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L Field of the Invention

15 The present invention relates generally to digital
communication systems employing FEC (Forward Error Correction)
and, more specifically, to a method and apparatus for decoding received

. coherent, differentially encoded MPSK (Multi-level Phase-Shift
Keying) modulated signals via a soft decision metric. -
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2. Description of the Related Art

Due to the rapid growth of the cellular telephone industry,
. digital communication sy'rsten'm, because of their benefits in system
25 capacity and performance, have begun to be widely used as the standard
for many current and future systems. A method commonly used in
digital communication systems to improve upon the BER (bit error
rate) is FEC (forward error correction), whereby redundancy is added to
the transmitted signal in order to increase the transmitted signals
30 immunity to channel noise. FEC decoding methods vary greatly and
are often dependent upon the modulation scheme used.
" Digital communication systems have the option of utilizing
various modulation methods. One such modulation method is multi-
. level phase-shift keying (MPSK), which is commonly used due to its
35 spectral efficiency and bit error rate (BER) performance. MPSK is a



-2- modw ation strategy whereby the information is stored in the phase of
the transmitted signal. The phase of each transnmitted synbol can take on
one of 2M possi bl e val ues, where M denotes the nodul ation order. Exanples
of various orders of MPSK are binary phase-shift keying 5 (BPSK) (M=2) and
quadrature phase-shift keying (QPSK) (M=4) -2-Two general methodol ogi es for
detecti ng MPSK nodul ated signals are coherent detection and noncoherent
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' transmitted signal relatively immune to phase shifts is essential. The
most common means by which this is accomplished is to differentially
encode the transmitted signal at the transmitter and subsequently
differentially decode the received signal at the receiver. Differentially
15 encoding is the process of mapping the information into the phase
difference of two adjacent symbols as opposed to mapping the
information into the absolute phase of each symbol, as is the case with
MPSK. An MPSK system that employs differential encoding and
noncoherent detection at the receiver is called differential phase-shift
20 keying (DPSK), where the M is excluded as a notational convenience.
Alternatively, an MPSK system that employs differential encoding and
coherent detection at the receiver is called differential-encoded phase-
shift keying (DEPSK).
Various digital communication systems, such as terrestrial
25 cellular systems (e.g., United States Digital Cellular or USDC),
commonly employ DPSK modulation, mainly because of the simplicity
of noncoherent receiver design. Other digital communication systems,
such as low earth orbit (LEO) satellite systems, employ DEPSK
. modulation for reasons.-such as severe power constraints on the
30 - satellites and the need to deal with substantial Doppler frequency
offsets. '
FIG. 1 is a block diagram illustrating a known apparatus for
decoding the DEPSK modulated signals. The apparatus of FIG. 1 is
configured to decode QPSK modulated signals. In a QPSK modulation
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of the received multi-path signal. Fading has the effect of distorting
both the amplitude and phase of the received signal.
The QPSK modulated signal is received by a coherent receiver
101 and demodulated and sampled at the symbol rate to provide digital
15 samples of the I and Q components of the received symbol sequence.
The received symbols are coupled through a quantizer 103, which
performs quantization or provides a decoding algorithm that makes a
symbol décision; that is, decides what symbol was transmitted in spite
of the fact that the received symbol invariably has been corrupted by
20 noise. After quantization, the symbol decisions are coupled through a
differential decoder 105 to a forward error correction (FEC) decoder 107.
The FEC decoder 107, which may utilize a Viterbi algorithm, decodes
the encoded data of the received symbol sequence in accordance with
the quantized symbols. Since quantization (i.e., symbol decisions) of
25 the received symbols has been performed prior to the FEC decoder,
such a strategy is known in the prior art as a hard decision decoding
technique.
A hard decision FEC decoding algorithm is one that takes as
input and operates on received symbols which have been quantized to
30 one of the possible transmitted symbols. For QPSK, such a
quantization maps the I and Q components of each received symbol as
a vector in a two-dimensional vector space defined by axes I and Q
(which is equivalent to the complex plane). The transmitter modulates
the carrier (in QPSK modulation) in accordance with only one of four



The QPSK nodul ated signal is received by a coherent receiver 101 and .
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measure, that, by some means, associates a degree of confidence to the
symbol decision, whereby the fidelity in such a confidence measure is
greater than that obtained from a hard decision quantization. Soft
15 decision FEC decoding typically yields improved BER performance
over that exhibited by hard decision FEC decoding.
Known apparatuses that decode DEPSK modulated signals
quantize or make symbol decisions too early in the decoding process.
The apparatus illustrated in FIG. 1 makes symbol decisions prior to the
20 differential decoder 105. Although later processing may be made easier
- because, for example, samples do not need to be stored in high
precision memory, BER performance is degraded. Thus, soft decision
information that could be used to improve the performance of the FEC
decoder 107 is lost at quantization.
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25 - Therefore, what is needed is an apparatus for decoding DEPSK
modulated signals that couples soft decision information directly to an
FEC decoder.

