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assignee of the present invention and incorporated herein by reference.
In the just mentioned patent, a multiple access technique is disclosed
30 where a large number of mobile telephone system users, each having a

transceiver, communicate through satellite repeaters or terrestrial base
stations using CDMA spread spectrum communication signals. In using
CDMA communications, the frequency spectrum can be reused multiple
times thus permitting an increase in system user capacity.

35 The CDMA modulation techniques disclosed in the '307 patent offers
many advantages over narrow band modulation techniques used in
communication systems using satellite or terrestrial channels. The terrestrial
channel poses special problems to any communication system particularly
with respect to multipath signals. The use of CDMA techniques permits the

40 special problems of the terrestrial channel to be overcome by mitigating the
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an ideal F5TPUiFferbit propagation paths of the same signal to be separated, provided the
difference in path delays exceeds the PN chip duration. If a PN chip rate of
approximately 1 MHz is employed in a CDMA system, the full spread
spectrum processing gain, equal to the ratio of the spread bandwidth to the
system data rate, can be employed against paths having delays that differ by

30 more than one microsecond. A one microsecond path delay differential

corresponds to differential path distance of approximately 300 meters. The

urban environment typically provides differential path delays in excess of one
microsecond.

The multipath properties of the terrestrial channel produce at the

35 receiver signals having traveled several distinct propagation paths. One

characteristic of a multipath channel is the time spread introduced in a signal

that is transmitted through the channel. For example, if an ideal impulse is

transmitted over a multipath channel, the received signal appears as a stream

of pulses. Another characteristic of the multipath channel is that each path
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25 received at the output of the channel.

In narrow band modulation systems such as the analog FM
modulation employed by conventional radio telephone systems, the existence
of multiple paths in the radio channel results in severe multipath fading. As
noted above with a wideband CDMA, however, the different paths may be

30  discriminated in the demodulation process. This discrimination not only
greatly reduces the severity of multipath fading but provides an advantage to
the CDMA systemn.

Diversity is one approach for mitigating the deleterious effects of
fading. It is therefore desirable that some form of diversity be provided which

35  permits a system to reduce fading. Three major types of diversity exist: time
diversity, frequency diversity, and space/path diversity.

Time diversity can best be obtained by the use of repetition, time
interleaving, and error correction and detection coding which introduce
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25 invention.

The CDMA techniques as disclosed .in the '307 patent contemplate the
use of relatively long PN sequences with each mobile unit user being assigned
a different PN sequence. The cross-correlation between different PN
sequences and the autocorrelation of a PN sequence, for all time shifts other

30 than zero, both have a nearly zero average value which allows the different
user signals to be discriminated upon reception. (Autocorrelation and cross-
correlation requires logical "0" take on a value of "1" and logical "1" take on a
value of "-1" or a similar mapping in order that a zero average value be
obtained.)

35 However, such PN signals are not orthogonal. Although the cross-
correlation essentially averages to zero over the entire sequence length, for a
short time interval, such as an information bit time, the cross-correlation is a
random variable with a binomial distribution. As such, the signals interfere
with each other much the same as they would if they were wide bandwidth
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20 W(2) = 0, 0
o1 |
0,0 0 0
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O’ 1’ Ol 1I OI 1’ Ol 1
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0,0,001,1,1,1
0,10 1,1,0, 1,0
Of Or 1: 1; 1; 1, 0, 0
35 0,1,1,0,1,0,0, 1

A Walsh sequence or code is one of the rows of a Walsh function
matrix. A Walsh function matrix of order n contains n sequences, each of
length n Walsh chips. Each Walsh code has a corresponding Walsh index

40 where the Walsh index refers to the number (1 through n) corresponding to
the row in which a Walsh code is found. For example, for n=8 Walsh
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function matrix given above, the all zeroes row corresponds to Walsh index 1
and the Walshcode 0, 0, 0, 0, 1, 1, 1, 1 corresponds to Walsh index 5.

A Walsh function matrix of order n (as well as other orthogonal
functions of length n) has the property that over the interval of n bits, the
cross-correlation between all the different sequences within the set is zero.
This can be seen by noting that every sequence differs from every other
sequence in exactly half of its bits. It should also be noted that there is always
one sequence containing all zeroes and that all the other sequences contain
half ones and half zeroes. The Walsh symbol which consists all logical zeros
instead of half one's and zero's is called the Walsh zero symbol.

On the reverse link channel from the mobile unit to the base station,
no pilot signal exists to provide a phase reference. Therefore a method is
needed to provide a high-quality link on a fading channel having a low Eb/No
(energy per bit/noise power density). Walsh function modulation on the
reverse link is a simple method of obtaining 64-ary modulation with
coherence over the set of six code symbols mapped into the 64 Walsh codes.
The characteristics of the terrestrial channel are such that the rate of change of
phase is relatively slow. Therefore, by selecting a Walsh code duration which
is short compared to the rate of change of phase on the channel, coherent
demodulation over the length of one Walsh code is possible.

On the reverse link channel, the Walsh code is determined by the
information being transmitted from the mobile unit. For example a three bit
information symbol could be mapped into the eight sequences of W(8) given
above. An "unmapping” of the Walsh encoded symbols into an estimate of
the original information symbols may be accomplished in the receiver by a
Fast Hadamard Transform (FHT). A preferred ‘unmapping” or selection
process produces soft decision data which can be provided to a decoder for
maximum likelihood decoding.

An FHT is used to perform the "unmapping" process. An FHT
correlates the received sequence with each of the possible Walsh sequences.
Selection circuitry is employed to select the most likely correlation value,
which is scaled and provided as soft decision data.

A spread spectrum receiver of the diversity or "rake" receiver design
comprises multiple data receivers to mitigate the effects of fading. Typically
each data receiver is assigned to demodulate a signal which has traveled a
different path, either through the use of multiple antennas or due to the
multipath properties of the channel. In the demodulation of signals
modulated according to an orthogonal signaling scheme, each data receiver
correlates the received signal with each of the possible mapping values using
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an FHT. The FHT outputs of each data receiver are combined and selection
circuitry then selects the most likely correlation value based on the largest
combined FHT output to produce a demodulated soft decision symbal.

In the system described in the above-referenced '459 patent, the call
signal begins as a 9600 bits per second information source which is then
converted by a rate 1/3 forward error correction encoder to a 28,300 symbols
per second output stream. These symbols are grouped 6 at a time to form 4300
Walsh symbols per second, each Walsh symbol selecting one of sixty-four
orthogonal Walsh functions that are sixty-four Walsh chips in duration. The
Walsh chips are modulated with a user-specific PN sequence generator. The
user-specific PN modulated data is then split into two signals, one of which is
modulated with an in-phase (I) channel PN sequence and one of which is
modulated with a quadrature (Q) channel PN sequence. Both the I channei
modulation and the Q channel modulation provide four PN chips per Walsh
chip with a 1.2288 MHz PN spreading rate. The I and the Q modulated data
are Offset Quadrature Phase Shift Keying (OQPSK) combined for
transmission.

In the CDMA cellular system described in the above-referenced 307
patent, each base station provides coverage to a limited geographic area and
links the mobile units in its coverage area through a cellular system switch to
the public switched telephone network (PSTN). When a mobile unit moves
to the coverage area of a new base station, the routing of that user's call is
transferred to the new base station. The base station-to-mobile unit signal
transmission path is referred to as the forward link and the mobile unit-to-
base station signal transmission path is referred to as the reverse Link.

As described above, the PN chip interval defines the minimum
separation two paths must have in order to be combined. Before the distinct
paths can be demodulated, the relative arrival times (or offsets) of the paths in
the received signal must first be determined. The channel element modem -
performs this function by "searching" through a sequence of potential path
offsets and measuring the energy received at each potential path offset. If the
energy associated with a potential offset exceeds a certain threshold, a signal
demodulation element may be assigned to that offset. The signal present at
that path offset can then be summed with the contributions of other
demodulation elements at their respective offsets. A method and apparatus
of demodulation element assignment based on searcher demodulation
element energy levels is disclosed in co-pending U.S. Patent No.5,490,165,
issued February 6,1996  entitled "DEMODULATION ELEMENT ASSIGNMENT
IN A SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS,"
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assigned to the assignee of the present invention. Such a
diversity or rake receiver provides for a robust digital link, because all paths
have to fade together before the combined signal is degraded.

Figure 1 shows an exemplary set of signals from a single mobile unit
arriving at the base station. The vertical axis represents the power received
on a decibel (dB) scale. The horizontal axis represents the delay in the arrival
time of a signal due to multipath delays. The axis (not shown) going into the
page represents a segment of time. Each signal spike in the common plane of
the page has arrived at a common time but was transmitted by the mobile
unit at a different time. In a common plane, peaks to the right were
transmitted at an earlier time by the mobile unit than peaks to the left. For
example the left-most peak spike 2 corresponds to the most recently
transmitted signal. Each signal spike 2 - 7 has traveled a different path and
therefore exhibits a different time delay and a different amplitude response.
The six different signal spikes represented by spikes 2 - 7 are representative of
a severe multipath environment. Typical urban environments produce
fewer usable paths. The noise floor of the system is represented by the peaks
and dips having lower energy levels. The task of a searcher element is to
identify the delay as measured by the horizontal axis of signal spikes 2 - 7 for
potential demodulation element assignment. The task of the demodulation
element is to demodulate a set of the multipath peaks for combination into a
single output. It is also the task of the demodulation elements once assigned
to a multipath peak to track that peak as it may move in time.

The horizontal axis can also be thought of as having units of PN offset.
At any given time, the base station receives a variety of signals from a single
mobile unit, each of which has traveled a different path and may have.a
different delay than the others. The mobile unit's signal is modulated by a
PN sequence. A copy of the PN sequence is also generated at the base station.
At the base station, each multipath signal is individually demodulated with a
PN Sequence code aligned to its timing. The horizontal axis coordinates can
be thought of as corresponding to the PN sequence code offset which would be
used to demodulate a signal at that coordinate.

Note that each of the multipath peaks varies in amplitude as a function
of time as shown by the uneven ridge of each multipath peak. In the limited
time shown, there are no major changes in the multipath peaks. Over a more
extended time range, multipath peaks disappear and new paths are created as
time progresses. The peaks can also slide to earlier or later offsets as the path
distances change as the mobile unit moves around in the coverage area of the
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base station. Fach demodulation element tracks these small variations in the signal
assigned to it.

In a typical wireless telephone communication system, the mobile unit transmitter
may employ a vocoding system which encodes voice information in a variable rate
format. For example, the data may be lowered due to pauses in the voice activity. The
lower data rate reduces the level of interference to other users caused by the mobile unit
transmissions. At the receiver, or otherwise associated with the receiver, a vocoding
system is employed for reconstructing the voice information. In addition to voice
information, non-voice information alone or a mixture of the two may be transmitted by
the mobile unit.

A vocoder which is suited for application in this environment is described in U.S.
Patent No. 5,414,796, issued May91995 which is a continuation of U.S. Patent
Application Serial No.07/713,661 now abandoned, entitled "VARIABLE RATE
VOCODER," and assigned to the assignee of the present invention. This vocoder
produces from digital samples of the voice information encoded data at four different
rates, e.g. approximately 8,000 bits per second (bps), 4,000 bps, 2,000 bps and 1,000
pbs, based on voice activity during a 20 millisecond (ms) frame. Each frame of vocoder
data is formatted with overhead bits as 9,600 bps,4,800 bps,2,400 bps, and 1,200 bps
data frames. The highest rate data frame which corresponds to a 9,600 bps frame is
referred to as a "full rate” frame; a 4,800 pbs data frame is referred to as a "half rate”
frame; a 2,400 bps data frame is referred to as a "quarter rate" frame; and a 1,200 pbs
data frame is referred to as an "eight rate" frame. In neither the encoding process nor the -
frame formatting process is rate information included in the data. When the mobile unit
transmits data at less than full rate, the duty cycle of the mobile units fransmitted signal
is the same as the data rate. For example, at quarter rate a signal is transmitted from the
mobile unit only one quarter of the time. During the other three quarters time, no signal
is transmitted from the mobile unit. The mobile unit includes a data burst randomizer.
Given the data rate of the signal to be transmitted, the data burst randomizer determines
during which time slots the mobile unit transmits and during which time slots it does not.
Further details on the data burst randomizer are described in copending U.S. patent
application Serial No. 08/194,823 filed February 14, 1994, which is a continuation of
U.S. Patent Application Serial No. 07/846,312, now abandoned, entitled "DATA BURST
RANDOMIZER," and assigned to the assignee of the present invention.

At the base station, each individual mobile unit signal must be identified from the
ensemble of call signals received to be demodulated back into the original call signal of
the mobile unit. A system and method for demodulating a mobile unit signal received at
a base station is described, for
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10
example, in the '459 patent. Figure 2 is a block diagram of the base station
equipment described in the '459 patent for demodulating a reverse link
mobile unit signal.

A typical prior art base station comprises multiple independent
searcher and demodulation elements. The searcher and demodulation
elements are controlled by a microprocessor. In this exemplary embodiment,
to maintain a high system capacity, each mobile unit in the system does not
transmit a pilot signal. The lack of a pilot signal on the reverse link increases
the time needed to conduct a survey of all possible time offsets at which a
mobile unit signal may be received. Typically a pilot signal is transmitted at a
higher power than the traffic bearing signals thus increasing the signal to
noise ratio of the received pilot as compared to the received traffic channel
signals. In contrast, ideally each mobile unit transmits a reverse link signal
which arrives with a signal level equal to the power level received from
every other mobile unit therefore having a low signal to noise ratio. Also, a
pilot channel transmits a known sequence of data. Without the pilot signal,
the searching process must examine all possibilities of what data may have
been transmitted.

Figure 2 shows an exemplary embodiment of a prior art base station.
The base station of Figure 2 has one or more antennas 12 receiving CDMA
reverse link mobile unit signals 14. Typically, an urban base station's
coverage area is split into three sub-regions called sectors. With two antennas
per sector, a typical base station has a total of six receive antennas. The
received signals are down-converted to baseband by an analog receiver 16 that
quantizes the received signal I and Q channels and sends these digital values
over signal lines 18 to channel element modem 20. A typical base station
comprises mulitple channel element modem like channel element
modem 20 (not shown in Figure 2). Each channel element modem 20
supports a single user. In the preferred embodiment, channel element
modem 20 comprises four demodulation elements 22 and eight searchers 26.
Microprocessor 34 controls the operation of demodulation elements 22 and
searchers 26. The user PN code in each demodulation element 22 and
searcher 26 is set to that of the mobile unit assigned to that channel element
modem 20. Microprocessor 34 steps searchers 26 through a set of offsets, called
a search window, that is likely to contain multipath signal peaks suitable for
assignment of demodulation elements 22. For each offset, searcher 26 reports
the energy it finds at that offset to microprocessor 34. Demodulation
elements 22 are then assigned by microprocessor 34 to the paths identified by
searcher 26. Once one of demodulation elements 22 has locked onto the
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signal at its assigned offset, it then tracks that path on its own without
supervision from microprocessor 34, until the path fades away or until it is
assigned to a new path by microprocessor 34.
Each of demodulation elements 22 is highly similar in structure to the
5 others. Figure 3 illustrates in further detail demodulation element 22 of
Figure 2. In Figure 3, the digitized input signal is assumed to be a
Quadrature Phase Shift Keyed (QPSK) signal having in-phase (I) and
quadrature-phase (Q) signal samples. The I and Q signal samples, each being
a multiple-bit value, are input to decimator and despreader 46. Typically the

10 I and Q signal samples are over-sampled in that the input is received at a
data rate higher than the chip rate. In decimator and despreader 46, the data
is decimated from the over-sampled data rate to the PN chip rate. The data
is then despread by decimator and despreader 46 using the same PN
sequence used to modulate this signal in the mobile unit.

15 Decimator and despreader 46 outputs despread I and Q signal
components to the accumulator 48. Accumulator 48 accumulates the
despread | and Q signal components over a Walsh Chip period to produce
accumulated I and Q chip data. The accumulated I and Q chip data is then

. processed by the Fast Hadamard Transformer (FHT) and selector 52. The

20 FHT portion of FHT and selector 52 correlates the accumulated I and Q chip
data with all possible Walsh sequences. Each I and Q correlation result is
then used to estimate the magnitude of the corresponding Walsh symbol.
The magnitude estimates from each of the I and Q correlation results are
compared with each other. The Walsh symbol corresponding to the I and Q

25  correlation result that has the biggest magnitude is selected by the selector
portion of FHT and selector 52 as the demodulated Walsh symbol. The
demodulated Walsh symbol is output along with the corresponding
estimated magnitude of that Walsh symbol.

