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Background of the Invention

A cellular communication system is one type of radio communication

system in which radio telephones contain circuitry to permit transmission and

10 reception of modulated signals, thereby permitting two-way communication between
the radio telephones and remotely located transceivers, known as base stations.
Several techniques have been developed to reduce the bit error rate of digital
communications between a mobile transceiver and a base station. One technique
includes redundant information in encoded transmitted data for use in error

15  correction in the decoding process. An exemplary error correction scheme uses the
Viterbi algorithm. The Viterbi algorithm is a maximum likelihood decoding scheme
that pfovides forward error correction. Each state is represented by a plurality of
bits. A limited number of transitions are possible from a state at one symbol instant
to a state at a subsequent symbol instant. Correspondingly, each state at a

20 subsequent symbol instant has only a limited number of possible previous individual
states from which a transition to it can originate. The Viterbi algorithm calculates all
of the possible states at a subsequent symbol instant, along with an associated
metric, and performs a maximum likelihood sequence estimation (MLSE) on each
possible state. In the MLSE process, each possible state is compared to a received

25  symbol in an equalizer utilizing a convolution process. Thus, many possible
received states are compared to each received symbol. Receivers have typically used
equalizers that had to multiply two complex quantities in the convolution process.
As is well known, the circuitry needed to multiply complex quantities is more
complicated than is the circuitry required to multiply real numbers or a complex

30 number by a real number.
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of a convol uti
sequence estimation (MLSE) is performed on the possible transmitted symbols

comparing each possible transmitted symbol to a received symbol to generate an

MLSE detected symbol. The detected symbol is multiplied by a rotating vector to

generate a decoded symbol. In an alternate embodiment, a received symbol from the
| sequence of received symbols is multiplied by a rotating vector prior to performing

U

15 the maximum likelihood sequence estimation.
Brief Description of the Drawing

Figure 1 is a block diagram of a transceiver;
Figure 2 is an illustration showing the structure of bits in an exemplary
transmission burst;
20 Figure 3 is a simplified schematic diagram of an illustrative embodiment
of the present invention;
Figure 4 is a simplified diagram similar to Figure 3 of an alternate
embodiment;
Figure 5 is a simplified schematic diagram of another alternate
25 embodiment; and
Figure 6 is a simplied schematic diagram similar to Figure 5 of yet
another alternate embodiment.
Detailed Description
Transceiver 10, shown in the block of diagram of Figure 1, is a
30 communication system or portion of a communication system such as a mobile
digital cellular telephone. Transceiver 10 is comprised of transmitter 12 and receiver
14.
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impulse response function of the channel. An interference free signal is transmitted.

15 However, the received signal is distorted due to noise and interference. By cross-
correlating received training bits with a reference sequence of bits, an estimate of the
channel is obtained. Each term in the impulse function is a complex quantity and is
known as a tap weight or channel tap. Each tap weight represents the effects of
channel distortion on the transmitted signal. The number of tap weights will vary,

20 depending on the delay spread, from two to C-1, where C is the constraint length for
the particular implementation. Typically the constraint length will range from two to
about six. |

Table 1 contains data that will be used to explain an exemplary

embodiment of the invention. This data assumes no initial phase offset. -



De?ai I ea Description Transceiver 10, shown in the block of
diagramof Figure 1, is a 30 comuni cati on system or portion of a

comuni cati on system such as a nobile digital cellular telephone.
Transceiver 10 is conprised of transmitter 12 and receiver 14.
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a’(i) 0001011000100 0
05 . TABLE1

In Table 1, i represents symbol instants of time. a(i) represents the binary signal to
be transmitted during each symbol instant. d(i) represents an exclusive OR (XOR)

30 of the binary signal in symbol instant i with the binary signal from the previous
symbol instant, i-1. The sequence of bits, d(i), are converted to a non return-to-
zero(NRZ) representation resulting in ou(i) which are £ 1 signals. e/(®) is the
minimum shift keying (MSK) modulated signal, which alternates from real to
imaginary, as transmitted by a transmitter 12 or a base station transmitter and, absent

35 noise or interference, received by a receiver 14 or a base station receiver. ej(t), is
represented as sampled at each symbol instant, where T is the time period between
adjacent symbol instants. MSK modﬁlation, a modulation scheme in which signal
information is converted into phase information, is preferred although other
modulation schemes are possible. If gaussian minimum shift keying (GMSK)

40 modulation is employed, géussian filtering is performed on the transmitted bits. The
modulated signal is factored into a real component shown in row 6 of Table 1 and an
imaginary component shown in row 7. The real component includes the sign while
the imaginary component alternates between the positive real axis and the positive
imaginary axis. The additional rows of Table 1 will be explained as required.
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The left side of equation (1) shows the complex Viterbi states, for a constraint length
of 4, that would be convolved with channel taps a instants whereas the left side of
equation (2) shows the complex Viterbi states that would be convolved with channel
15 taps at the other symbol instants.
As can be seen on the right side of equations (1) and (2) the complex
Viterbi states can be factored into a real component and an imaginary component.
The right side of equations (1) and (2) show a product of a state counter (such as a
NRZ state counter) and a diagonal matrix. The state counter is thus simplified and is
20 the same for both sets of symbol instants. This also simplifies the metric calculator.
- Further simplification in circuitry can be made by multiplying the tap weights times
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representing a Viterbi state, to obtain an estimate of the received signal for each
candidate state that is employed in the branch metric calculations.
10 Portions of the registers of random access memory (RAM) 112 form
first and second arrays 114 and 116. The number of registers allocated to each array
114 and 116 is typically two raised to a power to accommodate the number of
channel taps, recognizing that the channel taps have real and imaginary components.
The C tap weights hg, hy, ... hc_1, as obtained from the midamble bits or other
15 method, or updated therefrom, are multiplied by the imaginary component j1j1j... .
The resulting products hg; , h137, ... h(c-1)1, which are modified tap weights, are
stored in array 114,

The modified tap weights for six taps are shown in Table 2. For each
modified tap weight, a real and imaginary component are shown. The symbol *
20 designates multiplication.

hgt” j  * ho® i * heQ
25 hyp” 1 * hy(D 1 * hQ

ha1” j  * hy(D i % hQ

hy” 1 * hy® I * h3(Q
30 hy” §j % hy(D i m@Q

hs;” 1 * hs( 1 * hs(Q
35 TABLE 2

The C tap weights are also multiplied by the imaginary component, shifted by one
symbol instant, 1j 1j 1 ... and the products, hgy ", hyy”, ... h(c-1)2°, which are also

40 modified tap weights, are stored in second array 116. These modified tap weights,
for 6 taps, are shown in Table 3.
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complexity of circuitry required, as discussed below, to complete the subsequent

20 signal processing. One array of modified tap weights is generated for each unique
symbol in the imaginary component until repetition occurs. Since the imaginary
component is repetitive after two symbol instants, only two arrays of modified tap
weights are necessary to represent the exemplary embodiment.

