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MLSE Before Derotation And After Derotation

Technical Field
This invention relates generally to communication systems and more

particularly to digital communication systems incorporating an equalizer such as a
cellular communication system incorporating a maximum likelihood sequence
estimator equalizer.

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
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
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
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

- 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
number by a real number.
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The receiver circuitry could be simplied by the use of a convolution
process that did not require the multiplication of two complex quantities.
Summary of the Invention

In accordance with one embodiment of the invention, a receiver has
means to factor detected symbols transmitted over a transmission channel into a real
portion and an imaginary portion. The receiver further has means to generate
modified tap weights by multiplying the imaginary portion by tap weights
representative of the channel. The modified tap weights are convolved with bits of
possible states to generate possible transmitted symbols. A maximum likelihood
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
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;

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
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

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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An exemplary frame, or transmission burst 100, of information
transmitted, typically by a base station or mobile digital cellular telephone to the
other, is shown in Figure 2. The frame contains a predetermined number of bits.
Each frame includes starting bits 102, a first set of information bits 104, training bits
106, a second set of information bits 108 and ending bits 110. Training bits 106
located between information bits 104 and information bits 108 are also referred to as
mid-amble bits. Typically there are three starting and ending bits, 58 bits in each set
of information bits, and 26 training bits for a total of 148 bits per frame. The
training bits are known. The starting and ending bits are known and typically are
zeros. Other numbers and distribution of bits are possible depending on the
implementation.

_ The training bits in a received burst are used to calculate an estimate of
the channel over which the transmission occurred. The channel estimate is the
impulse response function of the channel. An interference free signal is transmitted.
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,
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. -



10

15

20

25

30

35

40

i 012345678 91011 1213
a(i) 0001011000100 0
d(i) = a())Da(i-1) 1001110100T1T1U0 0
o) = 1 -2d(i) 41 1-1-1-11-11-=-1-1 11
exp(j(=Soi)m/2T) 301§ 1§14 14 14 14 1
IQ— {+1,-1} 11 1 1-1-1-1-1-1- -1 -1 1
Phase of I, Q= {1, j} i o1j 1§ 1§ 13 1§ 1§ 1

MLSE detected symbol < 1 j 1 -1 5 -1 4 1 4 -1 4 1

9 = gl-in(i+1)/2T] -1§j 1-4-1j 14-1j 14 1

output = 9#y(t) -1-1-11-111-1-1-11-1-1-1

a’(i) 0001011000100 0
TABLE 1

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)
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
noise or interference, received by a receiver 14 or a base station receiver. e¥(9, 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)
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 exemplary received signal is represented by row 5 of Table 1 and is
further processed after being received by a receiver. The MSK modulated signal is
factored for ease of implementation. It is known that the imaginary component of
the factored signal is alternatively j and 1. Thus, the product of rows 6 and 7, at each
symbol instant, is the received signal shown in row 5.

Factoring the received signal into real and imaginary components is
better understood with reference to equations (1) and (2).

[~ -1 —j] ~1 -1 -]

—j =1 j -1 -1 1

—i 1 - -1 1 -1

-3 1 j| _ -1 1 1 1o )
[ T i R AT B LR

i=1 1 -1 1| ©°

i 1 = 1 1 -1

L 1§ | 11 1]

-1 —j -1 1 -1 -]

-1 -j 1 -1 -1 1

-1 j -l -1 1 -1

SR | R B O T :)02 @)
1 —j -1 1 -1 -1 oil
1 —j 1 1 -1 1
1§ -1 I 1 -1

| 1 1] L1 1 1

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
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
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



£

10

15

20

25

30

35

40

-6-

the diagonal vector to produce modified tap weights for use in a convolution process
as described below with respect to Figures 3-6.

Figure 3 is a simplified schematic diagram of a portion of receiver 14
shown in Figure 1. In the maximum likelihood sequence estimation process, the tap
weights, which are complex quantities, are convolved with all possible combinations
of Viterbi states. The Viterbi states represent all possible next states in the

‘transmission. The convolution is achieved by convolving all 2€ possible states,

representing a Viterbi state, to obtain an estimate of the received signal for each
candidate state that is employed in the branch metric calculations.

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
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 *
designates multiplication.

hgt” j  * ho® i * heQ

hyp” 1 * hy(D 1 * hQ

ha1” j  * hy(D i % hQ

hy” 1 * hy® I * h3(Q

hy” §j % hy(D i * hQ

hs;” 1 * hs( 1 * hs(Q
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
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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hoy' 1 * hoD) 1 * he(@Q

hy” j  * h(D i * hQ

hn' 1 * hy® I * hQ

h3” j *  ha(D) i * h3(Q

hgyp” 1 *  hy(D 1 *  hyu(Q)

hs” § * hs®  j * hs@Q
TABLE 3

The modified tap weights are used in further signal processing, thereby reducing the
complexity of circuitry required, as discussed below, to complete the subsequent
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
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
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
to form an address. The outpﬁt 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.

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.
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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
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
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
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,
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.

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
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
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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NRZ counter 170 will be a plus or minus one.