Due to the different arrival times of signal paths assigned to the

30 different demodulation elements, demodulation element 22 also performs a
de-skewing of the symbols. The output to combiner 28 (Figure 2) must be
delayed by deskew buffer 54 such that each demodulation element 22
provides data synchronized in relation to the other demodulation elements.

Energy accumulator and lock detector 44 sums a series of consecutive

35 Walsh symbol magnitudes. The resulting sum is output to
microprocessor 34 (Figure 2). The resulting sum is also compared with a
threshold to indicate a locked or unlocked state by energy accumulator and
lock detector 44.
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a Delay 40 delays the output of accumulator 50 until the results of FHT
and selector 52 are available. Note that delay 40 must store large blocks of
data and requires a large die area in an integrated circuit chip
implementation. Early and late metric generation 38 then multiplies the
accumulated early and late, I and Q chip data by the Walsh sequence
corresponding to the demodulated Walsh symbol and accumulates the
result to find the magnitude of early and late, I and Q Walsh symbols. The
early symbol magnitude is subtracted from the late symbol magnitude to
produce an error metric. The error metric is output to time tracking 36.
Time tracking 36 uses the error metric to determine if the despreading
operation in decimator and despreader 46 is running ahead, behind, or on
time. Microprocessor 34 keeps track of absolute demodulation path time of
the demodulation element 22.

Referring again to Figure 2, the output of FHT and selector 52 for each
demodulation element 22 is then combined with those of other
demodulation elements by combiner 28. The output of combiner 28 is a "soft
decision" demodulated symbol, weighted by the confidence that it correctly
identifies the originally transmitted Walsh symbol. The soft decision is then
passed to forward error correction decoder 29 for further processing to recover
the original call signal. This call signal is then sent through digital link 30,
such as a T1 or El link, that routes the call to public switched telephone
network (PSTN) 32.

Like each demodulation element 22, each searcher 26 contains a
demodulation data path with an FHT processor capable of performing one
FHT transform during a time period equal to the period of a Walsh symbol.
The FHT processor is slaved to "real time" in the sense that during every
Walsh chip interval one value is input to the FHT and one value is output
from the FHT. To provide a rapid searching process, more than one searcher
element must be used. Searcher elements 26 continually scan in search of a
particular mobile unit's information signal as controlled by
microprocessor 34. For each offset processed, each searcher 26 finds the
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val U5 usﬁ'zggre 2, these circuits were completely independent and require the close
guidance of microprocessor 34 to sequence through the correct offsets, and
handle the FHT outputs. Every Walsh symbol microprocessor 34 receives an
interrupt to process the FHT outputs. This interrupt rate alone necessitates a
high powered microprocessor.

25 It would be advantageous if the six IC's required for a modem could be
reduced to a single IC needing less microprocessor support, thereby reducing
the direct IC cost and board-level production cost of the modem, and allowing
migration to a lower cost microprocessor (or alternately a single high powered
microprocessor supporting several channel element modems at once). Just

30 relying on shrinking feature sizes of the IC fabrication process and placing the
six chips together on a single die is not enough. The fundamental
architecture of the demodulator needs to be redesigned for a truly cost
effective single chip modem. From the discussion above, it should be
apparent that there is a need for a signal receiving and processing apparatus

35 that can demodulate a spread spectrum call signal in a lower cost and more
architecturally efficient manner.
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Walsh symbol that is available. The combiner stores the transformed outputs

30 for subsequent summation with transformed outputs corresponding to the

other demodulation element front end blocks. The maximum detection

block detects the energy of the largest transform output and the index
corresponding to that output.

During a third time slice, the maximum energy output of the

35 maximum detection block is processed by a lock detection block and the index

corresponding to the maximum energy is used by a time tracking block. The

lock detection block accumulates and filters the maximum energy output.

The time tracking block uncovers an early and a late Walsh symbol from the

corresponding demodulation element front end block using the index

40  corresponding to the maximum energy and compares the early result to the
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2% Figure 3is a block 1agram of a demod element in a prior art

communications network demodulation system;

Figure 4 represents an exemplary CDMA telecommunications system
constructed in accordance with the present invention;

Figure 5 is a block diagram of a channel element modem constructed in

30  accordance with the present invention;

Figure 6 is an overview of the demodulation rake receiver constructed
in accordance with the present invention, including block diagrams of the
demodulator front end and pipelined demodulator processor.

Figure 7 is a timing diagram showing a typical pipelined demodulator

35 processor allocation on a series of time slices;

Figure 8 is a block diagram of a demod element front end;

Figure 9 is a block diagram of the demod element queuing arbiter block;

Figure 10 is a block diagram of the time tracking block;

Figure 11 is a block diagram of the lock detector block;
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25 shared on a time slice basis between demodulation and searching processes
and replaces all of the prior art FHT processors 52 of Figures 2 and 3.
Nominally, demodulator front end 122 outputs a complete stored Walsh
symbol to FHT processor engine 120 one time slice per Walsh symbol for each
demodulation element front end 400 which is demodulating a valid signal.
30 The remaining time slices may be used by integrated search processor 128,
allowing search results to be processed up to three times faster than the set of
eight prior art searchers 26 of Figures 2 and 3. In alternative embodiments,
the remaining time slices may be used to increase the number of
demodulation element front ends. Further performance improvements are
35 obtainable by increasing the clock speed of FHT processor engine 120.

In the exemplary embodiment, demodulator front end 122 includes
four identical demod element front ends 400A - 400D. Demodulation
elements front end 400A - 400D work in "real-time" like the prior art
elements of Figure 2, in the sense that each antenna sample is operated on
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Figure 7 shows the resource allocation in each time slice for the various
25 processing blocks comprising pipelined demodulator processor 126 for a
typical multipath environment in which each of demod element front
ends 400A - 400D have been assigned to different multipath signals. The
labels, Events 0 - 3, on the time lines in Figure 7 refer to the pipelined
demodulation events for a first transmitted symbol, Walsh 0. The first Walsh
30 symbol output from on-time Walsh chip buffer 406 corresponding to the
Walsh 0 symbol is referred to as Event 0 and corresponds to data from
whichever one of demod element front ends 400A - 400D is receiving the
earliest arriving multipath signal. Events 1, 2, and 3 correspond to data from
the remaining three demodulation element front ends 400 where Event 3
35 represents the last available symbol corresponding to the Walsh 0 symbol.

A blank space in the use allocation bars of Figure 7 indicates that the
corresponding resource is not used during the corresponding time slice. The
sharing of FHT processor engine 120 between the pipelined demodulation
events and the search process can be seen in the resource allocation FHT
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resulting in the same usage pattern of Figure 7. The same resulting usage
pattern that would occur if the corresponding offsets of the last three events

30  were spaced up to two Walsh chips (one time slice) apart.
During time slice 0, the symbol corresponding to Event 0 for the
Walsh 0 symbol is input into FHT processor engine 120. In the preferred
embodiment during time slice 0, 64 Walsh chips are read from on-time
Walsh chip buffer 406 and input to FHT processor engine 120. During time
35 slice 1, FHT processor engine 120 serially outputs each of the 64 correlation
energies to max detect block 160 and to combiner 419. During time slice 2,
time tracking block 412 uncovers (i.e. despreads) and accumulates early and
late Walsh chips from early/late Walsh chip buffer 404 using the Walsh index
of the maximum correlation energy found by max detect block 160. Also
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during time slice 6, power control decision 416 compares the maximum

combined energy calculated by dual maxima metric 414 during time slice 5

with a threshold. Power control decision 416 generates a power adjust

25 command for the mobile unit based on the comparison. The power

adjustment command is placed on the forward link power control
subchannel as explained in U.S. Patent 5,056,109 referenced above.

Referring now to Figure 8, each demod element front end 400 includes

an I PN generator 480, user PN generator 482, and Q PN generator 484. The

30 user PN sequence modulates the I and Q PN sequences through XOR gates 486

and 488. The outputs of XOR gates 486 and 488 are used by OQPSK

despreader 448 to despread the received antenna samples. [ PN generator 480,

user PN generator 482, and Q PN generator 484 are stepped along by a PN chip

enable strobe output from timing generation block 458. In the preferred

35 embodiment, nommallv timing generation block 458 outputs one PN chip

enable strobe once every 8 system clocks. Because in the preferred

embodiment the system clock rate is eight times the PN chip rate, timing

generation block 458 outputs the PN chip enable at the same rate the PN chips

are received. However, when an advance or retard timing adjust command is
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art Through antenna select register 446 and MUX 440, channel element

microprocessor 136 selects one of a plurality of receive antenna sample
20 streams to demodulate. The antenna sample streams are comprised of eight
samples per PN chip. Using a process referred to as decimation, a subset of the
antenna samples are selected by decimator latch 442 according to the current
offset and a PN chip enable signal to produce a data stream having two
samples per PN chip as needed for demodulation. Timing generation
25  block 458 enables decimator latch 442 such that the resultant samples centered
on the multipath signal being demodulated. Delay latch 444 delays the
previously output value as needed to despread the offset quadrature phase
shift keying (OQPSK) modulation by OQPSK despreader 448. In the preferred
embodiment, four of the despread samples are summed by I and Q Walsh
30  chip accumulator 460 to form a Walsh chip value.

As previously discussed, time tracking block 412 ensures that
demodulation element front end 400 is demodulating samples centered
on the chosen multipath signal. As discussed in greater detail below, to
perform the time tracking function, time tracking block 412 measures the

35 difference between the signal energy of half a PN chip earlier and one half a

. PN chip later in time than the chosen on-time signal being demodulated. In
order to calculate the signal energy at a PN chip early and late, the
demodulation process must be performed for the early and late samples in the

same manner as the on-time path. In Figure 8, despreader 448 and Walsh
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nmobi | e t glazpinbsams for the on-time, early, and late Walsh chip accumulation. The

partial sums are aligned with the corresponding output from despreader 448
and circulated through until four PN chips have been summed by adder 462

15 to form a complete Walsh chip value. After summing a complete Walsh
chip, the summed values from accumulation latches 464, 466, and 468 are
latched into output latch 470. Timing generation block 458 outputs a Walsh
chip strobe to demod element queuing arbiter 402. In response, demod
element queuing arbiter 402 issues a buffer write enable signal to tri-state

20  drivers 472, 474, and 476 which drive onto a bus shared commonly with all
demod element front ends 400A - 400D. The Walsh chip values from tri-state
drivers 472, 474, and 476 and write into on-time Walsh chip buffer 406, and
early /late Walsh chip buffer 404 before another Walsh chip overwrites the
value stored is latch 470, '

25 Demod element queuing arbiter 402, shown in Figure 9, coordinates the
flow of data between demod element front ends 400A - 400D and FHT
processor engine 120. The largest unit of time that demod element front
ends 400A - 400D keep track of is a Walsh chip in that demodulation element
front ends 400A - 400D despread and accumulate Walsh chip data without

30 regard to which Walsh symbol the chips may correspond. Larger time scales
are maintained by demod element queuing arbiter 402 in element state
latches 500A - 500D which track number of the Walsh chips within a
Walsh symbol, the number of Walsh symbols within a power control group,
and the address within on-time Walsh chip buffer 406 and early/late Walsh

35 chip buffer 404. Among other things to be detailed later, the output of
element state latches 500A - 500D is used to determine when one of demod
element front ends400A - 400D has stored a complete Walsh symbol in
on-time Walsh chip buffer 406 which is ready to be output to FHT processor
engine 120 during the next available time slice.
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" buffer 404 and on-time Walsh chip buffer 406 each contain a complete Walsh
symbol worth of data. When a Walsh symbol boundary has been reached, the
20 identity of the corresponding demod element front end 400, the symbol count
within the corresponding power control group, and a "last" bit indicating
whether or not the associated pipelined demodulation event is the last to be
queued for the present Walsh symbol are conveyed via MUX 502 and next
state generator 512 to control word generator 514. The "last” indicator is kept
25 irack of by a state machine control word generator 514. Control word
generator 514 writes the control word to control word queue FIFO (first in-first
out) buffer 518. Control word queue FIFO 518 is read by pipelined
demodulator processor 126 every time slice, so that even if all four demod
element front ends 400A - 400D reach Walsh symbol boundaries nearly
30 simultaneously, the corresponding control words are output into pipelined
demodulator processor 126 one at a time on successive time slices in the order
in which the correspond Walsh symbols are serviced.
The output of control word queue FIFO 518 directly controls the read
from on-time Walsh chip buffer 406 to FHT processor engine 120. On-time
35 read address counter 504 produces the proper address for on-time Walsh chip
buffer 406 through MUX 506 as selected by next state generator 512. The
output of control word queue FIFO 518 also controls the operation of FHT
processor engine 120 during the first time slice. During subsequent time
slices, pipeline delayed versions of the control word match the pipeline
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Walsh chip buffer 406 from each of demod element front ends 400A - 400D,
and if a Walsh symbol of data is available for demodulation during a time
slice, the full Walsh symbol comprising 64 Walsh chips must be read from
on-time Walsh chip buffer 406. To support the transfer of data in and out of

25 on-time Walsh chip buffer 406, on-time Walsh chip buffer 406 is divided into
independently readable and writeable even and odd Walsh chip halves.
During a read by FHT processor engine 120, write operations from demod
element front ends 400A - 400D to on-time Walsh chip buffer 406 are then
multiplexed in between read operations. The read and write operations toggle

30 between the even and odd buffer halves on successive clocks. A Walsh chip
is written to the odd half of the buffer while a Walsh chip is being read from
the even half of the buffer and vice versa. Alternatively a dual port ram
could be used.

In the preferred embodiment, each demod element front

35 ends 400A - 400D can share the same even and odd buffer halves since only
one of demod element front ends 400A - 400D can be written to on-time
Walsh chip buffer 406 during any time slice. Early/late Walsh chip buffer 404
and on-time Walsh chip buffer 406 are written together and thus use the same
write address generator derived from the corresponding element state



30 moddTAPHBI191%0 is passed to transmit sumrer 142 where RCHEHHEY
to the outputs of other channel el enent nodens prior to being
up- converted from baseband and anplifi eggl n anal og transmtter

receiver 116. A summing nethod is discl®6sed in a co-pending U S
Pat ent ApplateafPen Sér Eapwioin 086816, % 5 depeindend re8BRRADredsNKEMters are

| NTERCONN E igh@wﬁ L \Y/ Eﬁﬂvﬁ
filed Sep%d;%agfgﬂ fgg andmgggl—p:c%t gh'lt?% ggg Iﬁge\%fg alShergthlp
i nvention erilasBegadtsei theteﬁélYa/%t@é"%féql'efreéﬁcléd?lﬁa]ﬁ@?lﬁeh%}ﬁﬁl t@m figre slices

the transnirbnstaren- ek lesiionekay to each channel el ement nodens 110A

- 110N.can be g@éca ed 'ﬂ a {jﬁagg_‘sy- 1 V\(B£96/219 6PCT/ US96/ 00457 18

chai n fashi on RIS 13 pRdiq thendelpn CRAI the FnERYNena pradeh demmbos of

transcei vedathlbetomesr emddasld ngd when AhesMalbH RyRiigsl & Dutbhe to FHT

denodul at te nel consi sts

maj or seg rr(lj’t%sggB enp g{ﬂe]f ngln § Wgh%‘ g\ﬁp ;ﬁ.gﬁ%r gég ﬁ}iﬂﬁqea{"@a%h

processor i@, blllﬁfﬁlkéﬂ*’ltmgétmpreftemayhgm}:ﬁidﬁrrmmasse)rorengndieaxﬂe?%mﬂ of a

max det ect C di a

denodul at ovrvtags?l c%gg% ng.glgrﬁ'e' 3?@%\59?0%[&10 % E ﬁq\/\% %asfev%'lay' and a

segmerdfs i9THEOS ATRe@CBYISt Wadery etfiie oé ydeatoduihiiarhel gaant ﬁonﬂ addls 400A - 400D are

oper at | Ons:iiﬁwd tEUREHBRth QAN rd:tORCEME ?‘&*yéﬁaﬁuag—lq gt from one
n aced 1'n

despr eadi 0 and V\%p chip accumyl ation are p
el enent f TndchdBAL theysotsespen %W@ﬁheﬁi’r@%‘obpﬁ@d@nes occur rapidiy

i |1 ust r at esheusftergari stlver défm@hﬂ atwent ehR@dhy fsﬁﬂﬁhoﬁ“@&nﬁ‘% QUG the start
me once

general ly used er.at.i ons fo

Vel oh- sy st REHE R SRnAE RS Flibe TFHIerIRPRE kPFRTe Berin A SAqsy el can

Iczlagod’lﬁg b@r@-ltpmtft@rﬁbﬂ' proqesped ermgdellaOdeml m%rnd@fa@@ﬁ@@hcéﬁﬁre used
roce i t eac

pi pelol nedﬁgfutgl{}gat?gr&%?%é@gg%% d%gge P e@e@%ﬁ#ﬁﬂ@?&f‘?’%ﬁ@?ﬁ tiges

di screte "TRife RASsc@gforg reamp/ lntef ¥Walel ehipdbubfer, 484t buepwsisi ¢he i data

