal function signal, and providing szid 2ux-
lliary chamne{ orthogonalized information signal;

aunxiliary channel secogd combmer means for recetv-
iog and combining sad first specum spreading
signal with sud auxidiary chammel orthogonalized
information signal, and providing s2id st anxil-

auxifary channel third combiner means for receiving

snd combining s2id second spectram spreading

Il

sgml with id geaerated guxiliary channel or-
said second auxiliary channel output signal.

: Th’is,lslliiﬂt,ilililretin Replaced - tbowﬂd mformation ﬁm’. and provid.ing



23. kn a code division multi pl e access (CDVA) cellular tel ephone system

a tell site transm ssion system for spread spectrum nodul ati on and
transm ssion of a plurality of input digital user information
signal s each containing user informati on intended for a respective

recipi ent user, ion system conprising:

spect rum spread iAQEMENDSREE-,a or conpri si ng

| n- Phase channdgl oijse (PN). @genera !l!mﬂl' mu "III mﬂ)
_ an Quadr at ur e-~Phaserchanrel *PN gener at or

havi ng an out pyt j | pt channel si gnal generator conpri sing:

(b) pilot ch first and second excl usive- OR gates each having a
pair of inputs and anToutptt~-0ne i nput of each of said pilot
channel first and second excl usive-OR gates coupled to said pilot

channel Wal sh functi20. e mdduiacot oft chrdimo (Bcwhicrein coth st
informarion signal s comprised .of:a-sequence of fixed
tme frames of data wherem each daza frame is com-
priszd of 1 variable sumber of bits of variable rate vo-
coded veoice data, .

21. The modalator of claim 20 wherein each input
user information signal frame of data fuxther comprises
a cyclic redundancy check code ﬂ:EM:C)'bms.snd
CRCC compured based upon each respective faxme
data bus. -

' 22, The modafator of claim 21 wherein certain put
uszrudbnnancn::gnaldzutﬁanmscidsfmnhchQEP.
peised of power conuol bit daa. -

3. In aeodedmanmu]uph:m(CDMA)cdiu
lar telepbone system. a cell+$ite ransmission system for
spread spectrum modulation’ and trensmission of & pin-
rali!y of mpet digitaj user informadon signals each son-
mmng user micrmaticn intended for 2 respective secip-
ient usex, said Taosmiio sysiem comprising:

a specTum sprexding signal generator uompnsng-

(=) az [a2-~Phace channel pscudorandom ‘acise (PN)
g=acratcr Baving an outpur; and

(®) az Quadratere-Phase chapnel PN generator
davmg Iz ourpur;

a pilot channel sgeal geaerater comprising:

(2) 2 puot chaonel Walsh ﬁmcnon g=erator hbaving
an outpur;

) pdot chanpel Grst and secord exclusive-OR
pzsachhavmgzpzrofmmandanoutpm.

~ ome mput of exch of said pilot channel first mnd
second exciusve-OR gates coupled 10 s2id pdot
chaonel Walsh function generator owipw. ao-
odu:‘ngan:ofszuipuotchannclﬁ:ﬂ:cnﬂunve- -
OR gare inpar coapled 10 sxid In-Phase channel
I”ﬂ'gcn:nuorcnmpunzuni:noﬁm::npwtofsnd '

_ puot channel second exciusive-OR zate input

coupled to siid Quadratre-Phase channel PN
geaerator oarput;

This Sheet Has Been Re;
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68 pil ot channel first exclusive-OR gate input
Coupfed to sai . channel PN generator output,:

and anot her i 0} |channel N
excl usi ve- OR e“T'h‘p‘UT"mup-I—crd to said Quadrature-P

ernat X I
nﬁ f?‘r% eéﬁ#éﬁ” se{response (FIR) (“\!“m mm‘m m\
av ' hn ne

channel PN ge
first and sec

H-Rg an.i.nput_ang an ouf gyt., said p|l mfiyst”
REPLACEMENT SHEET FIR fifter input coupled to said pilot channel

filters each
first exclusive- R gat-e—out-put and said pilot channel second FIR filter

I nput coypl ed to said pi]ot, channel second
excl usi ve- OR gate out put(c) piot channel first and secood Bmx: tffse

response (FIR) ﬁltasachbzwngmmpui:md
am cutput. sxid pilot chaznel first FIR flter mput
coupled to said pdot chanad first exclesive-OR
gate outpat g said piloc channel second FIR
filter txpat coupled to said piot channel second
exchmve-OR 2326 ourpur: and :
(d) pilot chanse! first and secand gam congol ee -
ments =ach having a pair of mputs zad an cutpur,
one mpor of each of suid pilot chagns| first and
second gain control elements recsiving 2 respe=-
tive ooe of a plurafity of gzin coutrol sigmals,
anocher oxpur of said pilot chanme] gxin first coa-
trol clement coupled to sud ploe chamet first
FIR flter cutpat. and ancther mput of w2id pilot
changel second gxin conwrol element coupled (o
said piliot charnel second FIR filter cutpay
a plunmy of user ch:nn:. sgnal generators cach

comprising:

(2) & user channel Walsh fonction generatar having
an mput ad 22 ouTPUL, each usex channel Walsh
fancricn  geserzor - input recsiving a fancton
‘selext sigmt;

(b)am:mml&ﬂudmeokwhamga
gair of mputs aad an ourpar, one nput of said
mchnndﬁ.'s:ezdmo&pxzformav-

mﬂmdmhamdmdmmdﬁm
addv&lmm@dwﬁdm:ﬁmnd
(c) user champe! second and third exchsiveOR
gates each having & pair of inpurs sod an ourpur,
one mpoz of each of sxid user cheane] second sad
chaomel frst exclusive-OR .gate output, snocher
inpet of szid user chaonel tecond excingve-OR
gxtc mput coupied to sid In-Phase charmel PN
generator cutpaz, wmd another mput of said gser
channef third exclusive OR gate mpat coupled o
wmid Quadrarure-Phase chammel PN generator
(d) user chanmel first and secaond FIR filters each
Sheet Has Been Replaced Saving an tput and an outpur, said vser channel

T i ieyterse

second exchesive-OR gate output md said aser




and ' (d) pil ot channel first and second gain
control elenents each having a pair of inputs

and an out put, one input of each of said pilot
channel first and second gain control elements receiving a

respecti ve one g‘l;ug__,%m-t%gff jai n control signats,—another—Tnput—
of said pilot chaRRE"gai

! .n...f_u-s-j rontrol el enent co
pilot channel fifrdt FIR filter ¢ufput, anghanother nmmjl mnﬂﬂlm "IIII
pi | ot channel sdcdnd2dgahRRcBMr gl |el ement coupl ed tox sat
channel second RIR filter output; a plurality of user
channel signal gengrators each conpri sing: (a) a
user channel Wallsh functi.on ﬂnnnrator havi ng an |nput and an
out put, each user channel Val sh function generator input
receiving a function select S|gnal (b) a user

channel first exclusi

and an out put one i nB&g Sal ﬁﬁser gg%ﬁ% ?%P%ﬁ %FVG OR

~gate for receiving a p Aadi on

si gnal and anot her mdmmm@h-ve R

gate coupled to sai d mmhrum@hw o puRs 284 ey Rirgie,

out put ; one mpat of ach of s2id user channei first and
second gain concol slements rez=ciing 2 respec-
tve cce of sud plurafity of zain control Szmals,
another mput of s2id user chanael &t z33n =on-
ool sicment coupled o 2id user channel Gt
FIR Gleer catpur. and wmother Tput of sxid mser
chapnel second zain conooi dement coupled
said user chmnel secoed FIR Slt= cutput; and
& ansoit power wmplifier comprising:

(a) first and sacond sats of digial w0 amaleg (D/A)
converias ch D/A converter lmving an npuar
and an output, acl D/A convertsr of mid frst
set having an mpoe coopled 0 an cutpwx of 2
respective ope: of said pilot channel €15t grin
canunlcg:n:niandﬁsddtz:renann:lﬁn:g;mn
control elements, and each D/A convester of
smdmdsczhavmganmutmled@an
outpus of a respective one of sud piot chanpel
second gain conmol elerent and siid user chan-
nel secoond Zain control elexmenes:

(b) frst summer and second smmmers each baving 2
plurality of mputs and an cutput, =xch one of said
ﬁ:sraznm:rupnscouplcdtomoctpmofa
respective D/A converter of said first set of
D/A coaverwers and said second summer mputs
coupled 1o an output of a respective D/A con-
verter of said second sex of D/A converters;

(c)ﬁrs:znds&oudmxesmhbnvmgzpmot
inpurs and 2n oatput. are input of waid first mixer
coupled 10 said firt summer output, another

—

pet of Sid Bt mixer rocsiving 3 first focal
Sheet Has Been Re; laced oscillator one mpm of said
HIIII\\ T i o St o e, s
other Wput of suiid secoud mixer receiviog a
second local oscillator signal;’