The modified tap weights are-convolved with all possible Viterbi state

25 combinations in a Viterbi decoding process, such as from -1-1-1-1-1 (NRZ) through
11111 (NRZ), corresponding to 00000 through 11111 binary. Address generator 118
generates an address of array 114 or 116 from which to retrieve a modified tap
weight. The least significant bits of the address are provided to concatenation circuit
120. The most significant bit is provided as a first input to XOR 122. The second

30 input to XOR 122 is provided by the output of toggle flip-flop 124. The state of
toggle flip-flop 124 is initially set by synchronization circuit 126 to synchronize the
state of flip-flop 124 with the phase state of the received midamble bits. Thereafter,
flip-flop 124 toggles each update cycle in the Viterbi process. The output bit from
XOR 122 is concatenated with the least significant bits from address generator 118

35 to form an address. The output bit from XOR 122 provides the most significant bit
of the address. The address so generated is provided to RAM 112 on address bus
128. The modified tap weight stored in RAM 112 at the concatenated address, both
real and imaginary components, is read, then written to one of multipliers 130-138
by way of data bus 140.

40 Toggle flip-flop 124 alternating in state results in the modified tap
weights being alternately read from array 114 or array 116, on alternating update
cycles, depending on the state of flip-flop 124. For example, when the output of
flip-flop 124 is zero, the modifiéd tap weights will be read from array 114.



t h‘é f ac'; ored signal is alternatively j and 1. Thus, the product of rows 6
and 7, at each 5 symbol instant, is the received signal shown in row 5.
Factoring the received signal into real and imagi nary conponents is
better understood with reference to equa_té' ons (1) and (2). :
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Alternately, when the output of flip-flop 124 is one, the modified tap weights will be

read from array 116. While this method of addressing has been described for the

process of reading modified tap weights from RAM 112, it will be appreciated that

the same method of addressing RAM 112 can be employed to write the modified tap

5 weights to arrays 114 and 116.

Assume that the output of flip-flop 124 is zero and the modified tap
weights are being read from array 114 of RAM 112. Addresses are sequentially
generated to read, one at a time, the modified tap weights stored in array 114. The
modified tap weight stored in the first register of array 114 is read then written to

10 multiplier 130 as its multiplicand. The modified tap weight stored in the second
register of array 114 is addressed, read and written to multiplier 132 as its
multiplicand. This process continues through the modified tap weights stored in
array 114 and through multiplier 138. Typically, the number of modified tap weights
stored in array 114, as well as the number of complex multipliers, is equal to the

15 constraint length C.

The multiplier of each multiplier 130-138 is provided by NRZ counter
170. NRZ counter 170 steps through each of the 2€ possible Viterbi states from the
equivalent of binary state 00000 (-1-1-1-1-1 NRZ) to 11111 (11111 NRZ). NRZ
counter 170 is thus a Viterbi state counter. As can be seen, the output of each stage,

20 S1 through Sc, of NRZ counter 170 is a plus one or minus one. The output from
each stage of NRZ counter 170 represents a bit of the possible Viterbi state output by
counter 170. The output of each multiplier 130-138 is coupled as an input to
summing junction 160. Multipliers 130-138, and summing junction 160 collectively
form convolver 172.

25 In multiplier 130 of convolver 172, the first modified tap weight from
array 114 is multiplied times the output from stage S1, which is a scaler quantity.
The modified tap weight is a complex quantity, j*ho(I) and j*ho(Q). This results in
a complex product, output from multiplier 130, being provided to summing junction
160. Simultaneously, the output from stage S2 is multiplied times 1*h(I) and

30 1*h,(Q), the output from stage S3 is multiplied times j*h,(I) and j*h,(Q), and so
forth. Since the outputs from NRZ counter 170 are either plus or minus one the
multiplication reduces to addition and subtraction depending on the sign of the
output of each stage of NRZ counter 170. In accordance with the present invention,
multipliers 130-138 are simpler in construction than multipliers would be if the tap

35 weights were multiplied by complex Viterbi states. Thus each of multipliers
130-138 may be implemented as an accumulator since the output of each stage of
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are also complex quantities. The significance of the simplification introduced by the
present invention is better appreciated when it is recognized that each update cycle in
the Viterbi decoding process the modified tap weights are calculated once, with each
modified tap weight multiplied by a bit of a Viterbi state (or NRZ representation
thereof) in convolver 172 occurring 2€ times. These 2€ multiplications, as stated
above, are scalar multiplications that reduce to addition and subtraction depending
on the sign of each stage of output of counter 170.

Summing junction 160 provides as its output, which is also the output of
convolver 172, the sum of the signals output from multipliers 130-138. The output
signal 174 from convolver 172 is an estimate of the received signal. The estimate of
the received signal and the received signal 176 are provided as inputs to the metric
calculator 182 of the Viterbi decoder 180. The output signal 174 provides one input
to the metric calculator 182 of the Viterbi decoder. The received signal 176 provides
another input to the metric calculator 182. Branch metrics are calculated for all
possible states of the counter 170. Accumulated costs and traceback random access
memory are updated for executing a traceback operation to obtain an MLSE detected
symbol 188.

After branch metrics are evaluated and stored for output signal 174 for
each possible state of NRZ counter 170 in a symbol instant, flip-flop 124 toggles and
the modified tap weights stored in the registers of array 116 are read from RAM 112
and written respectively to multipliers 130-138 as the multiplicand. NRZ counter
170 is reset to the equivalent of binary zero, and in the above described manner, an
output signal 174 evaluated for each of the possible Viterbi states in the next symbol
instant. The corresponding branch metrics are evaluated and accumulated costs are
updated then stored in traceback random access memory.