64 cl ock epicepohdifiy MOkEY lhst i%vimﬂ)%e RbdBYASE SR T 9fRYs Flégal of

processor 20 eng_e 20 to erf ransform on |np
val ues. USRI 4 955th§ﬁ?c‘f’6é UEtRSR gNPstMarselapse brfersi qb\ermréenismf
'(I:'LOCkngI S theqml—tltma Walshadhsp def@s%w axle‘l?e%rng/ lélteVWeﬁ.E'h %ﬁ%%luffer 404 have
erefore n er or Qne
\al sh sym?gtg“ ltegilgr;%f}‘ % g8 g’ BJSW% tbgg”ﬁi%hcmat‘@iws being
oper at i on WIFHEN\pindee m&nﬂsﬁOomwheeZ& lodrbet @alwest WiclsSIHGen't
basi s bet yegh r@&&‘)g}# st aan Bﬁmeggh gcse);é 8 a‘%ﬂlres % al | :
of the prior art rcﬁssor %g 0 ur €s § & %EYIH@P gfeep, the
denodul at 81Tt PHRRCHER filmymh u@@l‘e{ak‘%ﬁﬁ eafea W@ishosymbeh osysrmtebnt\/@aish
FHT p2®ceshiiys €R@innehd 2&aeneft tHe f e S @HH} ’
denodul atl oﬁjsel engnt rorallt end : 6“b%n% W%%hogjd ating t?l ﬁﬁg@r thus
si gnal . gﬁiﬁ nﬁ%wrg%pg}qtg%@wew gxetake thet Eﬂjrdapemtse@dhe
{)r OceSfSOr bﬂl?f@l‘ alA dtiateh S?ﬁ']f‘lfd'l £ @S trﬁod@lob? W%ﬁ%%@ﬁe'&!gﬁ Céléllﬂ'éﬁ? state
inmes fas n of e rior.art search of Figures
2 and 3. Fa%EhFSPQr%%nE'I e éar?ﬁ%dwhgcﬁ't QP t{“ﬁeﬁ?’%rﬁ?sﬁ %F?@é‘s“ﬁﬁ‘}'h péae
used to imerrens&alsh symb@irstaftsdé"mm&’enmﬂchleem&séd avt wiRdeddress for
Furthey Peld RLIBOCEL WRIAVEIBOLS PP IR ABLALAGRIS oy Tnereasing the

cl ock spee processor- engi ne
As explained in detail above, a Walsh function of order n can be

defined recursively as follows:

Wi(n) = W(n/2) , W(n/2)

Win/2) , Wn/2)

35

where W' denotes the logical complement of W, and W(1) = 0.
In the preferred embodiment a Walsh sequence is generated where n = 6,
therefore a é-stage butterfly trellis is used to correlate the 64 input values with
40  each of the 64 possible Walsh functions within FHT processor engine 120.
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30 Walsh index. In the prior-art real-time-slaved approach of Figure 3, the

demodulation process takes an entire Walsh symbol, and an extra Walsh

symbol of delay in buffer 40 is needed to store the early/late Walsh chips until

they can be used. With the time slice approach, the storage of early/late
Walsh chips is eliminated for a sizable area savings and faster loop response.

35 During the second time slice, the energy for the early and late offsets is

approximated by metric calculator 546. (Because the energy levels are used for

a relative comparison, metric calculator 546 may use a simple approximation

instead of a true energy calculations for area savings.) The early energy

approximation is subtracted from late energy approximation to produce a
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over six consecutive Walsh symbols. When the control word provided by
demod element queuing arbiter 402 indicates that the Walsh symbol is the
25 sixth and last in a power group, the output of power group accumulator 566 is
" summed in filter adder 578 with 3/4 of the filter value stored in the
corresponding one of energy filter latches 582A - 582D as selected by MUX 584.
Scalar block 580 provides a 3/4 feedback weight that results in a low pass IIR
filter. An alternative implementation can filter at the Walsh symbol rate
30 using, for example, a 15/16 feedback weighting and obtain similar filter
response.

The filtered energy output by MUX 584 is compared with the value

stored in into-lock threshold 560 and the value stored in out-of-lock threshold 564
by into-lock comparator 562 and out-of-lock comparator 568 respectively. If
35 the energy is above the value stored in into-lock threshold 560 the
corresponding one of lock bit set/reset latches 570 - 570D is set to the in-lock
state. If the energy is below the value stored in out-of-lock threshold 546, the
corresponding one of lock bit set/reset latches 570 - 570D is reset to the out of
lock state. Otherwise the lock state remains unchanged. This produces a
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from combiner RAM 408 to combiner adder 418 is zeroed so that the energies
from FHT processor engine 120 are simply stored in the combiner RAM 408.
When the subsequent pipélined demodulation events corresponding to the

25 current Walsh symbol are processed, the stored value is read back from the
combiner RAM 408, added by combiner adder 418 to the input correlation
energy and written back into combiner RAM 408 as a new partial sum. When
the last pipelined demodulation event for the current Walsh symbol is
processed, the final combined correlation energies are passed to dual maxima

30 metric 414 as the values are also written into combiner RAM 408. By
combining the pipelined demodulation event results as they are processed,
combiner RAM 408 also naturally functions to time align the pipelined
demodulation events thus eliminating the need for deskew buffer 54 of the
prior art configuration shown in Figure 3.

35 In the preferred embodiment, the maximum allowable time difference
between two multipath signal peaks assigned to one of demodulation
element front ends 400A - 400D is a Walsh symbol. If this were not the case,
combiner RAM 408 would have to maintain partial sums for more than one
Walsh symbol, and the control logic for combiner 419 and control word
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Walsh index of the maximum combined correlation energy value was 101100,

then bit 0 energy latch 610A and comparator 612A would find the largest of all

odd correlation energies, i.e. the set of energy values whose corresponding

35 Walsh index least significant bit was a 1. Bit 5 energy latch 610F and

comparator 612F and would find the largest of the first 32 correlation energy

values, i.e. the set of energies having a corresponding Walsh index with a

most significant bit equal to 0. The energy values stored in

comparators 612A - 612F are then selected, one at a time, through MUX 613
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35 power control threshold 600, an increase power command is sent. An

alternative implementation can select one of a set of thresholds based on the

number of demodulation element front ends that are contributing to the

combining process. Another alternative implementation may weigh the
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read addresses st.0 i.n.on-tine.r ss, counter 504 and
early/| at ee?‘@éﬁego‘iﬁr@%i udadinn gqpagggty 15 reas%%ﬁ}’tlﬁé" ‘state stored in

gne gf 1@l ﬁrrenL S"hats&-chﬁtbgthﬁs di00R presRDIn VEittdt &S aRoVibls 4312%%[@3Q{ another
oundar as _been reache r er a

ot 1 e PSR O PangaRe lole Vel Th e RoRpites Rares Syadred. By
worth of ddbablingehealold stte ofthelFHD prdaeessohaagives the eaehetdyhichesy2Abols

dentity o SRO n d S

count i ¢ N HROEiRE SRR SRR CLETE Meodblie MM sl Gt M FHT
i ndi cat i ngPVpPREsher epgin®tmahdasgdisate adéulwqiegemtdemmlamﬁoh fesrenend
i s theid aspob d%qh B&6nf 6f mbRE&YRLES ek Yl garéyqq%oﬁo@%gs Capey }?él- clock

via MJX 502 an ate generat og 512 to control enera
514. The ' Ff&&to t BFOGeSS WA 2 Otb%weéffomﬁcamadémn%hﬁhéata rates

control wobdegemnerat nteffade ikaht ramevaidhganerat ekadble W itheSatd8t which
insfirst ou fer

control dt 0 He FLFO (fir t), buf
518. Contrg)l?e art% 8 eéel i@‘%“f s $edy %Vu%fe&eliihr‘?eﬂat&e%dﬁlﬁﬁ fhe FHT
pr ocessor pz@ce@s«@r wptarﬂtesstamesmq:dytlbmtdcwlmladl gndl thd eamederbdtecture can
el emens %16%Q€‘mué@99t£§% gy%l#h synbol boundaries nearly

I 'ng ~c

30 si rru ta e correspon rol words are output into
pi pel i ned dermdaslna&t BET ppigFEbisant 12@%11@&@ of tihee present ceyention iige the

slices in bhmiRadeh oM tbircdedt b8 26Fd e5iReN Y] MAlsSHS %@%S?@ffsrm the tlme

he.road” | FOREBA-PFEoD GBI SoAFRRr0IOEIaYS hRIPUA BLeLASIIBAIHD by
120. On-ti sterify teadValkdr egmboda m?ﬂusemmr ﬂﬁw:eﬁackhﬁg lat@mmﬁddr%s &intil
for onyding V\Pésﬁgtf %‘#?ch{a%é p%q JI'O%H] SM‘J ctor ?2 are Sa%ﬁz?bl ythrc]:*e})éf'lor

stat e ‘Gener at
art, the results of FHT and selector 52 performs only one Walsh symbol

transformation during each Walsh symbol duration thus producing a delay of
one Walsh symbol from input to output. Thus delay 40 must store a
complete Walsh symbol worth of data for output to early and late metric
30 generation 38 while continuing to store incoming data. Using the present
invention, the result of the FHT process for each Walsh symbol received are
available for use in the time tracking circuitry within a few time slices after
Walsh symbol has been completely received thus greatly reducing the
amount of data that must be stored. Therefore the size and cost of early/late

35  Walsh chip buffer 404 are much less than the size and cost of delay 40. |
Another significant advantage of the present invention is the minimal
amount of microprocessor control which is required to control operation.
Referring once again to Figure 2 and Figure 3, note that microprocessor 34
controls operation on a symbol by symbol basis as the results of each



out put gol word queue FIFO 518 also controls the QRES, f
FHT pro"gze)ssor engi ne 120 during the first tine slice. Duri nfﬁgdﬁ%ﬁq
subsequent time slices, pipeline delayed versions of the control wor d
mat ch t he p| peI ine 25 operation of pipglined denodul at or processor

126 such t e.con s, tine Wi hthed
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Early/l ate rear;l.ﬁl addr ess_count er 508 prodt#ces t he proper address for

early/late Wal SHEERiF LTS ADHBLRR S RENP3ed aspacirnt Enlbiple scess
out put of cunuhusicahenggmeemtsqrot‘s c1ffd.‘lﬂ1 depetibed Ife‘?éﬁﬂgup'v@i%'rﬂﬁlch the

Iatch 24 he of Ioc de ect or Whe
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of corrbl nmea41£9¢0‘dhdalberraxedrmn$5eatbtorflmMWalshndno@&\ief aodt F&IT decodmg
deci si on r e ed b W. _The out
third pi pg?‘?lr‘éaﬂ %;P ccgﬁitrgjgl %rcg%tg?g’t ?oén}%o Jichy "r"r’z'l1 ERiY 88 in
412. Ti nethg |P6§53§ttr Byengerer diar esERplR @achle&ieraotimrhzenemleierrhmurfdany end

st robe mb@mdaabe@a@wﬁ%e%gmgcptm& dhd BroHAR d YaUESyse woth Hata

526. Dur,i n ti I pS. nmust
on- tlﬁg VEIEREHD hﬁu#%rf PIRESIODIMTEEY SSmiuasag Ehement for onchignbsfier.

400A - 400Re pmdxdds des\ﬁ&ipﬂ:ibrﬁbﬁbhb quafeeeé@etraxﬂﬁﬁrér&?h@ frernded to enable
denodul atérg VAl sh. synbol “conpri sing 64

g i,me fhe fu
vl sh chi 3O HSoBS R She ot FhEnakR o o She\FresPnagBvengon. The
support therlouarmm@rﬂceﬁodatta theseechbauireht2 Svidinb ¢ ire®di Ia@fpaﬁéhﬂoto those

buf f 40 | 4

Cndependent e r Dane 1y S el PrddRidoatped %r@ﬁl Bay P happligd to
buri g a ‘P‘é‘@d pnbodimends ewitdoudntienatse20f thei irresgireatfaonisy f r dinus, the
denod el epRient ﬁﬁﬂénﬁ‘@ﬁiﬁs Wmteﬂ@@@ fo0bONithitdR %IHZQ reglgﬁdcp%ﬁgér\ﬁl\ﬁgir%héb%n

are then nulti xed i et ween, rea erations. Tl : i

oper at i on&eHEHy §0t°bg? \ﬁé@ﬂr‘f% thg é‘ﬁld%ﬁ'ﬂ SERRE SATFisSEeHamids thn principles
successrvm@lmresfea%uvw disctdsed herewiitten to the odd half of the
buffer while aw}“l}\? ipis being read fromthe even half of the
buffer and vice versa. "Alternatively a dual port ram could be used.

In the preferred enbodi nent, each denod el enent front 35 ends 400A -
400D can share the sanme even and odd buffer hal ves since only



one of denod el enment front ends 400A - 400D can be witten to on-tine
Wal sh chip buffer 406 during any tinme slice. Early/late Wal sh chip
buffer 404 and on-tinme Wal sh chip buffer 406 are witten together and
thus use the sane wite address generator derived fromthe
correspondi ng el ement state WD 96/219,/76PCT/ US96/ 00457 26 | atch 500.
As shown in Figure 9, independent read address counters are needed
for early/late Wal sh chip buffer 404 and on-tinme Wal sh chip buffer
406 because the early/late buffer rgaghnig pi peline delayed two tine
slices fromthe on-tine buffer read. 5In order to handl e the del ay
between the tine when a Wal sh synbol of data becones avail abl e and

when t he W\l sh, s ly i t Cess i . i me
W eh onilp. by SPEE deRgBHbRih &l TePRARERSRIR Bebf chdBrisitrt

pr ef er r edp@ipddpred ipestran encinitaindll civaalk eharinly acformdMfirginesyitbod aaf
data (i.e. 5/4 of a Wl .S ol.) The worst case del ay,, and, a, 10
cormmon oméece&%r&ﬁ%a%wﬁg%\@ﬁ?gﬁli@éﬁ@ﬁ%ﬂ? Shreas sprstitmnosilatet 64 200A
- 400D arsgnaBsdagnRdvé alliibdal BAkiRa aféB@b trafsohitt R AR/ ééi@pégame&
anount from one anot her such that the correspondi ng | sh synbol

boundar i @smodelaiion prpiessyy compriginger another. |f such a worst case

del ay situati GUrS L j & hat
time s ce- must SFEOT Bl BlohBerh i phchl B AR dbd bl ool 12
FHT pr ocessqrofepghd epet@0m niduiuétedacilistgnols athetdinmeach loif e8¢ smreal ypsedhnt 0
out put the he tored Wal sh synbol ...,Then an additional. t time

oli Ces mistdaCbealefiRl PRy PR VUL R B\ AG SR pEP e Phe
data cor reasReylspebbie chilBritcdf 2 REMAIJf 08¢k Hendving hitRAsHNEBH rateldlids a
total of seven tine slices, or fourteen Walsh chips. may el apse

bef or e t Hehcewnsanhdate sgmples pmsecsived phipratggosissRomiing o paid Fransoassigigate,
early/ | at Ne2all f 4 ave been conpletely read. During
this del aaﬁd?‘?}“t%?vgﬁ‘é?ﬁ%“’%gﬁéﬁe gﬁ?@

P val ues being witten into the
buf f er cannot acharbuffer raemeividg tavbdaspiend sodstvhigls ffvaveach of ek pluraigdof By

using a cjrcylar byffer that js 5/4 of |, sh ol..deep, ,the start
o7 oo valearduBhantlonei feptondsnd GG a D en MeyRbaT Seig HeFeer kB Vet on
25 chi ps dnifRAd bélRct @k bf Qfid 8preh@LdRWhiE 10\dlest aFisiRMImdnbsyinkta] Bidff £1
thus ensuring that the wite pointer can never overtake the read

poi nt er drstaie opsad eluralisy ghdesmodalptip plepstiitonisads a9d SorespRRGIRg 9 hidgt i n

el ement statsid.atehlpg00 and indicates which of the five possible
addr esses on %/Jr?lﬁcﬁgtﬁ’e current Wal sh synbol starts. The chosen

address i s usedraasfoan pasessadergissiof meeiSgtitvm saadichipbuifer sewgll fakt cddnqus

to FHT prs%%%?zglrd (Eeggciir?ge sa}c? Rl‘st element symbol to produce a first series of estimates
wherein said first series of estimates comprises an energy level corresponding to each
possible code sequence of said corresponding series of bits wherein said transform
processor engine decodes said first element symbol at a rate higher than said transmission
rate;

a combiner for receiving and storing said first series of estimates;

a maximum detector for receiving said first series of estimates and determining a
maximum energy level and corresponding code sequence of said first series of estimates;
and

a time tracking block for receiving an indication of said code sequence
corresponding to said maximum energy level and for providing an advance or retard

indication to said first one of said demodulation element front ends.



