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CDVA TRANSM SSI ON EMPLOYI NG CLI PPI NG FUNCTI ON
TECHNI CAL FI ELD OF THE | NVENTI ON . The present invention relates

in general to signal processi ng techniques and nore particularly to
an_appar atus SWO96/38M4l et hod of processing CDVA signal s. PCT/US96/08500

CDMA TRANSMISSION EMPLOYING CLIPPING FUNCTION

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to signal
processing techniques and more particularly to an apparatus
and method of processing CDMA signals.
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2 BACKGROUND OF THE | NVENTI ON. The use of code division
mul tiple access _(CDVA) - signals is a convenient techni que of -
transmtti’ng Wreléss signals. Many wirel ess systens process CDVA
signals for ‘woosdsk@ transm ssion of information. However porssenssooCDVA
st gnal processing techniques suffer inefficient power in the desired
band of frequencies for transmtted signals aad - unaccept abl e

i nfersynbol interference. Therefore, it is’ desirabl e to increase
frequency band power and reduce 10 I ntersynbol interference. WO
96/ 38944 , PCT/ US96/ 08500

3 SUMVARY kR bd NYEMEEON NVENTION Fromthe foregoing, a need

has arisen for proTessrig : . )
The use of code division multiple access (CDMA)

signals is a convenient technique of transmitting wireless

signals. ‘Many wireless systems process CDMA signals for
5 the transmission of information. However, typical CDMA

signal processing techniques suffer inefficient power in

the desired band of frequencies for transmitted signals and

unacceptable intersymbol interference. Therefore, it is

desirable to increase frequency band power and reduce
10 intersymbol interference. '



CDMA signals to increase frequency band power. A need has al so arisen
for processing CDVA signhals to reduce 5 I ntersynbol interference.

An obj ect .of the invention is to provide an apparatus and met hod of
processing CDMA signals that substantially ‘ elimnate or reduce

di sadvant ages wabspsahl ens associ at ed wi t h convent i onalpcEi)sbs/nss00
processi ng techni ques. 10 In accordance with one aspect of the

i nvention, there is provided a nmethod of3 processi ng CDVA si gnal s,
conpri sing t he steps of: perfornmi ng a spreading function
on "CDMA signals from a plurality of channels; 15 conbi ni ng
the CDMA, signals of the pl urality of channels to create a
sumed si gnal ; r g [.on of the sunmed signal above and
bel ow a desired thr ESHUARY, Sﬁoﬂlﬁ ‘“’w 22N fcdgi cli pped signal . I'n
accor dance with anot her Bspnct:hef fbhegoimgnta aeed(has drisyen iforpparocesding
nmet hod of processin I ogp t

performng a spreadlgng fun%'%]ﬂ[(}fll %bn imas‘é Féﬁ#ﬂ%%é%erol uralrmte ?s
channel s; alsonberisgnt héommprgcgﬁaﬁsgof chMa plsmgaaiLSy &b 25educe

channels to create §n§EBH§HbSIQM£erference converting the summed si gnal
into two separate data channel's for nmodul ating a radio frequency

carrier transm ssi &R WIREL ofeddie JRVERELIPROLS HRAREY igR &ATc FRPASREUS

carrying infornmati oandnmethakf o8 titﬂbqu.dsaagcmntmg&&ghaae, t&@.t sublstafitial By
first half of the ggnagg cont ai,ns

i nf I,on _and a
second half of the 83”1 Qr . kedige, élsagvantazg&so rﬁft" 1ems*2ssciated
with conventional CDMA processing techniques. '

10 In accordance with one aspect of the invention, there
is provided a method of processing CDMA signals, comprising
the steps of:

performing a spreading function .on CDMA signals from
a plurality of channels;
15 combining the CDMA signals of the plurality of
channels to create a summed signal;
removing a portion of the summed signal above and
below a desired threshold range to create a clipped signal.
In accordance with another aspect of the invention,

20 there is provided a method of processing CDMA signals,

comprising the steps of:

performing a spreading function on CDMA signals from
a plurality of channels;

combining the CDMA signals of the plurality of

25 channels to create a summed signal;

converting the summed signal into two separate data
channels for modulating a radio frequency carrier
transmission signal, each of the two separate data channels
carrying information in a half-width pulse configuration,

30 wherein a first half of the pulse contains valid

- information and a second half of the pulse has a return to

zero format. - '
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4 In accordance with a further aspect of the invention,

there is provi ded an apparatus for processing CDVA signals,

conpri si'ng: . a sunmer circuit operable to conbine CDVA signals

fram 5 . a pwesshsdsy of channels, the summer circuit oper abPer/us96/08500

geherate a summed signal therefrom a clipping circuit operable

to renove a portion of the sunmed si gnak above and bel ow a desired _
* threshol d range, the clipping circuit operable to generate a clipped

signal 10 t herefrom a digital to anal og processing circuit

operable to convert the cI | pped signal into a half w dth encoded

format, the half vvidth t [
a first half of a-si gnal se QQ%EE w%‘{ glgfﬂ g%nfg?EEQEFnog E%%o{%@% ndf
the signal pulse, there 1s prdvgdechlan @pmarabgs pfase proregsing cCPMA opignedise

to convert th@oﬁﬁfﬂﬁ& Signal in the half wdth encoded format to an
anal og signal; ilter operable to reduce_ inter nbol
i nterference 20 in t R SEEeEgciregwtl operable to CombipedFF t%lﬁ'hals from

enbodi ment of st he péeﬁiﬁkalﬂb’fnbfo&hannels,atﬁ&t etmetr RIIYCRsE RprAMie to
signals includes perégérnggeg a summed signal therefrom;

a clipping circuit operable to remove a portion of the
summed signal above and below a desired threshold range,
the clipping circuit operable to generate a clipped signal

10 therefrom;

a digital to analog processing circuit operable to
convert the clipped signal into a half width encoded
format, the half width encoded format having information
contained in a first half of a signal pulse and no

15 information in a second half of the signal pulse, the
digitél to analog processing circuit operable to convert
the clipped signal in the half width encoded format to an
analog signal;

a filter operable to reduce inter-symbol interference

20 in the analog signal,

' According to an embodiment ¢of the present invention,

a method of processing CDMA signals includes performing a

spreading function on CDMA signals from a plurality of

channels. The CDMA signals from the plurality of channels

25 are combined to create a summed signal. A portion of the

summed signal above and below a desired threshold range is
removed to create a clipped output signal.

'The present invention provides various technical
advantages over conventional CDMA processing techniques.

30 For example, one technical advantage is to clip CDMA
signals from multiple channels to improve handling of more
frequently occurring values falling within the desired
clipping region. Another technical advantage is to
effectively filter clipped -CI?MA to reduce intersymbol



spreading function on CDVA signals froma plurality of channel s. The

CDVA signals fromthe plurality of channels 25 are conbined to create a
summed_signal-.. A porti-on of the summed signal above and bel ow a
desired threshold range is removed to create a clipped output signal-
The present i rwepdssseo@ provi des various techni cal advant BGHYSW{08300
conventi onal CDMA processing techniques. 30 For exanpl e, . one technical
advantage is to clip CDVA si.gnals fromfultiple channels to inprove
+ handl i ng of nore frequently occurring values falling within the
desired clipping region. Anot her technical advantage is to
effectively filter clipped CDVA to reduce intersynbol WO 96/ 38944

P CT/ US96/ 08500 int;[ rferencﬁ.. Y?t acrimther technical advantage is to encode
interference. Yet another technical advant age 1s to en

, encade cli pped
CDVA signals into alaped/COMA signaks foto| Achakfetidth forpgheforincreased
desired band of fr i 3. aOlBSIré@CHAME2bE frequaklyiél AJEOLISE t68Rhiyal

ascertainable to one skilled in the art fr,o he . fol |l ow i qut es
descri-pti on, and cla3d¥antages are reagily ascertain@brle to one sﬂglie in the

5 art from the following figures, description, and claims.
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6 BRI EF DESCRI PTI ON OF THE DRAW NGS An enbodi nment of
the invention will be described .hereinafter, by way of exanple only,
with reference to the acconpanyi ng drawings in which like reference
signs are 5 wosessshor |ike features and in which: PCTAUSPEIOBS00 | S
a schematic overview of an exanple of a Wi rel ess tel econmuni cati ons
systemin which an exanpl e of the presen® invention is included;
Figure 2 is a schematic illustration of an exanple of 10 a subscri ber
termnal of the tel ecomunications system of Figure 1, '
Figure 3 is a schematic illustration of an exanpl e of a central

term nal of the tew;g@g’ tIiP‘i‘QéNS&stﬁﬂ; 3rawings Figure 1; 15

Figure 3A is a sch el.f of a central
term nal of the tel ecomini eBpedimenyy seEmidie invent;%rylj_.l be described
Figure 4 is an ill E@x‘é&hh@ﬂe?{: By waA Bt @xdhpde only, fwoehSperdhnde ter thee

t el econmuni cati ons system of gure
accompanying drawings in which like reference signs are

5 used for like features and in which:

Figure 1 is a schematic overview of an example of a
wireless telecommunications system in which an example of
the present invention is included:;

Figure 2 is a schematic illustration of an example of

10 - a subscriber terminal of the telecommunications system of
Figure 1;

Figure 3 is a schematic illustration of an example of
a central terminal of the telecommunications system of
Figure 1;

15 ' Figure 3A is a .schematic illustration of a modem shelf
of a central terminal of the telecommunications system of
Figure 1;

"Figqure 4 is an illustration of an example of a
frequency plan for the telecommunications system of Figure

20 1;

‘Figures 5A and 5B are schematic diagrams illustrating
possible configurations for cells for " the
telecommum.catlons system of Figure 1;

Figure 6 is a schematic diagram illustrating aspects

25 of a code division multiplex system for the
telecommunications system of Figure 1;

Figure 7 is a schematic diagram illustrating signal
.trans.mission processing stages for the telecommunications

. system of Figure 1;

30 Figure 8 is a schematic diagram illustrating signal
reception processing stages for the telecommunications
system of Figure 1; .



20 1; Fi gures 5A and 5B are schematic diagrans illustrating

possi bl e configurations for cells for t he
t el ecommuni_cati.ons .system of Figure 1, Figure 6 is a schematic
di agram’i 'l ustrating-aspects 25 of a code di vi si on mul ti pl ex
system for Wwol9638944 t el econmuni cati ons system of Fi gure PCT/US96/08500
Figure 7 is a schematic diagramillustrating signal transm ssi on

- processing stages for the tel econmuni cations 7 system of Figure 1; 30
Figure 8 is a schematic diagramillustrating signal reception
processi ng stages for the tel ecomunications system of Figure 1,
WO 96/ 38944 PCT/ US96/ 08500

7 Floure Sided 9CDENRdEn AL B alird! 133080010} | dimink

and uplink connunlcatl Rgt
t el ecanmuni cati ons @}%t e#Plln commurp gatiieni 0 P%tbsscrfarat | §hei agiixmeless

illustrating the edaﬂﬁﬁﬂidgklgngogggtgﬁ signal transmtted by the
central ternlné
' . Figure 10 is a schematic diagram illustrating the

5 makeup of a downlink signal transmitted by the central
terminal;

Figure 11 is a graphical depiction illustrating the
phase adjustment to a slave code sequence of the subscriber
terminal; .

10 Figure 12 is a graphical depiction of a signal quality
estimate performed by the receiver in the subscriber
terminal;

Figure 13 is a graphical diagram illustrating the
contents of a frame information signal within the downlink

15 signal; |

Figure 14 is a tabular depiction illustrating overhead -
insertion into a data stream of the downlink signal;

Figure 15 is a tabular depiction of a power control
signal in an overhead channel of the downlink signal;

20 Figure 16 is a tabular depiction of a code
synchronization signal in the overhead channel of the
downlink signal; .

Figure 17 is a graphical depiction of a transmitting
power and a transmit rate for each mode of operation of the

25 wireless telecommunications system;

Figure 18 is a schematic diagram illustrating the
operation of the receiver and transmitter in the subscriber

terminal;
. FIGURE 19 illustrates a simplified schematic diagram
30 of a CDMA signal processing circuit;
. FIGURE 20 illustrates a clipping operation performed

by the CDMA signal processing circuit;
FIGURE 21 illustrates a half width encoding operation
performed by the CDMA signal processing circuit; and



Figure 11 is a graphical depiction illustrating the phase adj ust ment

to a slave code sequence of the subscri ber termnal; 10

Figure:l2.i.s @ graphical depiction of a signal quality estimate

per f or.ned by the receiver in the subscriber term nal ; _

Figure 13 is aW@¥%#¥Mdal diagramillustrating the cont eptprusésasdo’ ane
information signal within the -downlink 15 si gnal ; Figure 14
is a tabutar depiction illustrating overhead 8 insertion into a data
stream of the downlink signal; Figure 15 is a tabular depiction
of a power control signal in an overhead channel of the domnlink
signal; 20 Figure 16 is a tabular depiction code

synchr oni zati on si gnal | suetes eiadetersd i 3f°§ef9§%?ﬁ#@med
power and a transmgy g%% %%W&éﬁﬁﬂgﬂn €°SPs§nga§4€#Pkﬁ the 25 Wi rel ess

t el ecomruni cati ons system Figure 18 is a schematic di agram
illustrating the operation of the receiver and transmitter in the
subscri ber term nal ; FIGURE 19 illustrates a sinplified
schemati c di agram 30 of a CDMA signal processing circuit;

FIGURE 20 illustrates a clipping operation perforned by the CDVA
signal processing circuit; FIGURE 21 illustrates a half width
encodi ng operation perfornmed by the CDVA signal processing circuit;

and
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8 FIGURE 22 illustrates a filtering operation perforned
by the CDMVA si.gnal processing circuit. WO 96/ 38944
PCT/ US96/ 08500 ) 9 DETAI LED
DESCRI PTI ON OFwole3s9ad/ENTI ON Figure 1 is a schemat PCT/US26/085M Of
an-exanple of a . W rel ess tel econmuni cations system The

" tel ecomruni cati ons system i ncl udes one oP nore service areas 12, 14
and. 16, 5 each of which is served by a respective central term nal
(CT) 10 which establishes a radio link with subscriber termnal s
(ST) 20.wthin the area concerned. The area '

DETAILED DESCRIPTION OF THE INVENTION
Figure 1 is a schematic overview of an example of a

wireless telecommunications system. The telecommunications

. system includes one or more service areas 12, 14 and 16,

L1 each of which is served by a respective cen_tral terminal

(CT) 10 which establishes a radio link with subscriber

terminals (ST) 20 within the area concerned. The area

which is covered by a central terminal 10 can vary. For

exaniple, in a rural area with a low density of subscribers,

10 a service area 12 could cover an area with a radius of 15-

20Km. A service area 14 in an urban environment where is

there is a high density of subscriber terminals 20 might

only cover an area with a radius of the order of 100m. 1In

a -suburban area with an intermediate density of subscriber

15 terminals, a service area 16 might cover an area with a

radius of the order of 1Km., It will Be appreciated that

the area covered by a particular central terminal 10 can be

chosen to suit the local requirements of expected or actual

subscriber density, local geographic considerations, etc,

20 and is not limited to the examples illustrated in Figure 1.

Moreover, the coverage need not be, and typically will not

be circular in extent due to antenna design considerations-,

geographical factors, buildings and so on, which will
affect the distribution of transmitted signals.

25 The central terminals 10 for respective service areas

12, 14, 16 can be connected to each other by means of links

13, 15 and 17 which interface, for example, with a public

switched telephone network (PSTN) 18. The links can

include conventional telecommunications technology using

30 copper wires, optical fibres, satellites, microwaves, etc.