(c) , user channel second and third exclusive-OR gates each having a
pair of inputs and an output, one input of each of said user

69 channel second and third exclusive-OR gates coupled to said
user : i ve- OR gate outptt=—another input of said
user charREHL S‘etda't‘lﬁ SHEET ulsi ve-OR gate inp coupl ed to said I n-Phase
channel PN gengr gtor—outputs——and] anot her i nput Ijﬂm m‘ﬁmﬁmm nel

third exclusive I]R’zgg %F* %%t coupl ed ty said fmhannel

(d) 2 third summer having 2 pair of npwss and an
ourput. cre ioput of sod third summer coupled
to sud st mixer ourper and another inpot of
said cthird samner coapled w0 @id second mixer
output;

() 1 third mixer having a2 parr of iopus and an
oaepul. one ixput of sxd third mixer coupled to
said third summer cutpat ad another iopus of
said thicd mixer for receiving an RE cartier 9g-
_nal;

() a bandpass filrer having an xpat and o curpor,

. said bandpass filter input coupled to sd third
mixcr ourpar; and

(®) a variable gxin RF amplifier baving 3 paic of
rpots and an ootpur, ane mrpae of said RF ampli-
fier covpied to said bandpass Ghter outpnt, an-
otber mput of saxi RF zmplifier for receving 22
RF power gain coutrol signal sod szid RF ampli-
fiex outpat for coupling to an zotzmma SySiem.

24. The transmission system of claim 23 wherem said
In-Phase chamnel PN genenitor geoerates from a 5t
pdymﬁ!fm:ﬁonulu—?hmmsigﬂudsid

Phase channel PN genrsates a
Phase channel PN sigmat of & second and
different polynomial function. ’

2S. The transmission system of chaim 26 wheres sxid
piot channel Walsh funcrion generator gencrates a pdot
channel Walsh function signal representative of 4 prede-
'tsmhedWakhfuncﬁon.mdachpfsﬁdmchmd
Waish functicn ] gtn:rare m response O 2
respectively reccived funcgon select signal. a r:spccuve
wser channe! Walsh functicn signal representative of a
different Waish function with rospest 10 ces anocher
and said pilct chanael Walsh function.

-
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PN gener at or out put; (d) user channel first and second FIRfilters
each having an input . and an out put, said user channel first

FIRfilter inpyt pepUiteMENTOSHEE sai d. user channel second

excl usi ve- OR ggt e —eu-t—puL..a.nﬁ_s‘l user \Wd FIR

filter input cqugled to said ugeq channel third - excrusi ve- OR
S

T ealetall S IR T

I nput of each df said user channel first and*seto

—1

gai n
control el ementis—receiving..a ] respective one of said
plurality of gain control S|gnals anot her | nput of said
user channel first g trol el ement cou sai d user
channel first FIR f| %F%’e&. D ‘%fwgw each

user channel seconasﬁ’a %#tf-BTh@' EREPPOEHRIpl ed to said user
channel second FIR falccervaiotpan! casddarthmnngi t moetr andnh dier

conpri si ng: (@) pur,f st c%&drcﬁﬁﬁéﬂﬂl Srgséodx-.fr G.'ngti eckiiapal og (D A)
ggtm;;ﬁ{te;;che%/cg said £ :1 é’\; { g F | rs !Iggﬁ ngagn I nput
coupl ed to an out puta'o‘T"nvdm‘" imeer! "ﬁa gv%ndﬂ'euﬁf PB pil ot

channel first gain conPwtitle|saifmoavoluncnal nrecieaver mput cou-
_ pled 0 said coavolutional encoder curput:

a user charnel PN generacor having an cutpur and
capable of generatng a wser ciaanel PN signal of a
usex speific PN code;

a user channel fourth sxclesive-OR gaze ha.vmg a patr
of izputs 1ad an ourput, one mput of said user chan-

" nel fourth exclusive-OR. gaté.coupled t© said aser
channel PN geaerator outpur, another input of said
user ckanael fourth exclusive-OR zate coupled 0
szid convolntional mteriexver output, and s2id user
channel fourth exclusive-OR garte oatpur coupled
to said cne inpur of said user chanmel {rst exclu-
stve-OR gate.

27. The cansmission systemn of ¢larm 23 wheremn said
pilot channe! Walsh foncdor generaror generates a pdot
chaanel Walsh function signal cepresenrtarive of a prede-
termined Walsk fancdon, and each of said user chamne!
Walsh functon generators gemerste, in respouse 10 a
respectively recerved function select signal, 2 respective

user channed Waish functor signal representative of a
- different Walsh fonction with respect = one zother
end said pifot channel Walsh function.

28. The transmission system of clamm 23 wherein each
user channe: further comprises:

3 convolutional encoder kaving an inptx: and an out-
pot. said convolntional encoder input receiving
saz: respective input digital user informarion signal;
an

2 coavolutional interlexver having 20 npar a2d an
outpat, said convolutional nteriecaver mpot cou-
pled 10 said convolutional encoder ourput and said
convolutional interieaver cutput coupled to said
one imput of said first user channel au:!us've-OR
gate. -

This Sheet Has Been Repl
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and said user channel first gain control elements, and each D/ A
converter of said second set having an input coupl ed to an out put '
of a respective one_Qf said pilot channel secend gain tontrol

I Tot summer and JoncrQTEMERT SRETCE 2o Mg A piur g geatoot e
I nputs and an out putl, each one of spid first sunmer H“ﬂlﬂﬂ‘““““l\lml“ -
Zgi dtirst set of coluﬁlmt%n opt putepf a respecttve DA #onVerter of

29. The tracsmission system of claim 28 wherem cach
aser channel fuxther comprises:

a user channel PN genermator baving an outpur and
capable of generating 2 user chasnel PN signal of 2
usex speciic PN codg

a uscer chanpel fourth exchisive-OR gate disposed
betweesn said convolutional mierieaver and szid
user charnel frt excloive-OR gate, sod osex
channel fomrth exclusive-OR gate baving a pair of
mpars and an outpat, on= mpur of sxid user channel
fourth excinsive-OR gate coupled o said uwser
channel PN generator output, another inpat of said
wser channel foorth exclusive-OR gate coupled o
said convolgtional mterleaver ontpat, and said user
channd fourth exclusive-OR gate oarput coepled
 said one mput of said user channel frst excho-
stve-OR  gare.

36. Tke mansmission system of claim 23 further coms-
prising a sync chamnel sgnal generator, said sync chan-
nel signal generator comprising:

(@) 2 sync channel Walsh fancton gemerator having

_ aa owtpay )

(®) 2 sync chaanel firmt < <clusive-OR gate bavmg a
pair of inpuss and an surput. on= iaput of sud sync
chaonel Srst exclusiva-OR gate for cecsiving an
mput digital syuc chanpe! informaticn sigzal bear.
ing system wformadon. and wmcther miptt of said
sync channel first exclusive-OR gate coupled o
sxid syac changel Walsh funcion Zeaeralor outpul

(¢) sync chammel second 1zd third sxelusive-OR zates
ach h:V‘.-tg a pair of iaputs ard 32 owLPUL Jene

input of each of said sync chasmel secoad 1nd tued
czs:iv.sve-OR Zatss ccupied o sud sync :hmd
first =xclusive-OR zate sutput. mother mput of
s2id sync channe! second exclusive-OR gats mpt
coupled 0 sud In-Phase chanmnel PN geaerater
output. and another tput of said syoc channet

is Sheet Has Been Reﬂlaced third =xchsive-OR gznte mput coupled to said

T s s chommet 2N smersr e




"D/ A converted and said second sunmer inputs coupled to an output of a
respective D/A converter of said second set of D/A converters;
(c) first and second mxers each having a pair of inputs and an

out put, one input o ni—xery coupl ed to said first summer
out put, another inp Jtﬁ l(ﬂg *"Eﬁ# iYEET nf xer recei vi ng a_first local
oscillator signal, pnp input of sal econd m xer coupled to

sai d
Fecei ving a seoond | obar ookt I oborl S gnals second A IIIMII!] I,

summer having a paiy of Tmputs—and—arn out put, one |nput '
of said third sumel_coupled to said]first mxer output and
anot her input of said third sumer coupled to said second m Xxer

gﬂt Bﬂt one input of (93 ‘Tncacmgl 'ﬁxéteang %/#E @}S%!‘ %,g%lts and an-

ed to said
third sumrer output and AAyiRgran mput and 1o cutput, Smd t‘“ﬁ’r’-’-’%‘al d third