As explained in detail above, a Walsh function of order n can be
defined recursively as follows: Wn) =Wn/2) , Wn/2) 35Wn/2) ,

W (n/2) where W denotes the ogical conplenent of W and W1) = 0. In
the preferred enbodi nrent a WAl sh sequence is generated where n = 6,
therefore a 6-stage butterfly treIIis3§'s used to correlate the 64

i nput values with 40 each of the 64 possible Wal sh functions within
FHT processor engine 120. 27 The butterfly trellis structure and

nmet hod of operation for FHT processor engine 120 are detailed in a
co-pending U. S. Patent Application Serial No. 08/ 173,460 entitled
"METHOD AND APhpaRAEIIS dRGRoPEREGRMONGEs of ART HATIRNARE T RARSFERMS " by
H. Dehes il-e . I S| he
pr esent (HUSRET O TG TRisoToaEar SRRk B ohifs IO IRAY 4050 Blof
bl ock 16QGaidelegireadvede thips foarrgesi seobnd Elembrt sgmboldi@at b erroad engofsaid

out puts of FHT processor engi ne, 120 and passes the val. of the
maxi mim é\ifﬁﬂ of gerpesialatipa Cmedt gt enarad RE SR wgifwﬁ%rrﬁ@%%%i ng

to the ManBYIMVBARMANMid PankfofR phdcRsdst Bkl 19 Gttt or rd QTN REACRATHAHY | N
tinme tracking block 412 is conpleted during two consecutive tine
slices. Asffehwithsecondrilguens syobolygnd Hiegpdingraidiseeqnid ehgndst sxrbod tpprogydes h

gener at or, \ C t - . . . -
20aD, ot poh s At S KA OR 8 ot s A B AREHTHLRA A S &l ©
shar ed adeéwessorpspaldinged eddnmdsibicodnsequant of erid eortdspendiilg ededbalFiis, 15
During the first ti l.Lice of the tine., trackin rocess,.time ...

(1 acki ng 1 S e deaming it Rrhe h TSRV DB GaE e Gr T B D SHHRHE P4itdhe
Val sh i ndg sBeRI eﬁe@Fﬁé&m dTaxiddedone kel QF kstiklled tB a\081 sTRngePRIBLQIT a
554. Time tracking block 412 correl ates the Wal sh sequence to the

ear|y andtdred seripiplsistivriep acaorhing Wreemegngading ik eedd spavcace aphfdh chip
buffer 4 I: I hird 4 ie i -

cor r esportiy il s sty e O i do o b pbcBSor iRl Lo o duaj
and Q Wlmsdximhimpgicabereceivmglsaitledmwictl lseri dsef Wetinsdtesseqesgodingyo ¥GRgat es
542A - 542D. The resylts of.the c elation are s d jnt

cor 1 es porlETGER st 400 P viding SoTEdeHs e P RSP B o gt

corr el at iigRsBRfewepnbdlhe i nput received Wal sh chips fromlatch 540 and
the Wal sh 25 sequence from Wal sh generator 554, the |arger the val ues
stored in accunul ators 544A - 544D.

3. The pipelined demodulation processor of claim 2 wherein said stored series of

estimates is said first series of estimates.

4. The pipelined demodulation processor of claim 2 wherein said stored series of
estimates is a sum of said first series of estimates and at least one other series of

estimates.

5. The pipelined demodulation processor of claim 2 further comprising a power
control decision block for receiving said soft decision output and providing a power

control indication intended for said remote transmitting unit.

6. The pipelined demodulation processor of claim 1 further comprising a lock
detector for receiving said maximum energy level and providing an indication as to

whether said first one of said demodulation element front ends is assigned to a valid call



Note that with the tine sliced approach, time tracking block 412 only
has to wait one tinme slice for max detect block 160 to determ ne the
maxi mum correl ati on energy output of FHT processor engi ne 120 and the
correspondi ng 30 Wal sh index. In the prior-art real-tine-slaved
approach of Figure 3, the denodul ati op. process takes an entire Wal sh
synbol, and an extra Wal sh synbol of delay in buffer 40 is needed to
store the early/late Wal sh chips until they can be used. Wth the
time sliggmgpproach, the storage of early/late Wal sh chips is
elimnated for a sizable area savings and faster |oop response. 35
During the second tine slice, the energy for the early and late

of fsels i apRr.oXl IRLGHBYTRLL G ALl on 13he (BEGAURE o RS- EnE] OV
| evel s ar'e used PO TSl Ve tBipart son,  net'ric cal eur ar oy nmay
use a Si rpirch plepEsSx RfecEiNingRaklelan safpRs bf saéd gioap g spealdeptatinons f or

area savings.) The ear]ly energy approximtion is subtracted fromlate
ener gy appddtstetallsiengls giddatRieviging I5irarth PEPRel UHGEIOR S0 28 i rre

tracki ng (8hEBfm BRIcEdsEr enkitR i€ alrtie} Bk BleRideTrorlBil ifSerhied s@fdiprodesgbemod
el enent front ends 400A- 400D are sumed into correspondi ng phase

accum | atseiddisi560sh syss0Bnd derading54i§ fagidearetheynehol teprodwseradirstpetieh ¢ t o
t he appr%gﬁéa%%mgc unul ated error in phase accum | atches 550A - 550D
as selectedsé)by '552. If one of denod el ement front ends 400A -
400D is sanpling too early, the correspondi ng phase error nmetric is

positive. Accupul ati.ng serjes of positjye phase errors. can cause
Pat ch 550+ to cEREluRt dmdslalPs PRFEORRIIEN HEASIAMELSSE AGPSHEE { o
re-cent erg i fd}%%t%lli?g tr SRR 08 s Al HAPFRALodd Mindrdh eadirhiBdliall onal

peak. Likew se accunulating a series of negative 10 phase errors can
cause t halematielati@egementdrraesrids dnsaid plep bnderand snderdiseiddnstpdameanat es
an advanc - j | at. around the
nultipatﬁgg%g%%§n§§§E$$&%ﬂ§T?ﬁ%%gﬁ#%%nﬁﬁgﬁéﬁgﬁggg%bn can store the
error netrics in holding |atches, along with the Wal sh i ndexes used
to latch them_and only allowthe netrics . to suminto.t hase,.
accuml attbr s VR TEAEed e HoT RisEs st i Nk Shotpl B ar gt
combi ned MAoahlalif8¥ment front BRIs8S fulrtRer @ﬁfﬂévid%é:éaﬂyrd@sﬂpéad doB€ khigedrct or
410 uses an infinite inpulse response (IIR) filter to conmpute a |ong

t er m averlaigdemneadppds ehipe s8R pinglipedriemedalagpmpropesar behesgomprgiRgan by
denodul at : : < : : nt
ront endeloin A piRR fodRityifg R ol e R e P P U FoBTD)
582A - 58REpramiccde chbips &sporadi nfjsaibelkrabist ofsletvodelsedn ¢leanedt fionOgds asd OD.
Max detect block 160 oytputs.ih xi mum denmpdul at i.on energy.. eyel to
pover gr oUp& Wdﬁuﬁ%egg%a“{/\?ﬁ%@%% ®© %Clé‘ﬂ%{og%?h?ﬂ[g&?ts()fgégreaé X
consecut i degpr¥¥ e siiph el form WIRE bh @ sEAY] k&kesﬁ@ﬁdin?ﬁmﬁﬁedleﬁ)ér_lﬂ@ﬂ%dl

el enent queuing arbiter 402 indicates that the Walsh synmbol is the 25

si xt h ancndgtoring g lianipsd nambgy ofpaid lats despiegdpode shipoigeplight g gpf of said late
accunul at ' b3 b 1A€A B BBt e il ittt | ter
val ue sté%gﬁé?ﬁxﬁﬁgﬁ@g?fgépond%ng Sﬁg of gﬁ%ﬁay %?1ter1$a%c es 582A -
582D as swhwbot.ed by MUX 584. Scal ar bl ock 580 provides a 3/4 feedback
wei ght that results in a lowpass IIRfilter. An alternative
i npl ementation can filter at the Wal sh synbol rate 30 using, for
exanpl e, . 15/14f piptidbdddmoki gidh ipRgeabtlofddiial Nfusthed doddpriinktagfueuing
response. . The filtered ener%y out put by MJX 584 is conpared
wi th the ajbiteidoropielding Hapsitaf sed Kegmrad snds ehissloom sach Heaidaleliyoér ed
I out - of 4 RRKIat B E8ARKo¥Pdnds to said chip buffer, transfer of said early despread code
chips from each of said plurality of demodulation element front ends to said early and
late chip buffer, transfer of said late despread code chips from each of said plurality of

demodulation element front ends to said early and late chip buffer, and transfer of said



by into-lock conparator 562 and out-of-1lock conparator 568
respectively. If 35 the energy is above the value stored in into-Iock
threshol d 560 the correspondi ng one of lock bit set/reset |atches 570
- 570D is set to the in-lock state. If the energy is below the val ue
stored in out-of-lock threshold 546, {he corresponding one of |ock
bit set/reset latches 570 - 570D is reset to the out of |ock state.

O herwi se the |lock state remai ns unchanged. This produces a WO

96/ 2197 6 R/ 400 JAO8HD FrodPsally e beddr So %% ﬁlé‘fﬁsf&fh }%{B@esé&(élﬂgiﬁé.at ein

that once the | ock nechanismfalls out o ock the energy nust rise
above the value stored in into-lock threshold 560 to go back into

| ock, and.,onc .0C i i 0 t [ 4 I

bet ow ¢ haluar qbe st BGHdREIRNLE FlosSbRf B\ nR il diSlacl e

| ock. 5 bldvk iptaher fpr easpivageuidiiat aarly SG6bolf ¢drietating daie fird 28cly syoatiodr

bl ock 580 .and.conparators 562 and 568 .conprise the data path through
whi ch eachibid e SPBRGe fog e hontids ot b R KRR gnergpleyel i Bgiicp an carty

Channel eeh@ﬂ%?@évefﬂf&fr@&iﬂﬁ §8@¥irst B of RERakENS ddid BfsERteRRBILBYwiR OF ed
in energy filTter latches 582A - 582D to those of other potenti al

nul ti pat Isaideals sqquerrd corresponding yrest maxiswar axrgylewd sypducea latesasias |
el ement m i f L 400A
7 300D t Qe anS ATaRile AR LiR0Rs| o0 A Y AP s The SRR
sear ch priewtssbusid2Giddiffelracatol gengratk Raid ndvanon nertard helinggsn.and peaks
come and go. Conbiner 419, shown in Figure 6, suns |ike-indexed
correlation 15 energies for each of the pipelined denpodul ati on events
cor r espongdi ng 1ie pRREn&f dShesmtiibahidRBss6l &R 1 %REin@AEHSo AR ra B QD
in ain-lock condition as they are processed using conbi ner adder

418. The Jsmodplationelpmenifeons erslseampAses combi ner RAM 408. AND gate 420

zeros the corr, i Qn: j i i : i A f
Ehe-cor rospondh He B e elent 0 b 6! AL ASTREHERE oEPNSME il
i n the outhedinkaidkepkatesnt Phidteclipocesspangs tdveseliigrst o PN alatarvbips used

denodul at,i on event . for. the current Wl s 0 the.input . termfrom
conbi ner RENIEE %B%Fﬁbﬁlg’?éd’g}er%ﬂ§a°?‘é)§§%aé3hjﬁal§6Of ﬂ%ﬁoc{uﬂ'ﬁéogner gi es
from FHT 4R6e$9af en@h giddaccb2Ridasquettd i BN 84t9Elggs bffsct hetimoffbmnach RAM
408. Wen the subsequent pipelined denodul ati on events correspondi ng
to the 25“@3@?8%@Phwﬂghoggﬁﬁﬁwk@P@ebﬁ@&%@@ﬁ&?“ﬁhe stored value is
read back fro i o éﬁ%ﬁg : ggg@{ o]

t he i nput cor ;Eecfegﬁaglﬁﬁg}#gt?ﬁg}f/@g%(ﬁ% ﬁn'?éej%%g%%{si nto c;(-:fgéritc)li her ORf%\ 1%2%8
as a new gpesttunatalkuignalsivdrselettong aptrtipi pishiddath dewbdul at i on event for

the current Wal sh s | is processed,. the final conbined correlation
energies are ﬁa‘geg%raa/({%%dﬁg dﬁé&%% Wi%?fﬁabd %ﬁsaglsplﬁsr% vsszcgsg vl é
al so Wri tafemN d414 ehipORd LproRNh A8 relddd @aphibit;ng t he pi pel i ned
denodul ati on event results as they are procefse , éﬁfb'ner RAN%@%B
al so nat ur al | y2 $hieacpristar donacremilptinga gqEp Bl 58 soTEpteroRiont PYS foolerm
events thus.eliBbRabt A dd &slicfcRisdgakew buffer 54 of the prior
art configupgiépn_sﬁowm %nﬁ%ﬁgurSCSPSSS[n thefpreferred enbodi nent
t he maxi mum ald towalglgendritinn rdgifteefos newrdblenameahoifsgbinting ofpatdseaiegpapt
peaks assi,gned to one o emodul at i on..el eqent . front .ends 400A - 400D
e va o Sgshibs s pLER 8t Bl Bt SRR o ARET  Ram 208 woul d
have to maintain partial sunms for nore than one Wal sh synbol, and the
control Iﬁpic for con?iner 419 and c?ntnol wor d

. 0

A method of demodulating a signal received in a group of signals, wherein said
signal is comprised of a series of data bits encoded in fixed length groups into a series of
symbols wherein said series of symbols are transmitted at a symbol rate, and wherein said
signal is spread spectrum modulated with a pseudonoise (PN) sequence aligned to a

transmission time, said method of demodulating comprising the steps of:



WO 96/ 21976 PCPU596/ 00457 30 generator 514 of Figure 9 would be nore
conplex. An alternate inplenentation may renove the one Wal sh synbol
mul tipath deskew restriction by increasing the conplexity of the
control logic of pipelined denodul ator processor 126. 5The processing
in dual maxim metric block 414 is c | eted during two consecutive
time slices and is detailed in a U S.” Patent No. 5,442,627, issued
August 15, 1995entitled "NONCOHERENT RECEI VER EMPLOYI NG A DUAL- MAXI MA
METRI C GENERARLGN:BREGESS: fixed 1813th &% 61 Gnglestd? sdibeigasisiignael Bl t he
present invention. During 10 the tinme slice when pipelined .
denpdul atsefuepecoiEstiortimely @ Hrss amoun ifieq saibiringméssionding Wipaeuseitisatd f or
the curr . i's producing the final
conbined%ghgygg%ggﬁﬁggaé%ﬂggm%ﬁﬁ%%%é%%%ric 414 finds the maxi mum of

t he conbi ned engrgyingal ssesd fTiwd lehetiaiel elsabipbsiod sof sigoalwitheseid®N et ri c
414 is shown in Figure 12 . The first ener val ue out put from 15
adder - 418o9un] oetlTo R Aoy o e 1a Pradgre Bliheafieagie e
correl at isoRbsNgti@Meseri al Iy input to dual maxima netric 414,
conparator 616 determnes if the new energy value is |larger than the

stored val ue idpspreadingipihisn Eixed/lengihopr o samples of said dsnsd githvail §& i s
| arger, tsscﬁeﬂ@%f?@émr&ﬂ%%r%&wﬁn (alak ﬁﬁé@!ﬁi‘o&{a@ﬁ%ﬂ& 14180 8F 9Y

val ue is ored in maxi num 20 enerdgy latc as the maxl mum ener gy.
A Wl sh ispolbal esomateer 618 keeps track of the Wal sh synbol i ndex

correspondi ng to each ener valye r ived as .they_are_.input to the
ual ot deroR R S (Rl diT v Ebe At b e gl es L.,
maxi mim \sanbel amaies e pro@eRi Ak, set Mand S pEeH Ghid FirMALSdT ihdisl@Xtith Ses

| at ched into index |atch 620. 25During the next tipe slice, the_sane
energy vaPHBESHEeRERIgYIIRgcarrrargding te gachposiblesymbolipiuer o awandissy

been Stoﬁ@?fﬁ&tﬁﬂ&ﬁh&?&mﬁﬁﬂ“408 are output once again from conbi ner
419 to dual nmaxinma netric 414. During this second tine slice, each

one of bit endegymingtegcheing@56and tigkOHcan thas mmpa reargy valGd SAaid B3t
pairs detgrq%ne%.th.largest energy val ue of the set of 30 Wl sh
synbol s AVt éefﬂaﬁ%%posite polarity to the maxi num energy i ndex

| atched in i nd@¥inkdtufhe &2Psdcond ome siife shitefirst s¢t dff inddxyestingict & préduce a
exanple, if the Wal sh index of the maxi mum conbi ned correl ation
ener gy valaied sthef mdeaeimatssen bit O energy | atch 610A and conpar at or