5 _ The wireless telecommunications system of Figure 1 is

based on providing fixed microwave links between subscriber

terminals 20 at fixed locations within a service area

.(e.g., 12, 14, 16) and the central terminal 10 for that



which is covered by a central termnal 10 can vary. For exanple, in a
rural area wth a | ow density of subscribers, 10 a service area 12 could
cover an area.wth a radius .of 15- .20Km A service area 14 in an
urban environnment where is there is a high density of subscriber
term nal s 20 rWQRE/38944 only cover.  an area with a.radi us of RCRAUSSEHI00 of
100m 1In - a suburban area with an internmedi ate density of subscri ber
15 terminals, a service area 16 mght coved@an area with a . radi us
of .the order of 1Km It will be appreciated that the area covered by
a particular central termnal 10 can be chosen to suit the | ocal

requi renments of expected or actual subscri ber density, |ocal

geogr aphi ¢ consi dergdiviitle £ida. 20in a F¥eferrvd Snbbdiddnto eblkth. FEMENAber
illustrated in Figure ] Mor eovet#ae&{lg coverage need_not, be, and

typically will not terminal,2p; ig provi B 3qBerHanent ke @GeRes link
C?Psi derﬁt i gns, o to gte?ra@ﬂﬂtml ‘Eégxhﬂi&l Fwi.l di mm,soih:on,al\tdézeilau&a'del
af fect the distribution.o ransmnt signhals. 25 T entra

ermmnal s 10 for 1 duBiRRtECPRmd FasRd seelss"doulq be profidesly '8b tnat
connected to 2ach dhemunbercafissulfsciribéss which cad béSsermdiced exodeds the

(st 1. he. Tieif CoRiithlntcarions LLFRE At Fof DAY B el b, R

(PSTN) 18. The I'""'hkKs can _ el ecomruni C

t echnol ogy using 3@ctivgppper wi res, optical fibres, satellites, _
mcrowaves, etc. Figure!DeiVistratas! £h CHAHPIRY 2! d Wrh S)RIraPi¥n for -
Figure 1 is based on_providing fixed m chowavi | i nks bet'ween

subscri ber 2 Shossrdbeg ferminady 40, £ori Fhe heifcrmmpndgGakions,; system

(e.g., 12, 1d0 16) omdriigeeecant r Rigums @ dincllidebon sbhématic representation
of customer premises 22. A customer radio unit (CRU) 24 is
mounted on the customer's premises. The customer radio
unit 24 includes a flat panel antenna or the like 23. ' The
customer radio unit is mounted at a location on the

15 customer's premises, or on a mast, etc., and in an
orientation such that the flat panel antenna 23 within the
customer fadio unit 24 faces in the direction 26 of the
central terminal 10 for the service area in which the
customer radio unit 24 is located.

20 The customer radio unit 24 is connected via a drop
line 28 to a power supply unit (PSU) 30 within the
customer's premises. The power supply unit 30 is connected
to the local power supply for providing power to the
customer radio unit 24 and a network terminal unit (NTU)

25 32. The customer radio unit 24 is also connected to via
the power supply unit 30 to the network terminal unit 32,
which in turn is connected to telecommunications -e;:;uipment
in the customer's premises, for example to one or more
telephones 34, facsimile machines 36 and computers 38. The

30 telecommunications ei:uipment is represented as being within
a single customer's premises. However, this need not be
the case, as the subscriber terminal 20 preferably supports
either a single or a dual line,  so that two subscriber

- lines could be supported by a single subscriber terminal



- such that the fl at
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10 service area. In a preferred enbodi nent each. subscri ber
termnal 20 is provided with a pernmanent fixed access |ink toits
central ternminal 10. However, in alternative enbodi nent s

denmand- based awex288¥dul d be provi ded, so that 5 t he nunberPaIfUS96/08500
subscri bers which can be serviced exceeds the nunber of

. tel econmuni cations |inks which can currently b3l active.

. Figure 2 illustrates an exanple of a configuration for a subscri ber
- termnal 20 for the tel ecommunications system 10 of Figure 1. Figure 2
- includes a schenmatic representation of custoner prem ses 22. A

- custoner radi o unitagCRUpnes étﬁscriber%ﬁaﬂnzroh%afxu%tl%@erﬂes Qf:?%\é% '

The custoner radio unit 24 1 ncludes a_ flat pan antenna or
- 23.  +The cusTERROT aRRRAgYe | Enfbuftigital a tedesormunipatienss for

custoner's prem seSex#ilply) ahallBgtie cdnfnunicatdonkNat a6, 32 orOBMEBB.EBVQQC 0r
custo radio unit 24

t
" faces‘in the di rect neé%fgfggﬁgnlca%°ﬁﬁnﬂ%la?@w LY rtPﬁe IS BRA

‘area in whichsthe standaxbioner radio unit 24 is |located. 20 The

custoner radio unit 24 ig, nect ed, vj oD . lLine 28 _.to_a_ powe

supply unit (PSU) 30 wi t%%g 18% g%%g?%%%‘?'lél Rehpeldgn ?ﬁeaﬁoﬁg?mgﬁlﬁpf’?

~unit 30 is connectedl centralp temminadal ofokbe shedsicommunipabiousnEystesr oD
the cust oner fg&hﬂe Wni t w34 28Hman NE A&ﬁ@rﬂa@houebhpéﬁyé 4°number

32. The customer o) un|t 24 is also ¢ nnecte
: of equipment shelves 42, 44, 46, J.ncludz.ng a RF Combiner

10 and power amp shelf (RFC) 42, a Power Supply shelf (PS) 44

and a number of (in this example four) Modem Shelves (MS)

46..  The RF combiner shelf 42 allows the four modem shelves

46 to operate in parallel. It combines :and amplifies the

power of four transmit signals, each from a respective one

15 of the four modem shelves, and amplifies and splits

received signals four way so that separate signals may be

passed to the respective modem shelves. The power supply

shelf 44 provides a connection to the local power supply

and fusing for the various components in the common

20 egquipment rack 40. A Dbidirectional connection extends

between the RF combiner shelf 42 and the main central

terminal antenna 52, typically an omnidirectional antenna,
mounted on a central terminal mast 50.

This example of a central terminal 10 is connected via

25 a point-to-point microwave link to a location where an

interface to the public switched telephone network 18,

shown schematically in Figure 1, is made. As mentioned

above, other types of connections (e.g., copper wires or

. optical fibres) can be used to link the central terminal 10
30 to the public switched telephone network 18. In this
v example the modem shelves are connected via lines 47 to a

microwave terminal (MT) 48. A microwave link 49 extends
from the microwave terminal 48 to. a point-to-point



the power supply unit 30 to the network termnal unit 32, which in
turn is connected to tel ecomruni cati ons equi pnent In the custoner's
prem ses, for. exanple to.one or nore “tel ephones 34, facsimle

machi nés 36 and conputers 38. The 30 t el econmruni cati ons equi pnent is
represent ed aswigighghsav t hi n a single custoner's prem sepcT/bycHssdy
this need not be- the case, as the subscriber termnal 20 preferably
supports either a single or a dual linea12s0 that two subscri ber

| i nes could be supported by a single subscriber term nal WO
967 38944 PCT/ US96/ 08500

20. The subscriber termnal 20 can al so be arranged to

suppoert anal ogue t e S, f
exanpl e anal ogue cp%?"g%ﬁ%l o%ét%éﬂl 39 E%%.kgﬂ t/hsegﬁaosrt 50 for a host
di gi tal communi cat |mtmectmdmj£hh@epubﬁhcwwim3&d Brelephone. ngtwork 18.

standar d. efé&&’affter rﬁu%rscpé%‘tﬁt'[ibh‘l%&-r heC1iRk 28n be

exanpl e of - Rent econmiuni cat i ons system

of Fi gEIF%VildBQ'hés canfibhe cgonpraden a8 B ofp | Sportinghdhe
of equi pment ghel vegedidrat4 tet@inkC! 16l Ng PhdF s3I B6htroller 186 cadbe
power: arp shel f (RF%nnectgd Pg\)/ve treacu 1Ecl'.~c¥ems hs%'xglf( IZSQ éﬁe central terminal 10
via, £for example, RS232 connections 55. The site
controller 56 can then provide support functions such as
the localization of faults, alarms and status and the
10 configuring of the central terminal 10. A site controller
56 will typically support a single central terminal 10,
although a plurality of site controllers 56 could be
networked for supporting a plurality of central terminals
10. .
15 . As an alternative to the RS232 connections 55, which
extend to a site controller 56, data connections such as an
X.25 links 57 {(shown with dashed lines in Figure 3) could
instead be provided from a pad 228 to a switching node 60
- of an element manager (EM) 58. An element manager 58 can
20 support a number of distributed central terminals 10
connected by respective connections to the switching node
60. The element manager 58 enables a potentially large
number (e.g., up to, or more than 1000) of central
terminals 10 to be infegrated into a management network.
25 The element manager 58 is based around a powerful
workstation 62 and can include a number of computer
terminals 64 for network engineers and control personnel.
Figure 3A illustrates various parts of a modem shelf
46. A transmit/receive RF unit (RFU - for example
30 implemented on a card in the modem shelf) 66 generates the
modulated transmit RF signals at medium power levels and
recovers and amplifies the baseband RF signals for the .
subscriber terminals. The RF unit 66 is connected to an
analogue card (AN) 68 which performs A-D/D-A conversions,



and a nunber of (in this exanple four) Mydem Shel ves (M5) 46.
The RF conbi ner shelf 42 allows the four nodem shel ves 46 to
operate.in parallel. It conbines and anplifies the : power of
four transm't” signals, each froma respective one 15 of the four
nodem shel veswooesssaanpl ifies and splits I eC ePURUSII0§500| S
four way so that separate signals may be passed to the
respecti ve nodem shel ves. The power supply 13 shel f 44 provi des
a connection to the |ocal power supply ' and fusing for the
various conponents in the common 20 equi prent rack 40. A

bi di recti onal connection extends bet ween the RF conbi ner shel f

42 and the main ce s%lband filteringteﬁmdnal nt%@ﬁ:o?za[s%%i‘kky ¥ 15

omi di recti onal enna unt ed on cen m nal st
50. . tranﬁn@t@chrgigwdfs afmmtlm nedem ngards) [NCsbnid@st edthe

via 25 . a Relabyhe- ﬁﬁwtssnfsr Qe dtied thOalnhmbét | OF !”Q&Ef‘cﬁal%ml-

interface to the public switched tel ephone network 18,

schematical |y i n Fitdumoden jcargsJ0.as ThemQfal cards perform fhe, Pagsband
types of conrgectiondgnald. préeeSeing 655 tHe transmit andpPiéédivéi ¥Hfnals

can be used to lin cent.r al term t he lic .
switched tel ephone&?!%eﬁ?ﬁ %&ﬂﬁ%%&%deﬁ?%ﬁel’s@g“&eé 1/2
connected via | i nexateé t:onaolutlon codingmandomxlé spreading (With 4DMM codes

m crowave |ink 49 exi t%tgg?%ba 4s:n.gnalr M SThEhPORY fat fliN Moty O do-

poi nt -t o- poi nt
PCt / US96/ 08500 spreading and error correction on the receive signals.

10 Each modem card 70 in the present example has two modems,
each modem supporting one subscriber link (or two lines) to
a subscriber terminal 20. Thus, with two modems per card
and 8 modems per modem shelf, each modem shelf could
support 16 possible subscriber links. However, in order to
5 incorporate redundancy so that a modem may be substituted
‘in a2 subscriber link when a fault occurs, only up to 15
subscriber links are preferably supported by a single modem
shelf 46. The 16th modem is then used as a spare which can
be switched in if a failure of one of the other 15 modems
20 occurs. The modem cards 70 are connected to the tributary
unit (TU) 74 which terminates the connection to the host
public switched telephone network 18 (e.g., via one of the
lines 47) and handles the signaling of telephony
information to, for example',. up to 15 subscriber terminals
25 {(each via a respective one of 15 of the 16 modems).

The wireless .telecommunications between a central
terminal 10 and the subscriber terminals 20 could operate
on various frequencies. Figure 4 illustrates one possible
example of the frequencies which could be used. In the

30 present example, the wireless telecommunication system is

. intended to operate in the 1.5-2.5GHz Band. In particular
the present example is intended to operate in the Band

defined by ITU-R (CCIR}) Recommendation F.701 (2025-2110MHz,
2200-2290MHz) . Figure 4 illustrates the frequencies used



12 m crowave antenna 54 mounted on the mast 50 for a host

connection to the public switched tel ephone network 18. A
personal conputer, workstation or the like can be .provided as a site
controller:('SC) 56 for. supporting the 5 central termnal 10. The
site control | swo seBssan be . connected to each nodem shel fporfusSo&68500
central termnal 10 via, for exanple, RS232 connections 55.

The site controller 56 can then provideagupport functions such as
the. Il ocalization of faults, alarnms and status and the 10 configuring of
thé central termnal 10. A site controller 56 will typically support
a single central termnal 10, . al though a plurality of site

controllers 56 coulghbene pp1dEkWRLERO dhll SHAROINA0 GLAlMaAL 130 OLo the

central term nals ) .
connecti ons 55, whi ¢ctentral temminglt $0aandt Sorohhe otiownlidk fadomgthe central

connections such as @fiminal 20 %4 | tHK Ssusé SN %Hﬁrfh%h% lingg hﬁ!ll be

Figure 3) could i nst ead be provided froma pad 228 to a switch |ng
node 60 of an ‘Q%n’?h%nlﬁeﬂlpéw snd A7 cfevphinkyradia chamaplspof

support a nunger of3 EMe i hat:nd &@htpﬁbvz.&edmdé&lt&edloabout lzmssnﬁﬁted h-lﬁe
respective connections to t swi t chi ng_no enent mana

58 enabl es a pot ent iFHAS* 1% atieen ti‘ﬁuﬁﬁgfegfg gad g‘ﬁa’ﬁf“ﬂomarshgﬁce
1000) of central the trequiredsnifimem bspaciey ot JOMHZLO a rranagerrent

k. 2 h I
\r/]\gﬁ\l,(us)'[ atloﬁ 62 -zla-ng c:nel nct ua‘ga??%%% §§ bi b?f%nﬁﬁﬂg&dabo%eﬁg 4%1981@

net wor k engi neers arfheddntwibll péﬂm#fell frequency chepnek el Iqserupésnk
various partspf a defiet8l fplus thetBorrefpohl iy s BHHK teelhenBy) . up
(RFU - for exanpl eto 15 subscriber links may be supported on one frequency
channel, as will be explained later. Thus, in the present
embodiment, each central terminal 10 can support 60 links,

or 120 lines. |
15 Typically, the radio traffic from a particular central
terminal 10 will extend into the area covered by a
neighboring central terminal 10. To avoid, or at least to
reduce interference problems caused by adjoining areas,
only a limited number of the available frequencies will be

20 used by any given central terminal 10.

Figure 5A illustrates one cellular type arrangement of

the freqﬁencies to mitigate interference problems between

adjacent ' central terminals 10. In the arrangement
illustrated in Figure 5A, the hatch lines for the cells 76
25 illustrate a frequency set (FS) for the cells. By

selecting three frequency sets (e.g., where: FS1 = Fl1, F4,
F7, Fl0; FS2 = F2, F5, F8, Fll; FS3 = F3, F¥6, F9, Fl12),
and arranging that immed:.ately adjacent cells do not use
the same frequency set (see, for example, the arrangement
3o shown in Figure 5A), it is possible to provide an array of
fixed assignment omnidirectional cells where interference
between nearby cells can be avoided. The transmitter power
of each central terminal 10 is set such that transmissions
do not extend as far as the nearest cell which is using the



30 I npl emented on a card in the nodem shel f) 66 generates the

nodul ated transmt RF signals at nedi um power |evels and recovers and
anplifies the baseband RF signals . for the subscri ber term nals. The
RF unit 66 is connected to an anal ogue card (AN) 68 which perforns
A- DN D- A conver WO9%is8944 WO 96/ 38944 PCT/US96/08500

. PCT/ US96/ 08500 13 baseband

. filtering and the vector sunmation of 15 1%ransmtted signals fromthe

- nodem cards (MCs) 70. The anal ogue unit 68 is connected to a nunber
of (typically 1- 8) nodem cards 70. The nodem cards performthe
baseband 5 signal processing of the transmt and receive signals

to/fromthe subscrlgglg tﬂm a§ Tﬁ; scﬁiﬁld@e}yﬁ term.n%it 0 can us

convol ution coding and x 16" s Ing Wt the transm

si gnal-s, and synchr&hez&fauwn w RRirs (forsﬁhéadm@nknoamrdpwnlmk.
correction on the rggghuetsvery Swithin iE%Ch':é]!lqenéé'éﬁ Omd@eh N she® £Pr &5 Cfhe

fao Times) to | CEREERYCFPERMAe 1 TR AoARR SR, NiERos rEagRECheFe BF
card ang 8 nodiramnekr (cheimels frekmeasghpabdpm shel f coul d :

With each modem shelf supporting one channel frequency
(with 15 subscriber links per channel frequency) and four
modem shelves, each central terminal 10 will support 60
subscriber 1links (i.e., 120 lines). The 10 cell

10 arrangement in Figure 5A can therefore support up to 600
ISDN links or 1200 analogue lines, for example. Figure 5B
illustrates a cellular type arrangement employing sectored
cells to mitigate problems between adjacent central
terminals 10. As with Figure 5A, the different type of

15 hatch 1lines in Figure 5B illustrate different frequency
sets. As in Figure b5A, Figure 5B represents three
frequency sets (e.g., where: FS1 = Fl, F4, F7, F10; FS2 =
F2, F5, F8, Fll; FS3 = F3, F6, F9, Fl2). However, in
Figure 5B the cells are sectored by using a sectored

20 central terminal (SCT) 13 which includes three central
terminals 10, one for each sector S1, S2 and S3, with the
transmissions for each of the three central términals 10
being directed to the appropriate sector among S1, S2 and
S3. This enables the number of subscribers per cell to be

25 increased three fold, while still providing permanent fixed
access for each subscriber terminal 20.