The NRZ counter increases its count by one and the convolution process
is repeated, resulting in another output signal 174 that is an estimate of the received
signal 176. The output signal 174 provides one input to a branch metric unit. The
received signal 174 provides the other input to branch metric unit 182. Branch
metrics are calculated for this estimate of the received signal and an add-compare-
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resul ting pr ockights stofestinjthe te[gmtergi of the otlidrarnay of RIAMHN 12aee nmdillfasaﬂort ap

wei ghts, ar eaddresse§?@ﬁ€rgteh% aardEl@és %éng:ratorzl 18and conc%enauonzﬂqﬁ%???%&hed tap

vvelghtsfor SI X e °Sho

vei ght, al@e a\{ntmcfemgggyﬁmts}, n@@ﬂa}mlﬁo- b3%assthe multiplicand.y Etirnates pfithe .
desi gnat ﬁ[s . p}r@:&al%ﬁ' fi'the next symbol mstanﬁ z[a.rgrcra}culated" ['ﬂﬁﬁ 1)1‘0(: pss ¢ ﬁlﬁll)lé%[fﬁf r1(r)
Jl * h[ er F}xcé}%ymbo instant represented by a burgf 00 ] * h[ er r] (1)
j * h[err](Q In this manner, the status of the output of flip-flop 124 becomes a flag
used to select the appropriate array of modified tap weights to use in the signal
15 processing. Exploiting the midamble symbols in burst 100, the sequence of
alternation of which array of modified tap weights to use in the convolution process,

o

are detected by the synchronization circuit 126. -
The eighth row of Table 1 shows the MLSE detected symbols 188 for
the respective symbol instants output from Viterbi decoder 180. The MLSE decoded
20 symbols 188 are multiplied with a counter-clockwise rotating vector 190 in
multiplier 192. Counter-clockwise rotating vector 190 is shown on the ninth row of
Table 1. An inverse NRZ 196 operation results in decoded symbols 198, shown on
row eleven of Table 1.
In an alternate embodiment shown in Figure 4, after each update the
25 modified tap weights required for operation of convolver 172 in the next symbol
instant are computed and stored in registers of array 114. In this embodiment, |
control of which array from which to read the appropriate modified tap weights as
introduced by toggle flip-flop 124 is not required. The modified tap weights are
stored in the same array each update cycle. Synchronization circuit 126 still
30 determines for each burst which phase component to initially multiply times the tap
weights to produce the modified tap weights stored in array 114. Thereafter the
phase alternates each occurrence of generating modified tap weights as shown in
Tables 2 and 3.
In the Figure 3 and 4 embodiments, the MLSE equalization occurred
35 before derotation. In the embodiments shown in Figures 5 and 6, the derotation
occurs before MLSE equalization.



_h['érr] 1 * hferr] (1) 1 * hferr] (Q 30 : | h[err]

] * hferr] (I) ] * hferr] (Q h[err]
1 * hferr] (I) 1 * h[ferr](Q 35

TABLE 2 The C tap weights are also jjultiplied by the imaginary
conponent, shifted by one synbol instant, 1 j 1j 1 ... and the
products, h[err], h[err], ... h[err], which are also 40 nodified tap

wei ghts, are stored i Figwebnsla simplified schenTitieskiagrandiof iaporticapofieciegiver,
for 6 taps, aifigfMgh 3R ECE derotation ocgurs before equalization. Tap
7 R Epiaipn ocgurs blogs MISH P
h[err] (Q gweights are stored in both arrgys 114 and 116.+The firsbtap[weight, ho, is storedin ~ *
h[err] (Q the first register of array 114 and also the first register of array 116. The second tap
5 weight, hy, is stored in the second register of array 114 and also the second register
of array 116, and so forth. The tap weights are addressed and read from these arrays
114 and 116 to be the multiplier in multipliers 130 through 138, as described above
with respect to the FIG. 3 embodiment. NRZ counter 170 and convolver 172 operate
in the same manner as described with respect to the embodiment of Figure 3 to
10 generate convolver output signal 174,

Prior to received signal 176 being coupled as an input to the metric
calculator 182, received signal 176 is multiplied by a clockwise rotating vector 200
in multiplier 202, in a process known as derotation. The derotated received signal
204 output from multiplier 202 is coupled as the second input to the metric

15 calculator 182. Branch metrics are calculated for each estimate of the received
signal, and an add-compare- selection function performed. Accumulated costs and
traceback random access memory are updated. After the traceback random access
memory is updated for several symbol instants, or after all symbol instants in a burst
100, a traceback operation determines a maximum likelihood sequence estimator

20 equalizer symbol 206 for each symbol instant.

In the case of derotation before MLSE equalization, the MLSE detected
symbols 206 are +1 or -1. The signals shown in rows 1 through 5 of Table 1 can be
used to illustrate the exemplary embodiment of Figure 5. The rotating vector, ideal
output 206, and decoded symbols for each symbol instant are shown in Table 4 for

25 the exemplary embodiment of Figure 5. As shown in Table 4, the rotating vector,
including the phase, is identical to the rotating vector shown in row 9 of Table 1.
Note also that the decoded symbol a”(i) is identical to the decoded symbols from the
MLSE after derotation, as shown on row 11 of Table 1.

30 6=exp[-jn(i+1)/2T] 41§ 14 -1j 14-13 145 -1
ideal output = 8%y(t) -1 -11-1 11-1-1-11-- -1
a”(i) 000101100010 O0 0
35 :
TABLE 4
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h[err] 1 * hferr] (I) 1 * hferr] (Q

hlerr] | * hlerr](I) ] * hferr](Q 10

h[err] 1 * hferr] (I) 1 > hlerr](Q _

h[err] | * hferr] (I) hferr](Q 15

TABLE 3 The nodified tap wei ghts are%Jsed in further signal
processi ng, thereby reducing the onplexity of circuitry required, as

di scussed bel ow, to clma &Mﬂnatheﬂmmmwmﬁl Eigyret, the mdundannstoragaef ar r ay
of modified tﬂg@we% fssehnﬁnas@era%ﬁ@achg@d&@%gwry FeiBhs, if chéryg]éh%inch d Ne

| magi nary co unti titiron occurs
conponent i s lp¥yedatei are oaqamttepvm agpy b Im%nmle,odlmnmycwml@wmm ar:ray

nodi fied tap f HiEH fYead Biey Rﬁﬁﬁ&% £ iff6icet t6
enbodi nent omw ° iz‘v’ei% p V\lIEI ghts a onv

al | possi bt e i/npisegpired. .The ‘295'10“58’(% M‘g\qg‘?% thg exemplagy e‘& eﬁb()fpr ocess

such as fromFiguré-Glard identibid4p thd¢orttponding s1éﬂal§ffroﬁNBZ)exexﬁpIaf3e§rﬁ96ditdéﬁt to
00000 throughg 111 b| nary. Address generator- 118 generates an address

of array 114 fromwhlchto retrieve-a nodified tap wei ght. The
| east significant b| t The invehom isdraticulatyeusefud in deldnnmmanmaysm‘tﬁsaﬁl circuit

second 30} s apirAel efByiY oedgtell GSIRIn ARty chis HonhURE shih "7 D27 50"
124. The @ atC@nnnumcauons Sysj¢res and mmpmmtmx:e the ddvantage oig/redmdmpmplexlty :
synchroni zat iggRirehitG b tacé'tﬁlgpﬁsﬁ thy ﬁgﬁﬂ%ﬁb&@nﬁlg Ehe rece@%?&ﬁ) l?g uﬁrﬂlérﬂex{tjec? p 124

with the phase staté of receil v her ea
flip-flop 124MRIeYNS 2 digital signglpracessen (DSP) withangmbadded prrer-earctione out put
bit from coprocessor (ECCP). Tap weight calculations, factoring and calculation of the

modified tap weights can be achieved in the DSP with the results passed to the

15 ECCP.

While the illustrative embodiment of the invention has not been

described as incorporating pipelining, one skilled in the art would recognize the
enhanced computational efficiency available by utilizing pipelining in the design.
Pipelining is achieved by initiating computation with a new data set before

20 completing computations with a previous set of data. The more latches used in
pipelining, the greater the depth of pipelining. Pipelining causes an initial latency in
computation time required to fill the pipeline, but maximizes usage of resources such
as adders and subtractors.