612A woul d i ngl-daRnk 8hG8SE il @ld sliggﬁln %%&bﬁygﬁme%%ga%% dai®first he

set of energy val ues whose correspondi ng i ndex |east
si gni fi caatly bérieswlsyrabol estBiatesswignenigyymba ¢hlue ¢OFespedlinnivpaidaraimen? F
and woul%ngin%,ﬁge | argest of the first 32 correl ati on energy val ues,
i.e. the Se¥Yof éhergi es having a correspondi ng Wal sh index with a
nost signi fi cantovetihg eopirgd saidthild tifdesslied @ tatyencadyuediedtyatoadlating said first
conparatqrs 612A - 612F are th | ected, one at a.tine, thrqough MJX
61 gp Ciat«a ser}es of symbo% estiamates wﬁ}q saﬁg symbo? value corresponding to said max?m m
energy value;
summing during a fourth time slice a difference between said early energy value
and said late energy value to a stored timing value;
despreading a fourth fixed length set of samples of said signal with said PN
sequence offset in time by a second amount from said transmission time to produce at
said symbol rate a second series of symbol estimates;
despreading a fifth fixed length set of samples of said signal with said PN
sequence offset from said second amount by said early factor to produce a second early

series of symbol estimates;



WO 96/ 21976PCT/ US96/ 00457 31 and subtracted fromthe maxi mum conbi ned
correlation energy by adder 622. The output of adder 622 provides a
soft decision weighting for the denodul ated synbol stream stored in

i ndex latch 620. Conditional inverter 628 provides soft decision
magni tude data which is conditionally inverted based on the
corresponding bit value (either 1 or for the selected index stored
in index latch 620. Alternatively a single pass inplenentation of

dual maxi ma NRbdpréadthbd GAHePR#HQ6k IMshBipRs bHRiEGaRE wath shil@Nor esent
invention. One such single pass architecture could use twelve

conpar at GfFqueatTHiyshitom shidseenad apounf by seisl laistfeston theradves cemphdhimt ary
ener gi es for. &gwb&%ﬁlﬂ&gg natives w thout requiring that the energy
val ues be i nput”tw ce. The soft decision output of conditional
inverter 628 idscqiamsiaingn ftith treslideiantent epubol/cdidwatd ef saidsﬁhcommsemes
contr ast 9 thq met hod of conbi ni ng for.liiigure 2, in whic t t he
| ar gest 01 5P P PERAUER & OB 9t DG FATSR TR ORI SECPBeeC

cont ri butegsmites Edgprisinpain Heghivard c&ﬂé@@ﬁdm@@%cpﬁos@ézé FybBhvalue
correlation energy values from each e i ned denodul ati on event

pl ays a rerrespppdiggtoeseif Wishigansmétiade combi ned correl ation energy.
The dual maxi maphQ uh asﬁcﬁ%@k@l&%%%ﬁ&u&' énext %Rl' ?Ldlﬁ‘ «%on%set
denodul ati on event proce |ng t akes place on |e an

conbi nat icd mdar dstoheatexi ng processes take pl ace WI t h m ni mal

m croprocessor  contr ol r|or at 200 uralon gure
D eaon denoadtdns gt st RSt 4% wiliosbRt 5 BbER s sid

M Cropr oGeseddet 3findéx estibiates ABoOrdTAg dﬂﬂ&%ﬂ@sﬁbﬂﬂlﬂg gyhedTRkRE tivpilobiudehe
prior art configuration of Figure 2, the information bandw dth
required SBIFm}ﬁié?td’é %§§§t§?at§4 woul d mandate a faster, nore expensive
m croprocessor [

the maxi mum conb | ne re a??ljg}ﬁqg%é?gé;p%e?%@q %g@"é% ggugﬁugggg?%%a

met ri ¢ blseidiksedhbd e@l\lryeserteh ef simbot MSMWWIﬂesa\Amyxﬂaoi;yﬁb@tme@;ﬁordumdmer
control gr.qup in Raver u a 6 Qut put of power

or oup. aconimirayBrREHS ey 350 B S A b B B E06 wi th o pover
control threshatdesh@i@thd sideverlth ¢oBEH a &Qoﬁd”llfa&':‘elﬁ&lggl vake bgpeci fi ed
by channel el enent m croprocessor 136. | f the out

correlating said second late series of symbol estimates with sa1El symbol value

corresponding to said maximum energy value of said second set of index estimates;
summing during an eighth time slice a difference between said second early

energy value and said second late energy value to a second stored timing value; and

dual maxima processing during a tenth time slice said summed set of index

estimates to produce soft decision data.

14,  The method of demodulating a signal of claim 13 wherein said second fixed

length set of samples is the same as said third fixed length set of samples.

15. The method of demodulating a signal of claim 13 wherein said second time slice
and said fifth time slice occur simultaneously, wherein said third time slice and said sixth
time slice occur simultaneously, and wherein said fourth time slice and said seventh

occur simultaneously.



of power group accunul ator 602 exceeds the power control threshold
stored in power control threshold 600, a decrease power conmand is
sent to the nobile unit on the forward |ink power control subchannel.
| f the output of power group accunul ator 602 is |ess than the power
control threshold stored in 35 power ntrol threshold 600, an

i ncrease power command is sent. An alternative inplenentation can

sel ect one of a set of thresholds based on the nunber of denodul ation

el ement figont TaBdetHIARY damed Aty d Batal BO:ldig 1 ehaerhiaitEH RHOSIRES .
Anot her alternative inplenmentation my wei

the WO
96/ 21976 Pad saisGhdonstcaocon simulinneossly eandwhsreie prad prihtisng ise adiwitbd
el enent gﬂéﬁgﬁgSﬁ&“£§}qgn£@§w&%ﬁknun1conbined correl ati on energy.
t

The architecture of e present ‘I nvention has many advant ages over
the prior art configurations. For exanple, because the conpl ex

Pront - end or od ke e S dPpE e trimaucs At B bR et G T n
can be addrd cRitedd Meﬁet&%dhé@h&smwmmd&h?{di@\th@kt@ﬁﬁﬂ&dvfaﬁ@ﬂg inerifle

bl ock. The denodul ati on el enent front end bl ock does not require a
si gni fi c&nid fuptampuatingplatiorigsaiddraasmisaog B8E- of ext ended denodul ati on
capability is reasonably |ow. 10The architecture of the present
invention is al so expandabl e i n anot her

18.  The method of demodulating a signal of claim 13 wherein said second stored

timing value exceeds a predetermined threshold further comprising the step of retarding

in time said second amount in relation to said transmission time.

19.  The method of demodulating a signal of claim 13 wherein said PN sequence
comprises a series of PN chips wherein each PN chip has a PN chip duration, and
wherein said first fixed length set of samples comprises two samples for each PN chip

duration.

20.  The method of demodulating a signal of claim 13 wherein said PN sequence
comprises a series of PN chips wherein each PN chip has a PN chip duratien, and
wherein said second stored timing value falls below a predetermined threshold further
comprising the step of retarding by one eighth of one PN chip duration in time said

second amount in relation to said transmission time.

21. The method of demodulating a signal of claim 13 wherein said PN sequence
comprises a series of PN chips wherein each PN chip has a PN chip duration, and

wherein said early factor and said late factor are equal to one half PN chip duration.

22. The method of demodulating a signal of claim 13 wherein said step of storing said
first set of index estimates comprises the step of adding said first set of index estimates to
a previously stored set of index estimates according to like corresponding symbol value

wherein said previously stored set of index estimates corresponds to said first transmitted



manner by increasing the frequency at which the FI-IT process is

cl ocked. By doubling the clock rate of the FHT processor engine, the
rate at which synbols are processes is al so doubl ed. Thus doubli ng
the clock rate of the FHT processor engine nay facilitate additional
denodul ati on el enent front end 15 bl ogks or the processing of nore
synbols for the searching process. A higher clock rate of the FHT
processor can also be used to acconmopdate hi gher data rates over the
air intersh@agsl.in the sane manner. For exanple, if the rate at which
the data 1s received over the air is doubled, the rate at which the
FHT processor operates can sinply be doubled and the sane

ar chit ectyre gaQ n?e%o%ﬁ)?ﬁgﬂlgd&l%@ea ﬁ%xamaaigfiﬁawﬂé}éﬁﬂgﬂg%md amount is
Anot her significant advantage of t present 1nvention Is the

el i m nat igoeatayfthanhseidiesithnansargirehdren gad step ok decofling anid st@ngeymbelm t he
time trackLn% functiqr. In(ﬁ%pure 3, delag 40 del ays the output of
accumul atoVmEE CBYFeL 1T SRRy Ok 4rel MAFITR IO Y% out put fromtime tracking
accurrul ator 50 until 25 the results of main data path FHT and
selector 52 are available. In the prior _art, the results of FHT and

sel ect or %2 pdheFratiodsridgmeadidating astigng abedpin Fawbereneash ombelin sl each
Wal sh sy i > I from
put & et bylCRas Ly SR OThE o BoclE P Ao IR

wor t h of vdetran tanh toud shigt haoa @me bcealudatioated mbereincsaBlsygdwobdattians 33

whi | e coqtin#Ln%WBO sggfe L Aco n% data. Using the present invention,
the resul TRGrABHS E SAHEF SEESNAIEP cach wal sh synbol received are
avai lable for use in the tine tracking circuitry within a fewtine
slices after Wal sh synbol has been,conpletely received thus_ greatly
reduci ng %he digathrofdgradylping iigial peclaipbl yherriene vl Hesald ze
and CPSt sglfiesetﬁ'rsgfﬁ%é)léhgs égiuﬁ%ll M Q}ugpﬂcoftﬁé reé, ﬁ)cﬁf(ﬁ“ smdcépmlbgﬁﬁtetalﬂﬁn
the size and cost of delay 40. Anot her significant “advant age of
t he pr eseriterdimoad firh ampgnttane sarl seaend ammoiiffefbyiess thoprooe exsel cont r ol
whi ch is(ﬁgl%ired to control operation. Referring once again to
Figure 2 an ﬁigure 3, note that m croprocessor 34 controls operation
on a synbol by synbol basis as the results of each WO

96/ 21976PCl VUS96/ 00457 33 denpdul ation_el enenf 22 are conbjned in
conbi ner 8 arT_gle;S'i‘eé‘EE‘s?sfélamBQ‘-‘lﬁthég Sugeqlinm bt Elé‘_@grsfiwrﬁmélp& stemed
present is@Rhi @i dalll (BRE GRelsiE RRERatiRfunSiehydliRCondiRn&iaRtd HPUS
control gy a mcroprocessor. Thus channel el ement m croprocessor 136
of Fi gur 8 sprigs Geymbahasimpies withewtarédlocls deib@ioppyrldeessor t han

m croprocessor 35 of Figure 2. Alternatively a single powerful

m cr oprocessor can be used to control a plurality of channel el enent
nodens ary. ot Mk nialsel dtdainbdiatingciismhsf claim 13 Whaem satfdesetmudytime slice
configuration r.spread spectrumnul tipl e access . .co ni cation .
systems riBf S@Eé{éﬁ %%1109 OffRE SR HERCH ot e fwa‘f%ﬁt e g said
present iRv&eRt @0 sl MRRhUGAH BmeSREe QXA RnBltarRbilgy. encodi ng and
decodi ng nmeans coul d be used instead of the Wal sh 'encoding and FI-1T
decodi ng. There are al so many m nor architecture changes which are
enconpassed | | | ion
ol mont - ont HRACSRer s BEA et ERLS SRR LRGN A 2
WAl sh synteeimiubng durdfe addbtd time slice a maximum summed energy of said summed set of

index estimates.

20. The method of demodulating a signal of claim 28 wherein said second time slice
and said fifih time slice occur simultaneously, said third time slice, said sixth time slice

and said ninth time slice occur simultaneously, and wherein said fourth time slice and



15 directly to the FHT processor thereby elimnating the need for a
chip buffer. The previous description of the preferred enbodinents is
provided to enable any person skilled in the art to nake or use the
present invention. The various nodifications to these enbodi nents
will be readily apparent to those skijjed in the art, and the generic
princi ples defined herein may. be applied to 20 ot her enbodi nents

W t hout the use of the inventive faculty. Thus, the present invention
i's not inhRNded GmbSlide At sad tdrth tile serRdir®Abitanshn herein but is
to be accorded the w dest scope consistent with the principles and
novel features disclosed herein. WE CLAIM 34 CLAIM5 1. A pipelined
denodul at4,0n ref I WL 1 : I : :

ar oup of or caitanTxlof dEREHHAE ENuATL PG, B SRELNSAEL G e

f r equencnband fdhdingr dice ssiunginamtasiilycanclaiHeran gaid khiwd tirhé slicsandisad oup
of spread.spectrum nodul ated .call. signal.s,.said.,active call signa

o i oF nat (SR RRSAEE FETBRATD SHEH 6T 10 TESSHIE i pel | ned
denodul ati on processor conprising: a plurality of denodul ation
el enent front ends for receiving data sanpl es of said group of spread

spect r um¥tedul e aepthod af dsmgdeptinamdgndl af daighl bvhaaingaidsedespidpditt um
nmodul at ed, . calhn '&R%h%l&@@ﬁﬁ&fﬁﬁgﬁgﬁﬁﬁ%es of bits encoded in groups
Sy

of a fixed Iength Into a series ol s conprised of a series of
code chips having a transmi ssion rate and wherein said data sanpl es

Forpr owith ng eSpF B ERmRTRRT ot Mohat B S5 KAERRER 73 < Pififng

sai d desphapdsaaiestehbPserforaizase Hidasaiddrapsfefal i ty of demodul ation
el enent front ends and storing a limted nunber of said despread code

chips to collect a set of said despread code chips to create a first

el ement  symboly fr{igf&li%gﬁ&ﬁééulﬁﬁg ﬁﬁlfgﬁlﬁﬂiegei%d&h%' .rél%for&fsigqgﬂqgh@réihisgi@

el enent front “en and corresp gtoafirs ansmtted synbol ;
a transf cignapscompssad odageme dof datarbets enopdedyinf e gwtldgropsonteuf seaes &ai d

first el enent, synmbol and decedi said first, el ement, synbo 0. .
D oduce STRPplsTMERM 00 St B MRt Raddnfifba FoGTRBPLBIRR whedeip said
est i mat esi@alRspeesd sporeneidiildi@Meith £ pdciesirRqPNYsdqeraaligpdssabl e
code sequence, of said correspondi ng series of bits wherein said

t r ansf or rH33FHiseien bireetiyd Mathgd obdeaodglige comprisipg Bsskps 8inbol at a

rate hi gher thap,saiigh § HRAPEREISHEAR &t 3F SamPe ARG Ofih EAEENVI NG and
storing said first series of estlnmates; a maxi mum det ector for
r ecei vi ngregusinge pifset in twoe bies fipdt amotitfrre said ranstasséamfimé tegpredusant seidm

energy | eyghoAR SOKI SRRODALAG POMR seauence of said first series of
esti mat esy an a tine’tracking bl ock for receiving an

i ndi cation of d&sirchdiresssanifnddeni s€spondilagpisoidsandl witlksatdANener gy
| evel and for providing an_advance or retard indication to said fifst
one of s aqeaue@@%giﬂt ngI TSl ARung ijflﬂ e%]t,ygrgc_:tor to produce a IEirs’s early seres oir
symbol estimates;
despreading a third fixed length set of samples of said signal with said PN
sequence offset from said first amount by a late factor to produce a first late series of
symbol estimates;
decoding during a first time slice a first symbol estimate of said first series of
symbol estimates to produce a first set of index estimates, said first set of index estimates
comprising an energy value corresponding to each possible symbol value corresponding

to a first transmitted symbol;