m xer for receiving an RéusafiR filtrgnghs coupkd to sud syu(:fc)nmd bandpass
;I : ter havi tng an : ngu% arg;gﬂdo&@ug,,vé@gi gﬁ: and said syznc (a)
ilter input coupled to a
vari abl e gal n RFparrpI I fi %ﬁ?n%gk f%@)gadannkd © said °
out put, one input of sai PYRE S |‘B’F‘{: SRR |Q"%9H&B‘é§§nd
(¢) sync channel and second gain ccatrol
mexnts each h.:wzng a pair of mpos and m ourpuL
one input of «ach ofsaxdsyncchamdﬁmand
second gain coumol elements receiving 2 respective
one of said plurality of gain control signalks, another
mput of said sync ciiacne! first gam control element
coupled to said sync chanael first FiR filt=r oapat,
another mpat of s3id sync chaonel second gain
control element coupled to smd sync ~hammel secs
ond FIR filter ontput, and wheren said sync chan-
nel firsz FIR flter cutput s coupled w0 2a mpar of
a corrasponding D/ A converter of said frst sat and
said secord sync chammel FIR flter outpat coapled
to 3 corresponding D/A cogverter of said second
seL
31. Tke wansmission sysien of claim 30 further com-
prising 2 paging ctanne: s:gm gemeTarar, sad paging
channel sigzal geaerator compeinng:
(a)apagmgchannei Walsh Em:mgmaavmg
an oufpug
(b) a paging channel first exclusive-OR gase having 2
pair of mpuss 2ad an cutpat, ane mput of said pag-
ing charnel first exclusive-OR gate for recetving 2n
rput digtal paging chanoel mformation signal
bearmg mmvended recipicst nser commumication
request information, and anothker zpat of sad pag-
g chanod first exclusive-OR gate coupled to said
paging chaane] Waish function generator output;
(c) chame! second and dhird paging exciusve-OR
_ yx:sachhzvmgapmrofmpunandmaupur.
___—— " onc mpwm of cack of said paging chanpel second
Been Replaced  and third excdusive-OR gates coupled to said pag-

T oo sameo s e




filter output, anot her I nput of said RF anplifier for receiving an

RF power gain contro

signal and said RF anplified output for

coupling to an antenna system 24. The transansygn—sys%eﬁfe+—c+aln123

wherein said

pol ynom al fun
channel PN gen
of a second an

. gener at or enerat es f
[T REPLACENESHEET AN si gnal and |||ﬂﬂ||wmﬁ{1w|
-t a Cpadrature-Phase
d f}%%%y-orﬁ al fumgtion.

gae=s wput coupled © s3id In-Phese channel PN
gcucrator outpat, and amother mput of said paging
channdtb:rde:dusx@kgncmpntwup!cduo
smdean&thzchmndPNgmmmrau&

(@) paging cheannel first and second FIR filters each
_ lmvmganmputmdanaurpnr.smﬁpagng_bamd

firsz FIR filter input coupled to sid paging chanaef

secopd exclusive-OR garze oorput and said paging
channdsecondﬂkﬁkcmpmcaupledromd

pagmg Shaneel third exclusive-OR gare sugpar;
and '

(¢) saging channel first and secound zain conrrol ele-

meaS =3cd baving a raxr of inputs and g cutpw,
one input of each of said pagmg chanmel frst and

seccnd gz..n controf slements reo=iving 3 respective.

cre of said pluralicy of gam conool sigeals, ancther
put of said paging channe! Hrst zain coatrol efa-
meat coupled o0 snd paging channel Srst FIR feer
omIpul, actaer mput of said pagmg chammel sac.
ood gam conwol slement coupled o s2id paging
chamoed second FIR fiter catput, and whersin said
paging channel fixsz FIR Siter curput is coupled
an mput of 3 eorresponding D/ A coaverter of said
first set and said second paging chmnel FIR Slier
cutout coupled to a correspending D/A converter
ot sud second set

32. Tke trapsnission syszem of claim 31 wherein suid
pilot channet Walsh functicn genesator generates a pilot
channsl Waksh function signal representative of a first
predetermined Walsh funegon, said sync ckannel Walsh
function generator geoerates 2 sync channel Walsh
funcdon. sigral represenrative of a2 secoud predeter-

\mcd Walsh fanctdon, said paging chamnct Walkh fanc-

This Sheet Has Been Rep

8oa genarator generates 3 paging chaonel Wakh fimec-

I e s e

re- Phase
N si gnal



25. The transm ssion system of claim 24 wherein sal d pi l ot channel Walsh
f unction gener ator generates a pilot channel

representative of m ned Wal sh functi | on of said

user channel Wl gh' ; ilgener at ors generate, MH ﬁﬂiﬁﬁu ﬁ”ﬂ,

respectively recBi ifed functlo‘rT‘ gct signal, a r

channel V&l sh f ufjct |Qm4smab%e resentative of a dlfference V\al sh

function with regpéct to one ofhpr and pmid pilot channel Wal sh
system of cl aim25 wherein each user

channel further & conprises: § a convol utional encoder having an

function. 26.
| nput and an out put, sal d cormot =i onal encoder input receiving said
respective input digi taI user | nf or rrat ion si gnal a convol uti onal

interl eaver having afphdfigh ?#pcc
i nterl eave i nput cou@ﬂy f’ v Lut i Lpn QI .en der out gu

channe! Walsh function signal r:pr:s:nmuvc ofs dxﬁ'c—
ent Walsh fascricn with zespect o one another and said
firse, second and chird predezaimined Walsh fomedons,

313. A merhad for modulaong a digital wser mferma-
tion signal for wansmission o an intended recipient
user, comprizng e eps of: .

generaning 3 Walsh funcdon sigeal representative of 2

- Walsh {aacton seiected from 2 plurality of Waish

combiniag 2 user infbrmation signal and said Walsh

~ functon signal. o 23 o provide & resultant interme-
' gcncm‘ngulas:oncspc:::rms'pmdhgmsipal:
o _
combaxmg std mtermediate modulation signal =
tpectively with each of sxnd specrom spremding
PNagmLsoastopmvﬁecomdmgmlnnz
-output modulation signals for Tansmission © an
meended recipient wser.
ummddmnﬁnbcmprmgthc
step of erTor correction encoding said aser information
signal.

35. The method of cixim 34 firrther comprising the
step of exleaving said exror correction encoded user
tformarnion signal, '

&Thcmﬂhodof:hmﬁfntﬁcrmmg:he
steps of:

: mgtclmangnl.
noddmgsndﬁrandmdoupumodnhmn
sgmls upon wmid carrier signak; and
tansmitting sxid modulated cartier signal.
w.ncmdwrdd:mﬁfmhampmgthc
step of:
genenting 3 scrambling sigmi unique to sxid -
_X t:ndadteapxentwlnd
This Sheet Has Been R, scramblimg signal witd sxid user infor-
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a user channel PN generator having an output and capabl e of generating a

.user channel PN signal of a user specific_ PN code;

channel fourth exegds

one input of sai

user chan
fourth excl upi ye: 85 ate _ led to said convoltutitonfl {nterleaver
out put, and said 4

coupl ed to said oneldnput of sai

gate. 27. Th

function signal
and each of said

response to a rebjing figehyisratrised®Nosdd amueakceadnigre o saidi gnal ,

respect I ve user

MahsferftUidehi on signal representative of a

gat e Jhaving a pair of inputs and an-out put,
o eesmer S“Eng s THIMLE
C
annd|

sald
channel

f gér-t h excl usi ve- OR gat e out put

user channel first exclusive-OR

transm ssi on systfem of claim 23 wherein said pil ot
channel Wal sh funttirom

ge ator generates a pilot channel Wl sh
representative of a ¥fredetern1ned Wal sh functi on,
ud8; i medulages ot iclmm | Pnwherem sydmscamer s gener at e,

a

in

di fferent Wal sh %& Md&%&n&iﬁp@g ggt&ﬁsﬂ? gai d pilot channel

TURCACSD system, 3 Bethod for spread spectrum med-
wlatgon aod o3asqissica of a ph.nlzw of ixput digel
user informarion signals sach mtanded for 3 respective
redpicat oser, sauid merhad comprising the steps of:
genemss g nr1:mxis::and:qx:n:nn:spr:nnng sg-
. mals;
mnng a pilot channel omzogoua.l funcdon signal
reprIScansive of a frst crﬂun;x:ﬂ fenctien se-
lected from a set of cribogonal feacticus;
sombining said first and second spestum spr=ding
. sigpals with said pilot channe! orthogonal fuaction
sigml <0 as tc form &t =d second pilot channel
ourput signals;
mwvmgmpanﬂdaplmkt}rofmam ormatiog
signals eack intended for 2 differenr recipiesit vser;
generating for cch received user information signal a
respecuve user chamel orthogooal funchor signal
representative of 3 selected one of said octhogonal
fancdons of said set of orthogomal functions
vvh:r:kzcm:zuuerchannelmm:nscnthogcnalﬁnu>
tca sigeal is of a different orthogoral functon
with Tespect to each other user chaunel orthogenal
foncron signal and sud.pﬂct:ﬂuunuﬂ.ordnxymuﬂ
foncdon signal;
combmmg each user mfcrmadion signal with 3 ce-
spective user channel orthogonal functon signal so
as to form a respecuve resuitant user chansel oc-
thogoualized nformation signal;
combining eack user channel ordmagc::hzzd cdor-
oxdon signal with seid fost and second spectrum
spreading signals so 1s ©0 {orm respective pairs of
first and second user channel cutpw signals; o
convertng sud first and second pilot chagnel cutper
signals to anzlog form;