XOR 122‘; is concatenated with the least significant bhits fromaddress
generator 118 35 to forman address. The output bi tmm‘prﬁw—des

the nost significant bit of the address. The agﬂmuwm dis
provided to RAM 112 on address bus _1%_?_. The no m stored
in RAM 112 at the concatenated address, both redl &ndti nraglsn

conmponents, is read, then witten to one of multipliers 130-138 by way
of data bus 1Qkaimay Toggle flip-flop 124 alternating in state

results in the nodifijedyg @cﬁxahzer fo}“’ﬁgé&i\%r Qﬁérgﬂvé‘ﬂ tr@éé?géefkl aﬁl%ﬂlgfr garay

114 or array 116, on alt e state
of flip-flop SeqUENcEGE Slél%ﬁﬂlg |t@nsrm@ﬁl to the rsmlwtovgr atransmrrssl%clnarmpl bsza is
zer o, the ”D(ikafﬂsﬁﬂttéraﬂxe ﬁh&%eéﬁohée fcAdPSF the ERAmMET Rprebdited as tap weights,

e en the out put of fL{H) Io‘g 24 is one, the
rmdlfled t3p t\hﬁ Wﬁ efgrmining a maximygm Jike afh FePreARNtative ﬂf% net hod of
addr essi ng haseqha&:a odeymbolbgdnérafedtﬂyahe transngttaqﬁ%‘r t@'traﬁﬁﬂldslaﬁl offekt f i eg t?p
wei ghts from Wil | reciate me od o
addr essi ng R,&E%%%%S]S%d% chpanel inc EF?)ngFFgW ﬁe"%a]ivﬂ @Bdf“‘é’be%g *r’]%élf“ ts to
arrays 114 arfaHm{a&CTER_IZE_-‘,DBY Assunme that the output of flip-flop
124 is zero and the mygdl dibGde bRy (e.g., 112) for storing modified tap weights, modified

10 tap weights being a product of the tap weights and a vector;

the convolver (e.g., 172) for convolving modified tap weights with
possible states, the convolver (e.g., 172) having at least one multiplier (e.g., 130,
132, 134, 136, or 138) receiving a modified 'tap weight as a multiplier and a bit of a
possible state as a multiplicand, the at least one multiplier (e.g., 130, 132, 134, 136,

15 or 138) being an accumulator and providing the product of the modified tap weight

and the bit of a possible state as a convolved output; and

the metric calculator (e.g., 182) for receiving the convolved output and a
received symbol from the sequence of received symbols, the metric calculator (e.g.,
182) providing a branch metric.

20 2. An equalizer as recited in claim 1, further CHARACTERIZED IN
THAT the vector is a repetitive vector.

3. An equalizer as recited in claim 1, wherein the storage array comprises
a first array of registers (e.g., 114) and a second array of registers (e.g., 116), the first
array of registers for storing a first set of modified tap weights and the second array

25 of registers for storing a second set of modified tap weights, the equalizer further
CHARACTERIZED BY

an address generator (e.g., 118) for generating a first address of a
register from which to read a modified tap weight, the first address including a most
significant bit (e.g., MSB) and least significant bits (e.g., LSBs);

30 an exclusive OR gate (e.g., 122) having a first input, a second input and
an output, the first input for receiving a signal capable of changing state, the second
input for receiving the most significant bit (MSB) of the first address produced by
the address generator (e.g., 118), the exclusive OR gate (e.g., 122) providing an
output that is the exclusive OR of its two inputs; and
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wei ghts are being read fromarray 114 of RAM 112. Addresses are
sequentially generated to read, one at a tine, Ji"g ngm'mm

wei ghts stored in array 114. The - nodi fied tap he
first register of array 114 is read then,yritten to 10 “nuftipli®r %130 as
its multiplicand. The nodified tap wei ght1 Stored in the second

register of array 114 is addressed, read and witten to multiplier 132 as
its mul tiplicanda cqma@nptmmgsmtdgm,ulﬁobbrtrmemgg theHeastrsignificant bitsp
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11111 (11111 fd)iﬁi). seddnd address, Ghiersbsrthd fifkt a@drésfslfénﬁed/bj! tHelbonGdtedAion@uahRr . As

I e

counter 170 sguabpremdmgathb ifirstafiput hetheexciusive OR gatelfe.gs t122)is dn b fivst stn;e t

t 170. C n_inpu
fo o1 g Eheriak Bt achesf Mgyl by P ch Marchpfon doufey RFRaSedal 00160
col l ecti v} yreglster indhersecond errer pf lpgasterseeg 116) when the signal pmwﬂum thefirst 30 . of
convol ver 17y d’tﬁ?th@'e&éhsﬁ@@ﬁgﬁgléﬁpa%bﬁ‘%m&rOm array 114 is

nul tiplied tinmes the output fromstage S ich is a scaler quantity.
The nodified tap weight is a conplex quantity, j*ho(l) and j*ho(Q . This

results in a cospA@eqpalidyas recied ﬂﬁlaﬁd@rfhﬁhéﬂCHhm’(CmZE‘BWa

| ded t rrultan I t he output from
age S5 i o MHRPRfs-bei Lo mmavidine gntie e QHipeust the S-S0 Fopded a4 fhe Btk put
from stage Shpus ofithieteixplusivd QR gete (¢.£H[122), whedebgnhe stﬁﬂe[cﬁ Itllld ﬁl@ﬂolﬁmﬂ WO
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sign of t he (e.g., 114 or 116) of registers is addressed.