35 2. The pipelined denodul ati on processor of claim1l wherein said
chip buffer is further for storing a limted nunber of said despread
code chips to collect a second set of said despread code chips to
create a second el enent synbol froma second one of said plurality of
denodul ati on el enment front ends and cgfresponding to said first
transmtted synbol, wherein said transtorm processor engine is
further for receiving fromsaid chip buffer said second el enent
synbol and decReiAGigading@GeAHdeIng e a SRR bferpy OLUC S RidRsORM
series of estimates wherein said second series of estimtes conprises
an ener gyfligdeg esEB#teBspondi ng to each possibl e code sequence of said
correspondi ng I : ! i | : i i r
for receiving sﬁtﬁ{nﬁ%@g@%aﬁﬁ g%rp I|n;£{s}ﬁll((§ l(ge;ﬁdrn%??se?oglgggl*négm@g{gﬁﬁ# Eshgh:%é
ener gy | elmtdsadhf mdedesiontasd series of estinates to a set of energy

| evel s of a stored .series of.esti es_acgcordin 0 .correspondi

| Fke code sequartaing AT hRdmig i G ncte SahP oS SRRt Said f
sai d pi pedailfneeriQE eanly] chtthAtbewitls @M Eyebol Falae doiddspoRNhd® ERtHAEmbar
receiving said summed series of estinmates corresponding to said first
transnit t98'%YAE6] and providing a soft decision output corresponding
to said first ] e : i j lﬂ%{ﬂﬁ‘é at |
processor of c g‘?‘rﬁ%gg %ﬁ%eﬁd@qa}?émé%gﬁggﬁéﬁlﬁg@% est | na%ékelgé:sa(s}&lgéaltd
first serlaesends of symbeltesigmatesiwitiThad pympedlivakd cdeespdudiag toonidmmoomssor

of claim?2 V\/nerfai_n said stored series of estimates is a sumof said
first serf€$Yof "&stimates and at | east one other series of estinates.
5. The pi pel i netindensidgad foonh AfmReRsSHiffofencd BdtWech daith dablgene@RElnsi NQ

a power contral decision block fé)r_ receiving said soft decision
out put arfd SPGB FRGERVEBNETE LHRE HBING Yl at i on i ntended for said

renote transmdebd DOy fourth Fixed Rl sBElfsRBHIH8MDelLi 8l QRmRERGR$SOr  Of
claim1 further conprising a lock detector for recerving said maxi nrum
ener gy | epedenanoiiyet oviime hy 2 agrond dingwntiftom sesd transwhssidngimeteipdoduice st one
of said d lLation el nt. . fron ds._ i s _assigned to a valid call
36 si gnalS.%rcrlnsg(ﬁ1 Igepa} Sﬁg Ilmralse& e%%%ﬁ%‘&ﬁg?sﬁgiﬁ%ﬁ’r ocessor of claim1l

further conpridespreadany 4 fifik gked kdgth earofbampplocetsaal sigmi witkegtd PiNng sai d
data sanpl es of sai roup of spread spectr nodul ated cal | signals,
and for pFravAaY ﬁ%seégff?glrséfdo %&W%‘?ﬁ%?@ %ﬁ?ﬁﬁ@?@i%"‘%‘ﬁ?asﬁoa §475F m
Pr ocessorgfRMOmbS] dstihfeer for receiving fromsaid integrated search

processor said first search synbol and decoding said first search
synbol to prodiggueading ¢ yxthdixgd dangtheset efssagiblas of paidisignal with saifhigN

pi pel i ne [ f ¢l al r Il si
Gueui ng. S Pey Uik B0 BRSSO 6 Bidlsfe UL ARTRANARE, e
f r om eachsedés &fayohbpl astimlaickyy of denodul ati on el enent front ends to

said chip bufg{er nd.transfer of said first IFrrent S%ﬁ,rrb, | frqmsaid
chip buffer tdeefiRe fyripgey BF eELSHHO gl estighat éa’gisfféﬂ“ AEYs
dermodul atdfRPmBEIREEHRERSE tdrodhcdiaBedondRer iR 36l maks, S8l deddhll k& lof indeQf
denodul ation el ement front ends is further for providing early
despr ead sHEates pOpRIiAREAY W&Yd@é‘-ﬁr@ﬁ'@sﬁ%@i@g@h%ﬁg posséhleisymid valned
denodul at j : Q%? Lhsi.ng an early and late chip
buf fer fo(!rogjr‘;g%é?@gagggsl%ﬁ%}aar 3}&%@% code chips and said |late
despread code deterpmiig amngacixtbtingaiice phaxiaiun sneody ehbwoddishidtseamd set
el ement fro% ends and storing a limted nunber of said early
despr ead COHF*ERTBEEo col l ect a set of said early despread code
chips to formaadinkldatin@adid YixytiRoblice @4t 884oAN ditg iRk dstirhdtsd o 8higment
synbol and storing a |imted nunber of said |ate despread code chips
to col | ecttorgd 8% of gydex gstinatesascqding e Hke caspspadingsymbok wiup tg praduse a
| ate syn‘gsghmgéar g\e&gggg}iéggmgfgs.sai d first elenent synbol. 10. The

ed " demodu

pi pelin ation processor of claim9 further conprising a



first element synbol fromsaid chip buffer to said transform
processor engine. 11. The pipelined denodul ati on processor of claim
9 wherein said tinme tracking block is further for receiving said
first early synmbol, correlating said first early synbol with said
code sequence corresponding to said ngxi numenergy |evel to produce
an early energy level, for receiving said first |late synbol,
correlating said first late synbol with said code sequence
cor r espondi ng uh&vedhgldura 1aeeeR B ¥libey ot DedplyRAMES valuk 8y oGy
| evel, and for finding a difference between said early energy |evel
and sai d SPigiseconf ety sqriey af syaphe! etinpdesayithsay] vmbobkelee g MR said
advance Qgigf Rt 3hkiB Y said codd1@ BEREL ARhagmodul ation
processor of claim1 erein each of said plurality of denodul ation
el ement front ueendsricpdpwingseit seventh timg shereustonn] ls chigy velagbence
generator_for .producin sequence of PN data.chi.ps rein said
sequence CS?&I?'RF%S&&;S%W%L@%SS%Seorslg Blﬁ‘g%l Tem4'eq g&fﬁé‘ﬁ@ éy%?o ﬁ’lﬁ\uﬁ ata chi ps
used to roftdpahding &l GidibtiMRnCalelgysiatalf saidResoatl Bet@ddliieR bstiadtéh; and
plurality of denodul atjon el enent front_ends produces, said seguence
of PN data chiSpamitg GBingian etghffptimg shigeftiHershgrdicturensaidgespndeaily ty of
demodul athgBy ShRERM sdid QRbn®RESenergy valuedo §8&ARLLAA tAxhE VpLexer for
receiving said data sanpl es of salg group of spread spectrum call
signals and selecting a portion of said data sanpl es; a
despreaday, f oy ¢ oL Nl Al BG Ak hPON 0B BlinS8 dhdal 3, Samplasuh t 0
sai d sequehce of 3ata Ch ps o F6r produci ng correl ated out put
bits; lengtlaset bf fangdasusmileatme af ofid dird dixed &nthgetogamplesof sai d
correlated output bits to forma conplete one of said despread code
chi ps; and a timng generation register for controlling said
of fset insti MEpenARldbhraembnNsEnCf sifil IA81RntHY RRerdRdaRakbnd fnfRCicon
of said portion of said data samples. 13. A nethod of denodul ating a
si gnal r eeésuddithiime diceapeuopingilignesiusly. wherein said signal is
conprised of a series of data bits encoded in fixed | ength groups
into a series of synbols wherein said series of synbols are
transm t t3@d atTha nsyhddalf dembéylatdnpts sibveit ef ¢laiwad Ywhéergmahiditbird pime alice
spect rum mpdul at.ed, wth a pseudonoi se (PN) sequen aligned. to .
Lransni s SPORE ,tl%fafitl © REAH ST DN U a‘fl?%ﬁﬂneqsﬁgfﬂv@ifﬁ@e e af i
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of synbol,-esti ; i : .xed. e - Of
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estimates;. despreading a.third. fixed |length set of sanples of
sai d i gt THpAPoUs 1 TBRIQbG A S INER TMom sai d first amount by a
| ate factor to produce a first |late series of synbol estinates;
decodi ng durigrgl afirst tine slice a first synbol estinate of said

e
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first transmetstiddesydtaolount in relation to said transmission time.

390, The method of demodulating a signal of claim 33 wherein said PN sequence
comprises a series of PN chips wherein each PN chip has a PN chip duration, and
wherein said first fixed length set of samples comprises two samples for each PN chip

duration.



determning during a second tinme slice a maxi num energy val ue of said

first set of index estimates; storing during said second tine
slice said first set of index estimates to produce a stored set of
i ndex esti mates; uncovering during a third tinme slice an early

energy value by correlating said firsjsearly series of synbo
estimates with said synbol value corresponding to said maxi num ener gy
val ue; uncovering during said third tine slice a |ate energy
val ue by correlating said first late series of synbol estinates with
sai d synbol val ue correspondlng to_sai d_ nmaxi num ener gy val ue;
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synbol estimtes; 39 despreading a sixth fixed length set of
sanpl es of) saige %&eﬂﬂﬂ' ol WeiBa AR fﬁkxﬁ?@f@é‘iﬁ%%ﬁ&%& shidaN §Rhchcgecond
amount by said late factor to produce a second |ate series of symbo
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conpri sing an energy vaIue conespondlng to each possi bl e synbol vaIue

corresponding to said first transm.t deternm nin
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second ea ener corre ear series
synbol es@nmales with said synbol val ue corresponding to sald WBX|num
energy val ue of said second set of index estinates; uncovering
during said seventh tinme slice a second | ate energy val ue by

correl atif3g satnd nfiANt deAbBuIaRid LSl oSMERPE3 RBELIELESs B inSaid
synbol val ue correspondi ng to said maxi nrum energy val ue of said
second seerigFofisqabals hag ¢ smahked duration equal to the reciprocal of said symbol rate and

wherein each time slice has a time slice duration and wherein said symbol duration is 32

times larger than said time slice duration.

44,  The method of demodulating a signal of claim 33 wherein each symbol in said
series of symbols has a symbol duration equal to the reciprocal of said symbol rate and
wherein said first amount and said second amount differ by less than one symbol

duration.

45.  The method of demodulating a signal of claim 33 further comprising the step of
summing during said third time slice said maximum energy value corresponding to said

first series of symbol estimates with a stored lock detection value.



summi ng during an eighth tinme slice a difference between said second
early energy value and said second |ate energy value to a second
stored timng val ue; and dual maxi ma processing during a tenth
time slice said sutmmed set of index estimates to produce soft

deci sion data. 14. The nmethod of denpgul ating a signal of claim 13
wherein said second fixed | ength set of sanples is the sane as said
third fixed length set of sanples. 15. The nethod of denodul ating a
si gnal of46cl aim&&n\\iﬁi&[t@h@yﬁahdoﬁpﬁﬂﬂ@a fitsenis bereeatiapd simblwhich tsh- ti me
slice occur S|nultaneously, wherein said third time slice and s

sixth ti remeriseofgseiiss ofidaigbita sacoded i s dengioparps 8ty aserigek Plr?e
slice an%&%lﬁsmy@r&g be £ Qs sk B AREPMS s¥{mbol41gte %ﬁiwﬁé}anr;ﬁa@%qam
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time sli nd sai d.s tl,ne ce_occur . Si fan eously. 17. The
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timng val ue exteeldmodulpti@deaidetdrhgederhd éatredethifgintbartingongee bSi ng t he
step of advanC|ng in tinme sald first amount in rel(g%pg sai d
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threshold further conprising the step of retarding in tine said

second armdwdesiadirstelemandsynledlisai d transmission tinme. 19. The net hod
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wherein said second stored timng val ue %e | ow a predeterm ned
t hr eshol dnflurt her conprising the step of retardlng by one eighth of

one PN chip dlﬁrc%Hb%bE& é[dﬁi’{ﬁn %”Hﬁi% d&ﬁn%%g g&‘%}éﬁ%s deidstifih@li on to said

transm ssion tinme a sidgnal of claim
13 wherein saladnzﬁdﬁnamqiemotoe fccroaqmnsgsnmﬁsesanes of)ésnﬁ’Ntes hngddetmineniag a
each PN chip has a PN c urat|8 g rei.n d earl factor
and ‘sai d TEVBUPEEEY IayeLa fomenagd VRPN GERFIR TRl S GRS, The
nmet hod ofgpdenodul ating a signal of claim 13 wherein said step of
storing said first set of index estimtes conprises the step of
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wherein s previously~“stor set ex estimates corresponds
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47. The communication system of claim 46 wherein said shared transform processor
further for receiving from a second demodulation element a second element symbol and
producing a second series of estimates corresponding thereto, and wherein said combiner
is further for receiving said second series of estimates, adding said second series of
estimates to a stored series of estimates, and for providing a summed series of estimates,
said second station further comprising a dual maxima metric for receiving said summed
series of estimates and providing a soft decision output corresponding to a first

transmitted symbol.



synbol. 23. The nmethod of denodul ating a signal of claim13 wherein
said second anmount is greater than said first anount and wherein said
step of decoding said second synbol estinate causes said step of dual
maxi ma processing. 24. The nmethod of denodul ating a signal of claim
13 wherein each synbol in said seriesygpf synbols has a synbo

duration equal to the reciprocal of said synbol rate and wherein each
time slice has a tinme slice duration and wherein said synbol duration
is 32 tinmgs | ahgebmbhiditaséd §steh® ctdiincl vhisidh kA storedzeridse esirhiteglsof
denodul ating. a si.gnal of claim 13 wherein each synbol in said series
of synbolS8idHHet sgriesfissiimefes-at i on equal to the reciprocal of said
synbol rate and wherein said first anount and said second anount
differ by |l ess than one synbol duration. 26. The nethod of
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| ock detectlon val ue. 27. The met hod of denDduIatlng a signal of
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28. The net hod of denodul ati ng a signal aim 13 further

conpri si mgotiflieg stepredeangphindicadordintended fr pdidfirst viifre slice a maxi mum
summed energy of said summed set of index estimates. 29. The net hod
of denodul ating a signal of claim28 wherein said second tine slice
and sai d {li f t MHeicomnsinicagorgetem & dhaitesneleiah yaid sedodd tiatisifutrihee
slice, said sixg&ﬁtlne slice and. sai.d ninth tine Eklce occuy

si mul t an&QIPres lAek dHestes At lear ying SHF My caprey fFvghapd P&%lélasan

sevent h ti}iBatfiniag %o ACth&ALM fr8iicholih BBoS AddCRoraECAEmSit T st RAGPIS Walid
30. The nethod of denpdul ating a signal of claim 13 wherein said

second tiogH sighplce and said fifth time slice occur simultaneously, and
wherein said third tine slice and said sixth tine slice and said
tenth tine slice occur simultaneously. 31. The nethod of

denodul ati2ng eil“lﬁicgmaiunhfatimi @ismnléf aMier4 whesein daid dirst @smodulatidneankdi t s

are Wal sh _enco ed in |xe ngt h, 32. .The t hod, of
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conpri sesyhibgisst ep of perform ng a fast Hadamard transform 33. A

nmet hod of denodul ating a signal received in a group of signals,
wherein said signal is conprised of a series of data bits encoded in

fixed |length GiQURS LAY 91t1§n %E{eh?ngfoﬁ‘?&m%ﬁ'mréia‘égiﬁrtﬂeﬂm%ﬂng 3?0%&'1595 of

synbol s are transmited rate erein sa signal is
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level to produce an early energy level, for receiving a first late symbol of said series of

late code symbols, correlating said first late symbol with said symbol value

corresponding to said maximum energy level to produce a late energy level, and for

finding a difference between said early energy level and said late energy level and using

said difference to generate said advance or retard indication.