"’—";"#mwgmhachpmofﬁmmdmdm

heet Has Been Replaced -
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ourpat signals to analog form;
ccmbuung said analog first pilot channel outpwt sig-



72 . Wal sh function. 28. The transm ssion system of claim 23
wher ei n each user channel further conpri ses: a convol uti onal

encoder havi ng an 5{‘ --;{ ™D It, said convol utional encoder
i nput receiving sgifd e MENWSHEW signal ditgital user infornmation

signal; and 25 convol atTom ‘ ;cralrlazs\é(rarl Eﬂm“ﬂummﬂﬂml Imd an
- 77 -

out put, said conv:

bfu :
convol uti onal encig e' out p*lﬁ“ m

mal xnd each analeg fivst wser channel carpur signal
5o 15 to form a fisst combined signal: '

combiming sxd anzlog second pilot chamme! oarpat
signal and each analog second user channet output
xgnal so as to form & second combined sigpal;

generating first and second carrier signals;

combmimg smd first cambired signal with said fist
carTieT signal 50 as o form a first modulated carrier
signal:

combining sxid second combmmed dgml with s2id
mdmangnﬂ.soswfnrmasemndmodn-
Iated cxxier signal;

combtmngsudﬁxstmdmdmodnlncdcuner
agnbsoctofomzmmpcsu:modnhwdm
'sigml; znd

transmuriag said compesite modulated carrier signal

40. The method of claim 39 further comprising the

rece=iving in parailel et lesst one respecive suxiliary
charnel mfocmation signak

generxing for each recetved suxihyry chamnel infor-
- ERTon signaf e auxiliary channel orthogonal fimo-
tog signai represenmnive of a selected one of said
orthogonal fimenions of said set of orthogonal func-
tons Wherein each anxiliary channel orthogoml
fanchion sigmal is of 2 different crthogoaal fanction
mthr:rpe:tba:h«h::zuﬂmychamdor-

thogonal fuscrion Sgnai, each user channef orthcg- _
onxl fimctian signal and said pior channel orthogo-
s3] function sigpal;

combining each auxiliary channel informadon signal
with a respecuve awuxiliary chanpel orthogonal
funcSon signal 50 as to form a respective resultans .
Iuxiliary channel orthogondiized information sig-
pal; ' '

combiming ech auxiliary chammel orthogopalized
inforzation sigaal with said first and secoud speo-
Tu spx:zding signals so as 0 form cespecave

ect Has Been Replaced - pm:s of zuxliary channel frst and second auxiliary

\lll\l\\ MIAI  <smaoet oo et and



convol utional interleaver output coupled to said one input of said first

user channel excl usive-OR gate. 29. _lhe_LLansms&_on_syst em of
cl ai m 28 wherein each user channel further npri ses: a user
channel PN gener at grgh an out put and capaﬁlmmﬂllmlﬂumum a user
channel PN signal pf: - sedfj C PN code; nnel fourth
excl usi ve- OR gat e i Yahdibjo Ut say/d convol ufi onal* Tnterl eaver
and said user cha_:f,. [ 5 eCHsgate sai d user channel

fourth exclusive- &R gh Wil a ppig of inputs and an output, one input
of sai d usgr; ¥cl usi ve- OR gate coupled to said user
channel PN Sg jAnot her i nput of said user channel
fourth excl usive- ¥ ed to said convolutional interl eaver

out put, and said user channe Skt exclusive-OR gate o

coupled to said one pggxe @;?.np%g s?ﬂa%’ﬁ oxiiiaf

gat e. 30. The tr%k%f‘s?l{%n xs em & ;2 e? com
channel si gnal

combining each analog ﬁrs: au.nlmy dnnnel ourput

signal with said analog first pdot chanznel ocutpuz

ut put
cl usive-OR
ising a sync

sgnzlzndachanalogﬁrstuszzc.mdoutput '

signal in said first combined signal;
combining each anzlog second auxiliary charnel oat-
pat signal with said anmalog secoad pilot channel
output signal and each second user channe! cutpyt
signal m said second combined signal
41. The method of claim 40 further comprising the
- steps of forward error correctior encoding and inter-
leaving data bits of said user information signal.
-42. Toe method of clam 41 further comprising the
st=ps of generadng and combining zn intended recipicat
uses specific scramoling signal with said encoded and
mterl=aved user information signal.
Q. Tae method of clamn 41 fixther comprising the
step cfproviding =ach user informadoa signal as 3 se-
quence of fixed time frames of datd wherein each data
frame is comprised of a vatiable number of bits of vari-
able ra:c vocoded voice data.
44. The method of claim 43 funhcr "ompnsng the
steps of:
zexerating, for sack fame of cach | x.m:m wser informa-
tien signal, bits of 2 cyclic redundancy check code
CRCC; a=ad '
provzdmg snd g:neruted CrRCC Bits in each corres
sponding frame of =ach mpar uwer information
signal. . ' _
4S. The method of claim 44 further comprising the
step of pserting, in certam mpot user informarion signal
datz frames, power control bit daza.
46. The methed of claim 41 wherein said first spec-
tum spreading signal is of an In-Phase pmudomdom

noise (PN) chip code, s2id second spectrum spreadmg

signal is of 3 Quadrapure-Phase PN chip code, and said
This Sheet Has Been Replaced In-?hase and Qu:dnm?hzsc PN :h.ip codes ars each
, ,"Il l"l" “ Il II generazed from a different polynomial funcrion.




gener,ator, said sync channel'signal generator conpri sing: ' (a) a
sync channel Wal sh f nction generator havi ng an out put; (b) a sync
channel excl usive-( i i

o ir of inputs and an out put, :
one input of said g$ype gﬂrﬁgr '%Efgt excl usi ve=OR gate—for_recei ving an
REPLACEMENT SHEET ’ [ [

i nformation signal b aﬂ&@Pﬂymm nput d g”’i)"’ﬁinc Ii:”hﬂa,r}ﬁa d anot her

i nput - of said syncf channel first gxdl us7¥e- OR
said sync channel Mal sh functTorderjer at or out put;

ipled to

47. The method of claim 48 whersm said sad piot
channel orthogonal functon signal is comprised of 2
Walsh function chip sequeacs of z=ro state chips.

48. The methed of claim 47 wherzin cach user chan-
pe! orthogooal function signal comptised of a selected
Walsh funcdan chip sequence of zero and aoe state
chips.

49. The method of claim 48 wher=n each auxﬂ:ary
channel orthogonal funcdor sigeal comprised of 2 se-
lected Walsh funcdon chip sequence of zero and one
state chips.

- This Sheet Has Been R

e



A08524~L TPOS
(c) . sync channel second and third excl usive-OR gat es each having a pair-

of _ SR i nputs and an output, one input of each of said sync
channel second and C third exclusive-OR gates coupled to said
sync channel first exclusive- ' OR gate output, another input
of said sync channel second excl usive-OR gate input coupled .
to said I n-Phase channel PN generator ouﬁBut and anot her

i nput of said s | als% iRl _
-coupl ed to sai dgggﬁ% ? %gm N&e%gt Y OBV,[AFY&FORMS IN (d)
sync channel first and secon F Fz ters each having an input and -an

output, said sypggeRaspel first FIRfilter input coupled to said sync
channel second exclusrve- OR gate output and said sync channel second
FIR filter input coupled to-said sync channel third exclusive-OR gate
out put;” and (R)system amh method, £68tcamsusixeinihg) din comat tricin

el ements each haV| ngaa pa&*séﬁ%neﬁrr"f?%‘? an§£e°E%S a%%g é,gglnﬁ

i nput of each of+ 9% syn secon
control - el ement seckniqueayg BNreeguencen arm arnstautted that provide

of gain control ékggggﬁali\gg; hggﬁ,ggﬂt ehesaly ?eggnc gohanpgle fighstdhggai n

control el enent cou nc channel tirst Fl Iifl | ter output,

anot her i nput o#-n‘éﬁFﬁe:E?ﬂEedﬂal‘ﬂﬂée FeuRedy R hlewing higher SaPaSHRY od
to said Sync Chanashe S€6P iR Berifiordaneel. PWithaoftibgsral BNicbdsg)C

the cross-correlation is zero over a predetermined
time interval, resulting in no interference between
the orthogonal codes, provided only that the code time:
frames are time aligned with each other. In an
exemplary embodiment, signals are communicated between
a cell-site (12, 14) and mobile units (16, 18) using
direct sequence spread spectrum communication signals.
In the' cell-to-mobile link, pilot, sync, paging and
. voice channels are defined. Information communicated
on the cell-to mobile link channels are, in general,
encoded, interleaved, bi-phase shift key (BPSK)
modulated with orthogonal covering of each BPSK symbol
- along with quadrature phase shift key (QPSK) spreading
of the covered symbols. In the mobile-to-cell link,
access and voice channels are defined. Information
communicated on the mobile-to-cell 1:i.i::k channels are,
in general, encoded, interleaved, orthogonal
signalling along with QPSK spreading.