S. A receiver comprising an equalizer operative to receive a signal
comprised of a sequence of symbols transmitted to the receiver over a transmission
channel by a transmitter, the impulse response function of the channel represented as

20 tap weights, the equalizer for determining a maximum likelihood path representative
of a sequence of symbols generated by the transmitter prior to transmission on the
transmission channel, the receiver CHARACTERIZED BY

means for receiving (e.g., 14) a sequence of symbols transmitted over a
transmission channel;

25 means for factoring (e.g., 14) the sequence of symbols into a magnitude
portion and a phase portion;

“means for estimating (e.g., 14) tap weights representative of the impulse
response function of the transmission channel;

means for generating (e.g., 14) modified tap weights by multiplying the

30 phase portion by the tap weights by a vector;

a convolver (e.g., 172) for convolving modified tap weights with bits of
possible states, modified tap weights being a product of the tap weights and a vector,
the convolver having at least one multiplier (e.g., 130, 132, 134, 136, or 138), the at
least one multiplier receiving a modified tap weight as a multiplier and a bit of a



out put of each stage of NRZ counter 170. In accom‘*pfesent
I nventi on, multipliers 130-138 are sinpler

rmltlpllers would be if the tap 35 weights were ,mm M "anﬂnpl ex
Viterbi states. Thus each of multipliers 130*138 nmy Hoe sl enented as
an accumul ator since the output of each s]tsage of

-9 - NRZ counter 170 will be a plus or m nus one. To
mul'tiply conpossiblestateves gmudtiplicand, tbe atpleast ove tmﬂthpllest(agesl30d3|2dl34 136,

|
el 1 chﬁ?’ 138%) Bl ol bt End pi0F ‘é%“@ o gt 8Pdk AEPabIRIE,
an i magi nary aadihobiéaf a possibip statnass enavolved @Btﬂﬂént is combined wth the tap
vei ghts, whl ch are al amﬁc calcu1aﬁ,9(@gelszﬂ)%ﬁ£dchwfg th&eoW&%&&tﬁ&Sanda

Sﬁzﬁ[ : ? .eceis %ngq%wmrﬁoog &fn&e ?Bé)af?% thy Wﬁpmqe@ifmhveﬂﬁyrr@a@ct?@ ,gé);gg lhgx

pr esent mvemaloummsmbei‘dhfgramclemeﬁi@d when it is recognized that each
update cycle in the Viterbi decoding process the nodified tap wei ghts

are calculated once, with each 10 nodified tap weight nultiplied by a bit
of a Viterbi state (6t A\RZeivepasemenmhmiodnij, CHARACGIHRIZED BY¥ntheplase 172
occurring 2] Hl rf g ﬁ§§ 2[err] multiplications, as stated above,
are scal ar I'ca (?no at reduce to addition and subtraction
dependi ng

7. A receiver as recited in claim 5, further CHARACTERIZED BY
10 a storage array (e.g., 112) comprising a first array of registers (e.g., 114)
and a second array of registers (e.g., 116), the first array of registers (e.g., 114) for
storing a first set of modified tap weights and the second array of registers (e.g., 116)
for storing a second set of modified tap weights;
an address generator (e.g., 118) for generating a first address of a
15 register from which to read a modified tap weight, the first address including a most
significant bit (e.g., MSB) and least significant bits (e.g., LSBs);
an exclusive OR gate (e.g., 122) having a first input, a second input and
an output, the first input for receiving a signal capable of changing state, the second
input for receiving the most significant bit (e.g., MSB) of the first address produced
20 by the address generator (e.g., 118), the exclusive OR gate (e.g., 122) providing an
output that is the exclusive OR of its two inputs; and
a concatenation circuit (e.g. 120) for receiving the least significant bits
(LSBs) of the first address from the address generator (e.g., 118) and the output from
the exclusive OR, the concatenation circuit (e.g., 120) for combining the output from
25 the exclusive OR gate (e.g., 122) with the least significant bits (e.g., LSBs) of the
first address from the address generator (e.g., 118) to form a second address,
whereby the second address formed by the concatenation circuit (e.g., 120) addresses
a register in the first array of registers (e.g., 114) when the signal providing the first
input to the exclusive OR gate (e.g., 122) is in a first state and the address formed by
30 the concatenation circuit (e.g., 120) addresses a register in the second array of
registers (e.g., 116) when the signal providing the first input to the exclusive OR gate
is in a second state.

8. A receiver as recited in claim 7, further CHARACTERIZED BY a
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Summ ng junction 160 provides as its output, which is aI put of 15
convol ver 172, the sum of the signals output fro ‘ﬂﬂjﬁ 138. The-
out put signal 174 from convolver 172.is an est kecei ved
signal. The estinmate of the recei ved signal and the rece| ved si gnal

176 are provided as inputs to the netric cal cul ator 182 of the Viterhbi
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traceback randQm,aqe$ssay of reel¥RPIsYadafe8sedpdat ed for executing a traceback
operati on ton%biaél n Zn aIvl,_%Ereget ectsed synbol 188.
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menory. counter I ncreases s count d the
convol uti on pepresenfative ofj the ﬁ@b‘éﬁ@ﬁ?oqséwap%@ the ﬂ'!ﬁqlr gF Al 174
that is an esgymate of the received signal 176. The out put si gnal 174
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cal cul ated f qfortibh amesmpmhee phastpertiongei ved si gnal and an add- conpar e-
15 multiplying the tap weights representative of the channel by the
repetitive phase portion to generate modified tap weights;
convolving (e.g., 172) the modified tap weights with bits of a possible
state to generate a possible transmitted symbol estimate; and
performing a maximum likelihood sequence estimation (MLSE) (e.g.,
20 182, 184) on a received symbol to identify a maximum likelihood transmitted
symbol as the detected symbol.

10. A method of generating a detected symbol as recited in claim 9,

further CHARACTERIZED BY the steps of:

multiplying (e.g., 202) a rotating vector (e.g., 200) times a received

25 symbol (e.g., 176) from the sequence of received symbols to provide a derotated

received symbol (e.g., 204); and ' _

utilizing the derotated received symbol (e.g., 204) in performing a
MLSE (e.g., 182, 184) on a received symbol, whereby derotation is achieved before
equalization.

30 ' 11. A method of generating a detected symbol as recited in claim 9,
further CHARACTERIZED BY the step of:
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The ei ghth r@gylsg{iss]’abbhanhe]shows the MLSE detected synbols 188 for
10 means for estimating tap weights (e.g., 14) representative of the impulse
response function of the channel;
means for factoring (e.g., 14) the received sequence of symbols into a

magnitude portion and a repetitive phase portion;
means for multiplying (e.g., 14) the tap weights representative of the
15 channel by the repetitive phase portion to generate modified tap weights;
means for convolving (e.g., 172) the modified tap weights with bits of a
possible state to generate a transmitted symbol estimate (e.g., 174); and
means for performing a maximum likelihood sequence estimation
(MLSE) (e.g., 182, 184) on a received symbol to identify a maximum likelihood
20 transmitted symbol as the detected symbol.