30 | Brief Description of the Drawings

FIG. 1 is a block diagram illustrating a known apparatus for
decoding coherent, differentially encoded MPSK modulated signals;



in a correspondi ng one of the four quadrants of the |-Q vector space. The
quantizer 103 conputes the distances between the vector 5 describing the |
and. Q conponents of each received synbol and each one of the four vectors
describing the possible transmtted symbols, Quantization noise is

I ntroduced as a result of making such synbdi deci si ons by noving the
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decisions prior to the 20 differential decoder 105. Al though |ater
processing may be nade easier because, for exanple, sanples do not need to
be stored in high precision nenory, BER performance is degraded. Thus, soft
deci sion information thdDetailed Ddseription ofotherPreferred Empedimentance of the
FEC decoder 607 is lost at quantization. 25 Therefore, what is
needed is anapparatus for decoding DERPSK npdul ated signals that couples
soft deci sion i nf or meFheinvgntion disclosedherein encompasseg@n apparatus for
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pparatus ey ying (DEPSK) modulated signal. The decoding apparatus comprises a
coherent receiver for receiving the coherent DEPSK modulated signal.
15 The decoding apparatus further comprises a metric computer, coupled
to the coherent receiver, for generating a soft decision metric
corresponding to the coherent DEPSK modulated signal. The decoding
apparatus additionally comprises a forward error correction (FEC)
decoder, coupled to the metric computer, for decoding the coherent
20 DEPSK modulated signal in accordance with said soft decision metric
corresponding to the coherent DEPSK modulated signal.
FIG. 2 is a block diagram illustrating a decoding apparatus 200 of
a communication system for decoding coherent DEPSK modulated
signals in accordance with the present invention. Although preferably
25 for use in subscriber units and satellites of a satellite communication
system, the decoding apparatus 200 may comprise a portion of the
receiving circuitry of any digital receiver utilizing DEPSK modulation.
The decoding apparatus 200 includes the coherent receiver 101 and the
forward error correction (FEC) decoder 107 previously disclosed with
30 respect to FIG. 1. However, rather than utilizing the quantizer 103 and
. the differential decoder 105 of FIG. 1, the decoding apparatus 200
couples a metric computer 201 between the coherent receiver 101 and
the FEC decoder 107.



decodi ng c.ohere'rrt differentially encoded MPSK nodul ated signal s; FIG 2

is a block diagramillustrating an apparatus for decoding coherent
differentially encoded MPSK nodul ated signals in accordance wth t he
present- invention; and 5 - FIG 3 is a block diagramillustrating the

metric conputer block of FIG 2 in accordarfte with the present invention.
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Doppler frequency shifts during transmlssmn The resulting
differentially encoded signal transmitted to the coherent receiver 101 by
the transmitter may be represented by the following:

15 - \2Pd(n)

where
n represents a discrete time interval;
P represents the average power; and
20 d(n), the differentially encoded sequence, is defined by the
following functional equation:

1 forn=0
o) =(s(n)d(n—l) for1<n<N ™)

25 where
N represents the length of the received signal; and
s(n) represents the actual (FEC encoded) transmitted symbol
which may be any one of the possible symbols denoted by the following
set:

21:
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receiving circuitry of any digital receiver utilizing DEPSK nodul ati on. The
decodlxng apparatus 200 includes the coherent receiver 101 and the forward '
error correction (FEC) decoder 107 previously disclosed with 30 respect to
FIG 1. However, rather than utilizing the guantizer 103 and the
differential decoder 105 of FIG 1, the decédi ng apparatus 200 couples a
metric conputer 201 between the coherent recei ver 101 and the FEC decoder
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[err] whére n represents a d| screte time interval;
10 r(n) =~2Pd(n)+w(n) 2
where i

w(n) represents Gaussian noise acquired during transmission.

15 Prior to outputting the present received symbol r(n), the
coherent receiver 101 compensates the present received symbol r(n) for
Doppler frequency shifts by, first, estimating both the phase and

" frequency offset of the present received symbol r(n) via a phase
estimator and then mixing the present received symbol r(n) with a

20 conjugated output from the phase estimator. Additional
compensation may also be provided for short-term channel fading.
The present received symbol r(n), now compensated, is outputted to
the metric computer 201.

The metric computer 201 generally compares the present

25 received symbol r(n) to a set of all of the possible transmitted symbols,
in an attempt to discern the actual transmitted symbol s(n). In order to
make this comparison, the metric computer 201 is executed multiple
times during each discrete time interval. The number of times the
metric computer 201 is executed depends on the type of modulation

30 used in the communication system. For MPSK modulated signals in
which there are a total of M possible transmitted symbols, the metric

- computer 201 must be run M times for each discrete time interval. For
the 4 different symbols used in QPSK modulation, the metric computer
201 need only be run 4 times for each discrete time interval.



