2261347 METHOD AND APPARATUS FOR | MPROVI NG DETECTI ON OF. DATA BITS IN A
HOPPI NG COMMUNI CATI ON SYSTEM 5 Field of the Invention The present invention
relates to g n?u atlon 'systems which enpl oy spread-spectrum signals and,
nore particula to a method and 10 appar at sy for inproving a soft _
deci si on algorlthn1|n a hoppi ng spread spectrum comruni cati on system -
Background of the Invention 15 Commruni cati on systens take many
forns. In general, the purpose of a comunication systemis to transmt

i nformati on-bearing signals froma source, |ocated at one point, to a user
destination, |ocated at another point sone distance away. A communication
system generally consists of three basic conponents: transmtter, channel,
and receiver— The transnmitter has the 20 function of processing the
message signal into a formsuitable for transm ssion over the channel. This
processi ng of the nessage signal is typically referred to as nodul ati on.

The function of the channel is to provide a physical connection between the
transmtter output and the receiver input. The function of the receiver is
to process the received signal so as to 25 produce an estimate of the
original nmessage signal. This processing of the received signal is referred

to as denodul ati on. -2- Two types of two-way communi cation channel s
exist, nanely, point- to point channels_,and point-to-nultipoint channels.
Exarrpl es of point-to- point channels i nél ude wirelines (e.g., Iocal
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Field of the Invention

The present invention relates to communication systems which
employ spread-spectrum signals and, more particularly, to a method and

10 apparatus for improving a soft decision algorithm in aéew—fﬁequeneﬂ
hopping spread spectrum communication system.

Background of the Invention

15 - Communication systems take many forms. In general, the purpose | (
of a communication system is to transmit information-bearing signals from a
source, located at one point, to a user destination, located at another point
some distance away. A communication system generally consists of three
basic components: transmitter, channel, and receiver. The transmitter has the

20  function of processing the message signal into a form suitable for
transmission over the channel. This processing of the message signal is
typically referred to as modulation. The function of the channel is to provide a
physical connection between the transmitter output and the receiver input.
The function of the receiver is to process the received signal so as to

25 produce an estimate of the original message signal. This processing of the
received signal is referred to as demodulation.



“termed Multiple Access Systens (MAS). Anal og and digital transnission
‘met hods are-used to transmt a 10 nmessage signal over a conmuni cation

" - channel . The use of digital nethods offers several operational advantages
~ over -anal og nethods, including but. not |2mited to: increased imunity to
- channel noise and interference, f1exible operati-on of the system comon
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- : These advantages are attained at the cost of increased system
complexity. However, through the use of very large-scale integration
(VLSI) technology, a cost-effective way of building the hardware has been
developed. :
20 ~ To transmit a message sugnal (either analog or digital) over a band-
- pass communication channel, the message signal must be manipulated into
a form suitable for efficient transmission over the channel. Modification of the
message signal is achieved by means of a process termed modulation.
This process involves varying some parameter of a carrier wave in
W, 25  accordance with the message signal in such a way that the spectrum of the
modulated wave matches the assigned channel bandwidth.
Correspondingly, the receiver is required to recreate the original message
signal from a degraded version of the transmitted signal after propagation
. through the channel. The re-creation is accomplished by using a process
30  known as demodulation, which is the inverse of the modulation process used
in the transmitter. -
In addition to providing efficient transmission, there are other reasons
for performing modulation. In particular, the use of modulation permits
- multiplexing, that is, the simultaneous transmission of signals from several
35 message sources over a common channel. Also, modulation may be used
to convert the message S|gnal into a form less susceptible to noise and
- interference. - .



For mul ti pl exed connunicatlon systens, the Systen1typ|cally consi sts of

"many renote units (i.e. subscriber units) which require active service over

a comuni cation channel for a short or discrete portion of the

communi cation channel resource rathertha™ continuous use of the resources )
on a comuni cati on channel. Therefore, comunication systens have been _@ff
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itself. However, in a spread spectrum system, the modulation of a signal to
20 be transmitted often includes taking a baseband signal (e.g., a voice channel)
~with a bandwidth of only a few kilohertz, and distributing the signaltobe
transmitted over a frequency band that may 'be many megahertz wide. This -
~ is accomplished by modulating the signal to be transmitted with the
_information to be sent and with a wideband encodmg signal. -

25 Three .general types of spread spectrum communication techniques
exist, mcludmg -
The modulation of a cartier by a digital code sequence whose bit rate
30 is much higher than the information signal bandwidth. Such systems

~are referred to as “direct sequence” modulated systems.

, . Catxier.f(equency shifting in discrete increments in a pattern dictated
35 by a code sequence. These systems are called “frequency -
| hoppers The transmitter jumps. from frequency to frequency within
some predetermmed set; the order of frequency usage is determined



. some predeterm ned set; the order -of frequency usage i s determ ned -4-
by a code sequence. Simlarly "time hopping" and "tine-frequency hoppi ng
have tines of transm ssion which are regul at ed by 4 code sequence. 5

Chirp Pulse-FMor "chirp npdulation in which a c-'a_rer s swept over a w de
band during a given pul se interval. Informati on" 4. e. the nessage signal)
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;(r)eqﬁgrrgidIrrggprmr)\gugtslt@rb@'&thammﬁ% F%SP %FHIQ' |on ber ng 522?

must be in a digital fseqQuepee.or to addr ng |t to the spreadr ng code, because
t he conbi nation of the 15 spreadr ng code and the information typically a
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15 spreading code and the information typically a binary code involves module-
2 addition. Altemnatively, the information or message signal may be used to
modulate a carrier before spreading it.

Thus, a spread spectrum system must have two properties: (1) the
transmitted bandwidth should be much greater than the bandwidth or rate of

20  the information being sent and (2) some furiction other than the information
being sent is employed to determine the resulting modulated channel
bandwidth. . ‘

_ Spread spectrum communication systems can be implemented as
multiple access systems in a number of different ways. One type of
U 25  muitiple access spread spectrum system is a code division multiple access
(CDMA) system. CDMA spread spectrum systems may use direct
sequence (DS-CDMA) or frequency hopping (FH-CDMA) spectrum
spreading techniques. FH-CDMA systems can further be divided into slow - -
frequency hopping (SFH-CDMA) and fast frequency hopping (FFH-

30 CDMA) systems. in SFH-CDMA systems several data symbols,
representing a sequence of data bits which are to be transmitted, modulate
the carrier wave within a single hop. Whereas, in FFH-CDMA systems the
carrier wave hops several times per data symbol.

_ In a SFH-CDMA system, muitiple communication channels are
35 accommodated by the assignment of portions of a broad frequency and or
‘time band to each particular channel. For example, communication between
‘two communication units in a particular communication channel is




the carrer wave within a single hop. Wereas, in FFH—CDNA systens the
- carrier wave hops several tines per data synbol In a SFH CDVA system

~rmul tiple comuni cation channels are 35 accommodat ed by the assignment of
portions of a broad frequency and or tinmg-band to each particul ar thannel.
For exanpl.-e, communication between two communication units in a particul ary
communi cati on channel is -5- acconpl i shed by using a frequency
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spreading codes to assign portions of the frequency band to different
. channels during the same time period. ‘As a result, transmitted signals are in
20  the same broad frequency band of the:communication channel, but within
unique portions_of the broad frequency band assigned by the unique
" spreading co_des. These unique spreading codes preferably are orthogonal
to one another such that the cross-correlation between the spreading codes
is approximately zero. Particular transmitted signals can be retrieved from .
25  the communication channel by despre'adihg a signal representative of the v/
sum of signals in the communication channel with a spreading code related to
the pamcular transmntted signal whichis to be retrieved from the
- communication channel. Further, when the spreading codes are orthogonalto -
one another, the received signal.can be cofrelated with a particular spreading
30 code such that only the desired signal related to the particular spreading code
_is enhanced while the other signals are not enhanced. |
It will be appreciated by those skilled in the art that several different
spreadmg codes exist which can be used to separate data signals from one
anotherina CDMA communication system. These spreading codes include
35  but are not limited to pseudonoise (PN) codes and Walsh codes. A Walsh
code corresponds to a single row or column of the Hadamard matrix. For
example, in a 64 channel CDMA spread spectrum system, particular
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<25  the communi cation channel by despreading a signal representative of
the sum of signals in the communication channel wi'th a spreadi ng code.
related to the particul ar transm'_tted si gnal whi Ch'él s to be retrieved from
t he communi cati on channel .. Further-, -when Jgae’ spre'“"l ng codes are orthogonal
to-one another, the received signal can be corréldted - with a particul ar
spgeam ng 30 code such that only the desired signal related to the
particul ar spr eadingtualiylorthegomel Walst addes«sambe sei¢aied fiognthiessetof 640Valsh

enhanced. It will d in the art -that several .
different spreadi r@agggﬁghﬁgéwg can r@e used to separate data signals
fromone another in a dbwtherdmwillbeappresiateddydhosersidiad inghe adithat the
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to deliver a rel atéo\r/r?rln nication s;srtgr% tbn “r’errra are ?art}lvely%nur-ﬂ"ene information signalina
_noisy environment or communication channel. The quality of recovery of the
_ transmitted information signal from the communication channel is measured
20 bythe error rate (i.e., the number of errors in the recovery of the transmitted
signal over a particular time span or received bit span) for some Ep/Ng. As
the error rate increases the quality of the sig'nal received by the receiving
party decreases. As a result, communication systems typically are designed
to limit the error rate to an upper bound or maximum so that the degradation -
U 25  in the quality of the received signal is limited. In CDMA spread spectrum
- communication systems, the error rate is related to the noise interference
level in the communication channel which is directly related to number of
simultaneous but code divided users within the communication channel.
Thus, in order to limit the maximum error rate, the number of simultaneous
30  code divided users in the communication channel is limited. However, the
error rate can be reduced by using channel coding schemes. The eror rate
- can also be reduced by using diversity combining. Therefore, by using
channe! coding and/or diversity combining schemes the number of
simultaneous users in a communication channel can be increased while still
35 maintaining the same maximum error rate limit.
. Asdiscussed in Digital Communications: Fundamentals and
Applications by Bernard Skiar, published by Prentice Hall, Englewood



noi sy environment or communication channel. The quality of recovery of the
transnmtted informati on signal fromthe comunication channel is neasured