A seven cell repeat pattern is used such that for a
cell operating on a given frequency, all six adjacent cells
operating on the same frequency are allowed uniqué PN

30 codes. This prevents adjacent cells from inadvertently

. decoding gdata.

As mentioned above, each channel frequency can support

15 subscriber links. In this example, this is achieved

using by multiplexing signals using ‘a Code .Division B



support 16 possi bl e subscriber Iinks. However, in order to 15

I ncorporate redundancy so that a nodem nay be substituted in a
subscriber ;I i.nk. when a-fault occurs, only up to 15 subscri ber [Iinks
are preferably supported by a single nodem shelf 46. The 16th nodem
Is-then used ao9¢/398s € Whi ch can be switched in if a frOIES9608560 One
of” the other 15 nodens 20 occurs. The nodem cards 70 are connected to
the tributary unit (TU) 74 which term n3®es the connection to the
host public switched tel ephone network 18 (e.g., via one of the
lines 47) and handles the signaling of telephony i nformation
to, for exanple, up to 15 subscriber termnals 25 (each via a

respective one of ida ) (CDMA)} techni W ;
'}ﬁ.\e:l.q;\,:\m& nf&aehﬁ I[EE&FB (C )t JLechn e E‘@%‘ﬁ.gésusbsglv s a

t el econmuni cati ons t centra rmnal - 10 and cri ber

terminals 20 coul d sshematdc overvigw of iR enceding ead decpding.
illustrates one possibl @n ordere¥8"@h8odé ar@nﬁxesm{rmlzu,esa\g@ $ana0di dnlts,
e

used. In the 30 present exanple, the rel ess econmuni cati on"system
is i nt ended F9TofEAEPES | the ygex sign OF,RACh | FRSPRCtive Subscriber
the present exanpl @ink,i areneiecbded apeso+80N rintoeaBp60ksymbolsiskicbadskband

TR (SR oM Rhets’ ek 200amal Ml Funengs 3,803,400 ke, 1ox
PCT/ US96/ 08500 example the signal represented at 81Y. This signal is then
spread by a factor of 16 using a respective Walsh pseudo
random noise (PN) code spreading function 82-82N to
10 generate signals at an effective chip rate of
2.56Msymbols/sec in 3.S5MHz. The signals for respective
"subscriber links are then combined and converted to radio
frequency (RF) to give multiple user channel signals (e.g.,

85) for transmission from the transmitting antenna 86.
15 . During transmission, a transmitted signal will be
. 'subjected to interference sources 88, including external
interference 89 and .interference from other channels 90.
Accordingly, by the time the CDMA signal is received at the
receiving antenna 91, the multiple user channel signals may

20 be distorted as is represented at 93. _

In order to decode the signals for a given subscriber
link from the received multiple user channel, a Walsh
correlator 94-94N uses the same pseudo random noise (PN)
code that was used for the encoding for each subscriber

25 link to extract a signal (e.g, as represented at 95) for
the respective received baseband signal 96-96N. It will be
noted that the received signal will include some residual
noise. However, unwanted noise can be removed using a low
pass filter and signal processing.

30 . The key to CDMA is the application of orthogonal codes

' that allow the multiple user signals to be transmitted and
received on the same frequenéy at the same time. Once the
bit stream is orthogonally isolated using the Walsh codes,



for the uplink fromthe subscriber termnals 20 to the centra
termnal 10 and for the downlink fromthe central termnal 10 to the
subscriber .termnals 20. . It will be noted that 12 uplink and 12
downl i nk ‘radi 0 channel s of 5 3.5WHz each are provided centred about
2155MHz. Thawo 96/38944 spaci ng between the receive and transm pCr/osssnes0d
exceeds . the required m ni nrum spaci ng of 70MHz. In the

~ present exanple, as nentioned above, each nodem7 shelf will support 1
+ frequency channel (i.e. one uplink 10 frequency plus the correspondi ng
downl i nk frequency). Up to 15 subscriber |inks may be supported on
one frequency channel, as will be explained later. Thus, in the

pr esent enbo nt C al or

or 120 lines. 15 d&ﬂ@ ]T%alo%al f‘i{/@:}:rtﬁes%regtg. & gflsgg’fjr?%%)ai G,f

central t er mingermeng Withxeanh pkher:he ar ea covered by a

nei ghboring central termpalshl Qodel0 220 m‘%heﬁthth@ﬂftséﬁ’ of s??uéx?@%?ethat

interference problens caused by adj oi ni ng areas,

nunber- of the avail d¥% fthegfiBRetian \@F | "orthonormalisy™ by Eﬁyo'g'h%énw@mlﬁr alf

termnal 10. s any Wil 'ddeAilsl mAtipleedoBg &RY! otlér tWAEsh code, the
arrangenent of rﬁ(% %uenm es to mtigate interference probl ens
adj adte

bet ween E®XPerminal s  10. In the arrangenent
illustrated in Figure 5AFidurehat cis | a nsehématidediagtam 7ﬂ..‘255traﬁ:ldg185i@tﬂ

frequency sets (e o. - aldsipa " Pticessifly  stases® §) BHusibifed Lan
F8, F11; FS3 = F3, wamlbszzyermmal 2Qirikn drheartgahegomamcmm.atsy;'tem of
adj acent cel | $gdo nc&ld‘{ﬁﬁeom - P;gecgﬁg%?&r QEHSRANE1 se_g%l( %o fc%ﬁﬂéﬁ de’to

t he arrangenent 30 ure I'S possl rovide an
array of fi xecp%fé?@meﬁtu réémhaltmﬁmsﬁﬁéne pma;esme In

Figure 7, an analogue signal from one of a pair of
telephones is passed via a two-wire interface 102 to a
hybrid audio processing circuit 104 and then via a codec

15 106 to produce a digital signal into which an overhead
channel including control i'riforma't:i.on is inserted at 108.

The i'esulting signal is processed by a convolutional
encoder 110 before being passed to a spreader 116 to which

the Rademacher-Walsh and PN codes are applied by a RW code

20 generator 112 and PN Code generator 114, respectively. The
resulting signals are passed via a digital to analogue
converter 118. The digital to analogue converter 118
shapes the digital samples into an analogue waveform and
provides a stage of baseband power control. The signals

25 are then passed to a low pass filter 120 to be modulated in
a modulator 122. The modulated signal from the modulator

.‘_L22 is mixed with a signal . generated by a voltage
controlled oscillator 126 which is responsive to a
synthesizer 160. The output of the mixer 128 4is then

30 amplified in a low noise amplifier 130 before being passed
. via a band pass filter 132. The output of the band pass
filter 132 is further amplified in a further low noise
amplifier 134, before being passed to power control
circuitry 136. The output of the power control circuitry



bet ween nearby cells can be avoided. The transm tter power of each

central termnal 10 is set such that transm ssions do not extend as
far as .the, nearest . ceII whi ch i-s using the WO 96/ 38944 :

PCT/ US967 08500° - : 15 sane
frequency set .ywébgssogpch central termnal 10 can use t MRCT/0S96/08500
frequency pairs (for the uplink and downli nk, respectively) within
its cell, each nodem shelf in the central8 termnal 10 being
associated with a respective RF 5 channel ‘(channel frequency pair).

W1th each nodem shel f supporting one channel frequency (wmth 15
subscri ber |inks per channel' frequency) and four nodem shel ves, each

central termnal 10, w 0 S e I &&Sﬁ

i nes). The 10 i%e lf %Uaop an%’qu%r;\i‘ggrréﬁta EQEI é%'lr')ei%% 3 hagdlP fierl%'%s

support up to 600 beford Belingi phssed Wi20@ fivatthbgrebrndcpass oﬁﬂé@wﬂl@ and

Figure 5B "'&Ab,f ¢ FalonltRE emﬁsﬁgﬁwrﬁiﬂeﬁmw ng sectored
robl ens

cells to m.tigate et ween a Jacent central termnal s, 10.

As
with Figure 5A, the di f fRkamze t Ppeisf a1schematic, ¢iggean hifiyskeating the
i[lustrate di§ferendqpiixRAMRCEignal retebtion Proddssingustagéd as-idbtifidquied

represents three

.in a subscriber terminal 20 in the telecommunications
system -of Figure 1. The central terminal is also
configured to perform equivalent signal reception
processing. In Figure 8, signals received at a receiving
10 antenna 150 are passed via a bénd pass filter 152 before
being amplified in a low noise amplifier 154. The output
of the amplifier 154 is then passed via a further band pass
filter 156 before being further amplified by a further low
noise amplifier 158. The output of the amplifier 158 is
15 then passed to a mixer 164 where it is mixed with a signal
generated by a voltage controlled oscillator 162 which is
responsive to a synthesizer 160. The output of the mixer
164 is then passed via the de-modulator 166 and a low pass
filter 168 before being passed to an analogue to digital
20 converter 170. The digital output of the A/D converter 170
is then passed to a correlator 178, to which the same
Rademacher-Walsh and PN codes used during transmission are
applied by a RW code generator 172 (corresponding to the RW
" code generator 112) and a PN code generator 174

25 (corresponding to PN code generator 114), respectively.
The output of the correlator is applied to a Viterbi
decoder 180. The output of the Viterbi decoder 180 is then
pa'ssed to an overhead extractor 182 for extracting the
overhead channel information. The output of the overhead
30 extractor 182 ié then passed via a codec 184 and a hybrid
circuit 188 to a two wire interface 190 where the resulting

analogue signals are passed to a _selected telephone 192.
At the subscriber terminal 20, a stage of automatic
gain control is incorporated at the IF stage. The control



frequency sets (e.g., where: FS1 = F1, F4, F7, F10; F52 = F2, F5, FS8,
F11; FS3 = F3, F6, F9, Fl12). However, in Figure 5B the cells are
sectored by. using a_sectored 20 central termnal (SCT) 13 which

i ncl udés three central "ternminals 10, one for each sector S1, S2 and
S3,. with the WO09/38¥dnsn ssions for each of the three centralPCTaAISa¢A8R30G 10
being directed to the appropriate sector anong S1, S2 and S3. This
enabl es the nunber of subscribers per cell to ¥ 25  increased three
fold, while still providing permanent fixed access for each

subscri ber term nal 20. A seven cell repeat pattern is used such
that for a cel l operating on a given frequency, all six adjacent

cells operati e Y e d
codes. This pr ev %?% adJ acent ceIP rom?%degéieg\f 589{:% gy q%'e CIMA
data. . eraivashdgingobhe @a@%r%r?elswr@dume}i‘éxneenypet@r to

15 subscri ber [|i nkq,e dé\séﬂ}_ﬁe@n@ﬂg&e, this is achieved usi ng by
guCIT'; bglgg;(loggoom gnal s usig'\? re 9 1s a b?loclkSIci)iagr% of Wm%u%ﬁafrf%@%%pk
Access (CDVA)st echrecomtunicdtipn e patlisvebetween central terminal 10 and
subscriber terminal 20. A downlink communication path is
established from transmitter 200 in central terminal 10 to
receiver 202 in subscriber terminal 20. An uplink
communication path is established from transmitter 204 in
10 subscriber terminal 20 to receiver 206 in central terminal
10. Once the downlink and the uplink communication paths
have been established in wireless telecommunication system
‘1, telephone communication may occur between a first user
208 or a second user 210 of subscriber terminal 20 and a
15 user serviced through central terminal 10 over a downlink -
signal 212 and an uplink signal 214. Downlink signal 212
is transmitted by transmitter 200 of central terminal 10
and received by receiver 202 of subscriber terminal 20.
Uplink signal 214 is transmitted by transmitter 204 of
20 subscriber terminal 20 and received by receiver 206 of
central terminal 10. Downlink signal 212 and uplink signal

214 are transmitted as CDMA spread spectrum signals.

Receiver 206 and transmitter 200 within central
terminal 10 are synchronized to each other with respect to
25 time and phase, and aligned as to information boundaries.
In order to establish the downlink communication path,
receiver 202 in subscriber terminal 20 should be
synchronized to transmitter 200 in central terminal 10.
Synchronization occurs by performing an acquisition mode
30 function and a tracking mode function on downlink signal
. 212. Initially, transmitter 200 of central terminal ‘10
transmits downlink signal 212. Figure 10 shows the
contents of downlink signal 212, Downlink signal 212
includes a code sequence signal 216 for central terminal 10



schematic overvi ew of CDVA encodi ng and decodi ng. In order to
encode a CDMA signal, base band signals, for exanple the user

signal s .for each respective subscriber 5 | i nk, are encoded at 80- 80N
into a“160ksynbel s/ Sec baseband si gnal where each synbol represents
2 data bits (Seoscbdie exanpl e the signal represented aRrCEHUS/OSEH S
signal is then spread by a factor of 16 using a respective Wl sh
pseudo random noi se (PN) code spreadi n@d& unction 82-82N to 10
generate signal s at an effective chi'p rate of

2. 56Msynbol s/ sec in 3.5Mz. The signals for respective subscri ber

| i nks are then conbi ned and converted to radio frequency (RF) to give
nul tipte user channglysionpl Gieh da: frame $AFobRALiEANYNGHION2180M (eRae
transmtting antenn rirng transmssion, ~a transmtted
signal will be sequengecsianeb RaAberimerdariyess Fxam dgcophipakion of a

ext er nal | nt é@doe&%id%% ﬂaﬂsén&saé S IYH fzmaaharaaaaaaai&%nh
Accordi ngly, bythet|ma al is_regeive t FrE

recei vi ng ant enna 9gode h%i%#l-l g& ﬁ'%‘F@ﬂéﬁ gteg spegifically
distorted as igs repféseﬂéeﬂaﬂéuﬁ%f the downlink rsiymkd, tthelagpidmk has the
signals foor a given subscr.i ber link fromthe received multiple user

channel, a Walsh  Same nakeWat or 94- 94N uses the sane pseudo random noi se
(PN) code that wamacisedeteivene 202caafl ngvény subscriberritiegmingl 20

link to extract a si e%gﬁtt Iﬁﬁ)fq@ tbNEEF of
respective recei ved>Dase égﬁgg(m gn{i{'&g% g?t % PR e T hat The
recei ved signal wil Sammcpadudgnmd@summﬁe code signal apveeREral;Farmingl

noi se can be rermve usl helPads ih'&éﬁtﬁﬂﬂ Eéﬁﬁtﬁkaprm% ts
30 e key ilo Cg%ﬁﬁl S e Sp& | catjon aof orthogﬁg% codes P

t
that allow the nul tPBFe ga3diosi FRaANEREY heChamRR)y (PR FuRsqTiRer
on the sane frequengyrmindlie 203MeachNBubSbribéheerminalbhavihgeantisst user

orthogonally isol at 598 u3|&1% tsbaeco\r/faI 3@619%903. EBach modem shelf 46 selects one
of sixteen Rademacher-Walsh code signals 222, each

15 Rademacher-Walsh code signal 222 corresponding to a unique
subscriber terminal 20. Thus, a specific subscriber
terminal 20 will have an identical code sequence signal 218
as downlink signal 212 transmitted by central terminal 10
and destined for the specific subscriber terminal 20.