P represents the average power; and 20 d(n), the differentially
encoded sequence, is defined by the follow ng functional equation: [err] 25
where N represents the length of the received signal; and s(n) represents
the actual (FEC encoded) transnitted synbol, which may be any one of the
possi bl e synbol s denoted by the foll ow ng $et: 30 [err] Upon reception
by the coherent receiver 101, the dlfferentlally encoded transmtted signal
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synbol r(n) for possible transmitted symbols the metric computer 201 outputs a
likelihood value reflecting a degree of confidence that the actual
transmitted symbol s(n) embodied within the present received symbol
r(n) is that specific one of the possible transmitted symbols.. Therefore,
10  at the conclusion of the discrete time interval of the present received
symbol r(n) in which the metric computer 201 has been executed
multiple times in accordance with the type of modulation used, a series
of the likelihood values corresponding to the possible transmitted
symbols are outputted as a row or column in an output matrix AGm).
15 For example, the output matrix f\(.'s"(n)) of the present received
symbol r(n) in a QPSK modulation scheme, wherein the possible
transmitted symbols comprise the set {1, -j,-1, j}, may be represented by
a 1 X 4 dimensioned matrix of likelihood values, such as [42 5 7}. The
columns of the 1 X 4 dimensioned matrix [4 2 5 7] are defined by each of
20 the symbols of the set {1, -j,-1, j} so as to directly relate to the respective
likelihood that the actual transmitted symbol s(n) corresponds to each
of the possible transmitted symbols, {1, -1, j}. That is, the (1,1)
location of the 1 X 4 dimensioned matrix corresponds to symbol 1, the
(1,2) location corresponds to symbol -j, the (1,3) location corresponds to
25 symbol -1, and the (1,4) location corresponds to symbol j. The FEC
decoder 107 may then interpret the output matrix f\(.‘i(n)), [4257],such -
that j is most likely the identity of the actual transmitted symbol s(n), -1
is less likely the identity, 1 is even less likely, and symbol -j is least
likely the identity of the actual transmitted symbol s(n).
30 The previous example reveals a portion of the output matrix
ﬁ(.‘s’(n)) formed in accordance with the present received symbol r(n)
during one discrete time interval. At the conclusion of all of the
discrete time intervals, the output matrix f\(.‘i"(n)) contains likelihood




Doppl er .friequency shifts by, first, estimting both the phase and frequency
of fset: of the present received synbol r(n) via a phase estimator and then
m xi ng the present received symbol r(n) with a 20 conjugated output from
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As previously mentioned, the soft decision algorithm
implemented by the metric computer 201 couples the output matrix
A(3(n)) in terms of the actual transmitted symbol s(n) to the FEC

15 decoder 107. This allows the metric computer 201 to be compatible
with most FEC decoders utilizing Viterbi algorithms. The decoding
apparatus 200 of FIG. 2 improves upon known decoding apparatuses,
such as that disclosed in reference to FIG. 1, by not requiring a
differential decoder, such as differential decoder 105, that puts the

20 received signal in terms of the actual transmitted symbol s(n) necessary
for compatibility with the FEC decoder 107. As a result, unlike the
known apparatus of FIG. 1, the decoding apparatus 200 of FIG. 2
according to the present invention is able to improve decoding
performance of the FEC decoder by providing soft decision information

25 directly thereto.

FIG. 3 is a block diagram illustrating, more specifically, the
operation of the metric computer 201 in accordance with the present
invention. The present received symbol r(n) outputted by the coherent
receiver 101 of FIG. 2 is coupled to a mixer 301. The mixer 301 mixes

30 the present received symbol r(n) with a conjugate of a present one of
the possible transmitted symbols provided by a read-only memory
(ROM) 303. The ROM 303 contains a predetermined set of all of the
possible transmitted symbols for the particular modulation scheme
utilized by the communication system. For MPSK modulation
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j A The FEC decoI kssitﬁé trmwriitied ¢ Etﬂ@rf't n) he mé alfotdted ré@ﬁ%d| such
S el kersy el O ghaé Stiel o S SRRt 40y nbol 1o
| east |i kel y t he i derfhe present hereamdj Dhn'&mlsmimb bgdnhm tcséld)ela)&@ 309
accor dance.wi th é?%"r E’éen et vecf""’ln%"# Qﬁ? i ur 37 ofie fildyer 97, "
interval . At thdupstionsito nazyfﬂwpresentmem qnet@mtenmme
output nmatrix [ qhtdrvaRNARItAE dohkRIsidiPBE one discrete tlme interval, the delayer.
15 309 couples a previous received symbol r(n—1) to the summer 307.
The basis for mixing the present received symbol r(n) and the
conjugate of the present one of the possible transmitted symbols 5§ *(n)
to create the rotated received symbol §* (n)r(n) at the mixer 301 is to
create a workable approximation of the previous received symbol
20 r(n-—1). The aforementioned equation (2) suggests that the present
received symbol r(n) is directly related to the differentially encoded
sequence d(n). Furthermore, equation (1) reveals that the differentially
encoded sequence d(n) equals s(n)d(n-1) for all discrete time intervals
beyond the first time interval (note that no symbol is being transmitted
25  in the first discrete time interval (n=0)). Consequently, it follows that

r(n)=s(n)r(n—1)
and, thus, that
. r(n)s*(n)=r(n-1).