FIGURE 1
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13 0CT 1998




- channet
DA con
channel
- sai d seq

30 furth
channel

functi on
74

REPLACEMENT SHEETS  »SU WoTs2AL TPOS

f npéscRpRr i paged - edfipﬂﬁgeiis‘ ctqupl ed to an input pf a corresponding
elztgerw&f\sai mjﬁr%t"Ose%Z“é ﬁD/ converters and sai d sec@®ERLAGEMENT SHEET
FHR-Ehbgr) opdzpat.. .couptsg -+ correspondi ng D/ A converter of

omd 58t.cpf PhAsconver peged .- 1. The transm ssion systemof claim

er conprising a paging channe 6?' gnal W&M pag| ng

Rl T

 We c1a1m

1. A system for modulating an information signal in a spread spectrum
communication system, comprising: l.
means for generating an orthogonal function signal representive of an
orthogonal function selected from a plurality of orthogonal functions;
means for generating a pseudorandom noise (PN) signal of a predetermined_ PN
code;
means for combining said orthogonal function signal;
said PN signal and an information signal, and for providing a resultant

modulation signal.

2. The system of claim 1 wherein said plurality of orthogonal functions are Walsh

functions.

3. The system of claim 1 wherein said PN signals is an augmented length

maximal-lerigth linear sequence PN code.

4. A spread spectrum modulator for modulating a digital user information signal
for transmission to an intended recipient user, comprising;
orthogonal function generator means for generating a preselected Walsh
function signal;
first combiner means for, receiving and combining said user information signal
and said Walse function signal, and providing a resultant intermediate
modulation signal;
psendorandom noise (PN) generator means for generating first and second PN
signals of a code sequence different from one another; and
second combiner means for, receiving and combining said intermediate

modulation signal respectively with said first and second PN signals., and

providing resultant first and second output modulation signals.

“MEPLACEMENT SHEET
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(b) @ pagi ng channel first exclusive-OR gate having a pair of inputs and
g out put, one input of said paging channel first exclusive- CR ENQ} gHEET

for receiving an input digital paging channel infor et REREA

beari ng I nt ended reci pient user conmuni cation request i nf or rrat I on,
and anot her i nput of said pagin har]mml “lﬂ“ a Lve OR gate
coupled to said paglng channel shl out put; (c)

channel - second and third paging exclusive-OR ‘gat’es ‘eath h aving a pair
of inputs and an output, one input of each of said paging channel second

and third gxcl Wh&ﬁoﬁﬁaﬁﬂtoﬁalmmﬁﬁeﬂwmsmwdnj m¢as flredeivisg and
excl usi ve-OR gate output, another input of said paging chan eI second
excl usi ve- OR gaereer domsation eagering saidl uses informapan sign &?‘l‘ﬁ@‘l"" Hlor

out put, and anot her .i nput of, sai. A gate
i nput coupl ed t&" 5?5’?’8“@?&ggtuﬂ?rénﬁgﬁxﬁ%é&%gnne‘?%ﬁ{lhg%r?gtrngih%# H%u sgf&’?R (d)

pagi ng channel E4gihafoifwiiRsHaowhikiRadclib@kigngach having an input and an

out put, said paging channel first FIRfilter coupled to said paging

channel second excl usive-OR gate output and said pagi ng channel

second Fl Rﬁf It ’%lrlc ;n%%gltator o % a?xg 5t gxrtﬁglri ccci)anall'g g%n?er egge?' means %or rgégi\"}irlféi ve-
and interleaving said error correctioh encoded user information signal, and
providing said interleaved error correction encoded user information signal to

said first combiner means for combining with said Walsh function signal.

7. The modulator of claim 6 further comprising transmission means for
modulating said first and second output modulation signals upon a carrier signal

and transmitting said modulated carrier signal.

8. The modulator of claim 7 wherein said transmission means comprises:
signal conversion means for receiving and converting said first and second
output modulation signals to analog first and second output modulation signals;
carrier modulation means for receiving and modulating first and second catrier
signals respectively with said analog first and second output modulation signals
to form modulated first and second carrier signals and combining said
modulated first and second carrier signals as a transmission signal;
frequency conversion means for .receiving and converting said transmission
signal to a higher frequency; and

antenna means for radiating said frequency converted transmission signal.

9. The modulator of claim 4 further comprising data scrambler means for
generating a scrambling signal unique to said intended recipient user, and said
first combining means further for receiving and combining said scrambling

signal with said user information signal and said Walsh function signal.
REPLACEMENT SHEET
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OR gat'e out put e20d—t-e channel first and second gain control
el ements each egEPbQCEMﬁNJi gﬂé’éﬂ of inputs and an output, oneREPRPANCEMENT SHEET

each of said ppg annel filr gt and second gain caontrol el enents
receiving a repppc 'chcqnqgggf ' lurality of gain control

. i | p y 1 C
o1 oment coupt off o card pag: g channa & SN MIVIMY SRFIFA== "ocepes ©

anot her input ¢f said pagi ng chghnel second*gafn tortrdl élenent
coupl ed to sai ' "¢hannel second FIR filter output, and wherein
- sai d pagi ng0.chaThemotiulatir oF cRirhi9 whereinishidudata ssrambled mdadscoarprisesuser of a
- corresponding D/A converter of said first set of D/A.converters and said
. second pagi ng cRNgeaerator raeaps for zeperating acgifcemblingsignal pasgrdmliceds o/ A

- converter of Sal.sectilugnecce%gqu%% sﬁﬁ irQeﬁAﬁe qj@é’iﬁfeﬁte\fs%.

11.  The modulator of claim 4 wherein said digital user information signal is

comprised of frames of variable rate vocoded voice data.

12. A code division multiple access (CDMA) transmission system for spread
spectrum modulation and transmission of a plurality of input digital user
information signals each intended for a respective recipient user, said
transmission system comprising:
spreading means for generating first and second spectrum spreading signals;
pilot channel means for, generating a pilot channel orthogonal function signal
representative of a first orthogonal function selected from a set of orthogonal
functions, combining said first and second spectrum spreading signals with said
pilot channel orthogonal function signal, and providing as an output first and
second pilot channel output signals;

a plurality of user channel means each for, receiving a respective one of a
plurality of user information signals, generating .a user channel orthogonal
function signal representative of a selected one of said orthogonal functions of
said set of orthogonal functions wherein each user channel orthogonal function
signal is of a different orthogonal function with respect to each other user
channel orthogonal funcﬁon_si-gnal and said pilot channel orthogonal function
signal combining said received user information signal with said signal
generated user channel orthogonal function signai so as to provide a resultant
user channel orthogonalized information signal, combining each resultant user
channel orthogonalized information signal with said first and second spectrum
- spreading signals, and providing as and output from each respective user -
channel means corresponding first and second user channel output signals;

transmission means for receiving and converting said first and second pilot



32. .The transpgission wsi_em_uf_;cl aim 31 wherein said pilot channel Wal sh
function WEPLACEMENT QHEEY dtes a pilot channel Vélsh functg@k&ﬁﬁﬁlﬁw SHEET

Eﬁgaﬁzlen'{/\zf [ \rgef 3f frrist] predet e n, said sync
S ngt i t r annel Wal sh
function signal Pe@&%efnﬁ‘?@ a sec nd| DIEB m;m HiF' ned Wl sh

function, said pa |ng ch h fu |om generates a
pagi ng channel ﬁl sh funct ion si gFaI representative of a th| rd
pr edet er m ned each of said user channel Wl sh function

generators geneggingel ddﬂpmegﬁﬂls@aﬁﬂo@fdrﬁspmiwn@nﬁaoawtmgdadhnwt| on sel ect
signal, a respective user channel Wil sh function signal repyesentative of a
different Wal shcliameltmms\ﬁmtlﬁnﬁé%%éétusﬁf(fhéﬁ@ 8H‘8%1h%$“aé§1@”§"é{ M5t second

ﬁggm ating at 2: éﬁgj ﬁl,mr?ggs}gﬁ qnﬁﬁg&ﬁﬁv%ql ot c&%&l%&{)ﬁ?&t si nraga:’nsd rﬁagﬁ‘ﬁ%ﬁb??ﬂsﬁ or

user channel output signal to provide a first combined signal, combining said

-

analog second pilot channel output signal and each analog second user channel
output signal to provide a second combined signal, combining said first
combined signal w1th a first carrier signal so as to provxde a first modulated
carrier signal combining said second combined signal with a second carrier
signal so as to provide a second modulated carrier signal, combining said first
and second modulated carrier signals as a composite modulated carrier signal,

and transmitting said composite modulated carrier signal.