54. A communication system comprising a first unit generating a signal which is
comprised of a series of data bits encoded in fixed length groups into a series of symbols

wherein said series of symbols are transmitted at a symbol rate, and wherein said signal is



despreading a first fixed length set of sanples of said signal with
said PN sequence offset intime by a first amount fromsaid

transm ssion tinme to produce at said synbol rate a first series of
synbol esti mates; despreadi ng a second fixed | ength set of
sanpl es of said signal with said PN sgguence offset fromsaid first
anount by an early factor to produce a first early series of synbol
esti mat es; despreading a third fixed length set of sanples of
sai d si gRpleadbgediredintbdaNtciomiden seuadiosRt(PR) sdnside@lifhddsb aaBnibsiby a
| ate factor to produce a first |ate series of synbol, estinates;
decodi ng tHRF VGeR spid sxstem furhes porpRrisgs f peegpd %H%‘Pona%’csi%at e of said
first series QfiSiiahbueRid MRSl RRAHNSE SR iikd Hlro ncdf scl BEeX
esti mat es, sal irst set of index estinmates conprising an energy
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first tra e Seco nd. _time
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synbol val ue corresponding to sai d maxi mrum energy val ue;

uncover i symboktatvg ssephftehlimates piraidsieiiewolalatadtie Véweangwd/@ﬁme oby
correlati ntgmstg‘sl; %cfudgsse} 1] 5{3 SeFied S"f es?s a%s c§1¥&b gndl Stto sg%tff S e\_f\éntle!}lt 5)%11901;
symbol varue corresp ondr to oo e val ue;

summ ng dudi ng a fourth tlne sllce a dlfference betmeen said early
energy val ue and said. |l ate energy value to a stored t val u
despreadi ng a 2P RIPERACE s EFGTH fQdroRying saih pgaloinddas Hog‘id B ¢
sai d PN seauiefefodbh® @herel daldBhalid tﬁnﬁ%@ﬁx@c@s@&qgﬁﬁh@?f@r%’egfmg from
transm ssion tine to produce at said synbol rate a second series of
synbol estidriategroted search pigeespereaidi (g sgaith pythbgljapédrodeeing h fisw seasth
sanpl es % n&ﬁg%ﬁ%h ggl wi th said PN sequence offset fromsaid second
anount by said ear y factor to produce a second early series of
synbol estlnates despreading a sixth fixed length set of
sanpl es of said signal wth said PN seq quence. of fset from bg second
amount  by’sai d* FYREURGIODSYIIEN SPBRATRRS & LY UBH e1eRtRe esignab VI & o
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val ue corresp Ing to sard t tran
time wherein said system further comprises a second station comprising:

a first demodulation and storage element for receiving in real time a set of
samples of said signal and producing at said symbol rate a series of {irst element symbols
which are estimates of said series of symbols wherein said series of first element symbols
includes a first element symbol;

a shared transform processor for receiving said series of first element symbols
from said first demodulation and storage element and producing at a rate higher than said
symbol rate a series of estimates of said series of data bits wherein said series of
estimates includes a first series of estimates corresponding to said first element symbol;

and



determning during a sixth tinme slice a maxi rum energy val ue of said
second set of index estimates; adding during said sixth tine
slice said second set of index estimates to said stored set of index
estimates according to |i ke correspondi ng synbol value to produce a
sumred set of index estimates; 44 4 uncovering during a seventh
time slice a second early energy value by correlating said second
early series of synbol estimates with said synbol val ue correspondi ng

to said nmaxi MipceRL Y cdhnugicOionSFbdmIBeRRdonplisdfa c{u@@iﬁg a®gbi 7Rt es;
uncovering during said seventh tine slice a second | ate energy. val ue
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synbol %%5%?%ﬂﬁ%@ﬁ@@@g&ﬁguﬁﬁnéa'd HBX|nun1energy val ue of said
0

second set stinate sumi ng during an eighth
time slice a difference between said second early energy val ue and
sai d seco | at e ener. a secogdgstqred timn
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set of sanples. 35, The nethod of denpdul ating a signal of claim 33
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wher ei n t1me s ice a sal |ce occur
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time slice ocgﬁf @i mul .t @Feouti%. 37, qu tm)du é.g
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stored tighiRges\AheIEXGREHRLG; Predeterm ned threshold further
conprising the step of retarding in time said second amount in

relation to sa altartedalrasﬁsspme&smnfer rec@9ing Phid spuesrd dirgfelegmnbeimbols ng a

signal of.cla |n sai,d. PN s guence .l ses I f..PN
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chip durqglon ?
stimates includes a first series of estimates corresponding to said first element symbol;
and
wherein said first demodulation element comprises:

a pseudonoise (PN) sequence generator for producing a sequence of PN
data chips wherein said sequence of PN data chips corresponds to said PN
sequence used to modulate said signal in said first unit, wherein first
demodulation and storage element produces said sequence of PN data chips at an
offset in time from said transmission time;

a decimation multiplexer for receiving data samples of said signal and
selecting a portion of said data samples;

a despreader for correlating said portion of said data samples with said
sequence of PN data chips and for producing correlated output bits; and

a timing generation register for controlling said offset in time of said

sequence of PN data chips and said selecting of said portion of said data samples.



40. The net hod of denodul ating a signal of claim 33 wherein said PN
sequence conprises a series of PN chips wherein each PN chip has a PN
chip duration, and wherein said second stored timng value falls

bel ow a predeterm ned threshold further conprising the step of
retarding by one eighth of one PN chigduration in time said second
amount in relation to said transmssion tinme. 41. The nethod of
denodul ating a signal of claim33 wherein said PN sequence conpri ses
a seriessgf PMncdohpsuiieibe systedacdmiiNighd firshasitc genBiNtiaHb pigdalratiiclon, and
wherein said early factor and said | ate factor are equal to one_ half
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transm ssion .tine WhereLn sai d. system further conprises a second
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for receiving in real tinme a set of sanples of said signal and

produci ng at said synbol rate a series of first elenent synbols whjch
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estimates includes a first series of estimates corresponding to said

first elenment synmbol; and a conbiner for receiving and storing said
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and correspondi ng synbol value of said first series of estimates; and

a time tracki ngotboekhfing aeippitdongledm santibuspitiod said thaedstyarsiormyval ue

corresponding to i.d maxi mum energy |evel and for providing a timng

advance 5WMP%¥5?Wf$%Qﬁ%§ﬁQW§HH;O said first denodul ati on el enent. 47.

The communi catair@dkiByStdetech heting fa hpuidraplet o sid eutpitafesld kkaasf or m

processor further for receiving froma second denodul ati on el enent a

second el'@HERTT YAsBHPT ARdayigOrIYt&€econd series of estimates

cor r espondi ng el ©4RinoAMLMAS G AR Sk SorpBHth REH obifpul S dafi8hadifim

recei ving said second series of estinmates, adding Said second series
detector and having an output;



47 48. The communi cation system of claim47 wherein said stored
series of estimates is said first series of estimates. 49. The
comuni cation systemof claim47 wherein said stored series of
estimates is a sumof said first series of estinmates and at | east one
other series of estimates. 50. The cgymuni cation system of claim 47
wherein said second station further conprises a power control

deci sion bl ock for receiving said soft decision output and providing
a power control indication intended for said first unit. 51. The
comuni cati on system of clajm 46 wherein said second station further
conpr | segﬁf&rﬂf%é@eg et depefulation cirekibPFiAg a%fi?ﬂedd e ArRHBHEY crdel  and
provi di Ng,o@dbnl dAelh kRlelaQin@Sadkth Wit ARA whdleth faid Sl A SFRAYLAL HAiANd
storage €l enent is aSS|gned td a valid call signal. 52. The

communi cadodris egupladrip efid tilngitrackie g wipat ef saidsfaistandiseernd demodwlitaan orsudnd
st orage egﬁgggt is further for producing a series of early code
synbol s and 1'ate code synbols. 53. The conmmuni cation systemof claim
52 wherein said tinme tracking block is further for receiving a first
early synhol of said series of early cade synbals, correlati sai d
first earfly syhGGPmIUPIaLcs %’S@Wgc?haw}aﬁ%d@eé ppad awﬁﬁ%weasog er

Maxi UM eRefAYes! 2% &1 detiSioR IOGHAE Eh AR thut @B&S18Y tol seM&utpuk 8f saf€cei Vi ng
a first late synmbol of said series of |ate code synbol's, correlating
sai d firsombaesardhayslg agiquipuéai d synbol val ue con-esponding to said
maxi mum energy |l evel to produce a |late energy level, and for finding
a difference between said early energy level and said | ate energy

| evel andlusi nhesamcudichfi@r anem dfalgarddreieeeis aaid padlianmecasorfetiatd

indication. 54. A comunicatian stem conpri si a. first uni
Goner at | GRS AN RATR 1 O R GRS ot Bid et of i sof
encoded iddcikion@dcddgenat h groups into a series of synbols wherein said
series of synbols are transmtted at a synbol rate, and wherein said
signal is 48 spread spectrum nodul ated with a pseudonoi se (PN)

sequence @l i ). S.S) ] I I t p
compr 1 soh JaH8 chiuful b AIPHLRR AU ML CLRBR . PRUEBAILLRE,
st orage eheénprntodpded toeaidiovipugof faid watintuinndetataand bivisgapheputofhesan d

si gnal and. produci t said synbol rate a series of first. el enent

Sy bol s i B fihek Suttsphdanh califig B oulntl el g afdal o
series of first elenment synbols includes a first el enent synbol;

a shared transform processor for receiving said series_of first
el enent Hrboldercpmmugisation sysem efchad7arthw camarisng pagécsstethesachand

producin : I J : L f

bt mat o or < Shahife h BRLlGANs SP PR sl P lah R o putpu

est i mat esoipledl trdesl apitiaf sgid searedsacforesiroemicrs corresponding to said
first elenment synbol; and an integrated search processor for
receiving said signal, and for providing a first search synbol and

wherein s@l d shercesinfunaasdosydcll GREEHPS Wiserdibkiib Gisthad sdi€sebwd ng from
said integrated search processor said first search synbol and
pr oduci ngi%awfivlra@?n SERHPRTIOmF have pfhiptedyaiteyt and wherein said chip buffer has a

data transfer control input further comprising a queuing arbiter having an input coupled
to said chip ready output of said first and said second demodulation circuit portions and

having an output coupled to said data transfer control input of said chip buffer.

65.  The communication system of claim 58 further comprising an early and late chip
buffer having an input coupled to said output of first and said second demodulation

circuit portions and having an output.



55. A communi cation systemconprising a first unit generating a signal
which is conprised of a series of data bits encoded in fixed |ength
groups into a series of synbols wherein said series of synbols are
transmtted at a synbol rate, and wherein said signal is spread
spectrum nodul ated wi th a pseudonoi ses{ PN) sequence aligned to a
transm ssion tinme wherein said systemfurther conprises a second
station conprising: a first denodul ati on and storage el enent
for receiving inreal time a set of sanples of said signal and
producin id synbol rate a series _of first element synbols which
re esti Mt es gLF nigahiqneysigm %ffi%ta 03 Ve PHd BRPUNGIPTEOTOf i rst
el ement sypBAk&: i ncludes a first element synbol; a shared
transform processor for receiving said series of first el ement

synbol s from ganaximimgictedionbaiimman onutaeuplsd br wirkouspus vé pid slraged

produ0|nqmggbgnrgkgmgéggg& %hanoaﬁ EaﬁJ”bOI rate a series of
estimates 0 Pa series of I'’s Wherein said series of
estimat es i nclauthestrackingrtddckdering an dfpuesdupitie said ontpesqoadi maitomsai d
first element s ol; and 49 ein.sajd co ni catop system
further é’g?e?ﬁﬁorg haying fd Py carmed f@rsayc]ﬂn%ﬁf 181 Farig™ mﬁﬁ' %hls:b Brd:
from sai dafingeh od@opRdul ation and storage el ement to said shared

transform processor engine. 56. A conmuni cati on system conprising a
first unMhegféméméﬁraﬁgelaocbmjwalmrﬂm Borlips aebint sesert! dmadulpiipn giscwdf  dat a

bi ts encqdgag, e@cﬁ hd\% &@9&%};% }#'R%{l& g/ﬁ'xgreﬁi safd d t%fc aaﬁé’ ke ltrg % rein

said seri‘es of are at a sy rein
sai d si grivddckiis caq)teelad saﬁanteﬁtmhngmﬁuabmm/\ﬁﬂsmml sp&mddl@modsletlc(ﬂ\bcmt
sequence alhgged to a transm ssion tinme wherein said systemfurther
conprlse§ cond station conprising: a first denodul ati on and
storage elenent for receiving in real time a set of sanples of said
signal and producing at said synbol rate a series of first el enent
synbol s Wi ch ‘apeteasior demednlgmegesignabieesised ibfa S9wHefisignalievberaingaidd

series ofgdlf§ 0 h}ﬁ%%tf aSUTRQ #ﬁat'a Bk g&%ﬁec?mfﬁ){egtlzn&h?@ﬂ%s#ﬁ%ﬁ{%&%%iés of

a shared ttans processor recei vi ng sai
el enent $ymbolssv}fereunmzé<h‘sazlie$ bf simtoérwel wrhmstnionl dndysibolagearsl wineeih sadd

producing.at. a rate hi gher th n sai,d s a serle of

osti mat esp! Bapaadep %%-m&%oda o i ﬂsp%ﬂ"@?n@eﬁﬁﬁ ) Spaligiicr alens to a

est i mat eSranfelsHeL R, &m{ﬁkwﬁﬂkmﬁﬁmﬁﬁ_estlnateS corresponding to said
first elenment synbol ; wherein said first denodul ati on el enent

conprises: a pdusidismorvatioprymenairent or demsradingra st Disd dengdh ¥84 06
sequence g Ifn Pb'oﬁ'?aﬁ@m%% R & ﬁ%&c@ o?ﬁ&gﬁ‘aﬁl% 19a N Adhd f}&hl%ﬁld

correspon s'to sald sequence Used to nmodul ate said signal 1n sai
first unn&mmmhsDEHHWﬂapsﬁudsnmddBambdnmamdhﬁw@nagﬁSEMEwemumpmﬂduces

d PN, dat hi t ff,set
Cransn ssi on ciEes remoms gl G ARk G Fet BebE b ARA R gat o

sanpl es aktisaledf Sdig fiadt s@td of Al eftnAed10 hidddbe 9 Firss adt A f thabA eSMMLS;
said first set of index estimates comprising an energy value corresponding to each
possible symbol value corresponding to a first transmitted symbol;

a maximum detection means for determining during a second time slice a
maximum energy value and corresponding symbol value of said first set of index
estimates;

a combining means for storing during said second time slice said first set of index

estimates to produce a stored set of index estimates;



a despreader for correlating said portion of said data sanples with
sai d sequence of PN data chips and for producing correl ated out put
bits; and a timng generation register for controlling said
offset in tine of said sequence of PN data chips and said sel ecting
of said portion of said data sanples.5350 57. An communication
system conprising a first unit generating a signal which is conprised
of a series of data bits encoded in fixed length groups into a series
of synbols co raimed:cmddiembdlalaﬁ@r ¢lagerdimeandfor dbippadidgarfenrh Sedddesgh b of of

synbol s are tte nbol rat sai.d ¢conmuni cati on ste
Furcher SBRBIT Fw@ S BRSO PO S1df e bY 2 second gt fFom sa

denodul atti‘aﬂ&nfékﬂ)ﬁ Hide & PFddu&at @ﬁwsﬁgbﬁ'}aﬂe Qg%onﬁ%&@és\ﬂf @%ﬂ&ﬂ iR s
sai d signal and having an output, said first denodul ation circui't

portion accumwherdimepid sheresyransfoemprds fisthgefosdeepding dusiag atfiffhgtime slice a g
second d I n [ n n

R L e L S Y L A R
circuit pditdes restanmeﬂmdiamdogd eeﬂenf gy.iem mmmrcompdemg lh pndrgy vedad ti nme;

a shared transform ess H cowg to said ‘5 31 said first and
second défPANCALTS %fi" &art A “SﬁW%B%dg‘b@ g Hrptansmpet ei n
sai d shaggﬂmgransforn1processor transforns sets of said accunmul ated

energi es once per synbol from each of said first and second
dermpdul ati on ¢vhesain saisekinghn Hefeefionaranss sriurtiyg dor detenmnangoﬁhmgu arfegih

processor nﬁ@éfﬁle%% eﬂerggbﬁ’ﬁi& af] corfbk Cé’o l}% bbf ¢4 ci‘}*’ §E‘ %Ec%%ﬁ%&%r
for assigning a ting netric onc er sy each o
sai d f|rsh&anﬂume@mnﬂddenodulation circuit portion in succession