To multiply complex tap weights times complex Viterbi states would
require a complex multiplier. This aspect of the signal processing is simplified by
factoring the received signal into a real component and an imaginary component.
The imaginary component is combined with the tap weights, which are already
complex quantities, to produce (as described above) the modified tap weights which
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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select 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 symbol 188 for each symbol
instant.

Upon completion of an update of the accumulated costs for each Viterbi
state of a given symbol instant, flip-flop 24 again toggles and the modified tap
weights stored in the registers of the other array of RAM 112 are read, based on
addresses generated by address generator 118 and concatenation circuit 120, then
written respectively to multipliers 130-138 as the multiplicand. Estimates of the
received signal in the next symbol instant are calculated. This process continues for
each symbol instant represented by a burst 100.

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
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,
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
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
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
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
before derotation. In the embodiments shown in Figures 5 and 6, the derotation
occurs before MLSE equalization.
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. Figure 5 is a simplified schematic diagram of a portion of a receiver
similar to Figure 3 in which derotation occurs before MLSE equalization. Tap
weights are stored in both arrays 114 and 116. The first tap weight, h, is stored in
the first register of array 114 and also the first register of array 116. The second tap
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
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
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
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
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.

B=exp[-ja(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

TABLE 4
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In an alternate embodiment shown in Figure 6, the redundant storage of
tap weights is eliminated. After each update, the tap weights, if changed since the
last update, are overwritten in array 114. In this embodiment, control over the array
from which to read the appropriate tap weights as introduced by toggle flip-flop 124
is not required. The various signals produced in the exemplary embodiment of
Figure 6 are identical to the corresponding signals from the exemplary embodiment
of Figure 5. _ '

The invention is pérticularly useful in communication systems and
equipment employing integrated circuits including this technique. Such
communications systems and equipment have the advantage of reduced complexity
of circuitry to accomplish the signal processing. The receiver can be implemented
employing a digital signal processor (DSP) with an embedded error correction
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
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
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.
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Claims:
1. An equalizer for a receiver 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 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, including a storage array, a convolver, and a metric calculator,
CHARACTERIZED BY

the storage array (e.g., 112) for storing modified tap weights, modified
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,
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.

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
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);

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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a concatenation circuit (e.g., 120) for receiving the least significant bits
(LSBs) of the first address 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 the exclusive OR gate (e.g., 122) with the least
significant bits (LSBs) of the first address from the address generator (e.g., 118) to
form a second address, whereby the first 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 second address formed by 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.

4. An equalizer as recited in claim 3, further CHARACTERIZED BY a
flip-flop (e.g., 124) providing an output, the output of the flip-flop coupled as the first
input of the exclusive OR gate (e.g., 122), whereby the state of the flip-flop output
determines the state of the first input to the exclusive OR gate and hence which array
(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
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;

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
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
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possible state as a multiplicand, the at least one multiplier (e.g., 130, 132, 134, 136,
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;

a metric calculator (e.g., 182) for receiving the convolved output and a
received symbol (e.g., 176) from the sequence of received symbols, the metric
calculator providing a branch metric.

6. A receiver as recited in claim 5, CHARACTERIZED BY the phase
portion being repetitive.

7. A receiver as recited in claim 5, further CHARACTERIZED BY

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
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
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
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
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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flip-flop (e.g., 124) providing an output, the output of the flip-flop coupled as the first
input of the exclusive OR gate (e.g., 122), whereby the state of the flip-flop output
determines the state of the first input to the exclusive OR gate and hence which (e.g.,

114 or 116) array of registers is addressed.

9. A method of generating a detected symbol in a receiver operative to
receive a signal comprised of a sequence of symbols transmitted by a transmitter to
the receiver over a transmission channel, the detected symbol being the most likely
symbol to have been transmitted of all possible symbols that could have been
transmitted, the method including the steps of receiving a sequence of symbols (e.g.,
14) transmitted over a transmission channel and estimating tap weights (e.g., 14)
representative of the impulse response function of the channel, CHARACTERIZED
BY

factoring the received sequence of symbols (e.g., 14) into a magnitude
portion and a repetitive phase portion;

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.,
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
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.

11. A method of generating a detected symbol as recited in claim 9,
further CHARACTERIZED BY the step of:
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multiplying (e.g., 192) the MLSE detected symbol (e.g., 188) by a
rotating vector (e.g., 190), whereby derotation is achieved after equalization.

/.

12. A receiver operative to receive a signal comprised of a sequence of
symbols transmitted by a transmitter to the receiver over a transmission channel, the
detected symbol being the most likely symbol to have been transmitted of all
possible symbols that could have been transmitted, the receiver CHARACTERIZED
BY: .

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

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
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 éymbol to identify a maximum likelihood
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
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)
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
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16. An equalizer substantially as hereinbefore described with reference to

the accompanying drawings.
17. A receiver substantially as hereinbefore described with reference to

the accompanying drawings.
18. A method of generating a detected symbol in a receiver, the method

being substantially as hereinbefore described with reference to the accompanying
drawings. '
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