13.  The transmission system of claim 12 further comprising at least one auxiliary
channel means each for, receiving a respective auxiliary channel information
signal, generating an auxiliary channel orthogonal function signal representative
of a selected one of said orthogonal functions of said set of orthogonal functions
wherein each auxiliary channel orthogonal function signal is of a different
orthogonal function with respect to each other auxiliary channel orthogonal
function signal, each user channel orthogonal function signal and said pilot
channel orthogonal function signal, combining said received auxiliary channel
information signal with said generated auxiliary channel orthogonal function
signal so as to provide a resultant auxiliary channel orthogonalized information
signal, combining each auxiliary channel orthogonalized information signal
with said first and second spectrum spreading signals, and providing as an
output from each respecﬁve auxiliary channel means first and second auxiliary
channel output signals to said transmission means; and
said for transmission means further for, receiving and covering each auxiliary
channel means first and second auxiliary channel output signals to analog form,
combining each analog first auxiliary channel output signal with said analog

first pilot channel output signal and each analog first user channel output signal



an intended recipient user, conprising the steps of: generating a

V&l sh functi on-s+ itive of a Wal sh function sel ect e@®EPRACEMENT SHEF?
froma plurali tﬁEgl‘.AGEM@ SHEESt i|ons; ——conbi-ni-ng_a_user _infor nat?E(;nEN "
slgnal gndtsaid I S anctiorn gignal, so 2 provi de a resultant

i nter medi at e roqul g4 gpTSiggall; ng m ﬂ'“u one spectrum

spreadi ng PN gi gna MQQE , {conbi nitng M ﬂll I ﬂﬂﬂ‘ ] m)duloation

si gnal respectfi - W th h-off said spe_ctrﬂm Epreadi ng PN signals

so as to provijde correspondi ng rjesul tant out put nodul ation signals

for transm ssntﬁm‘s‘m it Cothbinedsignal céomtining eaeh analogsecond aixiliang chanhebf cl ai m

33 further conprising the step of error correctio ) ncodi- sai d
user i nformati oputpimgnal withzgid analpgseepndipilpt SPWFQ?WW‘M@G&%‘?“ gnpri si ng

;[ Efe o?:rgf i 8];] ;P;%lpgg Xée?%hasnaniefioxﬁﬁ&t%ﬁgna] in said ge%{)ﬁ(?g&{lﬁﬂefﬁﬁﬂﬂed user

14.  The modulator of claim 13 wherein each user channel means is further for
forward error correction encoding and interleaving data bits of said user

information signal.

15.  The modulator of claim 14 wherein each user channel means is further for
generating and combining an intended recipient user specific scrambling signal

with said encoded and interleaved user information signal.

16.  The transmission system of claim 14 wherein said spreading means comprises:
first pseudorandom noise (PN) generator means for generating said first
spectrum spreading signal of an In-Phase PN chip code;
second PN generator means t:or generating said second spectrum spreading
signal of a Quadrature-Phase PN chip code; and
wherein said In-Phase and said Quadrature-Phase PN chip codes are each of a

different polynomial function.

17.  The transmission system of claim 16 wherein said pilot channel means
comprises:
pilot channel Walsh function generator means for generating said pilot channel
orthogonal function signal comprised of a Walsh function chip sequence of zero
state chips;
pilot channel first combiner means for receiving and combining said first
spectrum spreading signal with said pilot channel orthogonal function signal,

- and providing said first pilot channel output signal; and

pilot channel second combiner means for receiving and combining said second

spectrum spreading signal with said pilot channel orthogonal function signal,



76 36.  The| REPhAGEMENT.SHERE 43 further conprising the steps of

gegelrat! ng a cprirer sygn;;g;d . m)dmm“wmn”mleu t and s;acond out put
nodul ati on sigha} s arrler ransm ssi on
sai d nodul at ed] chr P:%e)?csl?gnal . The frodul 4t of of claim BQEPUAEEMENT S ridal

conpri si ng the| step—ot: neratl&g a scranbling signal unique to
sai d i ntended fecipient user; a o

Q

and providing said second pilot channel output signal.

18.  The transmission system of claim 17 wherein each user channel means
comprises:
user channel Walsh function generator means for generating said respective
user channel orthogonal function signal comprised of a selected Walsh function
chip sequence of zero and one state chips;
user channel first combiner means for receiving and combining said respective
user information signal with said generated user channel orthogonal function
signal, and providing said user channel orthogonalized information signal;
user channel second combiner means for receiving and combining said first
spectrum spreading signal with said user channel orthogonalized information
signal, and providing said first user channel output signal; and
user channel third combiner means for receiving and combining said second
spectrum spreading signal with said generated user channel orthogonalized

information signal, and providing said second user channel output signal.

19.  The transmission system of claim 18 wherein each auxiliary channel means
comprises:
auxiliary channel Walsh function generator means for generating said respective
auxiliary channel orthogonal function signal comprised of a selected Walsh
function chip sequence of zero and one state chips;
auxiliary channel first combiner means for receiving and combining said
respective auxiliary information signal with said generated auxiliary channel
orthogonal function signal, and providing said auxiliary channel orthogonalized
information signal;
auxiliary channel second combiner means for receiving and combining said first
spectrum spreading signal with said auxiliary channel orthogonalized
information signal, and providing said first auxiliary channel output signal; and

auxiliary channel third combiner means for receiving and combining said



W|th sai d user |nformat|on signal and sad

L“&U!ﬁlﬂ mllﬂlllﬁ!ﬂ!ﬂu c Ui . { 0 REPLACEMENT SHEET

i nt ended reci|pijend 4UBET-1999 39. ln a codé di'vi §i oh mul ti pl e access (CDVA)
communi cat i on gystem a met hgd f spread spectrum nodul ati on and

t ransm ssi on jof —a—ptruratity—of |i nput dlé ta user information
signal s each i ntended for. a regpective reC|p|ent user, said met hod
conprising the steps of: - generating first and second spectrum
spreadi ng si gnalsécond spectrumpspreiding signal withl said gonerars auxilidng ghaimakl f uncti on
signal representative of a first orthogonal _function selected froma
set of ort hogon@rﬂmgmehzqshgformatmn signaln#ndprayiding said second awdliary chanmel
spectrun1spread|ng)§ gvgls with said pil ot channel orthogona
function signal ¥ formfirst and second pil ot channel out put
signals;. . receiving in parallel a plurality of user information

signal s each intended for a
20.  The modulated of claim 12 wherein each user information signal is comprised

conbi ni ng sai
Val sh functidn . :
scanbling signgl is of a usen

of a sequence of fixed time frames of data wherein each data frame is

comprised of a variable number of bits of variable rate vocoded voice data.

21.  The modulator of claim 20 wherein each input user information signal frame of
data further comprises a cyclic redundancy check code (CRCC) bits, said CRCC

computed based upon said bits of variable rate vocoded voice data.

22.  The modulator of claim 21 wherein certain input user information signal frames

of data are further comprised of power control bit data.

23.  Inacode division multiple access (CDMA) cellular telephone system, a cell site
transmission system for spread spectrum modulation and transmission of a
plurality of input digital user information signals each containing user
information intended for a respective recipient user, said transmission system
comprising:

a spectrum spreading signal generator comprising:
(d) anIn-Phase channel pseudorandom noise (PN) generator having
an oﬁtput; and '
(b)  an Quadrature-Phase channel PN generator having an output;
a pilot channel signal generator comprising:
(a) a pilot channel Walsh function generator having an output;
(b)  pilot channel first and second exclusive-OR gates each having a
pair of inputs and an output, one input of each of said pilot -
channel first and second exclusive-OR gates coupled to said pilot

channel Walsh function generator output, another input of said



di fferent recipient user; each received user
I nformation signal a respect ive @Iﬁﬂmmﬁu IUIu ort hogonal function
signal representative of a sel ect rt hogonal td

Oona hneREPLACEMERRSHRT

of said set of orthogonal functions wherein each user channe
ort hogonal function signal is of a dlfnﬁfent ort hogonal function with
respect to 77 -
each ot her user channel orthogonal function signal and said pilot channel
ort hogonal functional signal;

pilot channel first exclusive-OR gate input coupled to said In-Phase

channel PN generator output, and another input of said pilot channel

second exclusive-OR gate input coupled to said Quadrature-Phase

channel PN generator output; |

(©)  pilot channel first and second finite impulse response (FIR)
filters each having an input and an output, said.pilot channel first

REPLACEMENT SHEET FIR filter input coupled to said pilot channel first exclusive-OR

gate output and said pilot channel second FIR filter input
04 OCT 1999

coupled to said pilot channel second exclusive-OR gate output;

and .