Therefore, if the conjugate of the present one of the possible
transmitted symbols 5*(n) corresponds to a conjugate of the actual



-9- values.for all of the synbols of the received signal. The output matrix
[err] inits entirety enbodies the soft decision netric. The output matrix
[eri], outputted to the FEC decoder 107, is sized according to the nunber
of synbols conprising the differentially 5 encoded signal [err]
transmitted to, and received by, the coherddt receiver 101. For exanple, if
the differentially encoded signal [err] is nodulated in accordance with
MPSK nmodul ati on and has a | ength of 100 synbols, at the conclusion of 100
di screte tine | rtramsmaitted symbolits¥ie), then ithe @:etaltéd wedelivésh sylinbvoh §i*dn)nin)100 X

[Merrsi mh!i\a/tlr lné 100 synﬁé aﬁ?%%ﬁ'%és%@ny onﬂ'% é%%g‘ﬁ%i'&ks %Iﬂg r@{_gf)al

mentioned, the sfarsmé%ulmﬁrthapgmmeu rpossikle bgansnu

aymbol o(ny Lot “ag%‘g’é_c%@“ﬂ thsufen ?h‘saes‘ﬁ e “‘é *wofﬁgﬁte gr 201
to be conpati bI é'eﬁflf’ﬁ r?é’ﬂb &Sﬁfégléﬁ”y RPIIMALR Y/CPE"FSP° rq?‘?hms The

decodi ng appar atprevidifs ricefvied sy&nbops-(w-e]g upon knovvn decodi ng appar at uses,
i1 Terential decoder [ BRetEh R Kestnints yheths b 5B iy Lhe 20
recei ved si gnal aymbdrnt(n)i(nb lappaoximately corresparsls to/theoprevioys reseivech
1 o1 S s il ot i 4 (10
present invéftioh* (@’%Ia@dtg‘ bol r(n-1) via
307. Summing _the rotated recelved symbol §*(n)r(n) and the previous
received symbol r(n—1) creates a resultant received symbol
5 *(n)r(n)+r(n—1). Both the rotated received symbol § * (n)r(n) and the
previous received symbol r(n—1) can be realized as vectors. Vector
15 addition of two approximately similar vectors pointing in the same
direction results in a resultant vector that is approximately twice the
length of the initial vectors. As a result, the magnitude of the resultant
received Symbol § * (n)r(n) + r(n—1), or more appropriately, the length
of the vector thereof, is directly related to the degree of correctness in
20 identifying whether the present one of the possible transmitted
' symbols §(n) provides the best estimate for the actual transmitted
symbol s(n). The mixer 301, the delayer 309, and the summer 307 may
collectively form a combiner circuit. Unlike known soft decision
algorithms that typically only analyze the present received symbol, the
25 soft decision algorithm of the metric computer 201 utilizes both the
present received symbol r(n) and the previous received symbol r(n—~1)
to determine the identity of the actual transmitted symbol s(n),
Next, the resultant received symbol § * (n)r(n) + r(n 1) is coupled
to a phase rotator 311. The phase rotator 311 rotates the resultant
30 received symbol §*(n)r(n)+r(n-1) over all of the possible transmitted
symbols. The phase rotator 311 may be realized by a series of parallel
mixers that mix the resultant received symbol §*(n)r(n)+ r(n~1) with
all of the possible transmitted symbols so as to generate rotated
resultant received symbols. If MPSK modulation is being utilized, M




performance of the FEC decoder by providing soft decision information 25
directdy thereto. FIG 3 is a block diagramillustrating, nore
specifically, the operation.of the netric conputer 201 in accordance wth
the present invention. The present received synbol r(n) outputted by the
coherent receiver 101 of FIG 2 is coupled-12e a m xer 301. The m xer 301
m xes 30 the present received synbol r(n) with a conjugate of a present
one of the possible transnmtted synbols provided by a read-only nenory

(ROM) 303. The Rotatedresultani receivedrsyunbolsare generateds Thel Morotated possi bl e
t 1tted e | ' krdd A h
Commni cat s on sySpaitaff recefucdiimbilsthaf BEHASTLY HETIIWIng eqdatiyn e

transmtted synbols are stored within the ROM 303, whereas for QPSK only 4
possible transmitted synbols. are stored wi tEn the ROM 303. The ROM 303
coupl es a present one of thE(ESInbteTRiesnt vt d€QbbeMtdlr] to a conplex
conjugate comverter 305 5 wthin the netric conmputer 201. The conpl ex

conj ugate converter 305 outputs a conjugate of the present one of the

possi bl e transmi V€% synbols [err] to the mxer 301. The mixer 301 nixes

e bosSTl e Franum £ cymoot . ebPeseh SEAEVEEDE ptheb i efailia "
synmbol [err]thatsymbélsrther coupled to a sumrer 307. The present received
Syl ()1 S50l i S R il o VS 7
: 10 lengths, represent likelihoods that the present one of the possible
transmitted symbols §(n) is the actual transmitted symbol s(n). The
rotated resultant received symbol closest in the vector space to one of
all of the possible transmitted symbols will represent the best choice for
the identity of the actual trénsnﬁtted symbol s(n) with respect only to
15 the present one of the possible transmitted symbols 5(n). The rotated
resultant received symbols are outputted to a real operator 313 via a
first bus having at least M capacity.
The real operator 313 extracts the real portion or the in-phase
component of each of the rotated resultant received symbols. This may
20 be represented by the following equation:

2xk
Re{[r(n).‘s" *(m)+rin-1Dje 7}, ke{0,l,.. . M-1)

The real operator 313 outputs the real portion of each of the rotated
25 resultant received symbols to a maximizer 315 via a second bus having
at least M capacity.