20 Downlink signal 212 is received at receiver 202 of
subscriber terminal 20. Receiver 202 compares its phase
and code sequence to a phase and code sequence within code
sequence signal 216 of downlink signal 212. Central
terminal 10 is considered to have a master code sequence

25 and subscriber terminal 20 is considered to have a.slave
code sequence. Receiver 202 incrementally adjusts the
phase of its slave code sequence to recognize a match to ‘
master code sequence and place receiver 202 of subscriber
terminal 20 in phase with transmitter 200 of central

30 terminal 10. The slave code sequence of receiver 202 is
not initially synchronized to the master code sequence of
transmitter 200 and central terminal 10 due to the path
delay between central terminal 10 and subscriber terminal

20. This path delay is caused by the geographical
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17 the signals for respective subscriber |inks do not

interfere with each other. Wal sh'codes are a mathematical set of
sequences that have the function of "orthonormality”. In other words,
if,5 any \Wyovéngagle is nultiplied by any ot her Wal sh code PCEU896/08500
results are zero. - Figure 7 is a schematic diagramillustrating
si gnal transm ssi on processi ng stages as2ronfigured in a

subscriber termnal 20 in the tel ecommunications system of 10 Fi gure 1.
Thé central terminal is also configured to perform equi val ent signa
transm ssi on processing. I n ' Figure 7, an analogue signal from

f f
one of & BAIY o oonckPLER" Whdch PASSALHAL S ieie 20! Seccellier
106 to produce a dlgermhnalgmalandtothhrchntirqnnaﬂﬁgkiand teqﬁmaﬁﬁélfactors
I ncl uding control %?éE@iﬁ feié§§”ﬁf¥£§ﬂis§9§n. The resul ting
u

signal is processed y a co I onal encoder 110 before being
passed to a spreader 116F%6uﬁﬁ|éﬁ 11lustrateRAAHEHIREIVES 402.9F PNbéﬁaé er

?regpggf: i/:ldyb%?_ R\eerlend® 20 @RARLRE0AtE131a0€ Bddeodequeneeate natéh the

master code sequence of transmitter 200 in central terminal

10. Receiver 202 increments the phase of the slave code

sequence throughout the entire length of the master code

sequence within downlink signal 212 and determines a signal

10 quality estimate by performing a power measurement on the

combined power of the slave code sequence and the master

code sequence for each incremental change in the phase of

the slave code sequence. The length of the master code

sequence is approximately 100 microseconds based on a chip

15 period of 2.56 MegaHertz. The phase of the slave code

sequence is adjusted by one half of a chip period for each

incremental interval during the acquisition phase.

Receiver 202 completes a first acquisition pass when it

identifies a correlation peak where the combined power

20 reaches a maximum value. Receiver 202 performs a second

acquisition pass throughout the entire length of the code

sequence to verify identification of the maximum value of

the combined power at the correlation peak. The

approximate path delay between subscriber terminal 20 and

25 central terminal 10 is determined when the correlation peak
position is identified in the acquisition mode.

Once acquisition of downlink signal 212 is achieved at

receiver 202, fine adjustments are made to the phase of the

‘'slave code sequence in order to maintain the phase matching

30 of the slave code sequence with the master code sequence in

‘the tracking mode. Fine adjustments are made through one

sixteenth of a chip period incremental changes to the phase

of the slave code sequence. Fine adjustments may be

performed in either forward (positive) or backward



resulting signals are passed via a digital to anal ogue converter 118.

The digital to anal ogue converter 118 shapes the digital sanples into
an anal ogue waveform and provi des a stage of baseband power control.
The signals 25 aré then passed to a low pass filter 120 to be nodul at ed
in, . a nodygodsReess22. The nodul ated signal fromthe nodul ecemsssnssee 122
Is-mxed wth a signal generated by a voltage controlled oscillator
126 which is responsive to a synt hesi zer 2260. The out put of the

m xer 128-is then 30 anplified in a low noise anplifier 130 before being
passed via a band pass filter 132. The output of the band pass

filter 132 is further anplified in a further |ow noise anplifier 134,

bef ore beéing passed (%%)#&Q:We)c%t{%tégpﬁgsg Ciisfidse 135 edecontb Phba Obolle

power control circu
PCT/ US96/ 08500 measurements made receiverg 202. Regeivier he02

anplified in a furtlgnds WFﬁQh§egﬁﬁﬁfbféeEhé3ﬁaster cgﬁéoﬁsqgéhﬁg P85S ehSure

via a further band pass ter ransmtted fromt
transm ssi on ant enn&hety subscriber terminal 20 is synchronized  to central

5 terminal 10 for the downlink communication path.

Figure 12 shows 2 Qraph of the combined power curve
measured by receiver 202 during the acquisition mode and
the tracking mode. The maximum value of the combined power
occurs at the correlation peak 219 of the combined power

10 curve. It should be noted that the peak 219 may not be as
well defined as in Figure 12, but may be flattened at the
top, more in the form of a plateau. This is the point
where the slave code sequence of receiver 202 is in phase
with and matches the master code sequence of transmitter

a5 200. Measurements resulting in combined power values that
occur off of correlation peak 2192 require incremental
adjustments to be made to the slave code sequence. A fine
adjustment window is established between an early
correlator point 221 and a late correlator point 223. An

20 average power measurement is performed at early correlator
point 221 and at late correlator point 223. Since early
correlator point 221 and late correlator point 223 are
spaced one chip period apart, an error signal is produced
upon calculating tlie difference between the average powers

25 of early correlator point 221 and late correlator point 223
that is used to control the fine adjustments to the phase
of the slave code sequence.’

After acquiring and initiating tracking on the central
terminal 10 master code sequence of code sequence signal

30 216 within downlink signal 212, receiver 202 enters a frame
alignment mode in order to establish the downlink
éommunication path. Receiver 202 analyzes frame
information within frame information signal 218 of downlink
signal 212 to identify a beginning of f;ame position for



Figure 8 is a schematic diagramillustrating the 5 equi val ent signa

reception processing stages as configured I n a subscriber termnal 20
in the tel.gcommnmnications system of Figure 1. The central
termnal is also configured to perform equivalent signa
reception wos6389assi ng. I n Figure 8, signals received at acrassénssong 10
~anfenna 150 are passed via a band pass filter 152 before. bei ng
canplified in a low noise anplifier 154. The ouzdut of the anplifier
154-is then passed via a further band pass filter 156 before being
further anplified by a further |ow noi se anplifier 158. The out put of
the anplifier 158 is 15 then passed to a m xer 164 mhere it is m xed
with a signal n 0 mhlch
is responsi ve gﬁﬁégﬁ%n€ﬁ§§|2é¥ﬁ% %% éﬁgkasggripﬁ n°w1ﬁt

is then passed vi a What meiniddnatbe QSGaaﬂueamloﬁ/@@wniink Slghaﬂt312133 has

before bei ng passedri@e fhedNarIdiRatIofl) glzreeh%er z@nﬁﬁéeerseﬂﬂn £62° the
digital output of the A/D converter 170° t hen passe

correlFator 178, to RRgEMing of;frame P“Rﬁ%l%%a’éhé?rm &P bed abﬂaect;@eermws

during transnissi onlﬁf@matlonam%éeqd:éw EFr&/ coen GRS 020D/ 20f central
(corresponding to t

cqde eneg at or 2) and. . PN code
generator 174 25 £ %Jrélsopong)lnﬁﬁ gSCW%d?eo%éﬁg dt‘{]ﬁ“tf%ifd one further
respectively. bagtnmwinmgubfoffddne qusitiangr tlse agpwhiink 0 comivhEédtion
decoder 180. The o t | | C 8 ssed._ to
an over head extrac$%$9§8§£?o$gg§;%§é$$%§ﬁF%g%&°ﬁ'Qf sgﬁggarcﬁggngf'central
i nformation. The outgtmingl t1@ v arereives0202 oftsubsoriber teymimed pAssed
via a codec 4§t and a hypigflre 13  Shdd!l lenk®S gehietaiiO cBnkEntB! C4f ACkr il

where the resulting, anal ogue si | s are "passed to a selected
t el ephone 192. informapion h&igppdcr %r t Frame| ipformatione sdpnal 218

aut ormat i c gaifchHRtY Gn bvekbhEad Rta#ned 254} e #irsH 33Rr FhSnkeDt35§,
s a second user channel 228, and a signalling channel 230 for
each frame of information transported over downlink signal
15 212. Overhead channel 224 carries control information used
to establish and maintain the downlink and uplink
communication paths. First user channel 226 is used to
transfer traffic information to first user 208. Second
user channel 228 is used to transfer traffic information to
20 second user 210. Signalling channel 230 provides the
signalling information to supervise operation of subscriber
terminal 20 telephony functions. Overhead channel 224
occupies 16 kilobits per second of a frame of information,
first user channel 226 occupies 64 kilobits per second of
25 a frame of information, second user channel 228 occupies 64
kilobits per second of a <frame of information, and
signalling channel 230 occupies 16 kilobits per second of

a frame of information.
Figure 14 shows how overhead channel 224 is inserted
30 into the data stream of downlink signal 212. The data
- stream of downlink signal 212 is partitioned into twenty
bit subframes. Each twenty bit subframe has two ten bit
sections. A first ten bit section includes an overhead
bit, a signalling bit, and eight first user bits. A second
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19 signal is derived fromthe digital portion of the CDVA
recei ver using the output of -a signal quality estimator to be
descri bed. | ater. Figure 9 is a block diagramof downlink and
upld nk 5 covonsnss@t i on paths between central termnal p
subscri ber term nal 20. A downlink comrunication path is est abl i shed
fromtransmtter 200 in central termnal 10 to24 receiver 202 in
- subscriber termnal 20. An uplink conmuni cation path is
+ established fromtransmtter 204 in 10 subscriber termnal 20 to
- receiver 206 in central term nal 10. Once the downlink and the upli-nk
i communi cation paths : e i.sh ' | rel ess . X .
| tel ecommuni cation syerem® r?e\é&i?ﬁ %%%?ngicggn%ﬂnela@a?ﬁgﬁ el TRt ing Biken
a first user and ®ightseserandiseser 1®iss.subThis btwentynbidl £ifbfurahne

15 user servi Cedf&%ﬁegﬁ ce ' r %(g/vné .
signal 212 and an uplink si analab%ﬁ?&%lgim | t&&'g:l %’gﬁ‘gﬁ dd]'l(i%illlsecond
transnitted by trandheme Qf dgfogmation. a/Thusy nempverhead bit occupies vexely

receiver 202 gf subgert®esit QoEitabn28f frame iAHJrilatibANdh ¢ dSta stream
transmtted by transpéct,er 204 of 2 subscri ber termnal 20 and receilved

by receiver 206 of © wRLiR eﬁlqnean?ﬁar 10. Downl i nk signal 212 and
upl i nk signal Overhead channel 224 includes eight byte fields - a

frame alignment word 232, a code synchronization signal
234, a power control signal 236, an operations and
10 maintenance channel signal 238, and four reserved byte
fields 242. Frame alignment word 232 identifies the
beginning of frame position for its corresponding frame of
information.- Code synchronization signal 234 provides
information to control synchronization of transmitter 204
15 in subscriber terminal 20 to receiver 206 in central
terminal 10. Power control signal 236 provides information
t6 control transmitting power of transmitter 204 in
subscriber terminal 20. Operations and maintenance channel
signal 238 provides status information with respect to the

20 downlink and uplink communication paths and a path from the
central terminal to the subscriber terminal on which the
communication protocol which operates on the modem shelf
‘between the shelf controller and the modem cards also
extends. )

28 In order to identify two successive beginning of frame
positions, receiver 202 of subscriber terminal 20 searches
through the ten possible bit positions in the data stream
of downlink signal 212 for overhead channel 224 and frame
-alignment word 232. Receiver 202 initially extracts a

.30 ’ fir_st:_ bit position of every ten bit section of frame
information to determine if overhead channel 224 has been
captured.  If frame alignment word 232 has not been
identified after a predetermined period of time from the
extraction of the first bit position, receiver 202 will



214 are transmtted as CDVA spread spectrum signals. Recei ver

206 and transmitter 200 within central termnal 10 are synchroni zed
to each other with respect to 25 time and phase, and aligned as to
i nf ormati on boundari es. In order to establish the downlink

comruni cat i on “wetoa3s94s recei ver 202 in subscriber term nal PRU/USHs08500 be
synchroni zed to transmitter 200 in central termnal 10.

Synchroni zati on occurs by performng an acqui #8ion node 30 function and
a t.racking node function on downlink signal - 212. Initially,
~transmitter 200 of central termninal 10 transmts downlink signal

212. Figure 10 shows the contents of downlink signal 212.

Downli nksi gnal 212zegﬁ6t96§r§§93%%%e%u%d?o§eﬂﬂ8“EScéh&“ﬁit 28851 o T¥ "dlch

termnal 10
PCT/ US96/ 08500 ten bit section and subsequent dpit positions gmtiide Examen

a frame informati QQ johinend W&Jeﬁ 232 @%ebeen i FRUTIER .S 3P exihPlleS of a
derived froma conblnatlon of seudo-r.andom noj se cqﬁ; si gnal 220
and a-Rademacher - Wifjxame al g‘%@s”? Iz%?h%qifﬁ@i dqarch
specifically s for is binary 00010111. Once the correct bit position
vields frame alignment word 232, receiver 202 attempts to
identify two successive beginning of frame positions. A
downlink communication path is established wupon the
successful identification of two successive beginning of

10 frame positions in response to recognition of successive
frame alignment words 232 in the data stream of downlink
signal 212.

Receiver 202 continues to monitor the appropriate bit
position in order to recognize subsequent frame alignment
15 words 232 for subsequent frames of information. if
receiver 202 fails to recognize a frame alignment word 232
for three successive frames, then receiver 202 will return
to the search process and cycle through each of the bit
positions of the ten bit section until identifying two
20 successive beginning of frame positions through recognition
of two successive frame alignment words 232 and
reestablishing frame alignment. Failure to recognize three
successive frame alignment words 232 may result from a
change in the path delay between central terminal 10 and
25 subscriber terminal 20. Receiver 202 will also return to
the search process upon an interruption in the downlink
communication path from transmitter 200 in central terminal

10 to receiver 202 in subscriber terminal 20.
Upon establishing the downlink communication path from
30 central terminal 10 to subscriber terminal 20 through
proper code sequence phase synchronization and frame
alignment, wireless telecommunication system 1 performs
procedures to establish the uplink communication path from
transmitter 204 in subscriber terminal 20 to receiver 206



5 to the makeup of the downlink signal, the uplink has the sane
makeup. Each receiver 202 of every subscriber termnal 20
serviced by a single central termnal 10 operate off of the same
pseudo-random noi se code signal as central termnal 10 10. Each nodem
shelf 46 in cemoss3sysqar m nal 10 supports one radi o freqPCRUBIEI8SNEC]
and fifteen subscriber termnals 20, each subscriber term nal having
a first user 208 and a second user 210. #ach nodem shel f 46 sel ects
one of sixteen Rademacher-Wal sh code signals 222, each 15

Radenmacher - Wal sh code signal 222 corresponding.to a unique subscri ber
term nal 20. Thus, a specific subscriber termnal 20 will have an

i denti cal code SequERCecHt#dl Gdfuinal 1075 dqwb;iahﬂgr&e«hnaﬁﬁtééﬁnéw tigd
by central term nal 10 and destined faor, the specific, subscrib

terminal 20. 20  Powereshfif yRtil Fhe downliink m&cﬁtm’écﬁ#%rh%?%n
subscri ber terni nal eggabRadRid/ &b ﬁeavewma&smtteceahamerferene@%fzQ%htral

sequence to a phase_and, code seque ce W|th| 0 yence na _
216 of downlink sigheFminat c @?ﬁ‘ fé}rﬁ'ﬂ'éﬁr 15“1? q‘i’&fé’ cfe?‘@%‘qq}s'
have a master scode BﬂqemndmeZSdownhmiksmmuhheatlenmpwﬂh 2fisi sesirals) sterd)

to have a sl ave L SEHYSIRS: or BRGRENEE:20250ACI RN Ad Y dbatiShin

t he phase of |?s Seduence O recognize a na
mast er code sequenc‘éahnel pnawm@du feon? heofcenfredr itggminal CT tvdramMer

20 in phase with tragsmda &h fﬂﬂgl‘)ﬁ@% bokrRfad cﬁa‘?ﬁx@l”@bé& 10. powdie c%rfﬁé?ol

code sequence of recelver Initial nchroni zed t
nmast er code sequenc@#lgnal 235tF8ﬁ§ﬁ?}§ erthEOOaHﬂBnEerﬂ aftreeemithing o RAvEr

to the path 10 detedubed Be Nt fainiditere 20UNducAOtRAE SelEedl rirniigia) na
20. This path dr.eégélulress %%%ngglmytetlge thgeogrrléa Fir}-:'vceal of transmitting power
from each subscriber terminal 20 serviced by central
terminal 10. '
Power control signal 236 is transmitted by transmitter
15 200 of central terminal 10 in overhead channel 224 of frame
information signal 218 over downlink signal 212. Receiver
202 of subscriber terminal 20 receives downlink signal 212
and extracts power control signal 236 therefrom. Power
control signal' 236 is provided to transmitter 204 of

20 subscriber terminal 20 and incrementally adjusts the
transmitting power of transmitter 204. Central terminal 10
-continues to incrementally adjust the transmitting power of
transmitter 204 until the transmitting power falls within
a desired threshold range as determined by receiver 206,

25 - Adjustments to the transmitting power initially occur in a
coarse adjustment mode having one decibel increments until
the transmitting power falls within the desired threshold
range. Upon turning transmitter 204 on, the transmitting
power is gradually ramped up in dintensity through

30 incremental adjustments in order to avoid interference of
central terminal comun_ications with oéther subscriber
terminals.