(d)  pilot channel first and second gain control elements each having
a pair of inputs and an output, one input of each of said pilot
channel first and second gain control elements receiving a
respective one of a plurality of gain control signals, another input
of said pilot channel gain first control element coupled to said
pilot channel first FIR filter output, and another input of said
pilot channel second gain control element coupled to said pilot
channel second FIR filter output;

a plurality of user channel signal generators each comprising:

(a)  auser channel Walsh function generator having an input and an
output, each user channel Walsh function generator input
receiving a function select signal;

(b)  auser channel first exclusive-OR gate having a pair of inputs
and an output, one input of said user channel first exclusive-OR
gate for receiving a respective input digital user information
signal and another input of said user channel first exclusive-OR
gate coupled to said user channel Walsh function generator
output,

()  user channel second and third exclusive-OR gates each having a

pair of inputs and an output, one input of each of said user



conbining e 7 dn sign espective user channel
or t hogonal W EMEmOEHEE as toihlm% nmﬂﬂﬂi"}m resul t ant RQQEACEMENT SHEET
channel ' nf or e I conbi ni ng each -

user channel |oft @4 nformation signal with said first and
second spect juin spreadi ng nhls so as_to formrespective pairs of first

and second user - channel {out put s?%nal S; converting said first
and second pill ot. _chaonel—euwtpttt signals to anal og form converting

each pair of first and second user channel output signals to anal og

form conbi ni eharme] stcombimiyhirdrextlupive-@R gitesvoapledud paitl wsegnal and

each anal og first user channel output signal so as to forma first

conbi ned signal ; channghfiast ?ﬁ%“@aﬁ)ﬁk %9‘66‘1‘8@&9??(! input of said aserel out put

signal and each anal g y nnel so as to
forma second conbi néud"'wb%ﬁ?nfeXCPus’ve ggn%l Pﬁtco}lﬂéégo %‘ng‘gg@% ¥d carrier
signals; - conbicRirig] Hﬁ'g@nérhtb?buﬁﬂﬂ%ﬂ%ﬂotﬁéﬂ t ofishill uSér chahhdlst
carrier signal so as to form first nodul ated carrier signal;

conbi ni ng sai d secondhiobenslusin QRgaullnwttdoupladeb sait Onatireture-Phaseshamadl, so
as to forma ?\gond nodul ated carrier signal; conmbi ning said
first and second nod DErHAMRE si gnal's so as to forma

user channel first and second FIR filters each having an .input

and an output, said user channel first FIR filter input coupled to
said user channel second exclusive-OR gate output and said user
channel second FIR filter input coupled to said user channel third
exclusive-OR gate output; and

(¢)  user channel first and second gain control elements each having
a pair of inputs and an output, one input of each of said user
channel first and second gain control elements receiving a
respecﬁve one of said plurality of gain control signals, another
input of said user channel first gain control element coupled to
said user channel first FIR filter output, and another input of said
user channel second gain contro] element coupled to said user
channel second FIR filter output; and

a transmit power amplifier comprising:

(a) first and second sets of digital to analog (D/A) converters, each
D/A converter having an input and an output, each D/A
converter of said first set having an input coupled to an output of
a respective one of said pilot channel first gain control element
and said user channel first gain control elements, and each D/A
converter of said second set having an input coupled to an output
of a respective one of said pilot channel second gain control
clement and said user channel second gain control elements;

(b) first summer and second summers each having a plurality of

inputs and an output, each one of said first summer inputs
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auxiliary channel orthopopal fun?(ﬁjl on signal representative of a
sel ected one of sard or t hpgonal nctions of said set of orthogonal
functions wherg¢in each auxiliary. channel orthogonal function signal

is of a different orthogonal function with
coupled to an output of a respective D/A converter of said first set of

D/A converted and said second summer inputs coupled to an output of a

respective D/A converter of said second set of D/A converters;

(c) first and second mixers each havin-g'a pair of inputs and an
output, one input of said first mixer coupled to said first summer
output, another input of said first mixer receiving a first local
oscillator signal, one input of said second mixer coupled to said
second summer output, and another input of said second mixer
receiving a second local oscillator signal;

(d)  athird summer having a pair of inputs and an output, one input
of said third summer coupled to said first mixer output and
another input of said third summer coupled to said second mixer
output; _

(¢)  athird mixer having a pair of inputs and an output, one input of
said third mixer coupled to said third summer output and another
input of said tﬁird mixer for receiving an RF carrier signal;

® a bandpass filter having an input and an output, said bandpass
filter input coupled to said third mixer output; and |

(g)  avariable gain RF amplifier having a pair of inputs and an
output, one input of said RF amplifier couple to said bandpass
filter output, another input of said RF amplifier for receiving an
RF power gain control signal and said RF amplified output for

coupling to an antenna system.

24.  The transmission system of claim 23 wherein said In-Phase channel PN
generator generates from a first polynomial function an In-Phase PN signal and
said Quadrature-Phase channel PN generator generates a Quadrature-Phase

channel PN signal of a second and different polynomial function.
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signal, a respective user channel Walsh function signal representative of a
difference Walsh function with respect to one another and said pilot channel

Walsh function.

26.  The transmission system of claim 25 wherein each user channel further
comprises:
a convolutional encoder having an input and an output, said convolutional
encoder input receiving said respective input digital user information signal;
a convolutional interleaver having an input and an output, said convolutional
interleave input coupled to said convolutional encoder output;
a user channel PN generator having an output and capable of generating a user
channel PN signal of a user specific PN code;
a user channel fourth exclusive-OR gate having a pair of inputs and an output,
one input of said user channel fourth exclusive-OR gate coupled to said user
channel PN generator output, another input of said user channel fourth
exclusive-OR gate coupled to said convolutional interleaver output, and said
user channel fourth exclusive-OR gate output coupled to said one input of said

user channel first exclusive-OR gate.

27.  The transmission system of claim 23 wherein said pilot channel Walsh function
generator generates a pilot channel Walsh function signal representative of a
predetermined Walsh function, and each of said user channel Walsh function
generators generate, in response to a respectively' lreceived function select
signal, a respective user channel Walsh function signal representative of a

different Walsh function with respect to one another and said pilot channel
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28.  The transmission system of claim 23 wherein each user channel further
comprises: |
a convolutional encoder having an input and an output, said convolutional
encoder input receiving said respective input signal digital user information
signal; and
a convolutional interleaver having an input and an output, said convolutional
interleaver input coupled to said convolutional encoder output and said
convolutional interleaver output coupled to said one input of said first user

channel exclusive-OR gate.

29.  The transmission system of claim 28 wherein each user channel further
comprises:
a user channel PN generator having an output and capable of generating a user
channel PN signal of a user specific PN code;
a user channel fourth exclusive-OR gate disposed between said convolutional
interleaver and said user channel first exc.,lusive-OR. gate, said user channel
fourth exclusive-OR gate having a pair of inputs and an output, one input of
said user channel fourth exclusive-OR gate coupled to said user channel PN
generator output, another input of said user channel fourth exclusive-OR gate
-coupled to said convolutional interleaver output, and said user channel fourth
exclusive-OR gate output coupled to said one input of said under channel first

exclusive-OR gate.

30.  The transmission system of claim 23 further comprising a sync channel signal
generator, said sync channel signal generator comprising:
(@  async channel Walsh function generator having an output; -
(b)  async channel exclusive-OR gate having a pair of inputs and an output,

one input of said sync channel first exclusive-OR gate for receiving an
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input digital sync channel information signal bearing system
information, and another input of said sync channel first exclusive-OR
coupled to said sync channel Walsh function generator output;

- (c)  sync channel second and third exclusive-OR gates each having a pair of
inputs and an output, one input of each of said sync channel second and
third exclusive-OR gates coupled to said sync channel first exclusive-
OR gate output, another input of said sync channel second exclusive~-OR
gate input coupléd to said In-Phase channel PN generator output, and
another input of said sync channel third exclusive-OR gate input
coupled to said Quadrature-Phase channel PN generator output;

(d)  sync channel first and second FIR filters each having an input and an
output, said sync channel first FIR filter input coupled to said sync
channel second exclusive-OR gate output and said sync éhannel second
FIR filter input coupled to said sync channel third exclusive-OR gate
output; and

(¢)  sync channel first and second gain control elements each having a pair
of inputs and an output, one input of each of said sync channel first and
second gain control elements receiving a respective one of said plurality
of gain control signals, another input of said sync channel first gain
control element coupled to said sync channel first FIR filter output,
another input of said sync channel second gain control element coupled
to said sync channel second FIR filter output, and wherein said sync
channel first FIR filter output is coupled to an input pf a corresponding
D/A converter of said first set of D/A converters and said second sync
channel FIR filter output coupled to a corresponding D/A converter of

said second set of D/A converters.