13. A receiver as recited in claim 12, further CHARACTERIZED BY
means for multiplying (e.g., 202) a rotating vector (e.g., 200) by a
received symbol (e.g., 176) from the sequence of received symbols to provide a
derotated received symbol (e.g., 204); and
25 means for utilizing the derotated received symbol (e.g., 204) in
performing a MLSE (e.g., 182, 184) on a received symbol, whereby derotation is
achieved before equalization.

14. A receiver as recited in claim 12, further CHARACTERIZED BY
means for multiplying (e.g., 192) the MLSE detected symbol (e.g., 188)
30 by a rotating vector (e.g., 190) whereby derotation is achieved after equalization.

15 . A method as claimed in claim 9 or a receiver as claimed in claim 12,
wherein the bits of a possible state convolved with the modified tap weights



t he regpectl ve synbol instants out puf from Viterbi decoder 180.—Fhe M.SE
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Fi*"gure;\S is asinplified schematic diagram of a portion of a receiver -
simlar to Figure 3 in which derotation occurs before M.SE equal i zation.

Tap wei ghts are stored in both arrays 114 and 116. The.first tap st
wei ght, h[err], is stored in the fi-not register of array 114 and alsg
the first register of array 116. The second tap 5 weight, h[err], is
stored in the second re 4 cond register . :
of array 116, and so fo%%goﬁyﬁ?éh%%ﬂéﬁﬁf&ég ﬁand read from

t hese arraysAbstractl14 and 116 to be the nultiplier in nmultipliers 130

through 138, as descrpped; satﬁgﬁi%fgane&,wﬂr&e&w NeG 'tﬁ'ét he FlG 3 enboﬂi.rrent.
ver

NRZ counter 170 and convo
descri bed wi Whichdap means to fm@rmmdrwmbobrtrmsm @er e msmgiemqhaanel

convol ver 50UnRy'% nidgditade xﬁonandare??t}ugephasep %‘ﬂ[gﬂ’#ﬁ’ fﬁ?@gﬁ?x%al 176

bei ng coupled as an in ta

signal 176 B tPl&?P'F'gFP ‘5‘98‘51 |tRR Rigjehts bmaltipbgn&@@trspem phase ppgtion

mul t i Iol ier 2Ptap |Wb1 € mtdtilwt@vuf ﬁcmggt Md)diﬁed Eﬁbﬂwéigﬁt?tﬁ?é g&éﬁg&byed

si gna mul t i e is as the Second in

Lo the metr .@U% E*‘%ﬁﬁeg? B goiinoiby tap Felahttepresatative pEherbroaslon

feStI mat e of THEmbddmd\taplwelghts alegmaizolvedldlthibltadﬂpmmgasfws&@| raen
uncti on,pe t raceback random access

menory al g L}; o%%{ﬂge m"é’"', F%S&rsagi%%@én%m od Sequence estimation 15

"updated for peefmmad omythe pbssible transmittedrsymbols coniparing ehch possflﬂemamnutted

bur st BRI j ] lekel -

sequence estr nat oFé éggo%gggﬁ | zer%%ﬁ%o&%m&%g%ggﬁlﬁg@ ?ﬁr%s({elt&?&g

In the case wmh%imalumwd@yfumgsscmmmmm adecaded symbel.dbx act ed

synbol s 206 ﬁeﬁlatéeﬁbod&aenmereéeﬁeakﬁns&% ke r%egﬁﬁlcl otf'?é&ﬁga sgnfﬁ‘ olsRbl e 1

can be use ustrate the exenplary. e di ment of The

rotati ngléedPB‘uPhFaé’Xlamtatmgd‘[?FWtP“?O@Pedf%mﬁtgc é'@xé‘}iﬁﬂbllﬂéeml@f’deach synbol
i nst ant areg@mle@uﬁ“ﬁﬁbg 4 for
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Figure 3
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vector, _ |ncé%d|ng t he pﬁEEE“Ts I dent i
in row 9 of Tabl

identical to the fromthe

shown on row 11 of m
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5 is not required. The various signal's produced in the exenplary enbodi nment
of Figure 6 are identical to the corresponding signals fromthe

exenpl ary enbodi nent - of Figure 5. enLLon |s
particularly useful in comrunication syst and € uwmggggr

integrated circuits including this technitde. Such 10 onnumugﬁ;kpﬁebtuw N
systens and equi pment have the advantage of reduced co Eof il
circuitry to acconplish the signal processing. The receiver caﬁ~55~‘“‘“‘~

i mpl enent ed enploying a digital signal processor (DSP) with an
enbedded error correction coprocessor (ECCP). Tap wei ght cal cul ations,
factoring and cal cul ati on of the nodi fi ed tap wei ghts can be achieved
in the DSP with the results passed to the 15 ECCP. Wi | e
the illustrative enbodi nrent of the invention has not been descri bed as
i ncorporating pipelining, one skilled in the art would recogni ze the
enhanced conputational efficiency available by utilizing pipelining in the

desi gn. Pipelining is achieved by initiating conputation with a new
data set before 20 conpleting conputations-with a previous set of data. The
nore | atches used in pi pelining, the greater the depth of pipelining.

Pi pelining causes an initial latency in conputation tine required to
fill the pipelin t i mzes usage of resources such as adders and
subtractors. ?21?2' WE? :
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- 13 - C ai ns: 1. An equalizer for a receiver

operative to receive a signal conprised of a sequence of synbols
transmitted to the receiver over a transm ssion channel by a__—————"""" N |
transmtter, the inpulse response functionypf the channel re rﬂagmﬂéﬁ”léds‘is BEE |
“tap weights, 5 the equalizer for determ nfifg a maxi mum | i kelji hoool!ﬁﬁ’a%’itﬂff?ﬁa_-ﬁfj