20 by the .error rate (i.e., the nunber of errors in the recovery of the
transmtted sigral over a particular tise span or received bit span) for ..
sone [err] As the error. rate increases the quality of the signal recei vedua-
by the receiving party decreases. As a result, comrunication systens
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: . principles can be applied to other encoding techniques such as block
- . encoding and ML decoding algorithms other than Viterbi-like algorithms.
20  Through the use of these optimized decoding schemes, the number of
- simultaneous users in a communication system can be mcreased over the
number of snmultaneous users in a communication system using non-
optimized decoding algorithms while malntammg the same maxumum error
 rate limit. ' B ' __
25 -Several of dlversaty oombmmg schemes have been developed for W/
use in communication systems. Among the dwersnty oombinmg schemes is - |
the diversity reception technique described in U.S. Pat. No. 5,031,193
~ entitled “Method and Apparatus for Diversity Re_ceptlon of Time-Dispersed
Signals®. This patent describes diversity combining stages which perform
30 either bit by bit selection of or maximal ratio combining of signals received
from several recewer branches ‘The diversity combined slgnal may
~ optionally be subsequently used in estlmatmg the received sequence.
Another diversity reception scheme is'described in U. S. Pat. No.
. 4,271,525 entttled Adaptive Dwersuty Receiver For Digital
35  Communications". - This patent describes an adaptnve diversity receiver
using an adaptlve transversal filter for each receiver branch, followed by a
decision fee,q_back equalizer. The tap gains of the transversal filters are

al



«in frequency hopping spread spectrum conmuni cati on systens:" I n optim zing

t he conmuni cation systemw th respect to the M. decoding al gorithm one
starting point is analyzing the inplenentation of ‘the M. decoding al gorithm
to the particular environment to which it is to hetused. For 15 t he .
purposes. of this discussion; the. envi ronnent wi I“t*#kncl ude convol uti onal

. engoders and M. decodi ng algorlthns simlar to the Viterbi decodi ng
algorithm It will be appreciated by those skilled In the art that these
principles can be applied to other encoding techni ques such as bl ock
encodi ng and M. decodi ng al gorithms-other than Viterbi-Ilike al gorithnms. 20
Through the use of thése optinized decodlqg schenes, the nunber of

si mul t aneous users in a comunication system can be increased over the
nunber of S|nultaneous users in a connunlcatlon systen1u3|ng non- optim zed
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15  number of simultaneous users in a communication system using non-optimized
' diversity combining techniques while maintaining the same maximum error rate
limit.

Summary of the Invention
20
' In accordance with a first aspect of the invention there is provided
apparatus comprising: detecting means for detecting data bits in input data
samples of a hop of a hopping spread spectrum signal; and estimator means,
coupled to the detecting means, for estimating a carrier to interference power
25  ratio of the hop of the hopping signal by using the input data samples of the
- hop; wherein the detecting means uses the estimated carrier to interference
power ratio to detect data bits in the input data samples of the hop of the
hopping signal.
In a second aspect of the invention there is provnded a method of
30 communicating with hopping spread spectrum signals comprising the steps of:
recovering data bits from data samples of a hop of a hopping spread spectrum
signal; detecting data bits in the data samples of the hop of the hopping signal;
and esfimating a carrier to interference power ratio of the hop of the hopping
signal by using the data samples of the hop, wherein the detecting step uses



comuni cation systens. |In optimzing the communication systemw th respect
to diversity combining, one starting point is analyzing the inplementation
of diversity conbining to the particular environnent to which it is to be

used. For the purposes of this disc ion, the environment will include at_
| east two -. 10 ‘receiver brancHes nﬂ'a si gnal conbi ni ng techni que of w
either bit by bit selection or maximal ratio conbining. It will be

appreci ated by those skilled in the art that these principles can be
applied to other diversity conbining techniques. Through the use of these:
-optimzed diversity conbining schemes, the nunber of sinultaneaus users in
~a communi-cation systemcan be |ncreased over the 15 nunber of

si nul t aneous users in a communi cation system using non-optimzed diversity
conbi ning techni ques while naintaining the sane maximumerror rate limt.
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i nventi on us conprisin means
det ecti ng samwlemqféhmoprqidhedmplaaﬂgr@é- of a hop of a hOppI ng spread

coti nat T ng. g”agﬁ*}e?‘éé‘e?ﬁ“’r‘ RoSBaFp AR ing Sl RBfiRqeans, (o7
hoppi ng s%&ﬁgg HQ é?fﬂ(ﬁadgﬁggﬁmé’seclﬁ' @H@fﬁ%aﬂaﬂgﬁg n the
ggt gg: [ gg estimated sibpoWer eatio. nTheddevigion enetrios lcotrespememe rneasureh®dnto t o
si gnal . h’?}ﬁ% é@s&%@cé gﬁ&%@%“@ﬁrﬁ é ﬁﬁ‘!?ﬁdn%o‘b"ﬁ% %gangt%ﬂ@{’ﬁ%d of
30 commpacetrep@smtmgrdgtplsagnnlpsauevaamusgd to gemtate:depusiczri mgtiics u
stepg 8 m%ca)ét@&tlaﬂ %sbélgﬁ ﬁmé?@ﬁéiﬁ&% uﬁﬁﬂﬁgfiﬁ%%gﬁa?&@ i ¢ WBPP&H:E\

sp e It hop

sprea ectrym si tecting sanrp es 0

of the hofpmhiniag asaéml s &fi %M@%TQ%'YQ%ﬂOWW%?%FP&M Mower ratio
of the hopeddivéhBratih®sng si gnal by using the data sanples of the hop,

wherein the detgectin ep e estimmted carrL i nterference
power ratio to%?ﬁ%’% ??JY&?’BE?@'"??Pttq{énﬂ:P[rgsﬁﬁY%@'% wil @o‘ﬁg?? of the |
hoppi ng sidgsatibed with reference to the accompanylng drawmgs :
15
Brief Description of the Drawings

FIG. 1 is a block diagram showing a preferred embodiment slow
frequency hopping communication system.



*5 The detection process may i ncl ude utili zi ng maxi mum | i kel i hood
decodi ng techni ques to derive a data bit from deci.sion netrics and the
estimated C/' | power ratio. The deci sion trics correspond to a measurenent
of the distance of data sanples fromTo atign points within a

constel |l ation space representing data sanpl es preéeviously used to generate '
desf sion netrics. e detection roc ss .al so util t he
estimated C/| power raﬂé;?r'ﬁ%wﬁﬁh‘ﬁl "'Qﬁgrﬁlp;@%fe‘{] Bﬂﬁ c{é%gﬁv
fromtwo or nore gdteeion mmorﬂrbluhewmm m(ehhuedﬁbeodlngtwmhiqwst -of
the present invention

acconpanyi ng draw ngs. % #B&gﬁ%hﬁﬁwé%ﬁﬁgmﬁeg@%@%

bl ock di agram shoandhdata bitdetectioncpastionsiwhiolx utilize gliversity comabiningitechijques.

comuni cat i on‘? system FIG 2 is a block diagramshow ng a preferred
enbodi ment data bit detection portion _which utiljze maxi num|ikelihood
decodi ng techniques. FIG 3 is a bl ocPelailed Basanmlignng preferred enbodi nment
receiving and data bit detection portions which utilize diversity conbining
techniques. 5 Detailed Gri tlon n referred
embodi nent sl ow frequeﬁ@DfP F’Wgt (Fgg-l) EM%%BHC’%&@VE@HSW In
optim zing the 10hopmny@ﬁH¢eommmgmmBysmm is shownndn pptimizing thenal yzi ng

Leanni ques 101 hia%a"r‘%"i%'%sgnv. b ohe tafifl F’ﬁﬂ“‘%ﬁﬁr‘%"ﬁ i

purposes of this mamgtahoréhmmawtsmqomblwag W Bonal
encading of data Pal‘tréulﬁf bﬁrudff?néﬁtéwwnuém rzﬂoadwuﬁdw YRINSOSEIBHIhIBY
sisgdaling. It wl

t hese pri rIC'i pl es @ﬁﬁ?ﬁé‘?’hﬂﬁ eCI a%ﬁ%m@ ¥ Sk M’@L@I&%B& ock
encodi ng as wel | pdorddlmnsaiission hndgldvetrbmmdppmg\grgpaﬁngar kwilkbei m | ar
to slow freaysncyBaRRlid B Htste difbaiHiHe &t thaf ThelBRRnBibicY Elitbe apfiied to
other encoding techniques such as block encoding as well as other signaliing
techniques having properties similar to slow frequency hopping signalfing
such as time hopping signalling. .
In order to design either a convolutional decoder to perform optimal
20 ML decoding or a diversity combiner to perform optimal diversity
' combining, obtaining knowledge about the received carrier signal power to
interference signal power ratio (i.e., C/l power ratio) is desirable.
‘Measurement of the actual G/l power ratio in SFH communication systems
- can be difficult since the carrier signal hops at discrete time intervals over a
U 25  broad frequency band. The C/l power ratio may change with each hop,
since the interference in different portions of the broad frequency band may
vary by the frequency. This variance of the interference at different
frequencies may be due to signals other than the desired signal being
transmitted at or near the same frequency as the desired frequency as well
30  as from spurious noise bursts from electrical power generators and
transmission lines, solar flares, atmospheric disturbances and the like. .
Therefore, since actual measurement is difficuit, an approximation of the G/l
power ratio in SFH communication systems is desirable.
in accordance with a preferred embodiment of the present invention
35 one such approximation of the the C/l power ratio is proposed. In this
preferred embodiment an assumption concerning the communication channel
conditions has been made. This assumption is that the C/l power ratio




In order to design either a convol utional decoder to petformoptinal 20

M. decoding or a diversity conbiner to performoptimal. diversity conbining,

obt ai ni ng knowl edge about the received- cgrrl er signal power to interference
signal power ratio (i.e., C/| power ratib)-s desirable. Measurenent of thex
actual C/1I power ratio in SFH commruni cation systems can be difficult sincew
the carrier signal ho s at. di scref\e tlrre i tervga!P a 25 br oad

frequency band. "ﬁl'@a' copstast oyelithe haassumptionis o

Itﬂt e][ference Ianalldem a@tﬁefamamﬁotmem piss otlsmabt fletw vary -by .
e frequenc &l | e n requenci es

may be gue tg Si g@‘y W%?ﬁ@ @éﬁ“&@?@ﬁﬁﬁﬁl’“’%&lfﬁgﬁg ﬂf%& Rt or

near the sane fr mmaaobaanelemuldquw;ar&wenham Thaspthlfermd

spuri ous noi ebﬁm :

| Pnes sol argf I a?es "ﬁé errslfdcﬁél st ur ancetg mébgreﬁ?ﬁ%drénﬁ) r%*l;@?bf’a

since actual nea$ l'l-:-rmﬁedlseealmmlagne is meaéprad@eonmle Hewing| equstien

ratio in SFH conford:.cati on systens is desirable. In accordance with a
preferred enbodi nent of the present invention 35. one such approximation

of the the C1 power ratio is, pr. In this preferred enbodi ment an
assunpti on concer ni ng\thﬁfﬁ nnel’ condi ti-ons has been rr@rée1
Thi s assunption is that el pg iﬂiec{ ﬁo remai ns .const.ant over the )
duration ofi@ sr ngl e hop. Such an assunption is valid so long as the
R TS " TR B e e PR TS

t he magni t ude of thez% "fﬁ &7ER g?ﬁﬁ %gé’