Fiqure 15 shows an example decoding scheme for power
control signal 236. After the transmitting power of
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21 separati on between subscriber term nal 20 and central

termnal .10,and ot her environnental and technical factors af fecting
W rel ess transm ssion. Figure 11 illustrates how receiver 202 of
subscri ber 5 wowessssnal 20 adjusts its slave code sequence tBCIHSSNSINE
mast er code sequence of transmtter 200 in central term nal 10.

Recei ver 202 increnents the phase of the slav@7code sequence

t hroughout the entire length of the master code sequence within
downl i nk signal 212 and determ nes a signal 10 quality estinmate by
perform ng a power neasurenent on the conbi ned power of the slave

code sequence and ttI}gP ' de f I BGf

change in the phase o .%E%ért h2e°43I g'\i}e scoge se%&%engéeﬁ%% I gﬁgfﬁ?%@%ethe
master code  Segddede thresbploxranger yreoeivar A& don menieadd teaminal
chip 15 period Qfp ZontiMeeaHeld monitbie theasmotht! BT YraEniedeng power

sequence i s adjusted by one hglf of ;a_chip period for each .
incremental i nter FZP® FXAPARLLERT dequgl g?%ﬁh%%%%.resultanQg@MEPWEHZ
conpl etes a fgrst guucitdationspasndesridtions ini dhRlipdtas delay’ dediveen
D her e e M Retaf WinAta1 10 R Sl TRl 20 WS 202
the transmitting power falls below or exceeds the desired
‘threshold range, central terminal 10 will send an
appropriate power control signal 236 to increase or
10 decrease the transmitting power of transmitter 204 as
needed. At this point, adjustments made to return the
transmitting power to the desired threshold range may occur
in a fine adjustment mode having 0.1 decibel increments.
Upon an interruption in the downlink or uplink
15 communication paths, central terminal 10 may command
transmitter 204 to return to a previous transmitting power
level through recovery of parameters stored in a memory in
subscriber terminal 20 in order to facilitate
reestablishment of the appropriate communication path.
20 To fully establish the uplink communication path from
subscriber terminal 20 to central terminal 10, transmitter
204 in subscriber terminal 20 should be synchronized to
receiver 206 in central terminal 10. Central terminal 10
controls the synchronization of transmitter 204 through
25 code syhchronization signal 234 in overhead channel 224 of
frame information signal 218. Code synchronization signal
234 incrementally adjusts a phase of the slave code
sequence of transmitter 204 to match the phase of the
. master code sequence of receiver 206. Synchronization of
30 transmitter 204 is performed in a substantially similar
manner as synchronization of receiver 202. '
Code synchronization sigxial 234 is transmitted by
transmitter 200 in central terminal 10 in overhead channel

224 of frame information signal 218 over downlink signal



acqui sition pass throughout the entire |l ength of the code sequence
to verify identification of the nmaxi mum val ue of the conbi ned

power . at . the correlation peak. The approxi mat e path del ay

bet ween subscriber termnal 20 and 25 central termnal 10 is determ ned
when t he corr elWodasqeak position is tdentified in thecTm$oss5a0i on
node. Once acquisition of downlink signal 212 is achi eved at
recei ver 202, fine adjustnments are nade to the2®hase of the sl ave
code sequence in order to maintain the phase matching 30 of the slave
code sequence with the nmaster code sequence in t he tracki ng node.

Fi ne adjustnents are nade through one si xteenth of a chip period

i ncremental changesaig, theRQBéi@er 202 & EBBsELfYEr CRdemIRAYERDE. recdi Vs

adj ustnents nmay be - erforned in either forward (positive) or
backwar d Vigreal mgluglgnal 212 and extracts code synchronization

PCT/ US96/ 08500 s1gna1 234 therefrom. Code syncBZonization siéﬁﬁ%ﬂz3@ﬂis
CLreelLons o) "o Polgtel fed 15 SOMRLLPELBOUER ror 4or RS T Sy TR e
code sequencebt o entbeephase oftlthe slbver code Sequemaé a0o taamsmiciteani 201,
to central Central terminal 10 continues to incrementally adjust the
phasé of the slave code sequence of transmitter 204 until
‘receiver 206 recognizes a code and phase match between the
slave code sequence of transmitter 204 and the master code
10 sequence of central terminal 10.

Receiver 206 performs the same power measurement
technique in determining a phase and code match for
transmitter 204 synchronization as performed for receiver
202 synchronization. Adjustments to the phase of the slave

15 code sequence of transmitter 204 initially occur in a
coarse adjustment mode haﬁing one half of a chip rate
increments until receiver 206 identifies the maximum power
position of the combined power of the master code sequence
and the slave code sequence of transmitter 204,

20 Figure 16 shows an example decoding scheme for code
synchronization signal 234. After identification and
.verification of a phase and code match 6f the slave code
sequence to the master code segquence, receiver 206
continues to monitor uplink signal 214 for changés‘in the

25 phase of the slave code sequence of transmitter 204
resulting from variations in the path delay between central
terminal 10 and subscriber terminal 20. If further
adjustments are needed to the phase of the slave code
sequence of transmitter 204, central terminal 10 will send

30 appropriate code synchronization signals 234 to increase or
decrease the phase of the slave code sequence of
transmitter 204 as needed. At this point, adjustments made
to the phase of the slave code sequence of transmitter 204
may occur in a fine adjustment mode having one sixteenth of



5 termnal 10 for the downlink conmunication path. Fi gure 12

shows a graph of the conbi ned power curve nmeasured by receiver 202
during-the:acqui-sit.ion node and- t he tracki ng node. The naxi mum val ue
of the conblned power occurs at the correlation peak 219 of the

conbi ned pomerwb()slssmurve It should be noted that the peak 2t3uspsnssest be
as’ well defined as in Figure 12, but may be flattened at the

top, nmore in the formof a plateau. This is 2Be point where the

sl ave code sequence of receiver 202 is in phase wi th and matches the
mast er code sequence of transmtter 15 200. Measurenents resulting in
conbi ned power val ues that occur off of correlation peak 219 require

i ncrenment al t to the sl ave .cqde sequence, A

fine adj ust nen%ﬂfé\nnq%tgv% ?rsng‘exg?rg%l she onoeng\eé’%&eﬁupg:&ﬂr’y in  the
correl ator point 2Zownhink omtupldiskr cormenigatiion pathsArc@itral dweompigml 10
power measur enent h%yp%inﬂﬁﬂﬁdti‘hnﬁﬁi{:fefoééﬂt?é ?turn tPY rze%%. andc%ﬂt%e

| ate correlator point. 223.. Since early correlator poin
corretator point 28948 Sequencesphase Faduehthreushodese¥ery of maxsmeters

signal is praducedstored uﬁoa ﬁ@n@tﬂyatmn%xﬂuls%rdbéfeeeﬂﬁnbft p9eRnt ke der to
aver age powers 25 glfl gaé y corteg# rﬁtﬁﬂ and | agfe correl ator

poi nt 223 t FEEit it Foes & BPTRRTHARS IR Gatden
of the slave code patghence. : After acquiring and initiati ng
tracking on the central ter t cod eq g of

sequence signal 30 Z%tﬁt%%%iﬁ%?”éi Fr &éﬁ% cg}hegieg,a
frame al i gnreseiviers2Q6 panfarmso fe-smban;gnmmt cownipXilnk signal 214
communical | g Patln a sHRFFAYChandl? $ANUMAES aligiiont 1s phRESHHEA' B

vmthlnfrarrelnforrratlon sig gna
i dentify a beginni H’&CGF-VPFanﬂ%s@HWQ orestabllshment of the downlink

communication path. Once receiver 206 recognizes two

successive frame alignment words and obtains frame
alignment, the  uplink communication path has been

15 established. Upon establishing both the downlink and the
uplink communication paths, information transfer between
first user 208 or second user 210 of subscriber terminal 20
and users coupled to central terminal 10 may commence.

Wireless .telecommunication system 1 is capable of

20 adjusting the transmitting power level and the transmit
rate to one of two settings for each of three different
system operating modes. The system operating modes are
acquisition, standby and traffic. Adjustments in the
transmitting power and the transmit -rate make it possible

25 to reduce and minimize interference with other subscriber
terminals. Improvements in 1link establishment time are
also achieved. The transmitting power level is decoded in
power control signal 236 and the transmit rate is decoded
in code synchronization signal 234.

30 The transmitting power for both downlink signal 212
and uplink signal 214 can be set to either a nominal 0
decibel high power level or a reduced -12 decibel low power
level. The transmit rate for both downlink signél 212 and
uplink signal 214 can be set to a low rate of 10 kilobits
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23 downl i nk signal 212. Since receiver 202 does not know at

what pojnt..in the data stream of downlink signal 212 it has recei ved
i nf or ret’i on, receiver 202 must search for the begi nni ng of frane
posi tion in oraweossedde able to process 5 i nformati on - e®ETIUSYK/O85A00M
transmtter 200 of central term nal 10. Once receiver 202 has
identified one further begi nni ng of frar® position, the downlink
comuni cati on pat h has been established fromtransmtter 200 of
central termnal 10 to receiver 202 of subscriber termnal 20. 10
Figure 13 shows the general contents of frane I nformati on
signal 218. Fra ol beNa Sy 3 Sp ad
channel 224, a fi ?E?e’tsryér %iaﬁgela hg%{l 'rotbor lg%c]%lnrl%tﬁgr gﬁaﬁ%&?ﬂf ,Whaerrlld

a signalling channeﬁ‘""é’:!@epoﬂ:o the héﬁbhrﬁ%uﬁef 360, M&Fﬁoﬁeﬁﬁmd aper
over downlink signatrdffic aidd. o@ﬁiéﬁ&ﬁdzﬁb&ﬂ&&ioﬂZéréaspreﬁdCQE&H Glhat one

i nformati on used to,establi and I_nt ai I | nk an
communi cati on pat hsinfozmationy V'"%ﬁtlha 6 ?str}lfsu:(f gni;#)eﬁhlps‘
traffic inforsati onCérrélatsiomseis ZQﬂarfoxiedondver 16useh1ps1.anrmie12ﬂ&g1 Sa

used to transter {ralligu Py O b Hctpat OO Chyfdthea 3 B s

channel 230 provid ing 1IN ornat O SUPErvi se
operation of subscrragte of 10 kél‘?bﬂ%ﬁ pey tseicopdonpniyneveshead imfaymadden

channel 224 is spread such that one overhead symbol results in the
transmission of 256 chips. Correlation is performed over
10 256 chips, yielding a processing gain of 24 decibels.
Figure 17 show the transmitting power and transmit
rate for each of the three system operating modes. At
power up or whenever the downlink or uplink communication
paths are lost, wireless telecommunication system 1 enters
15 the acquisition mode. During the acquisition mode, the
transmitting power of the downlink and uplink transmitters
are maximized as well as the correlator prqcessing gain.
This maximizes the signal to noise ratio at the correlator
output, increasing the amplitude of the correlation peak
20 219 for easier identification and minimal risk of false
acquisition. Since only overhead information is needed in
the acquisition mode, the transmit rate is at the low rate
level of 10 kilobits per second.
" When the downlink and the uplink communication paths
25 are acquired, wireless telecommunication system 1 enters
the standby mode. In the standby mode, the transmitting
power of the downlink and uplink transmitters are reduced
by 12 decibels. This reduction in transmitting power
minimizes the interference to other subscriber terminals
30 ‘while still maintaining synchronization. The transmit rate
remains at the low rate level to allow exchange of control
information between central terminal 10 and subscriber
terminal 20 over overhead channel 224.



occupies 16 kil obits per second of a frame of information, first user
channel 226 occupies 64 kilobits per second of 25 a frame of

i nformation, second. user.channel 228 occupies 64 kil obits per second
of a frame of i nformation, and signal ling channel 230 occupies 16
Kilobl'ts per swoossssnf a frame of information. PCT/E895/08580 14
shows how over head channel 224 is inserted 30 into the data stream of
downl i nk signal 212. The data stream 8L downlink signal 212 is
partitioned into twenty bit subfranmes. "Each twenty bit subframe has
twd ten bit sections. Afirst ten bit section includes an overhead
bit, a signalling bit, and eight first user bits. A second WO
96/ 38944

. s U 0 :
29 ten bit sefPeB.either, pn inconinG Bk GHEGORID Laty 1 detacted,
and e{ght second ugemegsage ighisentwdyop thhe sepigimating termimaiat tes the

repeat ed throughoulyegRifatibs feefmindll | §.ﬁ&§?8§tin%, thdt’ aFReOf adw{101BT gk
Thus, an overhead bit occupies every . 5 tenth bit positign of franme

information in theBBddiRkst r epunication BakPSnk ar¢Ynafregpsred for  the
Over head champel 224anzslisddoncioghuusbyttraficsinfermation. At this point,

wireless telecommunication system 1 enters into the traffic
mode. During the traffic mode, the transmitting power of
both the downlink and uplink communication paths is
increased to the high power level and the transmit rate is
10 increased to the high rate level of 160 kilobits per second
to facilitate information transfer between originating and
destination terminals. Upon detection of call termination,
a message is sent from the terminating terminal to the
other terminal indicating that the downlink and uplink
15  communication paths are no longer required. At this point,
wireless telecommunication system 1 reenters the standby
mode. Code synchronization and frame alignment tracking is
performed in both the standby mode and the traffic mode.
Figure 18 is a detailed block diagram of receiver 202
20 and transmitter 204 in subscriber terminal -20. Receiver
202 receives downlink signal 212 at an RF receive interface
250. RF receive interface 250 separates the spread
sbectrum signal into I and Q signal components. RF receive
interface 250 band pass filters each of the I and Q signal
25 components by removing portions above approximately half of
receiver 202 bandwidth of 3.5 MegaHertz. RF receive
interface 250 low pass filters the I and Q signal
components to reject image frequencies and prevent signal
aliasing. The I and O signal components are placed into
30 digital format by an analog to digital converter 252. The
sampling frequency of analog to digital converter 252 is
four times the chip period, or 10.24 MegaHertz, with an
eight bit resolution.



frame alignnment word 232, a code synchroni zation signal 234, a power

control signal 236, an operations and 10 mai nt enance channel signal 238,
and four reserved byte fields 242. Frame alignnent word 232

i dentifi'es”t he " Dbeginning of frame position for its corresponding
frame of ‘woisehssant i on. Code synchroni zation signal 234 PETUSWHES00

i nformation to control synchronization of transmtter 204 15 I n
subscriber termnal 20 to receiver 206 in cent3al - term nal 10. Power
control signal 236 provides information " to control transmtting
power of transmitter 204 in subscri ber term nal 20. Operations and
mai nt enance channel signal 238 provides status information with
respect to the 20 ugl i a

fromthe central term n r}%& Fheaﬂéu Cl‘lbgglj? %%%Oﬁ?é%nﬁﬁls?h he

comuni cati on prot gedtatiief Hpk? a‘(%ﬁ%@hbﬁrﬁd@%h@%"eﬂer 254 we@nqq@i’é

shel f control | er 'Hjeﬂé'i?aﬁweéﬂd:"ﬁé&%rﬂaagr 256 pEX¥EERES - tRE synchronllz%tian
order to identify tw successive begin

I t
recei ver 202 of sulRKMisdtiog, apdat r%kfsreﬂrfa?&&wns PrFﬂilBgﬁfV %’Ped to
possi bl e bit positiHptchrontee dtiea pﬂ:tds%aﬂilf the Ra&eﬂamdar-FWaEslng pEaudo-