representative of a sequence of synbols generated by thé= TUer
prior to transm ssion on the transm ssi on channel, including a storage
array, a conVorver, —and-a merrTc tal Tarators — — — CHARACTERI ZED BY
the storage larray (e.g., 112) for stori figznpdiELgd]t ap| wegght s, di fliized 10
tap wei ghts lbeing a product of the tap ghts=2E | a vectcﬁ;zg = =
t he convolvdrdgg.gCNI1727‘TGF‘CUHVOIvhng dif§§g‘tap Wei ghts w Th &
possibl e statelR th&lcenvol ver (elg., FDVE fayhE $ < &3 H-mllcer
(e.g., 130, | jﬁ 13>+ 1342 136, orl 13QT cei g ti tied tafsslei gi&s|as
a mul tiplierl grdra—pilt |of"a o8 pbssib gsmgg &l tifplica t hezat
| east one ndliip ief 1(¢. g—5—130, 132, 18&~N36—154 orl 13§) being an
accumul at or lafd ){,‘ﬁlildi g 4 roduct of} the rm(SIified t wel ghtes Sand
the bit of d poskibld $tote cohvol Ve ot g ; andl [=ES - S the
metric cal cdl atof_(k.lgl, 182 r réceivggg [ he” convol ¥ ggtput and a
recei ved sydb)l somit fe sequence of! réc efd synbol s, | netric ,
calculator (lelg.| e |1 |1828 providiny @ tEanth, metric.| 2 2.
An equal i zer! &s fec]tled i n®clgg m\L, un ¢ 5 (FARACTER! ZEDE:N THAT the
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a first array of
(e.g., 116), the first

registers (e.g.,
array of
nodi fied tap weights and the second array
second set of nodified tap weights,

t

registers for storing
regi sters
I zer further

he eq

2 o

CHARACT ERI ZED

BY an address generator (e.g., 118) for generating a first
address of a. __register. Lrnnlwanh_LD_Lﬂad_a_nndLL ed tap weight, the
first address including a nost si gni ant (p. 9., g¥SB) and Ieagé
significant pits (e. g , LSBs); 30 = excl usi egOR e
122) havi ng 2l first ‘np.u.L —a secand inp hd Eganr(out .yg’e Ei[rstﬁ
i nput for refeiyi nq:fa] S|gnal capabl e & Qi %ﬁa e, _tggj_@)tggib_c
input for reg eF¥|n § npst signiyficaay Ssi{ (MBEE[of §the f(rst gg r efs
pr oduced byl S gress ggperator (¢.5d. &8 t nggexq usi VeXR gpix
(e.g., 122) prov |d|ma an It puty tha t hes | hsTve |OR of S t
i nputs; and | - | *oncatenat on 2;20)
for receiving thOUP(qst (deSBs) | of e |rs£2addr
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conbi ni ng the output fromthe exclusive OR gate (e.g.,

122) vvith.the | east

\ilaced

5 significant bits (LSBs) of the first address fromthe address generator
(e.g., 118) to forma second address, whereby the fir
by the concatenation circuit (e.qg., 1§/ﬁ) addresses- a [ egl8top/EETTHABEEN
first array of registers (e.g., 114) when si gnal :prow dnggLAd:ﬁeo
first input to the exclusive OR gate (e.g., 122) is in a fl= s
and the secomd—address forred By | e concat.enatLon cilr cui t (e.g 20)
addresses a 10 register in the second af ogg dt eds (=19. .|8&816) when
the signal ploviding the first inputgo U clluskive|BR g3 Is in a
second statel ~ - A7 An Lghilze dci tedudt cl 3,
further CHARA %%Bfa f1)p- f%p%e.g pr ov %’ﬁg’g out put ,
the out put of'tﬁnefl 168 coupl ed asth,fir‘g linput__f tI58
excl usi ve ORlgpterTe g 122) ,Bhereby t p&sfaiss B |tlhe fl =f | qE=put put 15
det erm nes tRe| st hte| of i'_st I Mput he egxctudi ve ORl gate gand hence
whi ch array & B 16) ‘of relgibters)js dddresﬁd
5. A recei ver conpri kilng qua ize& ergg i e B rdceive a si grRaTJ
conpri sed of | sefue delof ynbol\s t m=E ef to thd receiver over a
transm ssi on ' ghaﬂunal by a tr nsn\t e t he inpullse response function
of “the channdl | repsesénfed as 20 tapy | s|&d he equal i zer for
det er mi ni ng Tax Il { kel | ho‘;@l at h piEsenGati ve of a sequence of
synbol s genera ed Qy t{ha tfranjun t ter p it o o[ transnilssi on on the
transm ssi on @jn@ tfre=recerver \ CHA ZED BY means
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fi’or't‘iron and a phase portion; nmeans for ‘estimating (e.g.,
14) tap weights representative of the inpulse response function of the

transm ssi on channel ; means for generati (o
nodi fied tap weights by nultiplying the BOW&phase portion| mag QBE[aﬁAo BEEN | l
.E?Z) L

wei ghts by a vector; a coflivol ver (e.g. frREPLACED
convolving nodified tap weights with bits of possi bI nodr i ed
tap weights being a product of the tap weights and a vector, t he
convol ver having at |east one multiplier {e.g., 130, 132, 134, 136, or

138), the at ,-Leas-t-on-e_thJ..le.eL_r.ec.euuLg_a_nndJ.t.l' ed tap weight as a

multiplier and ajbit of a —_ T
- 15- possi bl e state as a nultiplicand, E;Lsglgds! Ry ti pBler
(e.g., 130, 132,)134, 136, ———-0r138) bei n&an ag.,%liﬁlbt?‘r a% pr p§&di ng:
t he product of t‘1e=arod|ﬁ2!|ec tap wei ght S5 | &d |4 gg ggbib| & st at e
as a convol ved oyt pat ; = ¢ daLécgiator (¢ , ) for
receiving the copvalved outpu E JEhiEl] fe.g. 76) gom
the sequence of fgceijved sy eal~eyl at or prs Vi d a
branch nmetric. | ol S ’ s S
| 0 = | & =
| | T "
. |
’ o o~ |
| | = |
| | -/ ,
| ez~ | |
=) ! 1 |
I | O
I=wil = | =
= I ) [
PEIL Y |
l |
~ I
I o= | ]
b = bVl —=/ 17
| o~ | RN
| P e
| TYE=]
| ! ==
I 1 o=
| r h
Lo
[ L =
L L
[
=
(-
T~ """ 71 B
o~ -
T - LT S
L—l —_ foatt—} Eax
L tded | v
IL I %gJ
_______ J
N

/

This Sheet Has B

S LT



6. A receiver as recited in claimb5, CHARACTERI ZED BY t he phase

portl,on bei ng repetitive. 7. A receiver 'a'sgij_;"!‘_— y
claimb5, further CHARACTERI ZED BY 10 ~a stor =g% ATEY (e