channel woul d beformsafihe datasamplesrafa hapof ihedSkEh sighal Fhedstasamples
appr oxi mation or Fé&éﬁl?le‘s @‘thb%nﬁél%x@n%folp’eac?f'tﬁe% AwheR M Kb ﬁ BFéﬁad

spectrum Si gnal IS urea accaorai l‘lg equat 10
[err] 1 0 In t heMogiuiated by mily phase shift-kaying, shift keying
cancel | ed fpgns ﬁfoddlaildilﬁéféthé a&hefsmvhe@:u dﬂtﬁspeéfﬁﬁndat a_-

sanpl es are sarrpgg?,a%aﬁ BS p%hgd'\’:?'lrgﬁ%g%e ;;189 envglrope 131%nd ?l%pq

been the nth power. As aresult, z represenis the phase modulation cancelled
forms of the data samples. wh,lch_gomp_ns,e_ samples of the complex
envelope of the' hop ralsed 'to the nth power for the nth phase shift keying
20 -modulated hop of the slow frequency hopping spread spectrum signal. For
example a complex enveiope of a bl-phase shift key modulated (BPSK)
“hop ofa SFH signal is raised to the second power (i.e., squared) in order to
generate a phase modulatron canoelled form of the hop. Similarly, a _
oomplex envelope of a quadrature phase shlft  key modulated (QPSK) hop u
25 ofa SFH slgnal is raised to the fourth power in order to generate a phase |
' modulatlon mncelled form of the. hop P _
In addrtlon in the equatlon (eq. 1), Avez{Fle{z}} isthe square ofthe:
average of the real portion of z over the hop. More precisely, zk represents
a smgle phase modulatlon cancelled data sample where the data sampleis
30 represented as a complex. number having a real and an imaginary pottion.
In addmon Nis the number of data samples of the complex envelope of
the hop. Thus Ave2{Re{z}} may be computed by squaring the result of the
followrng equatron

35 N—%Re{zrd e | (eg. 2)



snDduIated by nth phase shift keyi ng. Cancellatlon of nth phaSe shift keying
- 15 nodul ation of the hop of the sIOM/frequency ‘hoppi ng spréead spectrum
signal can be acconplished by raising the conpl ex envel ope of the hop to
‘the nth pover. As a result, z represeﬂtdﬁlhe.phase nodul ati en cancel | ed
forms of .the data sanples which conprise sanpl-es™8f the conpl ex envel ope of
the hop raised to the nth .power for the nth phase shift keying 20

nodul at ed hop of the slow frequency hopping spreaé spectium signal . For

exampl e 2o ?‘”’“E“"ﬁ”‘?% seggﬁw%&”mﬁmbmwwm.ﬁ’%mmop °
? af Sof) SubsRAIANDY NKed by té, Buflle? okkta SaRpled of By o

generate a phase
envel ope of a quadiopture phase.shift key modul ated (QPSK) hop 25 of a SFH

modulat i on cafcel | ed 1dp BRH0HBEHE oot AT 1) AVERRAT fhdafetBBg orme, |
[err] is the squasguare oﬂtbamagmtgdeofthempmplaxvgbnedlz)ﬁeowhsr@zé\astamaha
M precisely, zk g gmggn@nfw%ﬁe wansi dERa8L bveape sanpl e

wh t he dat t nrrbe hanareal
d an i magi na Saggprsﬁewsaﬂns!e(n%@gsen a@sftt?@osﬂ%bémx Bleavhere e siata

and an i magi nary
the conpl ex envel gampid is representedidisia cotmplex nwmbebha\nngau‘eaﬁadﬂan@maglm

(ea. 2" T8O eororE iRy N i8he Bimber of catel Srbples of the pomelsx
gfg sﬁ%med t oget hanvalepemmhehopnmhpsdmeﬁda} mpytbaecmnputad acfzmm m&ﬁ ggp

of the hop. 5 I e@%ﬁ; , in.the equation (eq. 1), [err] is the
awgrage of the sq&gfgw&? e nagnltude of the conplex valued z (i.e. where

z has a real and imaginar portlon) over the hop. Mre precisely, as noted
above, Zk represents a s 2'5 phase nodul ati on cancel | ed data sanpl e v\@ereﬁ3
the data sanple is repri@,f= 54 as a conpl ex nunber having a real and a )
i magi nary 10 portion addition, N is the nunber of data sanples of the
compl ex envell®pe of the hop. Thus, [err] may be computed according to the

in which the square of the absolute value of each data sample zk is summed
together and subseqi:ently divided by the number of data samples of the
hop. -
: It will be appreciated by those skilied in the art that any monotonically
. 20 related form of the estimate of the C/I power ratio (¥) may be used without
' departing from the scope of the present invention. For example, an
estimate maybe formed using ¥ in which ¥ is raised to a power greater or
less than one, ¥ is multiplied or divided by a constant value or variable,
and/or ¥ is added to or subtracted from a constant value or variable. Further,
25 it will be appreciated by those skilled in the art that this preferred
embodiment C/l power ratio estimate (‘¥) has several advantages. These
advantages include the ease of calculation of the estimate (W) due to simple . -
arithmetic operations being performed on digital values which represent data
samples. Another advantage is the lack of need for measurements other
30 than those already being done in the data bit detecting process. The
sampling of the complex envelope of the hop is already being done in
“conjunction with the data bit detecting process. Further, measurement of the
actual C/l power ratio would involve the additional steps of measuring the
power of the carrier and interference signals over the hop. Yet another
35  advantage is that this estimate (¥) does not requiré any prior knowledge



foll owi ng equation: (eq. 3) [err] 15 in which the square of the absolute

" value of each data sanple [err] is summed toget her and subsequent!ly divi ded
by the nunber of data sanpl es of th(?_hOP It will be appreciated by those
skilled in the art that any nonotani cal ; related formof the estinmate.
of the C/I power ratio [err]. may be used without departing fromthe scope- w;
of the present invention. For exanple, an estimte nmaybe forned using [err]

in which [err] i Soneersing the data,bitebeing dansmittad withig th% hgpof thedFH i s

nul tiplied or digg#ad by a constant.value or variable, and/or [err] is

e L0 o SubtrSCt Svid Sl 4 BAACN rih £910a MBI hond bl ot
enbodi nent /| I pthesactuat GA pewer ratioe I{\dan\}atldlwa;pmfmlss:atamagmﬂow%ese
il e ari t ot Pﬁc“?:’a;t?%ﬁ'ﬁgﬁtb bl erh at% efftindi & the
represent data s gignalis degen m%%@ W@Q?ﬁ‘-’ of need for

measur enents ot her 30 than those al ready being done in the data bit

detecting process. The sa Ilng. of the conpl ex envel ope of the hop is q 4
al ready bei ng done i n X&) dilkc Bh W|th the data bit detecting process( - 4)
Furt her, neasurenent. of the actual C/1 power rati-o-would involve the

ddi t |

oronal onal 6502 wierd PIgig Arhie a@?mdaééé“a‘???%&é“’&’ BhteSombl 41q i 14
[err] does not rb'lﬁﬁﬁab mnmewqommnengsao th em derencag Botie nelax areni ts
being transm tteﬂwdepehdempierbhﬂemnonﬁattmaﬁlae Witlreq\.lahféﬁahoesddch(féelhef thd -

CIl ratio [err] of ho ous. function ,of t power
ratio. A derivat Fﬁﬂ%ﬁmgdﬁlsﬁg@ﬁmmﬁ% ﬂqsebnl-lgwgvegtﬁe oﬁ'éﬂ% sanpl e
(xk) of the corrpdenvatmnslcamd)eaeasllyce)ammbydohepkmedimmﬁrmm ngnGaussian

?gscr '4;390' PY5! he nbidel e Werli&EH pWer refib'dan be described as:

. 2-Ave2{Re{x| P2 E R
. 2:AV: : P - (eqg. 5)

When a BPSK modulated SFH signal is used i in the commumcatlon system,
20  the denvatron of the proof that the estrmated C/l power ratio (‘¥) of (eq. 1)is

a monotonous iu_nchon of the ac_tu_al_ C/ power ratio continues as follows.

Z=x@= (P +nr+jn)2=(P+ e )2 - 02 + 2(P + ne Iy (eq. 6)
25 where zk represents a smgle phase modulatron cancelled data
sample where the data sample (xk) is represented asa complex number
havrng a real and an rmaginary portron and (eq. 4) was substituted into (eq
6)forxk.
In addmon in the equatlon (eq 1) Ave{Re{z}} is the average of the
30 real portlon of z over the hop.. More precrsely,

AVG{RG{Z}}: (P + Ne )2 - e
=P2+ 2P0 + 2-n2
=P2+ 0+ _(_fnz -opl=P2 : e oo (eq. 7)

35



.10 where P is the average arrpl i tude of the received data’ sarrpl e ‘and
[err] are the real and inmgi nary conponents of the interferénce. Both [err]
are i ndependent, zero nmean nor nal VaLJig W th equal variance [err]
(i.e. they Q.can be nodel ed as white USsi an npi se). However, these

f ol-l owi ng derivations can ‘be easily extended by offe skilled in the art to

noksGaussi an 15 noi se. The act ual wer,, rati can b escr] bed
[err] (eq. 5) WheWh arweammavea%ﬁﬂﬂgﬁaﬁ%mﬁ %@ %(sﬁ@ r?ﬁtlon

system 20 the dﬁd mdom'alaﬂéeWiththedeﬁnmbathwssahmuiseemwélgmemabovat|o_

Cont | nues. a8 o foII S B e Hifdorta C@%’%ﬁ %t@&ssg'*miﬁﬁgf

represents a si ng'( {0 G- In off Leqch gatp zeropyardne Qp(?é'pa
sanple [err] §s rﬁﬁélﬁé@@fﬁ#@ﬁ#ﬁ@mhﬁ(dﬂm)éamgat@oﬁém and an

i magi nary portion and was substituted intg for In
addition, in the equat ibaddition, inthe eauation (8q; hk |&%Fé§%59¥'arﬂfgt®absql@@l

portion o 2 of O] val drek: ) s preise Y L Betituted in (og 7) and
porti stitu i . ,
in accordance with the?‘?!ilazg‘rWTBh @u“s@( bﬁﬁg nodel .gi ven above and

the definition of the n.t:t =41y i npt LA S M)2R@andom variable, the
average of [err] (i. err 3;‘.?((‘;'651?%6 zg? 0\‘/{; '?Ee hop and 5 aver age

of [err] eatf go to + A B t"h"é equation (eq. 1), [err] is
the square of the absou,(Fd.NQP&ﬁ..psP?nfﬁrﬂ4mh,ﬁepp¢4¢C|sely, [err] [err] 10

[ er\rj + (2P2n2 + 2Pnn? + 2n 2n2) + it (eq. 8)
~ where the definition of zk from {(eq. 6) was substituted in (eq. 8).
15 in addition, in.the equation (eq. 1), Ave{|z]3} is the average of the
square of the magnitude of the real and lmagmary portions of z over the hop.
More precisely,