The maximizer 315 identifies which of the rotated resultant
received symbols has the maximum real part and, as previously
specified, is the best choice for the identity of the actual transmitted

30 symbol s(n) with respect only to the present one of the possible
transmitted symbols 5(n). The operation of the maximizer 315 may be
represented by the following equation:



functions to delay the present received synbol r(n) one discrete tine
interval. At the conclusion of one discrete tine interval, the del ayer 15
309 coupl es ‘a previous received synbol r(n -1) to the summer 307. The basis
for mxing the present received synbol. r(n) and the conjugate of the
present one of the possible transmtted sy#Bels [err] to create the rotated
recei ved synbol [err] at the mxer 301 is to create a workabl e
approxi mati on of the previous received synbol 20 r(n -1). The
af orenenti oned equation (2 ggests that the_;ppkent received synbol r(n)
is directly related to tﬂaa{ E[?(el).eﬁ(n)aiﬂ(ly—dﬁgod’eFEsehaéﬁde- M ml}
Furt hernore, equation (1f eveals that the differkentially encoded sequence
d(n) equals s(n)d(n -1) for all dlscrete time intervals beyond -the first
time interval (note t hat no s¥ S belng Irgnsmtted 25 in the first

a

discrete time i suztant regeived sysnbelis quiput ted to)a fixst
thus, that 30 [ egrthy BPﬁr&fvﬁiﬁthéfm matdix faEe)R, Thegphase s6titorsE] ahdt he

Cransni (1 28""5”1%@ Foperatn Aty nLa et Bl 5&8@39%&"%&1%%&"%""“ o
appr oxi mat el y cmmd!iplerphase arigle gireuitoarsd the maxithizem3i8 mafncollet}ivelyr
corr oepontis 1o (RERLATAKEER Bhade'd %SI o Then the roraod 5
recei ved synbol [ er r |Asidel fremdbeingexecutpd for each present reeeived symbol r()
provided by the coherent receiver 101 during each discrete time
10 interval via downsampling, the metric computer 201 is executed
multiple times within the same discrete time interval to permit
comparison to each of all of the possible transmitted symbols. The soft
decision metric outputted to the FEC decoder 107 in the output matrix
A(5(n)) can best be described as a set of best choices for, or likelihoods
15 of, correspondence between all of the actual transmitted symbols and

_ all of the possible transmitted symbols.

_ In summary, the invention disclosed in the aforementioned
includes an assembly for, and method of, decoding actual transmitted
symbols contained within a DEPSK modulated signal. The assembly

20 includes a coherent receiver for receiving and, subsequently,
downsampling (at the symbol rate) the coherent DEPSK modulated
signal so as to output a single present received symbol during each
time interval. Coupled to the coherent receiver is a metric computer
which generates a soft decision metric corresponding to the actual

25 transmitted symbols from the received symbols supplied by the
coherent receiver during each time interval. The metric computer
mixes the single present received symbol with a conjugate of a present
one of all of the possible transmitted symbols to form a rotated symbol.
In addition, a delayer is further coupled to the input of the metric

30 computer for delaying the single present received symbol one time
interval so as to output a single previous received symbol of the
coherent DEPSK modulated signal. The single previous received
symbol and the rotated symbol are then summed to form a resultant




previous received synbol [err]. The first step in determ ning whether the
rotated received synbol [err] approxinmately corresponds to the previous
recei ved synbol r(n - 1) involves suming the rotated received symbol 10
[err]and the previous received synbol r(n - 1) via the sunmer 307. Sunmi ng
the rotated received synbol [err]and the ptldvi ous received synbol r(n - 1)
creates a resultant received synbol [err] Both the rotated received synbo
[err] and the preV|ous received synbol r(n - 1) can be realized as vectors.

Vector 15 addi tSymn @lftlm;mnppﬂmfmptgseat ane of the actiral transmitied i n the
same direction r 'Thé‘résﬁftﬂh@ %bbfféﬂ{ent edtédQBlar {SeBoRALor (thAC e

the length of th n|t ctors resu t he
resul tant recei v’éﬂa g|re§ Faqtsm%hn %ﬂe%lir?’? %Poﬁ‘ﬂﬁ{ﬁh of the
vgct frfther eof, ﬂr&nﬁtﬁt@dé bélséceas t&dt?ér?ee d%ﬁf Qghkéhh@éds?ﬂ'%attef&ﬁﬁiegb 2|0

i dentifyin resel € possi synbol s
[err] p?/owgd S taéé%& Bg‘ﬁ%@%%%&? eﬁ%‘&f?ﬂ‘e * ﬂ’s?ﬁj&) [err].