112) conprising a first array of registers (d/ﬁ;., 114) and

array of registers (e.g., 116), the first array of regi st dir 92¢ear

for storing a first set of nodified tap weights a e second array
of registers (e.g., 116) for storing a second set rm.d.lfl ed tap

wei ght s; an address generator (e.g., 118 e_gr generating a
first address of a 15 rre‘gi‘srér‘TT'Gm‘VWTi‘crr't‘p'r'ead'a'mlr‘fT “tap weight,
the first address inclydi ng-a nost signjficant bit|(e.g., NBB) and

| east significant bitsi(e.qg.,|LSBs); | am excl usi|ve OR gate

(e.g., 122) having a=iilrsi_input . a second ipput and ~lJan outjput, the
first input for receivingl aZSigesll capabl e of changin e, the second

i nput for receiving thé =1‘r.~2 gaiff i cant bitl(e.g., M the Ifirst
address produced 20 by t e = @5‘ gener at of (e.g. t he dxcl usive OR
gate (e.g., 122) prowdlln &B==| \output thht is the efcl usive IOR of its

Eﬁ@ﬂ
0

o

1

two inputs; and a toncatenation cirgurt—fe g. 120) for
receiving the | east signifi¢aBr] bit (LSBs) of ks érst address from
t he address generator (e.qg. 1B) and the output from= & |t he dxcl usi ve
OR, the concatenation ¢ircult=(E.g., \120) fol conbin| i &hd outdut from 25
t he exclusive OR gate (e.qg., EZZ) wi th the | past signrtifcant blts(eg,
LSBs) of the firs amlcoszf om fhe addjess generatior (e.g., 118) to
forma second address, ,Eomg@by t secopd addrlesscd or pef b>} t he
concatenation circuit (e. 9= 3£ addr §sses | a rgé% n tlhe first
array of registers (e.g., B shen the signpl provid 5] B2 fi st
i nput 'to the exclusive|OR garE (€. 9., ip in alfag@PFaTERIe gnd the
address formed by I I sS85 |

L B S= |
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30 the concatenation circuit (e.g., 120) addresses a register in the

second array of registers (e.g., 116) when the signal providing the
first input to the exclusive OR gate is in a second state

8. Areceiver as recited in claim7, furt CHARACTERI "
flip-flop (e.g., 124) providing an output, ‘the output o % XF%NEﬁTaHECT
coupled as the first i nput of the exclusive OR gate| (£.9. . QQE ____________
whereby the state of the flip-flop output- det er mi nep_ihe st lﬁ4;4#—4¢w»
first input to the exclusive OR gate and hence which (e.g., 114 or 116)
array of registers is addressed. 5 9. A nmethod of generating a
detected synbol in a receiver operative to receive a signal conprised
of a sequence of synbols transmtted by a transmitter to t he receiver

over a transm ssion channel, the detected synbol being the nost |ikely
synbol to have been transmitted of all possible synbols that could have
been '

FIG. 2
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the method including the steps of receiving a sequence- of

transmtted,
synbols (e.g., 10 14) transmtted over a transm ssion channel_and
estimating tap weights (e.g., 14) representative of the || 1 RBEMENT SHEET
response function of the channel, CHARACTERI ZI%Z6 "
factoring the received sequence of synbols (e 14) |nto 2 @gggytgqggmgﬁg ______
portion and a repetitive phase portion; mul iH=ptwi-ng--t-he
tap wei ghts representat+¥e-oLnLhe_gnqggei by t he repetitive phase
portion to generhte nodified tap weights;” — =~ ————— -~ convol ving
(e.g., 172) the hodified tap wei ghts mnth Ess oﬂ;ﬁ:ﬂossqblég
generate a possible trapgmH-ed-sy est i e-ﬁg =
performng a ma |ﬁ§htltkeLthood sequ nce;g nat NLSE) .
184) on a receiVed|sy t o dent i f ) <
synbol "as the detgcted syrbof' qa é%&ﬂ ALkt of g
a detected synbol| ad rdclite s TS @] SHARAETER |
steps of: | S H- I ng (e . & 202 rotlafi hg vecfor ((&g.,
200) times a regqived P {symbdl (le.g.,, 1 fromlt he sdq ¢ of«seceiyed
synbol s to provjde =r’o ate recei eﬁs & (e. %1) =
utilizing the denotaged =ce|ved synbok (e-§E1 204) in n ng a -
M.SE (e.g., 18% 1811_oﬁ A receive syﬁbcl€§M1ereby der t on i s achi eved
before equali zptijo P = \ 1% A&kthod of geherating a )
detect ed synbol| pa=lredi ed n ai 9, | S
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further -CHARACTERI ZED BY the step of: nmul ti plying

(e.g., 192) the M.SE detected synbol (e.g., 188) by a retar]ng. ﬁgho :
(e.g., 190), whereby derotation is achieved after equalizatj &FL&%LY SHEET

12. A receiver operative to receive a signaljconprised of a|lsequen@ JBL 1995
synbols transmtted by a transmtter to the'feceiver over allt X 00 SR 0 R

channel, the 5 detected synbol being the nost |ikely synbol to have been

transmtted of ,-aJ—l———.poss.ibI_e_s.)eroLs_Lha.t_c.om_d_hqve been transmtted,
the recei ver CHARACTERI ZED BY: . eans gpr receivi a
sequence of sypbols (e.g., 14) transm’tt—e% =l tran‘_n‘-ig’ss 4] Cch el ;
10 | nearlglﬁer—es{—i-ﬁa{ﬁng tan 19 -t epEdsen@al i ve
of the inpulsel & respapse function ofest ] >< &3 [ BB ans
for factoring (eTg., %4) [tlw received sbe /rrb&ls Nt o = =
magni t ude porti qr—gnreh d epeti tagve phase % R= = ms:ﬁgs;
for multiplyi nlr; (el]g. | 114) 4 J‘ap wei ght ative pf theSlS
channel by theI rlepgLs JJ|M=Jh-&s orth\on t QLener te rodi f%eéczl t apnei gh&s;
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means for convolving (e.g., 172) the nodified tap weights with bits of a
possible state to generate a transmtted synbol estinate @E%E
means for performng a maxi mum | i kelihood sequence estina R#LAGJE‘E%M_ T
(e.g., 182, 184) on a received synbol to igﬁmt'ify a maxi mllke1 2hsid 1%
:transmtted synbol as the detected synbol Hl Paigp retfé'u"ii'é'r""

| Buaimnenmmm bRt —

as recited in aimli2,_further &ABAQ[EB[;E_D_BX__ neans for
mul tiplying (e;g., 202) a rotating vector—e g —)I by a rcei ved
synbol (e.g., 76) fromthe sequence of r@e_\uggﬁ?og t le a
derotated recejved sy .ée..g.,._zq ); &2b T for
utilizing the ﬂeg _received sy\nbolcc @g..@ i mng a
M.SE (e.g., 182, 84)Lq | adbece ved\synbclg Vhe aerote
achi eved beforeg .éq-ual-l 2|a1 I OR. oo \ gf ._-§1§A recei ecited in
claim 12, furthdr CHARACTERLZEISSBY |\ | ans f pl yi ng
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