Ave{jz]2} = P4 + 4P3n; + 6P2n2 + 4PnA+nd
20 + 2P2n2 + 2Pnini2 + 2n2n? + nt
= P4 + 0 + 6P2602 + 0 + 3on# + 2P2642 + 0 + 2044 + 30t
= P4 + 8P25,2 + 8ot (eq. 9)

| where the square of the absolute value of zx as defined in (eq. 8) was
N 25  substitutedin (eq. 9). In addition, in accordance with the definition of
- Gaussian noise model given above and the definition of the nth central

moment of a Gaussian random variable, the average of an odd power of n;
andn (i.e.,, nr and n; ) each go to zero over the hop and average of an

even power n of ncand m; (i.e., nr and ) each go to a factor defined as:

M= nh =1 -8-5-(n-1)- op" (eq. 10)

SUChthat —;;;2— = -m_z- =anand_n_r4- _=_Fiz. =36n4.
Thus, (eq. 5), (eq. 7) and (eq. 9) can be substituted into (eq. 1) as
35  foliows to derive an expression of the estimate of the power ratio (%) in
terms of actual C/l power ratio:



[err] [err] (eq. 8) where the definition of [err] from (eq: 6)
was substituted in (eq. 8). 15 In addition, in the equation.(eq. 1),
[err] is the. average of the square of the magmtude of the real and

| magi nary portions of z over the hop- tsipremsely, [err] 20

[err] [err] [err]. (eq. 9) where the square of thQ/
absol ute value of [err] as deflned in (eq. 8) was 25 substituted in (eq.
9). 'I'n addition, in accordan e he ‘definition of Gaussian noi se nodel
gi ven above and the dptinitiif i nth.central nonent of a Gaussian .
random vari abl e, the aveﬁﬁgﬂzl {?Jib\er of ,nr-and [err] (i.e., [err] ')

each go to zero over the hop afd ower n of[err] (1.

[err]) each go to a faPfer8RRm, i%- P30 §RAanf + 8on (eq
10) such that [err] ThudC/ % 5),. (eq 7) and (eq. 9) can be substltutﬁi)h
into (eq. 1) as 35 T8(C &0 derive an expressi on of the esti mat £88f TThe

power ratioglerr] in terns of actual C/1 'povver'ratlo [err]
(egq. 1 1) 5 which.is,a nonotoni¢ functi si nce the derivative of

the estinate [eMhickisinmonginni¢ fungtion et %tﬁ!&e@ldﬁ'@a@\‘%ﬁf@e estimate &%) f or
aILI lreftl dachinosmﬂee 'tﬁﬁ’ieatf:t%ﬂdd)ml é?ﬁﬁéﬂ?@hﬁo[rhﬂ]fédlfaﬁ?%snff)@r_ a BPSK
nmodul at e si mat e power ratio [err] of (eq is a
nonot onous functvgg‘f?so?tfﬁﬂe% E?qx power ratlo When a QPSK nodul ated
SFH signal is used in the com‘rum cation

oF 5 (CNR 8(0/ 12 + 16(C/l) |
10 S(CM = SCMBCM +8~ [BCMH+82 ° - (eq. 12

Thus, for a BPSK modulated SFH signal the estimated C/i power ratio (¥)
of (eq. 1) is a monotonous function of the actual C/I power ratio.
~ When a QPSK modulated SFH signal is used in-the communication
15 system the derivation of the proof that the estimated C/I power ratio (¥) of -
(eq. 1) is a monotonous function of the actual C/I power ratio continues as
follows. ' '

2z = xi* = (P + ne + jnj
20 =(P+n y-6(P +n)2n2 + nid + 14(P +np)n[(P + np)2-n2]  (eq. 13)

where z; represents a single phase modulation cancelled data sample:
where the data sample () is represented as a complex number havinga
real and an imaginary portion and (eq. 4) was substituted into (eq. 13) for x.
25 In ad_diﬁon, in the equation (eq. 1), Ave{Re{z}} is the average of the
| real portion of z over the hop. More precisely, -

Ave{Re(zl} = P+ ¥ - 6 + mPn? + T8
-.-("P4' + 4P3n; + 6P2n2 + 4Pnd + nd )
30 - ( 6P2n2 + 12nm2 + 6nr2n;2) + nyt
=P4 + 0+ 6P20;2) + 0 + 3012 - 6P20n2 0 - 6op? + 3o,
=pP4 | | (eq. 14)




:15 system the derivation of the-prodf that the estimated C/| power ratio
-[err] of (eqg. 1) is a nonotonous function of the actual C/I power ratio.
continues as follows. [err] 20 - Jerr] o - (eq. 13) where
[err] represents a si-ngle phase rmdul-a-t—i&;)-c.ancel'--:lg{g;éd data sanpl e where the
data sanple [err] is represented as a conpl ex nunlier having a real and an

| )ggi nary portion and (eq. 4) was substituted i ntdéeq. 13) for [err] 25

I n addi tion, in twhieredbatréeaipogiian ofl2k asrdefirad ini(pqi $3) was su sﬁg@dldn (eqetd)eal

portion of z over rs%%”@g | : ; loindet _
where the real poarﬁ']g‘n%,;_ as efl'lfdn&eﬁlﬁli’hr?r[égGJl% ' '\‘A/Qgégu gdti?tgute I 1n (eq.
14) and, in accordfsHbe definiion pkthenth cepiralm F'%!. Mli i%ﬂ‘sﬁm"m*“ en

above and t he defthaiavierageotf arheddpoweeof nsandmifces of and Gay}eacmgoinadero

iable, th Ihr - . h
a1 e oo aneroiFy 8 s Hower S 6T .2,
go to a factor defemqwngmfibﬂn%meﬂh&w suohthat at 1= | Rldont a0d, D=t he

equation (eq. 1) ,?eg 4s the square of the absolute value of zk. Mre

preci sely, 10 rr] [err] [err] [err] [err] 15
Terr] [err] in addition, in the equation (eq. 1), |2x|2 is the square of the absolute
value of zx. More precisely, '
10 (22 = [(P + e} - 6(P + ne)2n2 + ]
+ [4(P + nni{(P + n)2 - ni2]"
W = (P + ny)8 - 12(P + np)bni2 + 38(P + ny)4ni4 - 12(P + ny)2n;€ + 8

+ 16{(P + ny)2ni2[(P + np)4 - 2(P + ny)2ni2 + nd)
= (P + ny)8 - 12(P + ny)®ni2 + 38(P + np)4ni4 - 12(P + ny)2n6 + n8
15 +16(P + n)tn2 - 32(P + n*ni + 16(P + np)2n;®
= (P + np)8 + 4(P + ny)®ni2 + 6(P + ny)4ni4 + 4(P + n;)2n;® + nB
= (P8 + 8P7n, + 28P6n,2 + 56P5n:3 + 70P4n/* + 56P3n/5
+28P2nS + 8Pn,7 + nB) .
+ 4(P® + 6P5n; + 15P4n.2 + 20P3n3 + 15P2n4
20 +B6PnS + nd)ni2
+ 6(P4 + 4P3n, + 6P2ne2 + 4Pn;3 + ned)nt
+ 4(P2 + 2Pn; + n2)n;6 + n8 : (eq. 15)

. where the definition of 2k from (eq. 13) was substituted in (eq. 15).

- - 25 In addition, in the equation (eq. 1), Ave{|z|2} is the average of the
square of the magnitude of the real and imaginary portions of z over the hop.
More precisely, -

- Ave{jz|?} = ( P8 + 8P7n; + 28Pon2 + 56PN + 0P
30 +56P3n5 + 28P2nF + 8Pn + B )
+ [ 4(P6 + 6P5ny + 15P4n 2 + 20P3n 3 + 15P2ns
+6PnS + n®)n2 ]
+ ( 6(P4 + 4P3n; + 6P2n2 + 4Pne3 + n)nid )
+ ( 4(P2 4 2Pny + n2)n;i® ) +n8




[er] [err].[err] 20 [err] [err] [err] (eq. 15)
where the.definition of zk from(eq. 13) was substituted in (eq. 15). 25

In addition, in the equation (eq. 1), [err] is the average of the square of
the magni tude of the real and imagin naj-y, portions of z over the hop. Mre
precisely, [err] 30 - Jerf]*Te&rr] [err] [err] [err] The
above expression can be sinplified by elimnating the ternms which go to
zero (i.e. those terns having [err], raised to-an odd power) results in the
-fol | qwi ng expression: 5 [err] lerr] [err] [err] 10 : [err] [err]

- [err] :Jerr} [él’hq abiéve expression can ‘be sirhplifiedrby ellmmatmg the terms which go

to zero (i.e. those 1erms havmg Ne OF N raised to. an odd power) results inthe
followmg expresslon

( P8 + 28P5n.2 + 70P4n.-4 + 28P2n.v6 + nfa )
+ l 4(P6 + 15P4n.2 +15P2n# + nrs)qz ]
( 6(P4 + 6P2n.2 +n)nd )
( 4(P2+ n.z)n.s) + 08 N
10 '_ = ( P8 + 28P%n2 + 70P4nr4 + 28P2n,5 + an )
| ( 4P‘5n;2 + 60P4n.2n|2 + 60P2n.-4n.2 + 4nBn2 )
( 6P4ni4 + 36P2n.2ni4 + 6n.-4n4 )

(4P2ni6+4n.2ni3) +W
. P3+28P5n.2+70P4nf4+28P2nf5+nr3
15 +4P6m2+60P4n.2n.2+60P2n.-4m2+4nr6n;2
+ 6P + 36P2n@n* + 6nfnt
+ 4P2n8 + 4n2né + nd |
= P8 + 28P602 + 21 0P40'n4 + 420P2on6 + 10508
+ 4P8gp2 + 60P4op® + 180P20p6 +_.600'n
20 + 18P4cn% + 108P2<sn6 + 5408
+ 60P20,8 + 6008 + 1050p8 o
= P8 + 32P6<s,.2 + 288P40n4 + 768P20n5 + 3840., (eq. 16)

O

where the square of the absolute valué of z as defined in (eq. 8) was

25  substituted in (eq. 9).- In addition, , in accordance with the definition of -
Gaussian noise model given abave and the definition of the nth central
moment of a Gaussi_an random variable, the average of an odd power of ny
andn; (.e., n and n ) each go to zero over the hop and average of an
even power n of nrand n; (i.e., n® and RN )each go to a factor defined in

30 (eq.10)suchthat n2 = N2 =or?, N# = 4 =30n%, NP = n® = 15078,
and nB = nd =1050n8. o