31.  The transmission system of claim 30 further comprising a paging channel signal
generator, said paging channel signal generator comprising:

(2) a paging channel Walsh function generator having an output;
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chi ps. 49. The nmethod of  claim 48 wherein each auxi]iary channel
ort hogonal function Output, one input of said paging channel first exclusive-OR gate for

receiving an input digital paging channel information signal bearing
intended recipient user communication request information, and another
input of said paging channel first exclusive-OR gate coupled to said
paging channel Walsh function generator output;

(c)  channel second and third paging exclusive-OR gates each having a pair
of inputs and an output, one input of each of said paging channel second
and third exclusive-OR gates coupled to said paging channel first
exclusive-OR gate output, another input of said paging channel second
exclusive-OR gates input coupled to said In-Phase channel PN generator
output, and another input of said paging channel third exclusive-OR gate
input coupled to said Quadrature-Phase channel PN generator output;

(d paging channel first and second FIR filters each having an input and an
output, said paging channel first FIR filter cdupled to said paging
channel second exclusive-OR gate output and said paging channel
second FIR filter input coupled to said paging channel third exclusive-
OR gate output; and

(©) paging channel first and second gain control elements each having a pair
of inputs and an output, one input of each of said paging channel first
and second gain control elements receiving a respective one of said
plurality of gain control signals, another input of said paging channel
first gain control element coupled to said paging channel first FIR filter
output, lanother input of said paging channel second gain control element
coupled to said paging channel second FIR filter output, and wherein
said paging channel first FIR filter output is coupled to an input of a
corresponding D/A converter of said first set of D/A converters and said
second paging channel FIR filter output coupled to a corresponding D/A

converter of said second set of D/A converters.
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32.  The transmission system of claim 31 wherein said pilot channel Walsh function

generator generates a pilot channel Walsh function signal representative of a
first predetermined Walsh function, said sync channel Walsh function generator
generates a sync channel Walsh function signal representative of a second
pi'edetermined Walsh function, said paging channel Walsh function generator
generates a paging channel Walsh function signal representative of a third
predetermined Walsh function, and each of said user channel Walsh function
generators generate, in response to a respectively received function select
signal, a respective user channel Walsh function signal representative of a

| different Walsh function with respect to one another and said first, second and

third predetermined Walsh functions.

33. A method for modulating a digital user information signal for transmission to
an intended recipient user, comprising the steps of:
generating a Walsh function signal representative of a Walsh function selected
from a plurality of Walsh functions; |
combining a user information signal and said Walsh function signal, so as to
provide a resultant intermediate modulation signal;
generating at least one spectrum spreading PN signal; and
combining said intermediate modulation signal respectively with each of said
spectrum spreading PN signals so as to provide corresponding resultant output

modulation signals for transmission to an intended recipient user.

34.  The method of claim 33 further comprising the step of error correction

encoding said user information signal.

35.  The method of claim 34 further comprising the step of interleaving said error

correction encoded user information signal.
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The method of claim 33 further comprising the steps of:

generating a carrier signal;

modulating said first and second output modulation signals upon said carrier
signal; and

transmission said modulated carrier signal.

The modulator of claim 33 further comprising the step of:
generating a scrambling signal unique to said intended recipient user; and
combining said scrambling signal with said user information signal and sad

Walsh function signal.

The modulator of claim 37 wherein said scambling signal is of a user PN code

sequence unique to said intended recipient user.

In a code division multiple access (CDMA) communication system, a method
for spread spectrum modulation and transmission of a plurality of input digital
user information signals each intended for a respective recipient user, said
method comprising the steps of:

generating first and second spectrum spreading signals;

generating a pilot channel orthogonal function signal representative of a first
orthogonal function selected from a set of orthogonal functions;

combining said first and second spectrum spreading signals with said pilot
channel orthogonal function signal so as to form first and second pilot channel
output signals;

receiving in parallel a plurality of user information signals each intended for a
different recipient user;

generating for each received user information signal a respective user channel
orthogonal function signal representative of a selected one of said orthogonal
functions of said set of orthogonal functions wherein each user channel

orthogonal function signal is of a different orthogonal function with respect to
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each other user channel orthogonal function signal and said pilot channel
orthogonal functional signal;

combining each user informat_ion signal with a respective user channel
orthogonal function signal so as to form a respective resultant user channel
orthogonalized information signal;

combining each user channel orthogonalized information signal with said first
and second spectrum spreading signals so as to form respective pairs of first and
second user channel output signals;

converting said first and second pilot channel output signals to analog form;
converting each pair of first and second user channel output signals to analog
form;

combining said analog first pilot channel output signal and each analog first
user channel output signal so as to form a first combined signal;

combining said analog second pilot channel output signal and each analog
second user channel output signal so as to form a second combined signal;
generating first and second carrier signals;

combining said first combined signal with said first carrier signal so as to form
a first modulated carrier signal;

combining said second combined signal with said second carrier signal, so as to
form a second modulated carrier signal;

combining said first and second modulated carrier signals so as to form a

composite modulated carrier signal; and REPLACEMENT SHEET

transmitting said composite modulated carrier signal.
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The method of claim 39 further comprising the steps of:

receiving in parallel at least one respective auxiliary channel information signal;
generating for each received auxiliary channel information signal an auxiliary
channel orthogonal function signal representative of a selected one of said
orthogonal functions of said set of orthogonal functions wherein each auxiliary

channel orthogonal function signal is of a different orthogonal function with
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respect to each other auxiliary channel orthogonal function signal, each user
channe] orthogonal function signal and said pilot channel orthogonal function

signal;

- combining each auxiliary channel information signal with a respective auxiliary

channel orthogonal function signal so as to form a respective resultant auxiliary
channel orthogonalized information signal;

combining each auxiliary channel orthogonalized information signal with said
first and second spectrum spreading signals so as to form respective pairs of
auxiliary channel first and second auxiliary channel output signals; and
converting each pair of first and second auxiliary channel output signals to
analog form; | |
combining each analog first auxiliary channel output signal with said analog
first pilot channel output signal and each analbg first user channel output signal
in said first combined signal.

combining each analog second auxiliary channel output signal with said analog
second pilot channel output signal and each second user channel output signal

in said second combined signal.

The method of claim 40 further comprising the steps of forward error correction

encoding and interleaving data bits of said user information signal.

The method of claim 41 further comprising the steps of generating and
combining an intended recipient user specific scrambling signal with said

encoded and interleaved user information signal.

The method of claim 41 further comprising the step of proi/iding each user
information signal as a sequence of fixed time frames of data wherein each
frame of data is comprised of a variable number of bits of variable rate vocoded-

voice data.
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The method of claim 43 further comprising the steps of:

generating, for each frame of data of each input user information signal, bits of
a cyclic redundancy check code CRCC; aﬁd

providing said generated CRCC bits in each corresponding frame of data of

each input user information signal.

The method of claim 44 further comprising the step of inserting in certain input

user information signal frames of data, power control bit data.

The method of claim 41 wherein said first spectrum spreading signal is of an In-
Phase pseudorandom noise (PN) chip code, said second spectrum spreading
signal is of a Quadrature-Phase PN chip code, and said In-Phase and
Quadrature-Phase PN chip codes are each generated from a different

polynomial function.

The method of claim 46 wherein said pilot channel orthogonal function signal is

comprised of a Walsh function chip sequence of zero state chips.

The method of claim 47 wherein each user channel orthogonal function signal
comprised of a selected Walsh function chip sequence of zero and one state

chips.

The method of claim 48 wherein each auxiliary channel orthogonal function
signal comprised of a sclected Walsh function chip sequence of zero and one

state chips.
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long as the channel phase remains reasonably coherent, this modulation
and demodulation system provides operation with lower Eb/No than
m-ary orthogonal signaling resulting in higher system capadty.
~ In another embodiment, it may be preferable to encode the speech
waveform directly into the RF waveform instead of utilizing a vocoder
and FEC techniques. While the use of a vocoder and FEC techniques
result in very high link performance, the complexity of implementation
is high, resulting in additional cost and in. high power consumption.
These disadvantages may be especially unfavorable in a pocket portable
telephone where battery consumption and cost are important. In
customary digital telephone transmission practice, the speech waveform
is represented in a digital format as 8 bit speech samples at a sample rate
of 8 kHz. The CDMA system could encode the 8 bit samples directly into
carrier phase angles. This would eliminate the need for a vocoder or a
FEC encoder/decoder. It would also require a somewhat higher signal-
to-noise ratio for good performance, resulting in lower capacity. In
another alternative, the 8 bit speech samples could be directly encoded
into carrier amplitudes. In yet another alternative, the speech waveform
samples could be encoded into carrier phases and amplitudes. '
The previous description of the preferred embodiments is
provided to enable any person skilled in the art to make or use the
present invention. The various modifications to these embodiments
will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without
the use of the inventive faculty. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and novel
features disclosed herein.
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