Pnitially oxiracts m ooipe aqde MR fPCTePdtver B0 $E iR ot

frame i nf or nedowmilink detigneilne2iZ. ovex hdadlth&nrﬁim brecessor 258

captured.  If f fa%@f@fﬁeaew?ﬁgsé?%fheﬁen%tla%e%ode sequ@ﬁe&' Eh%dugﬁt &

a predetern1ned peri o ti me extraction of first

pos| t | on, rece| Ver mvﬁWQCker 260 and a carrier tracker 262 An automatic
10 gain control unit 264 produces an automatic gain control

signal to control the gain of RF receive interface 250.
-Cdde-generator and despreader 256 generates the I and Q 160
‘kilobits per  second of <frame information for further
synchronization by a node sync interface 266 under the
15 control of a node sync logic unit 268. Node sync interface
266, through node sync logic unit 268, determines whether
the I and Q channgls should be swapped, as they may be
received in four different ways.
Viterbi decoder 276 provides forward error correction
20 on the I and Q channels and generates an error corrected
160 kilobits per second data signal after a 71 symbol
delay. The error corrected signal is processed by a frame
aligner and extractor 272 determines frame alignment and
extracts power control signal 236, code synchronization
25 234, and operations and maintenance channel signal 238.
Frame aligner and extractor 272 also extracts first user
channel 226 and second user channel 228 for traffic
transmission fowards first user 208 an second user 210, and
signaling channel 230 for processing by high level data
30 1'ink controller 274 and a microcontroller 276. Frame
aligner and extractor 272 also provides alarm and error
indications upon detecting a loss in frame alignment. A
non-volatile random access memory 278 stores system
parameter information for subsequent insertion through én
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25 repeat this procedure for the second bit position of each

ten bit .secti.on.and subsequent bit positions until frane al i gnment
word 232-has been identified. An exanple of a - franme alignment word
232 whi ch recevoeesgaf woul d search 5 for is binary 000101pérrusésnssoot he
correct bit position yields frame alignment word 232, receiver 202
attenpts to identify two successive begsaning of frane positions. A
downl i nk conmuni cation path is established upon the successf ul

I dentification of two successive beginning of 10 frame positions in
response to recognition of successive frame alignnent words 232 in

the data stream of dguplifle g0 8088k Went of ltnk 58NS %er to

continués to nonitor e appropriate bi poOSi
recogni ze subsequefieciidretel ildmkenreestabliwhment 232 Afbitratisse@smt also

“franmes of infornmat bPGvidesf Iz E.nterf&‘é@ebﬁﬁeglq?d{ﬂﬂﬁ : gh%ﬁo%e@o{:%sgg%rzags

alignment word 232 . for ree successive frafmes, n recerver
will return pBd picxeeAir @ &Y 6and cycl e through each of the bit

positions of sthe ten biinsagid Obrdfbmiti de¥ddeicly (40 £fame JHEEIUY €282
begi nni ng of franeﬁ§OSLt|on ,through r%coggltlon of two successive
frane alignnent FRives 35irst, juser tratfif  apdFecRPd  URex abrahfint from
Failr{efto recogni Zérshreser 208 andxxﬁnﬁndaﬁifrﬂarm,igaq?auﬁnqrdﬁaﬁﬁﬁlggso
resu rom a s ween_centr rm :
and 25 subscrib%?ﬁggggf%gﬁ é@ﬁ“qﬁggéﬁﬁ%&ﬁzﬁﬁiﬁ R, I§8n?5Pgiﬁrt294( and
operations and maintenance channel 238 information from
i0 microcontroller 276. Frame inserter generates frame

information signal 218 for uplink signal 214 for procéssing

by a convolutional encoder 284. Convolutional :encoder 284

doubles the data rate of frame information signal 218 to

provide forward error correction. A spreaderizef splits

15 the 320 kilobits per second signal of convolutional encoder

284 into two 160 kilobits per second I and Q signals and

exclusively ORs these signals with the spreading sequence

generated by a code generator 288 in response to a system

clock generated by clock generator 290 as adjusted by code

20 synchronization signal 234. Code generator 288 generates

one of sixteen Rademacher-Walsh functions exclusive ORed

with a pseudo-random sequence having a pattern length of

256 with a chip rate of 2.56 MegaHertz. The pseudo-random

sequence should match that of central terminal 10, but is

25 adjustable under software control to provide reliable
rejection of signals from other bands or other cells.

Spreader 286 supplies the I and Q signals to an analog

transmitter 290. Analog transmitter 290 produces pulsed I

and Q signals for an RF transmit interface 292. Transmit

30 power is generated by first establishing a control voltage

. from a digital to analog converter in response to power

- control signal 236 extracted from overhead channel 224.

This control voltage is applied to the power control inputs

of analog transmitter 290 and RF transmit interface 292.



t he search process upon an interruption in the downlink conmmuni cati on

path fromtransmtter 200 in central term nal 10 to receiver 202 in
subscriber term nal 20. Upon establishing the downlink
commuhi-cati on path from 30 central ternminal 10 to subscriber terminal 20
t hr,ough " Wo9pS8gess0de sequence phase synchroni zation and pCHUS896/08500
alignnent, wireless tel ecommunication system 1 perforns procedures to
establish the uplink conmuni cation path from 3a transmtter 204 in
subscri ber termnal 20 to receiver 206 ' WO 96/ 38944

PCT/ US96/ 08500 _ 26 in central
termnal 10. Initially, transmtter 204 is powered off until the

downl i nk communi cagpg}&ggg%?tgﬁt Bgegs decJ.Qee.Lsé ahl 103415qngglgr ?xeggth apalog -

transmtter interf m™hal  comuni caiT on
- other subscriber térahamitter 290 anitR¥ tzamsndswihterfagem?d2i.caRFohrpashits

est abl 1 shed, 1ht30FILL! bgﬁf ﬁi@%ﬁ?ﬂé’é &réﬂé EEE&n?:Qf} ot Stigt %Po‘@:.des 2

m ni num val ug on comman e cqntr term na Vi a ‘power
control channel 23decibelcstrra athakkenuation PHﬁErac%‘P\tﬁQﬂlbel rangpgnaflhse

controls the sﬁmunht%fenhra%@,&mﬂélﬁ&dowrsvlﬁch BEREGEEhivh L STow t Bbwe4

. such that central term._nal

levels. - On power up, maximum attenuvation is selected to
nminimize the transmitting power of transmitter 204.
Figure 19 is a block diagram of a CDMA' signal
processing circuit 100 within spreader 286. CDMA signal
10 processing circuit 300 includes a summer circuit 302 that
receives a plurality of CDMA signals from a plurality of
channels 304. ‘Summer circuit 302 generates a :summed signal
‘306 that is applied to a clipping circuit 308. Clipping
circuit 308 generates a .clipped signal 310 that is applied
15 to an I digital to analog processing circuit 312 and a Q
digital to analog processing circuit 314. Digital to
analog processing circuit 312 generates an I signal that is
filtered by an I filter 316. Digital to analog brocess'ing
circuit 314 generates a Q signal that is filtered by a Q
20  filter 318.

In operation, CDMA signal processing circuit 300
receives CDMA signals from the plurality of channels 304 at
summer circuit 302. Each CDMA signal has a disable value,
a power magnitude value, and power direction value. The

25 disable value determines whether a CDMA signal is present
' on the part:'icul‘ar channel. The power .magnitude value
identifies the relative power of the CDMA signal. The

-'power magnitude value preferably has a low power value of

1 and a high power value of 4. The power direction value

30 ] detenﬁines _the positive or negative direction of the
relative CDMA signal power and which of the I or Q signals

the CDMA signal corresponds. .Summer circuit 302 combines

the power values of each CDMA signal from the plurality of
channels 304 to generate summed signal 306. For a $ixteen



recei ves approximtely the sane |level of transmtting power from each
subscri ber term nal 20 serviced by central termnal 10.

Power control .signal- 236 is transmtted by transmtter 15 200 of central
termnal 10 in overhead channel 224 of frane i nf ormat'i on signal 218
over downlink wwossaseddl2. Recei ver 202 of subscri ber termtsocEE300
recei ves downlink signal 212 and extracts power control signal 236

t herefrom Power control signal 236 i 3%rovided to transmtter 204
of 20 subscriber termnal 20 and increnentally adjusts the
transmtting power of transmtter 204. Central termnal 10 conti nues
to increnentally adjust the transmtting power of transmtter 204

unti | thetransmtt Moo a _ang

as determ ned by recel ver 2%’64%1? Vg'kgﬁét}!stsne%’tal tag)%tsf#a%{jr an []% (I’%lg EGQWS:P
initially occur in 64 accoréaagsi;Oa‘Q!iespm nagnd thale pgdodérectior|values.
increments unti | 18 pbiARS B EEUY W Genbdtes W (i %pEBesﬂ §34l 8o in

t hreshol d range. Upon turnl ng transm tter_204 on tranSmtti n%os

power i s gradual | y TefRRREQptPn SHMAI Sj9PALoRAP 30 Cl Wﬁﬂ"éqreﬁ’ﬂ-éffmlt

adj ustnents ig O_rdefezﬁdareaval ﬁoraieﬁf@femﬁ s.'l.gnal o6t tal 1iuﬁ£‘6iré16‘lhand11ng
communi cations with ther %scrl be

shows an exanple d df'”ﬁ& Eﬁgu?Jaﬁl%O\&qcurring 0‘6‘3}?%‘? Kihrin 2§6 Uesiren
After the transm ttthresholdr rahge. Figure 20 Siicwi8Bblected values of summed

PCT/ US96/ 08500 signal 306 and selected values of clipped signal 310
generated in response thereto. Clipping circuit 308

10 removes that portion of summed signal 306 above and below
a magnitude of +/- 31. A summed signal 306 occurring above
the threshold magnitude of +31:is set at the +31 magnitude
level. n A summed signal occurring below the threshold
magnitude of ~31 is set at the -31 magnitude level.

15 Removal of the portion of summed signal 306 outside
the desired threshold range also eliminates noise producing
sidebands - from appearing on clipped signal 310 and
increases the signal magnitude according to the desired
threshold range. Elimination of noise producing sidebands

20 results in more accurate and reliable I and QO signals..
Though shown with a desired threshold  range of
approximately one half of summed signal 306, clipping
circuit 308 may use a different threshold range selected to
provide elimination of noise producing sidebands and

25 improved handling of frequently occurring values of summed
signal 306.

Digital to analog processing circuits 312 and 314 each
. receive clipped signal 310 generated by clipping circuit
308.. Digital to analog processing circuits 312 and 314

30 converts clipped signal 310 into a- half width encoded
format. Figure 21 shows an example of the half width
encoded format. At each chip period, clipped signal 310 is
converted into a half width return to zero format wherein
the first half of the chip perj.od contains the information



27 : transmtter 204 in subscriber term nal 20 reaches the

desired threshold range, receiver 206 in central term nal 10
continues to nonitor the amount of transmtting power from

~ transni'tt ér 204 for’ ‘any changes resulting frompower 5 fluctuations,

. and, vari ati onSwabsishsaapat h del ay between central term mmm

" subscriber termnal 20, et al. If the transmtting power falls bel ow
or exceeds the desired threshold range6 central termnal 10

- wl] send an appropriate power control signal 236 to increase or
10° decrease the transmtting power of transmtter 204 as needed.
At this point, adjustnments made to return the transmtting power to

the desired threshold,ragge BokoliCiats of End [4lfh 2HeiIbl® bolflifns no

having 0.1 deci bel |ncrenents ron in
downlink or upli rﬂmﬁ@rmatmnmmﬂsatuaing pzt-b#s hal:%nw-dth eacatiadi fq_:[;uat,

may command z?] fé‘é:‘r}dt Powe?4 i bBLHLIReHO i PERYI %&m&eam $£ﬁ&19 of
| evel roug

pover Jecoyery of parameters stored’in a memory
Subscriber terninafrequsncies, fop/ daansmijteds gignalge More enefgy and

reeSL ?bl ihshhrfeat IOf %(mﬁommilﬁaummh ][umtpmmdwboﬁa:lbipped sﬁeaaflulsm
- establish the uplin 0 ni c r scti,ber, term nal ,20

to central term nal® 11‘8 %argﬁ#tgﬁ‘ ?&‘% rf'oszfﬂ?s r?bg? t"@r rﬁr{‘?ﬁ%lon
shoul d be synchronidecbding at arfaeiemd RéfeivementAfter econvexisiof. to the

togpg LS'h tzgfm nal - 1Q,.1¢ wiGEf e%cadaaefa%ﬁggrowiament%f ddfal %g,mﬁéza;afzsgﬁg

code ‘'synchroni zat1on si 4 i'n°overhead
frame i nformation s¢1gmautﬂ912cea@ Mmmarta@lmpeﬂ Figpal 310 inty| analog

i ncremental | yoadj usg Sax?dR?aécﬁnﬁHnetd%% skayBeteifely. sequence of
transmtter 204 to match hase of  the

: To ge erate f:Lnal I and Q signals, the outputs of

‘digital to analog processing .circuits 312 and 314 are

processed by I filter 316 and Q filter 318, respectively.

_Filters 316 and 318 are used to significantly reduce inter-

15 symbol interference between each half width encoded piece

of the I and Q analog signals. Figure 22 shows an example

of inter-symbol interference. Identifying transitions

between half width encoded portions of an analog signal is

important in reading and identifying information encoded in

20 the analog signal. Preventing interference in the

transition from one symbol of information to another aids

in accurately and reliably reading information from analog

signals. Filters 316 and 318 provide a smoother rolloff

and transition in the analog I and Q signals from one

25 symbol to the next. A ninth order Besel filter operation

| may be performed to minimize rolloff from a first symbol

from affecting the next symbol. The ninth order Besel

filter provides a sufficient  linear characteristic to

achieve a desired reduction in inter-symbol interference.

30 In summary, a CDMA signal processing circuit combines

. CDMA signals from multiple channels to generate a summed

signal in accordance with a power magnitude value and a

power direction value asscciéted with each CDMA signal. A

portion of the summed signal outsid_e a desired threshold



mast er code sequence of receiver 206. Synchronization of 30 transmtter
204 is perforned in a substantially simlar manner as synchroni zation
. of receiver 202. . Code synchroni zation signal 234 is transnmtted
. by " transiitteéer 200 in central terminal 10 in overhead channel

. 224, of frane | wiowsaesisd on signal 218 over downlink signal PCT/US96AB500

967 38944 PCT/ US96/ 08500

28 212. Recei ver 202 of subscribeB7term nal 20 receives
downl i nk-signal 212 and extracts code synchronization signal 234
therefrom Code synchronization signal 234 is provided to
transmtter 204 for |ncrenentally adj ust nent of t he phase of the

sl ave code sequenc n tg I
continues to incr eer Q é%{s’gét%g generate ﬁcﬁﬂ&gpkgh é%‘ggeh;& fig noise
sequence of transmnnoaum uaidebands frp@céihﬂerOMrégsng%sthecmﬁd

phase match betweensiha elimi%tﬂé@ metée%ﬁsseeomahaqaa@ tafern?é&héimy

the master code 10 sequence central ter m nal Recei ver
206 perforns the §§W§rﬁéﬂﬂrvﬁ%385rgﬁmﬁﬂe summed Fé&ﬁﬁ}queThﬁ geivped Figpal
phase and cods mat gl tehverted ihtéNsMdIfwidth eptobeanfsthabrbysa digital

performed for reCGH&F%nalog processing circuit to increase desired frequency
band power. The digital to analog processing circuit:
transforms the half width encoded clipped signal into a
corresponding I and Q analog signal. The I and Q signals
10 are filtered to reduce inter~symbol interference between
symbols of information half width encoded into the I and Q
analog signals.

Thus, there has been provided in .accordance with the’
present - invention, an apparatus and method of processing
15 CDMA signals that satisfy the advantages set forth above.
Although the preferred embodiment has been described in
detail, it should be understood that wvarious changes,
substitutions, and alterations can be made herein by one of
ordinary skill in the art without departing from the scope

20 of the present invention;



202 synchroni zation. Adjustnents to the phase of the slave 15 code
sequence of transmtter 204 initially occur in a coar se adj ust nent
mode havi ng one half. of a chip rate i ncrements until receiver 206

i dentifies the maxinmm power position of the conbi ned power of the
master code seqeoe38e9d4  and the sl ave code sequence of tr aPCEUSHGISSHOS.

200 - Figure 16 shows an exanpl e decodi ng schene for code

synchroni zation signal 234. After identific3ion d/W
of -a phase and code match of the slave code sequenc mlmm\ \“{‘

. code sequence, receiver 206 continues to nonitor (““mﬂ

- for changes in the 25 phase of the slave code sequence

transmtter 204 r 185 Wihirpgpf k8% variations in the path deI ay between

central term%}?eﬂ'rrdl&gsugsnlber termnal 20. I f further

adj ust nents are needed tlbo t hé& pethedofof; progessingodMA signalsyrmprising

transmtter 204, c §a§té§f§ ggral 10 will send 30 appropriate code

synchroni zation signa to increase or decrease the phase of the
sl ave code sequence of Performing & SRieagddng,fupgtien onyCiMh signaks from

adj ust ment s ngde  a pliralifts aﬁa&ﬁaﬁﬁelbﬁ sl ave code sequence of

Liri?zgn%e(r)f 204 ma gccur g fi E&Iﬁdjgfénwﬁnt m%detﬁawg%rarﬁty of
PCT/ US96/ 08500 channels to create a summed signalQ
- removing a portion of the summed signal above and
below a desired threshold range to create a clipped signal.
10

2. The method of Claim 1, wherein the CDMA signals
-have a disable value, a power magnitude value, and a power

. direction value used in .determining the summed signal.