‘[err] [err] 20 [err] [err] : - "~ (eq. 16) where the square of the
*absolute value of zk as defined in (eqg. 8) was 25 substituted in (eq. 9).
In addition,, in accordance with the definition of Gaussi an noi se nodel
gven above and the definition of the nthy@entral nonment of a Gaussian
random vari abl e, the average of ‘an odd p(& of nr"“ and [err] (i.e., [err])
ea‘zm go to zero over the hop and average of an even power n of nr and ni
(i.e., [err] ) each goThus,a(eqa'é)r,beqMramdc(erqmebmnbe@ubsmmp@q [Wras]
and [err] Thusfolibwe 1o dbrivd 8A expfe sib?ﬂo(m@esﬁﬁ)até%itﬁ@{:é tiol¢ini nt o
(eq. 1) as follows to&?errv&;ﬂn exdpressron of the estinmate of the power
ratio [err] in te® r ratio: 5 [err] [err]
[err] [err] 10- which is a nonotonic function of CI since the derivative

of the esti e [err] fth re Re he actual C/|I is greater than zero
for all real “and positt V'eA\(,g véZ(Re{2Jpr e precisely, [err] 15
(eq. 18) [err] Thus, for a S m)dul at ed H signal the estimated C|

power ratio [err] of (BEE IBoP8o2 N ORAE- SHBAT @1, GRaste petual C |
power ratio. It will be apprecra?ed BSesrllé'drnt'eart that the
above 20 derivations= v S pRese shift keying
nmodul at ed SFH si gnal toYova ¢ BBwer ratio [err] of

1) = :
(eq. 1) isa =32(C/I)3 + 288(C/)2 + 768(C/l) + 384 (eq. 17)

L 10 which is a monotonic function of G/l since the derivative of the estimate (¥)
with respect to the actual G/l is greater than zero for all real and positive
values of C/l. More precisely,

5P 5 (CM4
S(CM) = S{C/y 32(CNy3 + 288(C/N)2 + 768(CN) + 384
288(C/Q5 + 1536(0/1)4 +1152(C/)3

" (32(C/1)® + 288(C/)2 + 768(CN) + 384)°

15

(eq. 18)

Thus, for a QPSK modulated SFH signal the estimated C/I power ratio (%)
of (eq. 1) is a monotonous function of the actual C/I power ratio.
It will be appreciated by those skilled in the art that the above -

20  derivations can be extended to any nth phase shift keying modulated SFH
signal to prove that the estimated C/I power ratio (¥) of (eq. 1)is a '
monotonous function of the actual C/I power ratio for any nth phase shift
keying modulated SFH signal.

Since this estimate of each hop's C/I power ratio (¥) of (eq. 1)is a

25  monotonous function of the actual C/l power ratio, this estimate of each hop's -'
C/l power ratio (¥) may preferably be used to (_i_eterminé a level of
confidence that a particular hop was detected properly by a receiving station.
The number of levels of confidence which may be determined can be varied
depending on the particular use for the level of confidence. For example,

30 two levels of confidence may be determined for use in a hard decision
environment. The two levels of confidence include: (1) full confidence which
corresponds to the estimated C/l power ratio being at or above a particular
threshold and (2) no confidence which corresponds to the estimated C/1



nmonot onous function of the actual C/| power ratio for any nth phase shift
keyi ng nodul ated SFH signal. Since this estimate of each hop's C/ I power
ratio [err] of (eq. 1)y is a 25 .nmonotqnous function of the actual CT/I

power ratio, this estimate of each heplglCL.l power ratio [err] may .
.preferably be used to deternmine a level of confidence that a particular hq,g,« '
was detected properly by a receiving station. The nunber .of |evels of
confi dence whi clpowsy ratio uemgrbalowdhepanbelav#lresﬂoldep&anbﬂ@reuamm
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confi dence may - ermne ecl'si on environmen
two | evel s of cOnvireRmest. hhessevera) blevels of sopfidence corpspend tincEeasingis t o

the estinated Cgcbnfiderte éﬁﬁlétéd@ll mGimmlﬁaﬁethreshol d and
2 d wh d timated t

bel ng. bel oy tﬁQCSartléBe%?rnrtﬁ% P err#‘an@?ﬂ PN EhmnicatB ey o< of
confi dence nay IshodatinFGn&dwhich msmporatesﬁwabom:nmntmnenoptxmmmgft These
several | evel Spg: n&ﬁlefSFa‘iﬁt&Bﬁ oefRAaHA :rlﬁS#l@éi‘aﬁél 10llows"id #

estimated C/ | ratlro. | nCr eases-in ‘A descrlao n of a

preferred enbod |998lﬂﬂ et thecemmunication systame aflicehanasl data s d

hnforltoorat es thghpheya neaaédélnmia@ paRiGuIAChIYatd) CTIRG Iput Paffie Shadndl dita.
etection i

H si | n_the encodi portlo 102 of the
comuni cat i @n s q‘f’&‘d@? PE@%%%@G‘&%%‘%@U putedata, OfR oder
102 at a parti cicombifstiorn of the tWodypes of dateafEmmdehaoaeprefknabMeﬂoddesstInan

conbi nat on or AR R8BS 106 ybRicia Tt 08 Riod BHERIAR e Windn .\

i nput data bi tsmdmangwmobmlnatessabsequer&muw eade with an

encodi ng al gor| IsIhB R BRtS (678 EomvBlutidiRll bheRekdecodi ng
of the data sy oI s to g bidbgﬁs?s convol u?lgonal or block 15 codi ng
al gorit hms) 104 may opt ional ly then be interleaved by the

encodi ng port | on 102 Tlﬁfdataasymbolsrmw msy\opfonallptlmtsbe mtbaemd)by ﬂwb st ance
et oS oy g’ or LIRS 102, A9Rical Sre0pedto JGe SN B miticapes |
tinme between the consecutively input non-mterleaved data symbols This _
interleaving of data symbols causes burst of errors to be spread out in time
20  and thus to be handled by the data bit detector as if they were random
errors. This mterleavmg thereby allows random-error-oorrectlng oodlng (e.g.
convolutional coding) to be useful ina bursty no:se oommumcatron channel
(e .g. radio frequency oommumcatxon channels) The interieaving preferably
is limited to a predetermmed suze of the block of data symbols. The block
25 size preferably is denved from the maximum number of data symbols :
representing input data bits 100, which can be transmitted at a
predetermmed chip rate within a predeterrmned length transmission block
Subsequently the interleaved data symbols 104 are output from the
encoding pomon 102. L will be apprec:ated by those skllled in the art that
30 several dnfferent vanatlons of mterleavmg could be |mplemented without
departing from the scope of the present mventlon For example, several
different techmques can be used to interleave the data symbols (e.g.,
oonvolutlonal or block mterleavmg) In addition, the size of the interleaving
. block could be altered to aooommodate dlfferent transmission lengths or
'35  rates. Also, the dlmensmns of the matrix could be altered to increase or
decrease the interleaved distance between consecutsvely input groups of
- data symbols.



+ 20 and thus to be handl ed by the~data;b$t detector as if’ they wer e random
“errors. This interleaving thereby al | ows*random-err or - correcting coding
(e.g. convolutional coding) to be useful a bursty noi se communi cati on
channel (e.g. radio frequency connunrcaﬁ$¥i$1:hannels). The interl eaving.
preferably is linmted to a predetermnined size of the block of data symbols.

The bl ock 25  size pregferably is derived fr t he maxi nunber of data
synbol s, representing Theinte %’4 WU&”‘%\E&) :%"B@P%r g a
. predet er m ned chlpbmahqosldfhhacameﬁeam dm, dnelinbe appmﬁatad thosek.

R il B LAt ol W TR s "

several different ln\the lmsmlthngpomlma‘m&wmmble owltiple access bysaveral usersdat
departing fr SRR SRShnetn hﬁﬁﬁﬁgh
different techni 2@85 candg{ém{t'j@gﬁa{)@ mt%érl'l ‘e%\ilgne t §§ Fco? ﬁ

convol utional - or @nsyses prbegonality ¢f@n indivi P$¢"§|¢ G anﬂ#@rtsfmm
i nterl eaving bl OC&h@ﬂuééis@ncaaé&tramctcham&mmmrfmméﬁaaéahgtsI ond
e altere

I th 35 f . th
tgnlgnc?eg;e or de @Pnehi’ﬁPBPPéﬁegﬁbgﬁgﬂ%@@’%ﬁgﬁ%ﬂfﬁét&t i vely
i nput groups of dabmmunldabbn systenil Eurtherecthissadditibnah coding typically Wilknet e t hen

bt eci at od 19 "¢ nipterietd Wi thé iokfferion Bt ﬁagﬁﬁﬁ'ﬁﬁ%ﬂﬂs%&Wﬂ%&t
synmbol s 104 may bdesnmeduherelnastlam@amaa@@t«malenmdmsd@aaa the initiali pl e
access by sever al gn&sting aﬁd%v%aaﬁﬂoﬁawm@ﬁuea&'pﬁa r fdhe te h

e U AR N LI AR R RO "@%%aﬁfe‘a%ﬁwméo%ﬁmel
bits. However, thare prdgatédiortransmissiontover aa!ommubﬁcamlﬁchamal a9a SAH sighal
codi ng typi Lo 1y BY AmAGIatoTBE siftsenlefty, Ff rodlintael se%é%@ﬁ%%#&ﬁio
teachings of the gnastemnaiiiddoriransraissiopyer theccammunication dnatmehﬂzhe
caao g < Bone pot or A1SEBURG BTGNS he onfpik errhad teadhd
process. The int e@a@%m@@d Rith spraaskspeciym signal from over the communication
| channel 112 through antenna 116. Each hop of the received SFH signal
20 preferably is sampled into data samples 120 by demodulator 118.
Subsequently, the data samples 120 are output to the detector 122 of the
communication system. :
If the encoder 102 of the communication has interleaved the data
symbols, then the detector 122 deinterieaves the data samples by using a
\UJ 25  technique which is substantially inverse to the interleaving technique used in
the encoder 102. After, if necessary, such deinterleaving, the detector 122
of the communication system inputs the data samples 120 into a an
estimator 124 which preferrably generates an estimate of the C/l power ratio -
(¥) 126 for each hop in accordance with the algorithm descnbed above as
30 (eq. 1) and reproduced below:

AveZ{Re{z}}

¥ = Aelizls - AveZiRelzl] o - (ea

The symbol z preferrably represents the phase modulatlon cancelled forms
35 of the data samples of a hop of the SFH S|gnal The data samples
preferrably are samples of the co_mplex envelope of the hop where the



are prepared for transm ssion over a comruhi cati on channel as a SFH si gnal
15 by a nodul at or 106. Subsequently, the nodul ated sequence is provided: .
to an antenna 110 fortransm ssion overt&e conmuni cation channel 112. A

recei ving portion 114 of the conmmunica msystemreceives the transmtted...
SFH spread spectrum signal from over the communication channel 112 t hrough

antenna 116. Each hop of the received SEH Si bly is sanpled
into data sanpl BePIas Qﬂ?mﬂfﬂﬁ %35%%1'565&&{@&| Bﬁpﬁnéhnpl es
120. are out put phatéshifekeiih® mo‘d&htm‘nofhhehomojmestovo opging he

encoler 302701 M o D 1 St s o
i s substantiall envalopesmthehopéomathpwethsedesumW@aemthaohaseoder
ggrzmu'rbl\r}:g[-iglnfs stem | nput s tﬁd thé i sghlnz‘ ?W&ﬁ%ﬁ{ %%aﬁfplr §f24
whi ch preferrabfig @WPP&%"%Q{;‘M s%p bmrqﬁfﬁ'@ othpphases + or
e
! gpoE Sy Eg’@éf y
e
n ase shi
keyi ngIO Cancel I gtaﬁanﬁ@?f&pt’(hé pe'BE eyl ng-.no 'fatlonyof thg hop of the
sl ow frequency: hoppi i cation systeam lso;ispulsihe PRt hed
by raising the eamgiresqzombtmedefech poﬁmdmsmwamamwmﬁsult N

z represents th ti o IIed or s t. npl es
whi ch conpri se QA‘%?@SS%P Fﬁé%@ﬁ%%{]@‘f rp'é°%¥’yyﬁ@9&bﬂqg§@ﬁélpzﬁt he nth
power for the npowgnaatio $%fdrthayparganathomwhmhhnasgénem¢bpthéemmmy
hoppi ng Spli ad §Bgct rum signal. I't will be appreciated by those skilled in

‘the art thal. any noénotonically related formof the estimate of the C/|
power ratio [err] naylhscpipiemedemhagdiment described in reference to FIG. 1 may be

further extended into a more specific use in the detechon process of the C/I
power ratio estimate 126 to the decoding process asshowninFIG.2. In
FIG. 2; the detector 122 mput the data samples 120 associated with each

20 hopintoa decrsron metnc generator 132 of the detecting pornon 128. The
decision metnc generator 132 uses the mput data samples 120 to generate
decision metrics 134 associated with each hop which cotrespond to a
distance of an input data sample from a oonstella’non point within a

_ consteliation space representmg prevnously input data samples 120. These

25 - decision metrics 134 correspond to possible transitions within a maximum
hkehhood decodmg trellis whlch decoder 140 will subsequently be
determining. - _

- The estimator 124 mputs the estrmate of the C/l power ratio (¥) 126
. associated. thh each hop into the detectmg portion 128. The detecting.

30 portron 128 prowdes the C/ power ratio estimates (¥) 126toa confidence
measure generator 136. The oonfidence measure generator 136 also
receives the decision metrics 134 assocrated with each hop from the
decision metnc generator. The confidence measure generator 136 uses the
C/l power ratno estimate (‘P) 126 assootated with a pamcular hop to

35 determinea Ievel of oonﬁdence 138i in the aowracy of the decision metrics
134 assocrated w:th the parhoular hop (i.e. aocurately or actually relate to the
transmitted enooded data bits 100). For example if the C/l power ratio



210 departing from the scope ‘of the present |nvent|on " The¥det ector 122 of
t he communi cati on system al so |nputs the ‘data sarrpl es 120 into the
detecting portion 128 which detects data bits 130 in the data sanpl es 128

- of each particular hop by using the est| ed C/|.power ratio 126 for that
particul ar hop which was generated by the €stimtor 15 124. The preferred
enkddi nent described in reference to FIG 1 may be, further extended into a
nore specific useestimatedjd26dor the hopisdeiowfa predet@minedthresholdpthen theat e

{out et scHBpBRAR 8 A8 inies %%giw%oﬁ'%%% SR on
nmetric generator mmwmm&wmmlkamndbemmﬂw
generator 132 us R%E%he\ﬁt%] réted th@t Eﬁ?ﬁdﬁatd‘ﬁis“cs
data sanpl o 1 om 10GAEGRLRH0e SR EARPIGR {20 o I aebiéﬁé}&m% aace’”
representing prevmmmﬂauhedahmmmwo% deCI sion metrics

trel |15 whioh decoder - e nyter 8 isBndmteyels ot SRR e WhIch1RGY a0, "0
124 inputs the esdéterminedifor &particulasbapicande varjeskdgperging:en the paricular use
each hop it o t hergf Bieflvbldh iirkibhidh 138. Fi‘;x%@g%?%a%\?&?mwﬁﬁdé?ﬁejiﬁ%e

provides the C/I power ra mates_ | er ence neasure

generator 1380 Théecisianiaelfics 134 8t each jop May be d Qmefg&yeem@am
deci sion metrics d&dsion envirenmentVi ThHe Bwrievaiivi conafiddrite ifende! (1) flmet r' c

St o ferr] 1oBonMCEHEs AN TestonGi  fie paimEE oA Bower rali Boiho 8 o
| evel of confi denalsoviedd particutar threshold and(2) hb eodﬁdamemhlchmnespm fo the
hetrane 14 o AR oot o b R VR i,
estimate [ertd 12 afMl quilﬁdﬁw measunec|38 the assaciated ﬂe@sm@emd%faemet he
probability that h@? mé&odd?aﬂmh%ﬁéwﬁ'lh )‘eépﬁﬁs%%rﬁ nghe
transmtted encodg f%%%%e%éassu%é’ 3htho Alsoabidh 463Ubh mScd 154 Wthe Top ' ©S
would not be used by the decoder 140. In another example, several levels
. of confidence in the decision metrics 134 of each hop may be determined for
20  usein a soft decision environment. These several levels of confidence '
correspond to increasing confidence as the estimated C/l power ratio 138
increases invalue. In response to the increasing level of confidence
~ measure 138, the associated decision metrics 134 for the hop would be
| .. given greater weight by decoder 140. Such a weighting system of the
\/ 25  decision metrics 134 by a decoder 140 is often termed using side
information about the decision metrics 134.

The decoder 140 preferably generates estimated data bits 130 by
utilizing maximum likelihood decoding techniques' to derive the estimated
traffic channel data bits 130 from the decision metrics 134 of each hop and

30 the associated confidence measures 138 which are input to the decoder
140. When the traffic channel data bits 100 have been convolutionally
encoded, the maximum likelihood decoding techniques which are used may
based upon the Viterbi decoding algorithm. '

I The preferred embodiment described in reference to FIG. 1 may be

35  further extended into a more specific use in the detection process of the C/l
power ratio estimate 126 to the diversity combining process as shown in
FIG. 3. In FIG. 3, the receiving portion 114 of the communication system .



134 are probably not actually related to the transmitted encoded data bits
5 100, because the data sanples 120 of the hop probably do not correspond
‘to the transmtted encoded data bits 100. The nunber of different |evels of
confi dence 138 which may be det er mi TedfRr~a particul ar hop can be varied
dependi ng. on the particular use for the Ievel of confidence 138. For
exanple, two |evels of confidence in the 10 ~decision metrics 134 of each
hop may be det ergtehess thertrarsmitted SFHspredeispEctrie sighabiromndver e t wo

| evel s of confi to the
“estinmated /| WW(?H%S&%&’%}O g\%%%%ﬁ r1%?r?f}‘§s#g$$aand (2) -
no confidence WW&ﬂiﬁpmmm@t'eﬁm&mmwm t42anda |
bel ow the parti phfienhd 144 et focohng'ahishhat02'is Bidfefiably
measure 138, the assoclated decision netrics 134 for t ﬁop WO IE‘sed
Dy e decoRer " GRBSTREGAIN: isplacep . Eayn Ak, Seeonl tedebing Amenna A sveh that s
Ejhe Sssoihgt ed. amiasmct&:%ﬁisﬁam&dleEhdwmpwfmmsFHtsignaed by the -
ecoder
deci sion netri cgﬁﬁhmg dﬁgﬁﬁga&ﬁﬁ% Lﬁaﬁ@q gngﬁg 'Qp‘goft
deci si on envi r otorthe dembdulatordvi8c dIemeduIamroﬂa:mohdes:atfn'smdse@ndd to

i ncreasi ng conf i gdencs ndge @#cﬂ@ - ; n
val ue. Ingresponse toﬁ’e‘éﬁ‘éﬁg‘g n Fe ?wgon'i nce measure i‘e%'b
associ at ed18eci @Hﬂ%@ﬁ%@@é@eﬂﬂﬁ dniqsderio L#Q!“%J@W spmplesache| ght
by decoder 140.-hg Qiiﬂ@emgnﬂg&'mWedfbthfﬂ&antdﬁﬁawzr'mwmsﬁdatéM by

d d 140 f { ih d
metros 134, ThoHEG S TS0 SIBRRT R SeenreLRERREY BRiitn s dubled] B4R
by utilizing nasecomd aMeahaHdddndmdudor@mMatmsampmmmmefﬂmﬁ] i mat eg
traff h I op.an
507 b nanoci S oy Sigha) fod RebehveRlby i Sgiril AiRofiRA 1adintb W s BortfGalgloD o
140. \Wen #Be " tlsaﬂmesehhaaesuasequenﬂss ﬂl%@ﬁﬁa%"ﬁéeﬁﬁ@@‘%dlﬁ@tam&ﬁ?y :
encoded, t he . maxéollettivély debiivst &€ dati SampRa TR0) e outbitoans detdtdorta

dosor i bed | E“?e&i@ﬁ&mﬂ@ HiGHaBR S5l Wb Seliihs 120 Y BAFtoBEY e
speci fic use in cohpledetomtemu 122 0n xdaté buschaming gack of the: datasamiplesetsi 26 -
e v o R D BRI AL Sl o
data samples set 150 and 152 :
- . The detector 122 of the oommumcation system mputs the sets of
~data samples 120 into an estimator 124 whlch preferrably generates a first
- anda second estimate of the G/l power ratio (¥) 158 and 160 (collectively
- described as C/l .power ratio estimate 126) for each hop corresponding to
25 thefirstand second set of data samples 150 and 152, respectively, in
accordance with the algonthm described above as (eq 1). These C/i power
ratio estimates 126 are output 1o the detecting portion 128.
Similarly, the detector 122 of the communication system inputs the
sets of data samples. 120 (i.e. first and second sets 150 and 152,
30  respectively) into the d'etejet_ing portion -1-2_8.1 “The detecting portion provides
- the first and second data sample sets 150 and 152 to a diversity combiner
154. The diversity combiner 154 combines the fi‘rSt and second sets of data
samples 150 and 152, respectlvely intoa smgle combined set of data
. - samples 156, The diversity combining is. aocompllshed by using weighting
35.  coefficients for the first and second sets of input data samples 150 and 152
of each hop whtch are derived from the assocua‘ted first and second CA
power ratio es’amate 158 and 160 input .
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»I’ECEI ves the transmtted SFH spread spectrum Si gnal from ovel the