The m xer 301, tﬂnmsmitagésymls mrﬁhetpmseturm o the auyaal:ualnsnuttedl y forma

combi ner circuitg rt ally only
anal yze the pres rece| ve %ﬁé%@@o@%@ﬂ eJC;lli:ESSdI tc‘);lg’%}?%%?b hm of the
metric conputer maqmg ﬂ'@e’;ﬁabmh@h and 2 saximizersforideterminingad t he

previous r gcel \r/rb%illlaiﬁﬁhﬁ{ likelihdod Frélat ﬁhlﬁh ethb%tldiqmémtbggsl tfRe act ual
Lo Tl il R o oF 55 S8 RS0 SR e o
30 received syninetri¢ eomputeris a:kécméd u\altqﬂeiim&swulanseadi tithesintental. The
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transmitted symbols. At the conclusion of comparing all of the
: 'sampled symbols comprising the coherent DEPSK modulated signal,
15 the soft decision metric is outputted to an FEC decoder in the form of a
matrix containing likelihoods that each of the possible transmitted
signals correspond to each of the actual transmitted symbols.
Although the invention has been described and illustrated in
the above description and drawings, it is understood that this
20 description is by example only and that numerous changes and
modifications, such as, replacing the phase rotator, the real operator,
and the maximizer with a real operator and an imaginary operator
functioning in parallel, a maximizer, and an absolute value operator
for generating a maximum likelihood, can be made by those skilled in
25 the art without departing from the true spirit and scope of the
invention.




all of the possible transmtted synbols so as to generate rotated resul tant
recei ved synbols. If MPSK nodul ation is being utilized, M -12- rotated
resul tant received symbols are generated. The Mrotat ed resultant received
synbol s may be defined by the follow ng equation: 5 ,
[err] where represents all of the M possibl® transnmtted mu -'
rotated resultant received synbols, which are vectors of ﬂ ﬂmlm”m””m

| engt hs, represent |ikelihoods that the present one of the*pdssitbl
transmtted symbol s [err] is the actual Claimsni tt ed synbol s(n). The
rotated resultant received synbol closest in the vector space to one of all

of the possible transmtted synbol s Wil represent_the best choice for the
i dentity of thelactudin assemblytfordecoding a sohgrent differensially emepdedo 15 the

presletnt fne of hﬂanup&%élpthéngé tg:ﬂmq ﬁ\ddiﬂéﬂedéﬁ aI%ES _tmgf_ :
resul tant regeive s.are outgutted to a.rea erator via a firs
bus havi ng Iéﬁ‘é&a %HH tted )’“%PFQS %ﬁ@%&y "Wgs“éﬁ:tracts t'he real
portion or the in- pha&@méiveﬁffoﬁwdmﬁh tihe dohepértdDEPSK frvdlulatedei ved
synbols. This nga ) be represented by the foI | ow ng equation: [err] The

real operator 3f puts the real portion of each of the rotated 25
resul tant received sprpetric campubery coupled ®1$aidicoharerdaeceiverfonavi ng

generating a soft decision metric corresponding to the actual
10 transmitted symbols; and
a forward error correction (FEC) decoder, coupled to said metric
computer, for decoding the coherent DEPSK modulated signal in
accordance with the soft decision metric.

15 2. An assembly according to claim 1 wherem said metric computer
further comprises: -
a combiner circuit operatively coupled to said coherent receiver
to generate a combined symbol; and
a maximum phase detector operatively coupled to said combiner
20 circuit to determine a maximum likelihood from among different
phase angles of the combined symbol.



at least M capacity. The maxi m zer 315 identifies which of the rotated
resul tant received synbols has the maxi numreal part and, as previously
specified, is the best choice for the identity of t II tted 30
synbol s(n) with respect only to the present one of m,mul'E Iﬂ W,ﬂ"l
transmitted symbols [err]. The operation ofléthe naxi i z&r 318 ndy Be
represented by the follow ng equation: - -13- [err] The naxinum r ot at ed
resul tant received synbol is outputted to a first entry of a rowin the
output matrix [ekr]. Anasgembly actoading to claimP whergin $aid | combiner gircuits ay
forma multiple dy@ﬁs@gl e circuit, and the nulti pI e phase angle circuit
and the maxi m zer

5 may col | ecll eI m a ase _detecto Asi de
from bei ng executed fHFUXEEAPEFAW: g'éB@Flv@dsag? %rFFC?}P’ E LR’“ ®he
coherent recei veq piésentl leﬁﬂhe dohereat DEFSK niddulatedesignh 1w1tha

ame. i Scr 08 1 il %fﬁi@?%‘\%sﬁ%ws S Ba St Bt ﬁ*ﬂ‘?ﬁnﬂ”ﬁf“‘%{sh'” e

possi bl e transnmi tted as;lﬁiuyles opetatively couple; ﬂmlmmmu‘e@mv%@ delayhe FEC

decoder 107 in tiy B&l of &@é& éréft DEPSKOgiRilatedbsi iﬁﬂe of
best choi ces for | k oods cor Sgggenc bet of the
actual transni ttlé‘@ sgeé\?@tﬁlﬂ PEﬂ“?H%SMi’?i ¢ caherent nbol s. In
summary, the i nvaetuldted! ssgﬁ;@aﬂdl n the aforenentioned -

10 a summer operatively coupled to said mixer and said delayer to

sum the present symbol of the coherent DEPSK modulated signal and
the present predetermined symbol with the previous symbol of the
coherent DEPSK modulated signal to form the combined symbol.

15 4 An assembly according to claim 2 wherein said maximum phase
detector comprises:

a multiple phase angle circuit operatively coupled to said
combiner circuit to provide multiple phase angle representations of the
combined symbol over each one of a set of predetermined symbols so

20 as to create a set of likelihoods that a present predetermined symbol is a
present one of the actual transmitted symbols; and '

a maximizer operatively coupled to said multiple phase angle
circuit to determine a maximum likelihood from among the set of
likelihoods, the maximum likelihood forming a portion of the soft

25 decision metric.