15 3. The method of Claim 1, wherein the power magnitude
" walue has a first level representing an on-hook condition .
and a second level value representing an off-hook
condition.

20 4. The method of Claim 1, wherein the portion of the
summed signal removed is sufficient to prevent noise
producing sidebands from appearing on the clipped output
signal.

25 5. The method of Claim 2, wherein the summed signal
ranges in value from -64 to +64 in response to a disabled
value of zerb, a power magnitude value of 1/4, and a power
direction value of positive or negative.

30 6. The method of Claim 1, wherein said threshold
range is approximately one half the total range of the
summed signal.



a chip rate increnents. Upon amhe downl i nk or
upl i nk communi cation paths, central “\ may conmand

. transmitter 204 to return to a pre lmiﬂ M‘m‘“\ code sequence phase
val ue through recovery of paranet er v shored Tn a nenmory in subscriber

term nal 20 i nwoiogesds O facilitate reestablishnment of ®GE/US6/08500

" appropriate communi cation - pat h. After synchroni zation of

transmtter 204 is achieved, recei ver 288 perforns frame alignnent on

uplink signal 214 10 inasimlar manner as frame alignnent is perforned

by receiver 202 during establishnent of the downlink

conmuni cati on pat h. Once receiver 206 recogni zes tvvo successi ve

frame alignnent vvords an f tHePld
comuni cation path has' biej%"h bﬁsggtggi shed Upon estaﬁolf LtE;eng:lj-}%ot‘:hék’

t he downlink and tled&: upl i nk conmmuni cati on paths, information transfer

bet ween first Useeoﬁféﬁreinéeexqad suﬁﬁédZ%@gaalsuhﬁsrtbar s"e%"a'f'a'%@' d%Q;a
and users coupled to central term nal na

t el ecemmuni cati on SpABRLE §°t¥apd¥9‘8‘]tﬁtl adraéf? ng TEREVEPSY s m"t“l‘i‘ﬁ@
power |evel and thetztahemsesion signalat 8a¢ld ehechef twoosesdratgddta cirrinels

three different (st em qperaj i ng podes The st.em oper des
are acqui si t iGHFE Waﬁaggrﬁﬁ 1o1atRi 8. halgd‘i'{g%ﬂﬁss a#%gx&a@ion,
transmtting power witetiine tar arfdmst r dad fimalod i ttheos pulise 2Fs:ontammsr edaldd

and mnimze int erfl%fgr@gg%%ﬁ har?& tLe e%bqﬁc'h'aq?r of tPeo‘B aﬁeturn to

| mprovenents in lin SHHENtS (1 me ar e eved
transnmitting power Zeggelformagiecoded in power cont roI signal 236 and
the transm dgate i s decoded i n code synchronization signal 234. 30
The transm tting power for both downlink signal 212 and, fl i nk 5|sq:nal
214 can be set to eithe®.a Bh@imgiihogl of Claim 7, further comprising the

of: '

filtering the two ‘separate data channels to remove
interference outside of a desired radio <frequency
15 bandwidth.

9., The method of Claim 8, wherein the filtering step
is performed by a ninth order Bessel low pass filtering
operation.

20 _
10. The method of Claim 8, wherein the filtering step

has properties sufficient to reduce intér-symbol
interference between each half width pulse.



deci bel high power |evel or a reduced -12 deci bel |ow power | evel .
The transmt rate for both downlink signal 212 and uplink signal 214
can be set toalowrate of 10 Kilobits WO 96/ 38944
PCT/ US96/ 08500° = ° 30 per second or
a high-rate of wiékddsobi ts per second. Wen swi t ched t ecrhuseéesso
rate of 160 kil obits per second, user traffic an over —
i nformati on are spread such that one i nfan rratlon
the transm ssion of 16 chips. 5 Correlation is @ﬁ iﬂﬂ‘lﬂlﬂﬂ

: chips, yielding a processi ng gain of 12 deC|beIs*
the | ow rate. of 10 kilobits per second, only overhead infornmation

is spread such that one er ;ﬁ%g a ]asi

of 256 chips. Correl atIOiI’)l]yl S pgﬁ% or ma(c)flf er f%giheﬁgﬁ% a{'/él elr‘écfsﬂ sthy
processing gain of Udedetenreiof: Fi gure 17 show t he transm tting
power and transmit peff’éﬁuﬂ‘ aﬁas”&ésfdl ge £ulE8Los Yor e@mmeéféﬂazas from
nodes. At power or enever _t he i nk or uplink

conmuni cat i on a phtralihe ofoshanpelsfess tel ecomuni cation system 1

enters 15 she acqw Si oL AERE theDucnng t SborieCipi 9ift | eRenDpPurditry of

transmtting power gh rt}ﬁ]éalsdoe/\énlérrélét%n% u 5 translm tters

converting the summed signal into two separate data
.channels for modulating a radio - frequency carrier
transmission signal, each of the two separate data channels
10 carrying information in a half-width pulse configuration,
wherein a first half of the pulse contains valid
. information and a second half . of the pulse has .a return to

zero format.

15 12, The method of Claim 11, further comprising the
step of: '
filtering the two separate data- channels to remove
interference outside of ' a desired radio freguency
bandwidth.
20 i
13. The method of Claim 12, wherein the filtering
step is performed by a ninth order Bessel low pass
filtering operation. '

25 14. The method of Claim 12, wherein the filtering
step has properties sufficient to reduce inter-symbol
Ainterference between each half width pulse.

15. The method of Claim 11, comprising the steps of:
30 removing a portion of the summed signal above and
below a desired threshold range to create a clipped signal.



are maxi mzed as well as the correl mcesm ng Thi s

maxi m zes the signal to noise ratio M out put,
increasing the anplitude of the corre ’a 219 for easier

i dentification.and mnimal risk of fal se a’cqu|5|t|on Since only

over head i nf or weigsmsgesss needed in t he acqui sition node, PCRAISHGRBIN
rate is at the |ow rate - level of 10 kilobits per second.

When t he downlink and the uplink comunicati orflpat hs 25 “are acquired,

Wi rel ess tel econmuni cati on system 1 enters ' t he standby node. 1In the
standby node, the transnmitting power of the downlink and uplink
transmtters are reduced by 12 deci bel s. This reduction in

transm tting power 61 Niefh ZEStidie d @19 983G whareiReths UMK | PRinals
termnals 30 whi | e st|II mal nt al ni ng synchronlzatlon The transmt rate

remains at the | owhe¥ee?d gispble Wlugy & BN Mgnibpapoyalue, and a power

i nformation bet weeyiGRiEtidn valiendbed OimndetteitirintPthe summbdr 81§Aa120
over over head channel 224. WD 96/ 38944

PCT/ US96/ 08500 31 When
ei ther an inc®m ng or outgoi ngThel meithodeteLt laim 16, a wheredge thesqguwer

fromthe originati rﬁgaénefén&alva:[l%é Ii'x%.s a first level representing an on-hook
condition and a second level representing an off-hook

. condition.

10 18. The method of Claim 15, wherein the portion of

the summed signal removed is sufficient to prevent noise

- producing sidebands from appearing on. the clipped output
signal.

15 19. The method of Claim 16, wherein the summed signal
ranges in value from -64 to +64 in response to a disabled
value of zero, a power magnitude value of 1 and 4, and a
power direction value of positive or negative.

20 20. The method of Claim 15, wherein the desired
threshold range is approximately one half the total range
of the summed signal.



destination term nal indicating that t—he~eleml_i_nk__and\ upl i nk

comuni cation paths are required the 5 transm ssion of user
~traffic.information. At .this point, mﬂ]ﬂ ,ﬂg’ commni cation

- system'1l entefs into the traffic traffic node, the
L transnitting pwessnshss both the downlink -and i hk conMROTAISE/AsSS00

- paths is I ncreased to the high power level and the transmt rate is
10 increased to the high rate level of 160 42| obits per second to
facilitate information transfer between origihating and destination
termnals. Upon detection of call term nation, a nmessage i s sent
fromthe termnating termnal to the other term nal indicating that
the downlink and uplink S L ang eqLl

Al this point, W ess 0 clomatatdl, PREC Pidkh D emh Tl

st andby node. comptasymhrom zation and frame alignnment tracking is
performed in both the St Ogﬁreﬁﬂtt&?efamaf t6 m&ﬁne coMA sig‘nafé OH¥ i

18 is a detail ed bl ock g recel ver and transmt 04 In
R

subscri ber terninal al293-‘11' d&yyvef channeigp F@Geﬁ%‘g“%vﬁﬁ’?%%lwab}ﬁ &
an RF receiveg nter gag€rate a éﬁﬂaed gilanlaacehufeergrface 250 separ ates

the spread spectrum na and Lap conponent s
recei ve interface ® ’(%H‘gpggg 'H‘T’t %%h BfE rIP aﬁ8r{5‘§?g‘ﬁgl%
conponents by renpvsugmedr signal abbuee appd ockebaw eaydeaifedf threshokd ceange,

(il tors the | and GPRF GaPhiny clrshit 6Rbihe to qqlietaddCs, Fxippdd d060ny,

prevent signal thereésqmg The | and Q signal conponents are placed
!sgﬁrgl ?29 frceia'g,letngly L?rgﬁ{él ?Xﬁ%agn%)o%ﬁégg%‘ver%%resw%éeréﬂ‘:ﬁ@ oc?uer |lr‘re\=,\sto
the chip period, orcepvent PHPP igpal intQ gnhihait r"’é'g(’iput?’b?f’ded

. format, the half width_. encoded format ‘having information
contained in a first half of a signal pulse and no
‘information in a second half of the signal pulse, the
15 digital to analog processing circuit operable to convert
the clipped' signal in the half width encoded format to an
analog signal; '
a filter opérable to reduce inter-symbol interference
in the analog signal.

20
22. The apparatus of Claim 21, wherein ‘the filter
performs a ninth order Besel low pass filtering operation
to smooth out a rolloff from one symbol to another,
25 23. The apparatus of Claim 21, wherein the c¢lipping

. circuit removes the portion of the summed signal sufficient
to prevent noise producing sidebands from appearing on the
clipped output signal.
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32 The digital | and Q si re stepped to
a rate of 5.12 MegaHertz by a down con\}ﬂm Irl [m! gener at or
~ and despreader 256 perfornms the synchrom zatl on w qui sition and

"~ tracki ng funct warss/spssdvi ousl y descrl bed to 5 synchronl ze PICE/USHGIERSO0

t hé Radenmacher-Wal sh and pseudo- random noi se code sequence of
receiver 202 to that of - downlink signal 432. A digital signal
processor 258 controls the phase of the slave code sequence through a
code tracker 260 and a carrier tracker 262. An automatic 10 gai n
control unit 264 produces an autonmatic gain control signal to control
the gain of RF receive ijijerf e gt of, e SRR I5vn
256 generates the | and '160%1(a %%%?rlatbus og)g?lgfsmécggd o?g?glg SRCH

i nfornation for fursimals has gydisable z‘éalllm By noweFdmagnhtude 1 valuge IR

under the 15 CONidypdy Ofii FeBPf6h SYdlfud OBbF uBk! i@&et&&dalﬁynocuéﬁtamﬂ&
266, through node sync ]fogl c unit 268, determ nes whet her I and

th
channel s shoul d be &i@Rfded thes sumRed ignal rangingdg Vé&lanf?i'%‘Elr Wf?‘ér"‘e@ﬁ
ways. 5 Vizerﬁsp&fs@deb SY&ﬁmédie@aﬁwwdeeb; 0& Wéﬁ&h&gmﬁ.lﬁﬂie

on the | and channe s an en es error rec 160 Ki |DthS
per second da'?a si g g 9 Fyi é‘yrﬁﬁ?{]a power J.recs:gon value P positive

and negatlve, the desired threshold range Dbeing
approximately one half the total range of the summed
signal.



delay. The error corrected signal is processed by a frane al i gner and
extractor 272 determ nes frame alignnment and extracts power control
signal 236, .code synchronization 25 234, and operations and nai ntenance
channel signal 238. Frame aligner and extractor 272 also extracts
first user wossgoyael 226 and second user channel 228 for ROTAISDE/08500
~transm ssion towards first user 208 an second user 210, and si gnal i ng
- channel 230 for processing by high | evel data 30 link controller 274 and
a m.crocontrol ler 276. Frame al i gnerf £h§ extractor 272 also

provi des al arm and error I ndi cat | on detecting a loss in frane
alignnent. A - non-vol atil
parameter information for subs
96/ 38944

33 R arbitrator 280 in LF ' 0%s in order to
facilitate link reestablishnment. r bi Heat or 30_) al so rovigdes
an interface betmeeh\gégital ignal'nqunis m andF.-[Cjz 1

m crocontroller 276. Igothe
i nserter 282 receives Xirs \user traffic andf second user traffic
ST

from




first user 208 and second user 210, signaling channel 230

information fromhigh | evel data link controller 274, and oper ati ons
and mai nt.enance, channel 238 information from 10 m crocontrol ler 276.
Frame inserter generates frane information signal 218 for uplink
sigral 214 for woeasssss ng by a convol uti onal encoder 28dcTrUS96/08500
Convol uti onal encoder 284 doubles the data rate of franme information
signal 218 to - provide forward error correction. A spreader 286
splists 15 the 320 kilobits per second sigBalf&f convol utional encoder
284 into two 160 kil obits per second |I and Si grhaé s and excl usively
ORs these signals with the spreadi ng segyenge generated by a code
generator 288 in response to a system ock generated by cl ock
‘generator 290 as adjusted by code 20 syfilchroni zation signal 234. Code
.generator 288 generates one of sixtegh Rademacher-Wal sh functions
excl usi ve ORed with a pseudo-randomjsequence having a pattern | ength
of 256 with a chip rate of 2.56 Megditertz. The pseudo-random
sequente should match that of central termjpal 10, but is 25 adj ust abl e
under software control to provide relialfllé rejection of signals
from ot her bands or other cells. r er 286 supplies the
and Q signals to an anal og transmt Eigég. Anal og transmtter 290
produces pul sed | and Q signal3!for F transmt interface 292.
Transmt 30 power is generated by f\rstflébk ablishing a control voltage
froma digital to anal og con ] se~90 power control
signal 236 extracted from oubdhead channelf 2pf. This control voltage
is applied to the power nput s of analog transmtter 290 and
RF transmt interface Zggd@ 40
=]
46- 10
N _
| MS || '3
46~
MSI MT |
45\@ 48 FIG. 3
46-
| MS |
" 47 37 58
RS232 228

,_L[lj:':m FDLEM;DL
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34 Power control of 35 decibels is obtainable in both anal og
transmtter 290 and RF transmt interface 292. RF transmt i nterface
292 includes a step attenuator that provides 2 deci bel steps of
attenuati on ovewaomeB@osdeci bel range. This 5 attenuat or i s uselnisosreesod ch
bet ween hi gh and | ow power | evel s. On power up, maxi mum attenuation
is selected to mnimze the transmtting power of transmtter 204.
Figwe 19 is a block diagramof a CDVA si gnaB/15 processing circuit 100
within spreader 286. CDMA signal 10 gggpymcessiog. circui§ 300 includes a

sunmer circuit 302 that recei vegzgiopliral Liy of signals froma
plurality of channel s 304. Sumypfs g4.LeuUil._302 genedates a sunmed
si gnal 306 that is applied to g9% pJ,J:g__Ql_l:__c_uL,L_;s_ 8. dipping

d 15 to an |

circuit 308 generates a clipped si gna ._I_ha_t__l S. _a.p_QLJ__
ggz dfgital to anal og

digital to analog processing circuit

processing circuit 314. Digital ‘to anal oq proces§i circuit 312
‘generates an | signal that is ed by an | fil§ 316. Digital to
anal og processing circuit 814 5 g tes a Q signal f.is filtered
by a Q 20 filter 318. = ration, CDVA S| £/ processi ng
circuit 300 recei ves CDMA ©9i gng 0.2 5T he prarari oo channel s 304
at sumer circuit 302. Ea CDNRYG ywal ue, a
power magnitude val ue, and power..di r é¢43. e
' % 2239.7 =z‘
o 2236.25 G
ot 2232.75 F4 £
N| 222925 F3 &
2225.75 F2
— 2222.25 F1
2218.75 - A
2215.25
2211.75
2208.25
2204.75
g ~+
B 3 -
5 = IS
» .
- K=y
2106.75
2103.25
2099.75 Y
2096.25 =
2092.75 =
2089.25
—— 2085.75 _ F12
~ 2082.25 I;_'!;I)
= 2078.75 10.
=| 207525 RS
J 207175 8 2
+1 - '2068.25 F7 =
¥ 2064.75 f6 =~
[|  2061.25 5 Z
oo 2057.75 F4a &
S| 205425 %
2050.75 F2
— 2047.25 2
2043.75
) 2040.25 :
2036.75
2033.25
2029.75