*communi cati on channel 112 througfantenn& structure 116. The antenna.
structure 116 preferrably includes at | t a first receiving-antenna 142
and a second receiving antenna 144. The TST receiving antenna 142is
preferrably 5 geogr aphi cal |l y di spl aced from t he 'second receiving antenna
1414? such that a diversity antenna structure |Is formed. Each 325' of the SFH

signal as received by ¥hediversity combines 484 Wéhﬂ@@fﬂﬂg%" pewer ratio
preferrably lnpUteéﬁ?néth(‘IqelfmChﬁdiism rbéﬁectﬂ@m@sbaaafedﬂw&a mdnért@oﬁtd st

d- d i b h, 146 t I The f t '
branch 146 15 10 GeteBneceVel afaniderte BiRe avirai bf e PaeparoliBR SR ot o
and san?! e each haNsécd)rhwséFMdataBampléQ159(ard\/‘£52 mspdwvélyrassoaatahmrx%jg
into a first gdat c
I's coupl ed togt h?ﬁ%@”ﬁ?ﬁgﬁég&é%ﬁﬁﬁ@ggﬁﬁff PH 3’6“'%&%?’
each hop of the smwesrajmstme(‘m fpethe hoplizbe éﬁﬂ&'eﬂ.’44 |nto a

d data 15 150
ZﬁEOQSZ ?cgl I ectle{e% c;dé Cri g&a as ata sa&&iﬁdg& mgﬁut to

0) are.o
detector 122 of tReP vireptesent th %3§ GSHBV“"a
preferrably be coupl edmérﬂmw?bﬁd#ﬁ?&uﬁévdsdﬁmmﬁo@mma @t the

coupl ara 1 or 18 ch"’e?%ﬁg@x&%ﬂ%ﬁﬁ@&g&ﬁéﬁ%&iﬁbﬂ@%ﬂ@%@q ey or°

t he communi cat i ondepending onjhe patticalaraise for thedevelof cphtidence) Fonexample

estimator 124 whighy

the /1 power rati.o iéfsj% %@hﬁe{fé@{o co??%?:’? |y\?g? gg’érl d %I povver
ratio estimate 126¢Cition exnyimnmgpt. cmﬁx @‘ce'!‘ﬁ@dﬁr (Qt lind second
set of data sanpl egnfidencawhidlydorre tb\tﬁé)eshhﬁtetﬁGﬂrm bBingh# or

v e out put & 55t noaBEYRE PR ﬁgu&&?wrsahowﬁ'f@) ApicaRfgRneg, aﬁwﬁtceilpép”gééawi‘ﬁet he
gommuni cati on sysestimateduCA pbWer saticsbeing dreiaw therpadiculr thresheld. fln response

second sets 150 f?&g 28.
The detecting portion provpﬁ Hf\s(l?éé%s eco%%ega a ﬁgleggﬁtg&@gé.
and 152 to a di vewouldb eyﬁgd.byrthe dwersnty combmer154 in generatmg the single

combined set of data samples 156 for the hop. However, in response to a

20  no confidence measure, the associated set of data samples for the hop
would not be used by the diversity combiner 154 in generating the single
combined set of data samples 156 for the hop. In another example,
several levels of confidence in the accuracy of reception of each hop may be
determined for use in a soft decision environment. These several levels of

U/ 25  confidence correspond to increasing confidence as the estimated C/I power

ratio 126 increases in value. In response to the increasing level of
confidence, the associated set of data samples for the hop would be
assigned greater weighting coefficients by the diversity combiner 154. kwill - -
be appreciated by those skilled in the art that these diversity combining

30 techniques can be extended to combining a plurality of sets of data samples

 received on a corresponding plurality of receiver branches.

Subsequently, single combined set of data samples 156 preferrably
is used by the detecting portion 128 to detect data bits 130 in the data
samples. Such detection may be accomplished by using a decoding

'35  technique similar to the one described above in reference to FIG. 2.
However, other types of detection of data bits in the combined set of data
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154. The diversity conbiner 154 conbines the first and second sets of data
sanpl es 150 and 152, respectively, into a single conbined set of data
sanpl es 156. The dlver5|ty conbi ning i s ‘acconpl i shed by using wei ghting 35.
coefficients forthe first and second_seQsSaf_i nput data sanples 150 and 152
of each hop which. are derived fromthe associated first and second d e
power ratio -estimte 158 and 160 i nput. Thedi versity conbi 154 uses.

t herst and. sec.orsani;blesp&ﬁmouldabé’ﬂsedmﬂmkdppanmgﬁmahd tofvel vy,

giiaflag;egf\,\llttr\g recept| onba{j"htﬂ'nél rst anﬁb{s}gncgﬂxase{: %égﬁp{a ezﬁleeisnlgg'e.

and 152, respecti vel yAM ?@EYQMUPH wih@ecei vi ng
portion 114. ForcettaiiBégre eloﬁplamu ﬁtu@bhdmthatmmgemu@clbﬁrrébfl%

e 11'7o1 28 oforats Sl b et o skl gl A1l ol ™'
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use for the IeveﬁwﬂBQféhﬁI'U@ﬂw3$§|&@§ﬁnfpéexmh.&h%mat%mﬁm of
each hop may be Hiff Qérivbaamtdr maﬁhéd?éhﬁed%ihmmémmmﬂma&n n'he two

oot mat o0 a8 povsler La%ct'aé‘m"e t Were fireptsd to, CINIK shiadd sEaFRiRTSGRIR ! o and
l(32|) no cr:]onfl dendmndmmwwereaaﬂ@domm@oaﬂmaebdi@hevmmmubel 0 bei ng
el ow t he al’tl I asur e,
t he associ gt ed gjﬂﬂr?bgéggq@ %@f'ﬁ?%ﬁ@%%ﬁ"ﬁﬁw%?@

di versity conbi rafilemativelyrbejane nig dat@bgs.rwmfmapmabereﬁnlmorawather

sanpl es 156 fortgag -nkpmgw esponse to .a 20 no confidence
measure, the ass C|g?gﬂ“set 0 Sgg?%ﬂggnples for the hop woul d not be used
by the diversity conbinér 154 i-n generating the single combined set of data
sanpl es 156 for .the hop. ‘In another exanple, several-|evels of confidence"
in the accuracy of reception of each hop may be determi ned for use in a
soft deécision environnent. These several |evels of 25 confidence
correspond to increasi'ng confidence as the estimated C/' | power

(_



ratio 126 increases in value. In response “to the increasi ng ‘Fevel of

- confidence, the associ ated set of “dat anples for the hop woul d be

assi gned greater weighti-ng coeffictren y—t he diversity conbiner 154. It
wi |l be - appreciated by those skilled in the art that these diversity
conbining 30 = techniques can be extended to conmbining a plurality of sets
of xdat a sanpl es received on a corresponding plurality of receiver branches.
Subsequently, single conbined set of data sanpl es: 156 preferrably is used
by the det-ecting portion 128 to detect data bits 130 Ies
Such detection may. be acconplished. by using a decod| E“B Mﬁnﬂ“

simlar to the one described above in reference to wever , = ot her
types of detection of data bits in the conbined set of data - sarrpl es 156
coul d be us®laihigout departing fromthe scope of preferred enbodi nent
dversity conbining invention as clainmed. Although the invention has been
described and illustrated with a certain degree of particularity, it is
under st ood tihat WAppagraksccompiisingodeterting means fdradbteeting datesbits iminpde by

f | d
oo oala SR8 ot B B8 ERRIAE Splehl AR ARG TS | .,
in the &rt. w t ho@stimaiar meaysi ﬁeupleldetogbe&eteﬁtmgmeansefqr|e@hrrm¢mg|acamer

For exanpl e, thegomta eq%gp t
preferred enbodi rtnant %:ir‘ﬁ@r{ucrﬁ cati P%g:f:‘ te%’blhﬁit ﬁ%%@?? g vveby éofhgect ed
to CDVA spread spaRYt F'&ﬂ r@ﬂé etegling %ﬁﬁﬁrﬂﬁ?&t then

channel . Howeve[] estimated lcahﬁemdﬂféﬂéreﬂc@ owmsauclstc déwedt daﬁd bits Efthe the
compant ot on, iRl defdloh E1HRY AR, o RS SRBe BBRRD. o o L el
d ai ms1m. Appar at us conpri si ng: det ecting nmeans for detecting data bits
in input daba sampleegodirafud'8Pcidima, HARRLIPHRPERRAatOP RddrY R GHhBRELs nidhs
for computing the estimated carrier to interference power ratio with a
metric at least comprising a monotonically related function (y) defined as

foliows:
15 :
Ve Ave2{Re{z}}
~ Ave{lzI2} - Ave2{Re{z}}
where, _
z = phase canceled forms of the input data samples wherein the
20 input data samples represent the complex envelope of an

nth phase shift keying modulated hop of the hopping
spread spectrum signal
Ave2{Re{z}} = the square of the average of the real portion of z
over the hop
25 ' Ave{lzI2} = the average of the square of the magnitude of the
complex valued z over the hop.



5 estimator neans, coupled to the'detecting.means, for estimating a ~
carrier to interference power rati ai).the hop of the hoppi ng signal by

usi ng- the i nput data sanpl es of Tﬁ@h P, wherein the detecting nmeans uses -

the estimated carrier to interference power ratio to detect data bits in _
the input data sanples of the hop of the hopping signal. 10 2. The w
apparatus of claiml1l, wherein the estimtor neans conprises—feans—for '