5. An assembly according to claim 4 wherein said multiple phase
angle circuit comprises:

a phase rotator operatively coupled to said combiner circuit to

30 rotate the combined symbol over each one of a set of predetermined

symbols so as to create a set of likelihoods that a present predetermined
symbol is a present one of the actual transmitted symbols; and

a real operator operatively coupled to said phase rotator and said
maximizer to extract a real portion of each one of the set of likelihoods.



i ncl udes an assenbly for, and method of ; decoding actual transmtted
synbol.s contained within a DEPSK nodul ated signal. -The_assenbly 20
i ncludes a ¢oherent receiver for receiving and, subs ent jwdownsanpl i ng

(at the 'synbol Fate) the coherent DEPSK nodul ated s I "m put a
single present received symbol during eachkl¥4 ne |nt t he
coherent receiver is a netric conputer which generates a soft deci sion
metric corresponding to the actual 25 transmitted synbols fromthe

recei ved symbol $. suppA meethby dfrdecndiiieg antohegendi differentially) encoded mralti-

I nterval . The ¢ éﬁg‘ W th
a conj ugat e of rT?\é‘;él}sen gﬁ\%kgwﬁjt?%ze possfgbfagﬁma[{ﬁﬁ% é ofls to
form a rotated muuﬁedrsm» methed gomprising dhe stepsfupl ed to t he

i nput of the metric 34 ccsmeﬂﬂﬁrreééi hfe/taverbhemm mdaﬂseus@apl ved
synbol one tinme interval so gs"to g sin evi o recei v ynbol
of the coher@nt DEPSKPhBeRgrating a$ échﬂﬁbmﬁhﬂﬁF@gﬁ to iﬂfg‘da ymbol
and the rotated tfemhﬁttear@mb@h comprisingothearohetenteDEPSKninodulated- sy rbol

t hat may |dent|f}; ]pre ent one of the actual transmtted synbols. The

resul t ant synbol subj ected to a phase rotator that rotates the
resul tant symnbol ovet(c)ean:ﬂpmhngdheao dﬂmmmupetss|tplaafqrmdmrr@ned synbol s

SO as to create f s that further 5 define the possibility
cBrieetiof (ERCY Sbifar

that the present one possible transmtted synbols.is the
pr esent onelBf the actual transnitted synbols. The set of |ikelihoods are

coupled to a reg, opeX aiethofldccording to claim 6 wherein said step (b) of
generating further comprises the substeps of:
(b1) combining a present symbol of the coherent DEPSK
modulated signal and a previous symbol of the coherent DEPSK
15 modulated signal to form a combined symbol; and
. (b2) determining a maximum likelihood from among different
phase angles of the combined symbol.

8. A method according to claim 7 wherein said step (b1) further
20 comprises the substeps of: '

(bli) mixing a present symbol of the coherent DEPSK modulated
signal with a present predetermined symbol from a set of '
predetermined symbols;

(blii) delaying the present symbol of the coherent DEPSK

25 modulated signal to generate a previous symbol of the coherent DEPSK
modulated signal; and

(bliii) summing the present symbol of the coherent DEPSK
modulated signal and the present predetermined symbol with the
‘previous symbol of the coherent DEPSK modulated signal to form the

30 combined symbol.



extracting the real portlon t hereof and a maxi m zer fer

maxi mum | i kel i hood from anong the set of |ikelihoods. 10 HHXIWUWI
li kel i hood forns a portion of the soft decision netri @ﬂﬂ@ unputer
is executed nultiple tines within each tine interval ngl e
present received symbol to all of the possilBte transnitted synbols At the
concl usion of conparing all of the sanpled synbols conprising the coherent
DEPSK nodul at ed S|gnal 15 the soft decision netric is ou%gutted to an FEC

decoder in the f9rm ok methedraccordingoralaign 7 wherein said stept(bahfurther t he

possi bl e transm H?Igi.,gésqﬁals%bg Q;fpond to each of the actual transmtted
synbols. At hougd”n t'he nvent | otn}?ﬁas be ggscrl bed and il | ust rafed in the
above description andbdhBsnerating myltiple, phase apgle yepresentations of ri ption

i's Fy _exarrt)lhe Ohfﬂomﬁﬂdcti bdllﬁvféi"éﬂéll't@hé'tif@ tsétrkif leférﬁﬁhed%?mmboas
repl aci ng phase rota a rat or pXi N zer

real operatoP arf§ fQfe ?#Mfl]ﬁﬁsl‘ﬁgpé? PF%?FF‘ %P‘ﬁ%r qrae HV\i 152"
mexi mi zer, and qrresér&cdn&efﬂtdantuab&ankmﬁéd)sygm amndng a naxi mum

| i kel i hood, can be {T‘%ﬂﬁ Ye ;is msé(he Ehinl Z&eﬁﬁ&)&;\ﬁow&m‘gﬁé tﬁg%@{ kkng

fromthetrue spiri scope |on
assenbly for dedd@WQOdsCmQammumﬂ&ebhppdlﬁoymg@dpamnpuhe\se& phase

shift keying (DiRelsiontRdeirt €ed signal representing 5 actual transm'tted
synbol s, thqoassenbly conpri sing :