25 di sabl e val ue determ nes whether a CDMVA signal is present on

the particul ar channel. The power magnitude val ue i dentifies the
rel ative .power - of -t he CDVA signal. The power magni tude val ue
preferably has a | ow power val ue of 1 and a hi gh power val ue of 4.
The_ power di r ecwomsssstue 30 determ nes the positive or ne@erivsss/08500
direction of the- rel ati ve CDMA signal power and which of the I or Q
signal s t he CDVA signal corresponds. Summer circuit 302 conbines -

t he.power val ues of each CDMA signal fronlthdyﬁiﬂrality of channel s
304 to generate summed signal 306. For a sixteen WO 96/ 38944
PCT/ US96/ 08500 35 channel
circuit, sumed signal 306 nmay range from-64 to +64 according to the
power magnitude and direction values. _F'J(G. S@ipping circyit 308
generates a clipped signal 310 in response to sumred sigffl 306.

rtion of sumed Qna

Clipping circuit 308 5 r enov
i nmprove handling A
t hreshol d range. Figure 2
and sel ected val ues of cl
t hereto. d i ppi gLl

Y

//‘\\i"" ' Ny °
//\E“} 5 ,‘,_\\}E s s fom
SR/
N=/ =V
= AN = %

(=



10
magni t ude of +/-

summed signal occurring bel ow the threshold
at the -31 magRyd sRadscVE!l -

15

(2

renoves that portion of sunmed signal
31. A summed signal
threshold magnitude of +31 is set at the +31 magnitude

306 above and bel ow a
306 occurring above t he
l evel. A
magni t ude of -31 is set

Renoval

of the porti on prakvdiEssd

signal 306 outside the desired threshold range al so elim nates noise
pr oduci ng si debands from appearing on clipped signal 310 and
i ncreases the signal magnitude according to desired t hreshol d
range. Elim nation of noise producing sidebands 20 results in nore
accurate and reliable I and Q signals. Though shown with a
desired threshold -range of ap¥ oxi mat el y one half of sunmmed signal
306, clipping amme.y v uséya different threshold range
selected to priovi de el i m gatjon] of roi se| proquci ng si debands $d 25
i nproved handl i ng of ocfur 2% |val U221 s d si gnal
306. D gi Dr of ifng ¢ iprsgB12 and 314 eeSh
recei ve clipped ghgral at pd )g i ppi ifr cui t 308. )
Digital to anal og”%r < Heul t s|S%B Jand conver® cIfL.nnged
signal 310 into a hg ¥ odpd = fo Fi gure ghows “an
.exanpl e of the half codedl format. At each ch pdri od,
‘clipped signal 310 ifs vefte 0 a fratqwidth ref&ito zero
format wherein the first lha)f pEgile chgéﬂiod cont&B t he
i nfor mati on \— <1=] 5| = =
O = < o= = 8
b o < "
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i nf ormat.i on.

transm tted siowolessssas VOre energy and 5
passband of clipped signal

in informati
t he.:

conponents,

on

310

PCT/ US96/ 08500
and the second half of the chip period contains no

.By.using the half wi dth encoded format,
power is obtained in the permtted band of

frequenci es

i ncreased

for

information i s W tBivpkdtRssoo
and the half wdth encoded fornat aids

conversion to

decoding at a far end receiver.

respectively.

Af t

er

310 into anal og 10
To generate final |

hal f wi dth encoded format, digitalgyf&nal og processing
circuits 312 and 314 convert clipped signal

| and Q

and Q signals, the

out put s of digital to 00 PTOCE 0 ’ 3t2~=my 314 are
processed by | filter 316 and Qfilter 318, respectively. Filters 316
and 318 are used to significiantly reduce inter- 15 gzngl interference
bet ween each half w dth encoded piece of the | armd qﬂapofgsignals.
Figure 22 shows an exanpl e of inter-synbol interferepce.
| dentifying transitions bet ween half wi dth encoded port{ons of an
anal og signal is inporffant in reading and ientifyi nf~Tgrojnati on
iencoded in 20 the analog signal. Preventi i nkeerfe ncg in the
itransition fromone synbol_of information to Qqt{mEn ai s\ g n
accurately and reliabley rieadi ng i nformati on from @alog gsi pnal s.
Filters 316 and 318 pioWdea gnoot her rol | of f é% and tfarRitjon in the
anal og | and Q signals frjonfdnd 25 synbol to t next. A pinth order
Besel filter operation gy be performed to m nidEkg roLorr] froma
first synbol fron15£f=cting the next syg@QIfes] Tie hiALh r%sr Bese
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filter provides a sufficient linear characteristic to . achieve a

RX
ANTENNA

desired reduction in inter-synbol interference. 30 In summary, a
CDMA si gnal- processing circuit combi nes CDMA signals fromnultiple
channel s to generate a sunmed signal in accordance with a power .
“magni t ude val uewoBEE44 power ‘direction val ue associ at ed vwp¢husssanesoCDVA
signal. A portion of the sumred signal outside a desired threshold
WD 96/ 38944 PCT/ US96/ 08500
37 .- range is renoved to generate a @lf/fHed signal having noise
produci ng sidebands fromthe outer area of the sunmed si gnal
elimnated and to i nprove handling of frequently occurring val ues of
the sunmed signal. The clipped signal 5 ° is converted into a half width
encoded format by a digital to anal og processing circuit to increase
desi red frequency band power. The digital to anal og processing
circuit transforns the half w dth encoded clipped signal into a
corresponding | and Q analdg signal. The I and Q signal g 10 are filtered
to reduce inter-synbol i epce between o> yfool f information
hal f w dth encoded int&trlyl gAe Q ~~] & '
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anal og signal s. Thus, there has been provided in accordance with

t he present invention, an apparatus and net hod of processing 15
CDMA signal.s that. satisfy the advantages set forth above. Al t hough
‘the prefefred enbodi nent has been described in detail, it should be
under st ood t hat wangersesms changes, substitutions, and al t ererUssNSsIN
be made herein .by one of ordinary skill in the art w thout departing
fromthe scope 20 of the present invention. WO 96/ 38944
PCT/[-US96/ 08500 8/15 38 VWHAT | S
CLAI MED | S: 1. A nethod of processing CDVA signals, conprising
the steps of: dé form ng a spreading function on20DVA signal s
from 5 a plurality of &hannels; mbi ni ng tthe CDVA 208
signals of the pllura??]% of ‘ annel s to%eate a.s d si g,nal'
renmovi ng a portion fof Si gqnal above and RO ¢ Yesileas USER 1
threshol d range to [creat e} d=ed=impied [SiyppmK- 10 x
CSl lPC
212
XMTR XMIR e USER 2
200" DOWNLINK 513 204 <
CENTRAL TERMINAL SUBSCRIBER TERMINAL 210
220 212
PN CODE CODE_SEQUENCE (") ¢ pownLin
222 216 |<218
R/W FRAME
CODE INFORMATION
FIG. 10
- 100 usec >

SUBSCRIBER TERMINAL
SLAVE CODE SEQUENCE

"~ INCREMENTAL
ADJUSTMENTS

CENTRAL TERMINAL
MASTER CODE SEQUENCE

FIG. 11




2. The nethod of Caim1, wherein the CDVA signals have a di sabl e

val ue, a power magnitude value, and a power direction value used in
determ ning.the summed signal - 15 3. The nethod of Claiml,
wherein the power magnitude value has a first level representing an
on- hook condi t iw0o9638944 and a second | evel value representing porOfdsndsmok
condi ti on. 20 - 4. The nethod of Caim1l, wherein the portion of
t he sumrmed signal renoved is sufficient to prevent noise
produci ng si debands from appearing on the cl 9915135 out put si gnal .
25 5. The nethod of Caim2, wherein the sunmed signal
ranges in value from-64 to +64 in response to a disabl ed val ue of
zero, a power nmgnitude value of 1/4, and a power direction value of °
positive or negative. 30 296. Th&l%ret hod of 2@3i m 1, wherein said
t hreshol d range i s approxi matw one Di | f the,,‘{-ot al range of the
sumred si gnal . SIGNAL VAN '! VAN
QUALITY E
ESTIMATE i
]
1/2 CHIP' CODE PHASE
PERIOD

1 CHIP PERIOD

FIG. 12

238 242
2N

_OVERHEAD CHANNEL _ / ¥y

FAW l CS PC JOMC ]| R R R R
| 2§ 2.'5{ 23/5
-— 16 kb/sec > 296
USER 1 TRAFFIC
B1 CHANNEL
o 64 kb/sec >
228
_USER 2 TRAFFIC
i B2 CHANNEL
—— 64 kb/sec »)
230
SIGNALLING
D CHANNEL FIG. 18

’f 16 kb/sec - —» .
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39 7. The nethod of Caimi, further conprising the step
of : L converting the summed signal into two separate data
channel s for nodul ating a radi o frequency carrier 5 transm ssi on
_signal, -each ofwoblear3sgsew separate data channel s car r yi ngp¢13osv/0850é On
“in a half-width pul se configuration, wherein a first half of the
pul se contains valid i nformati on and a second hal f of the pul se has
argturn to zero format. 10 10/85 The nethod of daim7,
further conprising the step of : filtering -the two
separate data channels to renove ' rf?rence outside of a desired
radi o frequency 15 bandw dt h. 9. The nmethod of C aim8,
wherein the filtering step i's per] dlby a ninth order Bessel |ow
pass filtering operation. 20 10. The method of C aim 8§,
wherein the filtering step h%ﬁ Seertiles sufficient . to
reduce i nt er-synbol i nterf®t clehet wgen each half w dth pul se.
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40 11. A nethod of processing CDMA signals, conprising

the steps.of:-- .. - . perform ng a spreading function on CbVA signals
from a pturality of channels; 5 conmbining the CDVA

signals of tiwosabssasl ity of

converting the summed signal into two separate data
carrier

nodulating a radio frequency

the.two separate data channels 10

channel s to create a sunMmpgrgsssso

channels for
transm ssi on signal,

carryi rygf)/l;@rrration in a half-wdth
f

pul se configuration, wherein a first half of the pulse contains valid
informati on and a second half of the pulse has a return to zero
format . 15 12. The nethod of C aim 11, further conprising the
step of: filtering the two separate data channels to renove
interference outside of a desired radio frequency
PLD-DSP Interface M
FOOD (WR)-  PC Control Byte
B7|86{B5|B4|B3}B2|B1|B0
B7..80
OC3H  .Coorse ‘Power Increment (1dB STEP). ~High- Rote
0CCH . -Coorse :Power Decrement (1dB  STEP) ~High Rate
OCOH  No -chonge High Rate
OCS5H  Fine Power Increment (0.1dB Step) High Rate
OCAH  Fine Power Decrement (0.1dB Step) High Rate
063H  Coorse Power Increment (1dB STEP) Low Rate
06CH  Coarse Power Decrement (1dB STEP) Low Rate
060H  No change Low Rote
065H  Fine Power Increment (0.1dB Step) Low Rate
06AH  Fine Power Decrement (0.1dB Step) Low Rate
03CH  Reset to minimum power output
0ASH  set to nominal power mode {using NVRAM volue)

sNOTE: bit reversol tokes place at the RNU, to decode
the commond bit reversed date must be used.

FIG. 15

each of



bandw dt h. 20 13. The nethod of Caim112, wherein the filtering
step is perforned by a ninth order Bessel |ow pass filtering
operation. . 25 14. The nmethod of Caim 12, wherein the filtering
step has properties sufficient to reduce inter-synbol i nterference
bet ween each haiwb ogbsalf) pul se. 15. The net hod of ptHUEHshIseo
conprising the steps of: 30 renmovi ng a portion of the sumred signal
above and bel ow a desired threshold range to create a clipped signal.
‘WD 96/ 38944 1.2 /1BCT/ US96/ 08500

41 16. The method of C aim 15, 'wherein the CDVA signals

have a di sabl e val ue, a power nagnitude val ue, and a power direction

val ue used in determ ning the sunmed signal.

CS Control Byte

B7 |86 |B5|B4|B3|B2|B1{B0

B7..80

00AH  Fine Advonce 1/16 step High Rate, No Link
005H  Fine Deloy 1/16 step High Rate, No Link
003H  Coorse Advonce 1/2 step High Rate, No Link
00CH  Coorse Deloy 1/2 step High Rate, No Link
000H  No change High Rate, No Link
006H  Set RNU to AUTO frame mode High Rate, No Link
00FH - Reset RNU TX EPLD .clock chain High Rate, No Link
02AH  Fine Advonce 1/16 step LOW Rote, No Link
025H  Fine Delay 1/16 step LOW Rote, No Link
0234  Coorse Advonce 1/2 step LOW Rate, No Link
02CH  Coarse Delay 1/2 step LOW Rate, No Link
020H No change LOW Rate, No Link
026H  Set RNU to AUTO frame mode LOW Rote, No Link
02FH  Reset RNU TX £PLD clock chain LOW Rate, No Link
08AH  Fine Advance 1/16 step High Rate, Link Up
085H  Fine Deloy 1/16 step High Rate, Link Up
083H  Coarse Advonce 1/2 step High Rate, Link Up
08CH  Coarse Deloy 1/2 step High Rate, Link Up
.080H  No change .High Rate, Link Up
086H  Set RNU to AUTO frome mode High Rote, Link Up
08FH  Reset RNU TX EPLD clock chain High Rote, Link Up

FIG. 16



magni t ude

wherein the power

The method of Claim 16,

17.

val ue has a first
-second | evel

5

18.

condition and a
10
t he sunmed si gna

condi tion.
wherein the portion of
produci ng si debangCrise/itsoo

representi ng an on- hook

| evel
representing an of f - hook

"The met hod-of d ai m 15,

removed i s suf

Weo b@sdbed O prevent noi se

appearing on t

The net hod

si gnal .

he cli pped out put

19.
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42 21. An apparatus for processing CDVA signals, .
conpri si ng: a summer circuit operable to conbi ne CDVA signals
from .. a plurality of channels, the sumer circuit operable to 5
generate a sumed signal therefrom a clipping circuit operable
to renove a porwoeessod4 t he sumred si gnal above and bel ovpEriosysiossed
“threshol d range, the clipping circuit operable to generate a clipped
si gnal therefrom 10 a digital to anal og processing circuit
operable to convert the clipped signauqyﬂyg'a hal f wi dth encoded
format, the half w dth encoded format having information contained in
a first half of a signal puB 5 and no I nformati in a second half
g

of the signal pulse, the %04 ital a ci rcui
operable to convert 0 t\h ‘ eir;ligil
format.to an mal R ‘ ce

I nter-synbol int
The appar at us of al
Besel Tow pass filtering opera I on

symbol to another. ée The appar at erein the
cli ppi ng circui tﬁ’ﬁ@yesft por TLI SIGNALL-RS ! Q2 : R4
to prevent noise producing sidebands from appeari ng TR

out put signal.

FlLTERZ:—»!
~rrth rder

SUMMED  2'S COMP  ‘OFFSET CLIPPED -SIGNAL  CLIPPED

SIGNAL (8 BITS) 'BINARY DAC DATA SIGNAL
DECIMAL (8 BITS) (10 BITS)  (HEX DATA)
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43 24. The apparatus of Caim 23, wherein each CDVA
signal s has-a disable value, a power nagnitude value, or a power
direction value for use in determ ning the sunmed signal, the sunmed
sigral rangi ng woosisgeae from-64 to +64 5 I N response to apEiGRbhedo
val ue of zero, a power nmagnitude value of 1 and 4, and a power
.direction value of positive and negati ve, the desired threshold
‘range being approxi mately one hal f_th¢5t/O)5I range of the summed
si gnal .
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A CDMA signal processing circuit (300) includes a summer circuit (302) that receives a plurality of CDMA signals from a plurahity

of channels (304). The summer circuit (302) combines the plurality of

CDMA signals acconding to a power magnitude value and power

direction value associated with each CDMA signal. The summer circuit (302) generates a summed signal (306) that is applied to a clipping
circuit (308). The clipping circuit (308) removes a portion of the summed signal (306) outside a desired threshold range and generates

a clipped signal (310) therefrom. Digital to analog processing circuits

(312 and 314) convert the clipped signal (310) into a half width

encoded format. Digital to analog processing circuits (312 and 314) transform the half width encoded clipped signal into analog I and Q
signals, respectively. The analog I and Q signals are applied to corresponding filters (316 and 318) prior to transmission.