.conmputing the estimated carrier to interference paymwiiiis Lth a netric
at | east conprising a nonotonically related funct ﬂmm”'m”qmmi&
follows: 15 [err] -where, z = phase cancel ed forns of -theci npuls ddta sanpl es
wherein the 20 i nput data sanpl es represent the conpl ex

envel ope of an nth phase shift keying nodul ated hop of the hopping spread
spectrumssi gn = r i ' ahisJih@n Of Z
cver the Fop 20 WP,‘*“*““S““'%@E@ Qrgie'ﬁ,@?ﬂé‘*ﬁéfg?ﬁgﬁﬁ%ﬁ ﬁ?%%eegaﬁ?f%"% "the
magni tude of tMeduiatianegf the her ol the, BPPRIRG sRegad spegtrum sigapiehudass of
ﬁ | ai rr} 2% hvvhﬁr. eiran_biﬁg_rtﬁélcbgiplexl e?frebbb_ dfhhe'ejopswméritmﬁdmmﬁﬁ}éw in of the
op o e hoppin r _ [ i i DGl ral.sing the conpl ex
envel ope of th%%%ﬁ%i&qﬁﬁﬁﬁg% ﬁ%&%ﬁ?‘&b{’ﬁbgﬂﬁﬁ?te %t%t%a%'hlgsmg

cancd ed f or nscarhptise datp sampiesobthepteraplexi envedope of the boppaised tdahe
sanpl es of thes _ Y WAYe) 16 | aksed b o : ; or the
th phase shi FTiAowaR it HE P Bhke st kefing thodialdd hdg of e BOKBING o o1
4. The apparSpregdgspestaimnsignal. or 3, wherein the detecting neans
conprises: 10 - (a) .nmeans for generating decision netrics fromthe \J

nput data sang)es of the hop epch decl i on L S S ST %S
10 (a) means for generating decision metrics from the input data samples |
of the hop, each decision metric corresponding 1o a distance of an
input data sample from a constellation point within a constellation
space representing previously input data samples; |
(b)  means for generating a measure of confidence of the accuracy of
15 the deciSion' metrics based upon the estimated carrier to
interference power ratio of the hiop; and
(c)  decoding means for generating an estimated data bit by utilizing
maximum likelihood decoding tech'niqueé to derive a data bit from
the decision metrics and the accuracy measure of confidence of
20 " the decision metrics. R o



input data sanple froma constell ation iooi' nt within. a constellation space
representing previously input data sa (b) neans for generating a
measure of confidence of the accuracyg the decision =
metrics based upon the estimted carrier to interference—power ratio of the

hop; and (c) decoding neans for generating an esti Wﬁ@data bit by
n

utii zi ng maxi num | i kel i hood decodi ng techni ques to m&mmul from

the decision netrics and the accuracy neasure of P
t he decision netrics. 5. The apparatus.of any” precedlng &l afm *
wherein: (a) the input data sanples of the hop of the hopping spread
spectrum signal conprise a plurality of sets of input data sanples of the
hop, each set corresponding to input data sanples of the hop as 5

recei ved frgm onqr@‘appﬁam@bf any preciding Tidish, whereirer  br anches ]gb) t he
estimator nmeans es Al rference
pover ratio of tK® hoy ﬁsanﬁé‘aﬁae%mpjééogﬂié Reos3Ré Hohind b Bafrspectium
particul ar set of i npusigrddtcanyrigs ayldmlemfrBytslmémputtdatallsam;ﬂes obthe hopit
data sanples of the h C ri ses
di versity conbi ni ng mans%rﬁg%ggondlng(ﬁ]mphrﬂa %ﬁbf%&%ﬂﬁsr}ﬁ*p Qénrgut dat a
sanpl esSinto a set of reﬁgueddmommﬂ%@luralwcqf@wﬁw regeivenkragehesy

coefficients for (gpch tRaldstifighér meahs Compliygs ﬂahﬁssamétﬁﬁaﬁwg bV&@fribf 1 t he
estimated carrier to mtg;ference ower r &‘ﬂ? as%gcg?% ed wwth the 15

particul ar set of i npd’Pe reNCERPYV gratg) o hop QRPKY %fﬂ?alprecedl ng
claim further conpri sissgciated witheesohpadicokmrset bbinputdta isagnpled by

shag

spkead spectrum si gnal (b)
sanpl i ng means, oper atq‘%%C&Xﬁ?gcﬁqwdé&?eé@%g%? ﬁ%ﬁ?g %Bgt he
detect@g neans §e)d edhé Mmtmgameansfo@mpmqsl divgrsityregmbiningmeapsdoved -
hoppi ng spread spectr
sanpl es of the hop of %hfﬁuﬁi@@ etpeggﬁraﬂg} & SSET Gripit thth HAPILS thtb s GdR

input data samples in accordance with weighting coefficients for

each particular set of input data samples derived from the

estimated carrier to interference power ratio assoclated with the

15 particular set of input data samples.

6.  The apparatus of any preceding claim, further comprising:
(a) receiving means for receiving a hopping spread. spectrum signal
from over a communication channel; and
20 (b) sampling means, operatively coupled to the receiving means and
\J . the detecting means and estimator means, for sampling a hop of
the received hopping spread spectrum signal into data samples
and inputting the data samples of the hop of the received slow
frequency hopping spread spectrum signal to the detecting means
25 ' and estimator means.
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frequency hoppi ng spread spectrum sighal to the detecting neans 25 _
and estimator neans. 7. The apparatus of any preceding claim further -
conprising: (a) encoding means—for cading input data bits inta data
synbol s with an encoding al gorithmwhich facilitates subsequent detecti onp_-\
of data bits in sanples of the data synbols; 5 T (br—a—transmitting,,

-means, operatively coupled to the encoding neans, mtting the data
synbol s over a comuni cati on channel as a hopping SBM‘B@FH gnal

(c) receiving nmeans for receiving the hopp| ng spre f_rom
over the communication channel; and 10 (d) sanpl.ing neans :

operatively coupled to the receiving neans and the detecting neans and
estimator neans, for sanpling a hop of the received hopping spread spectrum

signal intp dat‘l&\eﬁappamuslbdahymrébemPt&anﬂ&uﬂhéﬁwhpﬂsﬁf :the hop of the

eotimator 175 8 °P'eioding gt @ Ehdonici gt BBITEN Mo FEIR SyBHOlS o1 ai m
wherei n the det ecti ngitmaanendoding algdritbnt whlcletaeditaheg sidisequient detectioput
data sanpl es of the &}%tg\%ﬁgdﬁggn{mgsgﬁﬂg aa@saﬁg |gf a slow frequency, a

f ast frequency, atine enc}/ hoppi ng spread .
spect Pum si gnal(b) 9. a trangmittiog meansmraauelmyumqm hhepenepdipg aneans,

spectrum si gnal s corgf trahaﬂnﬁnhg tﬁé@%ﬁa%&mbﬁls ovéﬁﬁ@ﬂ?rﬁﬁw[]ﬁlc‘éﬁbﬁ éPiah‘hei rom .
data sanmples of a h spectrumsignal; b

0 read
detecting data bits $%atwpﬂﬁgp€%ﬁiis@§°tﬂfmtﬂ #op of the hopping signal :
-and c¢) esti ngt) ng receiving atedns fontrecéivingnthe Impmng ispread spettremhsignaf th/

et ect ng otap uves T BveF (g Bvalp|calon chefelidfg. J7CC°L0 00 26 1o
det ed® dat a bi t(d) i n samapling maamsppperaﬂvalmeouplpddo thagepeivpigmesingrand
the detecting-means and estimator means, for sampling a hop of
the received hopping spread_spect_rum signal into data samples
. and inputting the data samples of the hop of the received hopping
. spread spectrum signal to the detectlng means and estimator
15 : means.

8. The apparatus of any preceding claim, wherein the detecting means is
operable for detecting data bits in input data samples of the hop when
the hop comprises one of a slow.fr_equency; a fast frequency, a time and

20 a time-frequency ho_pping__ spread spectrum signal.

9. A method of commumcatmg wuth hopplng spread spectrum signals

‘comprising the steps of: - -

a) recovering data bits from data samples of a hop of a hopping
25 spread spectrum signal; S

b) detecting data bits in the data samples of the hop of the hopping

signal; and

c) estimating a carrier to interference power ratio of the hop of the

" hopping signal by using the data samples of the hop, wherein the

30 detecting step uses the estimated carrier to ir_\terference power ratio to

detect data bits in the data samples of the hop of the hopping signal.



;10.- The method of claim9, wherein the' step of estimating cenprises the
step of conputing the estimated carrier to interf.erence power ratio with a
metric at | east. conpr|5|ng a nDnoton|c§$ Lelated function (y) defined as
follows: 5 [err] mhere z = phase canc forms -of the |nput dat a sanples
wherein the 10 phase cancel ed fornms of t
agples are derived by raising the conplex envel ope of th the nth
power whereby z represents-the phase canceled forng of t he 'm’.‘gﬁm aw””m
sanpl es which conprise data sanples of the conple%‘envelopa
raised to the nth power for the nth 15 . . - phase Shlft keylng
nodul at ed hop of the hopping spread spectrumsignal [err] = the square of
t he average of the real portion of z over the hop [err] = the average of

the S?Ear ﬁ 9. t haheaastidtlef elhirh [9e wherein the step of estlmatmg%mbﬁee SViMel&tepZ
over the hop.

od .of, cl aj erein: t he data
aanpl es of the hghCBMEMBIInEASEIaRH SRS hlocinferieTehes Bowas Tato Bith.a
plurality of setsetficddtieastaogphprising & monotmicaliclelated funcmcm; pordefired as
data sanpl es of E‘F‘& Qap as received fromb5 ' one of a plurality
of diversity rec ‘branches; (b) the step of estimating conprises
estimatdng a carrier to |nterference power ratio of the hop of the hopping
signal associated with, each pAve?{Re{z}} set of data sanples by using the

Y = Ave(lz2} - Ave2{Re{z]]
O/ where,
z = phase canceled forms of the input data samples wherein the
10 phase canceled forms of the input data samples are derived

by raising the compllex envelope of the hop to the nth power
whereby z represents the phase canceled forms of the input
data samples which comprise data samples of the complex
envelope of the hop raised to the nth power for the nth
15 phase shift keying modulated hop of the hopping spread
| spectrum signal .
Ave2{Re{z}} = the square of the average of the real portion of z
over the hop
Ave{lzl2} = the average of the square of the magmtude of the
20 complex valued z over the hop.



particul ar set of data sanples of the hop; and 10 (c) the step of

det ecting conprises diversity conbining the plurality of sets of data

sanples into a set of data sanp.l_e.sg n_accordance wt%
coeffieients for each particular s | ol data sanpl es ‘derive

estimated carrier to interference power ratio assom

particul ar set of data sanples. 15 12. The net hod of IH’ B’!ﬁ "&1
wherein the hop conprises one of a slow frequency, a fast frequency,y

and a tine-frequency hopping spread spectrum signal . 20 13. Appar atus
for a hopping spread spectrum communi cati on system substanti al| y as —

herei nbefore described with reference to the acconpanyi ng draw ngs. 14.
met hod of conmuni cating with hopping spread spectrum signals 25

subst andsaithy Rt 61 BAMAY 6r IESAGRAR. i th reference to the accompanyi ng
ngs

drawi : (a)- the data samples of the hop of the hopping spread spectrum

-signal comprise a plurallty of sets of data samples of the hop, each
set corresponding to data samples of the hop as received from
5 one of a plurality of diversity receiver branches;
(b) the step of estimating comprises estimaﬁn'g-a__carrier to
" interference power ratio of the hop of the hopping signal

N

A

-~

associated with each particular set of data samples by using the o/

, particular set of data samples of the hop; and
10 (c) the step of detectmg comprises dwersuty combmmg the plurality of
~ sets of data samples into a set of data samples in accordance with
welghtmg coefflments for each partlcular set of data samples
" derived from the estimated carrier to interference power ratio
" associated with the partlcular set of data samples.
12.  The method of claim 9, 10 or 11, wherein the hop comprises one of a
slow frequency, a fast frequency, a time and a tlme-frequency hopping
: spread spectrum signal.

20 13. ApparatuS for a hOppihg_ spread spee’rrum communication system
' substantially as hereinbefore described with reference to the
accompanying drawings.

14, A method of communicating with hopping spread spectrum signals
25 /  substantially as hereinbefore described with reference to the
accompanying drawings.