U'l

10. A method according to claim 9 wherein said step (b2i) comprises
the substeps of:
(b2ia) rotating the combined symbol over each one of a set of
predetermined symbols so as to create a set of likelihoods that a present
15 . predetermined symbol is a present one of the actual transmitted
symbols; and
_ (b2ib) extracting a real portion of each one of the set of
. likelihoods.



a coherent, receiver for receiving the coherent DEPSK nodul ated signal; a
nmetric conputer, coupled to said coherent receiver, for generating a soft
deci sion mefric corresponding to the actaal transmtted synbols; and a
forward ‘error correction (FEC) decoder, QA6| d to said netric conputer,
for decoding the coherent DEPSK nodul ated signal in accordance with the
soft decision netric. 15 2. An assenbly according to claim1 wherein
said netric conputer further conprises: a conmbiner circuit operatively
coupl ed to said coherent receiver to generate a conbined synbol; and a
maxi num phase detector operatively coupled to said conbiner 20 circuit to
determ ne a maxi num | i kel i hood from anong different phase angles of the
conbi ned synbol . -16- 3. An assenbly according to claim2 wherein said
conbiner circuit conprises: a mxer operatively coupled to said coherent
receiver to combi ne glfflesent synbol 3t he coherent §SK nodul at ed na
with a 5 present pr‘deternlned sy 6T roma set of /predeterm ned &@Zg

a del ayer opera 7 f ‘ del ay
present synbol

_ . . ) q
generate a prev Siiﬁrﬁ%m?ﬂe o
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nodul at ed signal; and 10 a sunmer operatively coupled to said m xer
and sai d del ayer to sumthe present synbol of the coherent DEPSK nodul ated
signal and the present predeterm ned synbol w th the previous synbol of the
coherent” DEPSK nodul ated signal to form theZggni ned synbol. 15 4. An
assenbly according to claim2 wherein said nmaxi num phase detect or

conprises: a nmultiple phase angle circuit operatively coupled to said
conbiner circuit to provide nmultiple phase angle representations of the
conbi ned synbol over each one of a set of predeterm ned synbols so 20 as
to create a set of |ikelihoods that a present predeterm ned synbol is a
present one of the actual transmtted synbol & and a maxi m zer operatively
coupl ed to said nultiple phase angle circuitygo determine a maxi mum

li keli hood from anong the set of |ikelihoodsc.zthe maxi num|ikelihood
formng a portion of the soft 25 decision negric. 5. An assenbly
according to claim4 whereinc.saildnl tiple_pbpse angle.circujt conprises: a
phase rotator operatively coppled to said conpiner circuit tp 30 rotate

t he conbi ned synbol over eacp one of a set ¢ edeterm ned gynbols so as
to create a set of |ikelihoods that a prese edeterm ned pynbol is a
present one of the actual trpnsmtted Séf nd a real opgrator
operatively coupled to said phase rotat ai d maxim zeryto extract a

U
real portion of each one of fhe set of [Mkelijoods.
=

!
| [
| |
| |
| [
[ i
. |
18 [ ™
| |
[ - [
hony [ ]
| o = ~ i
| B2 o
Ve |
| | 28 N
{ == |
| | E& | [\
~N
| S |
i it !
| !
= l
. I
| |
w0
I © {
| !
| |
| |
| !
| |
| |
| |
| |
[



phase sshift keying (DEPSK) nodul ated si
synbol s, the nethod conprising the stepy ofiis $1ﬂﬁr1tloAEEBéENl r

6. A net.hod of decodi ng a coherent dlfferentlally encoded lfml Tm}}ag &

coherent DEPSK nodul ated signal; 5 (b) gene;\af")ng a oft

metric corresponding to the act ual tran VAL rising the
coherent DEPSK nodul ated signal; and (c) out putting the soft decision
netric to a forward error correction decoder 10 7. A et hod
according to claim6 wheSOF DECGISIO COMMIINKATIONer conpri ses

the substeps of: (bl) conbini ngME'DHQEn\N AE’MARA'HU& coher ent DEPSK

nodul at ed signal and a previous synbol of the coherent DEPSK 15 nodul at ed
signal to forma conbi ned synbol; and (b2) determ ning a maxi mum |ikelihood
from anong different. phase angl es of the conbi ned synbol. 8. A rret hod
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15 accordance with the soft decision metric A(5(n)) corresponding to the
coherent DEPSK modulated signal.
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A decoding apparatﬁs (200) decodes a coherent, differentially

encoded multi-level phase shift keying (DEPSK) modulated signal. A
coherent receiver (101) receives and, subsequently, outputs the

10  coherent DEPSK modulated signal to a metric computer (201). The
metric computer (201) generates a soft decision metric AG(n)
corresponding to the coherent DEPSK modulated signal which is -
outputted to a forward error correction (FEC) decoder (107). The FEC
decoder (107) decodes the coherent DEPSK modulated signal in

15 accordance with the soft decision metric A(E(n)) corresponding to the
coherent DEPSK modulated signal.
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