58. The comuni,cation system of clain57 further conprisinpg.a ghip
i ardr omoe gt SRARIBLRT e R A Srepde i it St Sl
circuit peidtseerhdanthiSaddst dsitfbies @f safidhded bk @dﬂlﬁ{a@{sfﬁb&ﬁﬂlﬁg%m& and
di sposed between said output of said second denodul ation circuit

porti on &REesPANding sPubolorlugde arodnesewmmaed st of index sEmakksr . 59. The
comuni cati on system of claim57 wherein said pipeline processor
conpri ses: a conbi ner having an input coupled to said output of
sai d shar&d tﬂéﬁsﬁﬂmnﬁ@w@wﬂﬂsbﬁngmdgmawfn@hmﬁ?output a maxi mnum

detector hav!ne LR SOHR TS b b PR v
bl ock hawefghdaiket Taigth 200 afhlds @f Sad @tg@altvﬂui saflf P1$ Sd @I sie tgat or
and havi nf%'staarr]no%g% ;‘J '(gn early factor to produce a first early series of symbol estimates and for
despreading a third fixed length set of samples of said signal with said PN sequence
offset from said first amount by a late factor to produce a first late series of symbol
estimates; and
wherein said second demodulation element means is further for despreading a
fifth fixed length set of samples of said signal with said PN sequence offset from said
second amount by said early factor to produce a second early series of symbol estimates
and for despreading a sixth fixed length set of samples of said signal with said PN
sequernce offset from said second amount by said late factor to produce a second late
series of symbol estimates;
wherein said system further comprises a time tracking means for uncovering

during a third time slice an early energy value by correlating said first early series of

symbol estimates with said symbol value corresponding to said maximum energy value



51 wherein said first denodul ation circuit portion and said second
denodul ation circuit portion each have a tine tracking input and
wherein said output of said tine tracking block is coupled to said
time tracking input of said first and second denodul ation circuit
portions. 60. The communi cation systgm of claim59 wherein said

pi pel i ne processor further conprises a soft decision decoder having
an i nput coupled to said output of said conbiner and havi ng an

out put. afd fortineoveangdminpdaidthird Yisteativod latd @iergyG@hwtigroeimlatiag shid first

pi peline rocess r further conpris r control indication
havi ng ar‘nEF APt © Bﬁlbtloéaﬁt%at%sanﬁl %ﬁ‘ffﬁﬁ?abogf’ XE%F%}TQ:?B?‘% dingfoisaid gpr*iBtBder .
62. The caagYRhGALAPLH SYAMRE Riring |a%1m}5t%n$ Hi&e*&%ff&@ﬁ@érﬂeﬁk&g sAidle@gK

detector having an input coupled to said t put of said maxi mum
det ect or eafrdy Walup aed sard lotrpparsywabicde A ﬁgféﬁ@r@dmna aplup ard fpr pagayering

detectio I |

The C0nnﬂﬁbﬁg?F%%%§9§§%%#§F§g#§§%@%@g#ﬂﬁhﬁﬁ%kggﬁgﬁﬁgﬂﬁéﬁgﬁg,n egghted
sear ch prseid@ad @ymhtﬂ\esmgatamWith pait symbcslwlula gosespdndiagl il wixisaimd

signal and havin n coupl.ed to sald I f said shared

Cr anaf or iEncEaeaF i teabidhset SE B ricuale afe i Bl e al e

wher ein %&U@.e&dnﬁﬁﬂim@ﬂﬂceﬁ@e@bxﬂqw féﬁ'erg? md@b%&dr%l‘atﬁi rsGidiskcdp@nate Sdtes bave
a chip ready output and wherein said chip as a data transfer
control isypael stimetseithsnidsysbelgatiearaipapdiag b 1t mASTIURYEEFEY VapiRt
coupled t i t,.of

Gorodul atg ST ertolid of B b ol for Bihhl bina B0 BSFANE
dat a t r aniff@encedetweph said pettondi:artjaﬂdrg}}mahlebmﬁfsad secofd Iatél' trergy value to a
comuni cati o em of aim58 further conprising an early and | ate
chip bufﬁganéV%ﬁgmﬁﬁ'lﬁ t coupled to said output of first and said
second denodul ation circuit portions and having an output. 52 66.

The conmuni cati on system of claim65 wherein said pipeline processor
conpri se9-  The systerafqridsmodwating iz of Aaimues whpet aslssrad 5sdsai d
out put of sout put; and
atine t#gﬁﬁﬁng g%&@%sﬁéggﬁéﬂgﬁg?%%ﬁ@ﬁggﬁdﬁﬁng%M§§? %utput of said
naxinuntdetector and haV|ng an i nput coupl ed to sald output of said

early and | at d havi.n out i.d first
ool s on g et S re R P BB eI et el Srotl frud iR
portion %@Balha‘l\fmtmdslmotcrt@@mm@nwa@ut and wherein said output of
said time tracking block is coupled to said time tracking input of
said first and second denmodul ation circuit portion. 67. A systemfor
demodul atiing asisiah efsloUididdly Bell A Plaf 6 WABRIrbid ViR B <fEd d

signal is conprised a series of data bits encoded 1 n fixed length
groups i rand said §1étth|t@se &Mce gwuboﬂrmllmn@melwarsiawl@r@e sdié fowth taynlivk sndisaed
transnittﬁg ? (m si rafe co and wherein said signal is spread
spectrum % ?% @'6?% ioi se (PN) sequence aligned to a
transm ssi on tlne, sald system conpri si ng:

72.  The system for demodulating a signal of claim 68 wherein said first stored timing
value exceeds a predetermined threshold further comprising the step of advancing in time

said first amount in relation to said transmission time.

73. The system for demodulating a signal of claim 68 wherein said second stored
timing value exceeds a predetermined threshold further comprising the step of retarding

in time said second amount in relation to said transmission time.



a first denodul ation el ement neans for despreading a first fixed

| ength set of sanples of said signal with said PN sequence offset in
time by a first anobunt fromsaid transm ssion tinme to produce at said
synbol rate a first series of synbol estinates; a shared
transform neans for decoding during as§irst time slice a first synbol
estimate of said first series of synbol estimates to produce a first
set of index estimates, said first set of index estimates conprising
an ener gy/4val Uéhecwptere Sparoiotgating esigin! pbslsinbbe whymeinclaidvEIN seuence

corresponding to a.fir transmtted s l; a maxi mum

ot ect ! oD rBReL AN T RaH RO Y cOwlana P b SFE B mum
ener gy ValheeiRbid Eiedt FiRePRARE sTXARPls YathpeseOfwSalthl dsifbSdack N i

i ndex esti mat es; a conbi ning neans for storing during sai dp
second tidaten; ce said first set of index estimtes to produce a
stored set of index estimates; 53 a second denodul ation

el ement neans for despreading a fourth fixed |l ength set of sanples of
sai d sigridl wiThh sgaérd fRNesedulenicea sighid ef chim 68 mbelsin saidsk smpiemrount

fromsaid transm ssi o I t o, produce_at.said ol .rate a second
Sert ea oftouyABoT Bar dhikes heERHareE kel s BBt Hidh fef o 1 s
further fytierddsQdba@ndstorddinging kAlLE fdllks BeloSd 4 Siedderf@EdnkleSholdAlrther
estimte of said second serjes of synbol estinmates to produce. a

second sePmprising thestepsaiireratding byseied gt oimned chip dpradeindies $id es
Conpri si g7 ARGHON MahdtiCHRARRNLAEEC each possible synbol
val ue corresponding to salg irst transmtted synbol; wherei n
sai d nmaxi mum detection neans is further for determ ning during a

sixth ti sli.ce a maxi num ener. val ye .and [ Lespondj synbol

val ue of Bai o BESEHHY cuearartatig dpil oL Pl SEorelshid (R sclidres, o o
conbi ni NEoABEBS d seritdb e EhipOWhadidicagh PN chipthas alPWl Gix@liatidryend| i ce
sai d second set of index estimtes to said stored set of index

est i mat esVisEEBpHd sRylt f3ctor pud sait latedaei AR TR gaua) Hode bl PhEchip dpirtitice a
summred set of index estimates. 68. The system for denodul ating a
signal of claim®67: wherein said first denodul ati on el enent
means i s Tlur t Wéwe sysem dersismeduliatige asiged of dlaim g@wvhersingtabh senbadfin ssadpl es

of said sjignal. w aid P uence o t fromsaid. first, appunt by
on earty PHR b0 Rt FHAEDT Gl (B b bR i PR Ao
and for delsp¢ieasihngnaslicBhada filnx elicd dingion adétwhefeisaiiiy@shod furgaabidis 32
signal with said PN seguence gfs_et fromsaid first anount by a | ate
fact or t&‘rb‘isiﬁfﬁﬁret ap §a1¢ ape pligedlugalione s of synmbol estimates; and
wherein said second denodul ation el enent nmeans is further for
despreading a fifth fixed length set of sanples of said signal with

sai d PN sBqueride spitém dor dempnnigtingla signded claim QA whbiginseicl sgabdlyn saadt or
to produce.. eri . i f

despr eadiSﬁrgl&aosf‘s%?l)%%3 ﬁlsﬁ ?S;J‘e%y @#\S?%ﬁgﬁe?cﬁ%m g[afr:rgel%} §&%£ gfisﬁf%?‘s”.bg%%‘fe %‘&.“t h
sai d PN seleicinesd di-dt ambuiitrantssidisebond ampdntatiffenity 10y tisa cdhe lsgfBolf act or
to produccglma. second | ate series of synbol estinates; wherein
sai d syst®Hdrt her conprises a time tracking neans for uncovering
during a third tinme slice an early energy val ue by con-elating said

first early series of synbol estimates with said synbol val ue
cor r espontdi ng Tthe sysera feredemedmiating p gignalaif glaim 67 further comprising a lock

detector for summing during a seventh time slice said maximum energy value

corresponding to said second set of index estimates with a stored lock detection value.

80.  The system of demodulating a signal of claim 79 wherein said combining mean is

further for adding said second set of index estimates to a previously stored set of index



54 and for uncovering during said third time slice a | ate energy
value by correlating said first late series of synbol estimates with
sai d synbol val ue corresponding to said nmaxi num energy val ue and for
summing during a fourth tinme slice a difference between said early
energy value and said |late energy valsg to a first stored timng

val ue and for uncovering during a seventh tinme slice a second early
energy value by correlating said second early series of synbol

est i mat esswmiths saddlirgytoiist coradspending syaspdnadingnly of sal tgoradidckdateetmar gy
val ue of said second set..of ind estimates and is further for
uncover i ﬁ’@ﬁlﬁﬁsr‘?%r‘fﬁe%P‘ﬁt'%fé%%#lﬁsﬁéﬂﬁg@?'i ce a second late energy val ue
by correlating said second | ate series of synbol estimates with said
synbol val ue correspondi ng to said nmaxi mum _energy val ue of said .
second sétl- of 4 mgded ekdemedulading 4 §1gnakreesivad in g SHRNP o4 §12aRlS SV RpEeLA Stifl e
slice a qj . Sal . j
Second | a0 n o e o SRS U B o I TR, KR BRG A
syst em f symtelywdetcat sandseaies b{yalbobfare iransmiB8l alheymbol rs@i shdsdmogia said

fixed length set of s | es s, the sane as sai hird fixed.l ength
et Cof SABPLE Sredse i Shd B G AT RE R Hebigral B ERY m 67
wher ei N s@hénisge@tifhe! daiEmsthbd 6f @dmebdsbitidg thhpihsihid 0 sps 68 occur

simul taneously. 71, The sgstem for denodul at | n'gréa signal of claim®68

wherein sai d tRiFepdinefelig ford lenedh sapsammespispifeisnph ¢idh HeEE
simul t an%@(ﬂﬁhc\,’e of?s%ginvq}ﬁé’ &y Qﬁ?s?hﬂoﬁrggfotn?satid PEnsilidsfh tﬁﬂéjto%%cﬁwé b?‘stam

time slice occur simultaneously. . The system for denodul ating a
si gnal ofsywbal micG&irareried of syabdl dstimetes;st ored ti mi ng val ue exceeds a
predet erm ned dt (r:] [ h(? lricxil fa 1r£thtle he 920 rff.rs%isn btlhegtil’%%t%%f (s)a]:id ?ids\{ger}l%is r(])g in
time said first A it Ed TR DI £ 0TS AT Y BASATSSPOR T A 3.
The syst emmbolrestimarstd pbing adirsi sgnefl inddx Btidbas,G8idvihrarsel of isdixdsiasend
stored timng val ue exceéds a predet erm ned t,Dreshﬁl d Iﬂu?rt her )
conpri si FYMPHENE £BENBEY YRGS ATRPTME P F- hposgblesyphel BHS FRTrepgnding

relation ¢ Qmaidnihi@BsHmsiion time. 55 74. The system for
I I | of claim®67 wherein said PN sequence conpri ses

denodul ati ng a signa
a series of PNewhhpingdveingiasewmd inrenlichi pranmeura emig e vilye efiseit fitsirset and
wherei n sgi ddef iegt§t t'];Si_xed | engt h set of sanples conprises two sanples
for each PNER; p duration. 75. The system for denodul ating a signal
of cl ai m 68 wheriegdusag chiPMcsedtis elicesaiffirsisesofandardsesiaes toodlveps
wher ei n each, PN fhig has a PN chip duration, and wherein said second
stored t iSRS AT 8% S¥M@9Sel ow a predet ermined threshol d further
conprising th_%leﬁir@da_ir%f a foBHRFALOROY sONT s&hpiR) br Qld ane] BNnelapN
duration in tine said second anpunt in relation to said transm ssion
time. 76equehes effset Briimoby dseroud bmenmdrom shidyiansmadsion) tinmtod8odise plei n
said PN ' [ . hi ps wherein each PN chip
has a PNSS%%S’H@%%%{%#&??&QS&ES@ %Ofs)gaslngl%gg’rl y factor and said late
factor are equiatoding dnimghdifth thhk slivep sdeordtsiymbol esiate Ot gaid ystoadsdros
denodul ati_n signal of claim67 wherein each synbal in said.series
of | symbold “PaBolEsEnREs 10 RIPRUEE ArReoad i oTlex AP SPd scepnd et of fgex
symbol r ak@maRéc g urfdeRytvali® cohbfBndiag tdedch PBssHld SenpdukaLE ON and
wherein said synbol durationis 32 tines larger than said tine slice

dur at i on.corrggronding tasaid Eref Frapsmdisedooibali ng a signal of claim67
wherei n each | i L . i.Qn
equal to the ?%{cgpgirnéﬂcé;qﬁg%qs? gﬁ%h@% ﬁgi&ﬁ ;Qrﬁg%} gluglngﬁmaz%nrmgéfigéﬁ@?g%
anount and iskikastiegendndnmount di ffer by | ess than one synbol
duration. 79. .The ,system f.or dempdul atin signal of.claimé

fur ther compr 241G SRR HEPIERORCE SO SRR AY LR S BVERER 11 e
slice saigghrdadt BERIEN&tigHatosALERdE 0 fd BER@M@bRading s$Rbel wReab grodiate Of

index estimates with a stored | ock detection val ue.
summed set of index estimates.



80. The system of denodul ating a signal of claim79 wherein said
conbining nean is further for adding said second set of index
estimates to a previously stored set of index 56 estimates according
to like correspondi ng synbol value only if said stored | ock detection
val ue i s above an out-of-1ock threshoyd val ue. 81. A net hod of

denodul ating a signal received in a group of signals, wherein said
signal is conprised of a series of data bits encoded in fixed | ength
groups into a series of synbol s wherein said series of synmbols are

transmttged at.a s rat and mhe ai i.S..Sprea

spect r umiodulThe BtrRs e un B Fhlyeed B tmb e 3ep: or

transm ssi on tdesReadfiiy dkeb@idREd Ménglesafdaalplfr®f e Bighsliwith dahEPSt eps

of : despreading a first fixed length set of sanples of said

si gnal WSF‘IIP%%FI ftohremad g aonaehy ynear glwrf@ctwo #1990t Tk BATHESeFIPOM

sai d tra@§gb§§%g&akgne to produce at said synbol rate a first series

of synbol “esti nmat es; decoding during a first tine slice a first

symbol esti ratdespuéadgeg athiril fised bogtheet fosalsyhfrbof Saaisﬁlglmémth stig P&P oduce a
set. of

first set of index, estinates, said fi

conpr i o1 gL EREeL bR R Rafu bR ek e R hefikt Fieb 3t

val ue corsymépoRdinagsto a first transnltted synbol ; deternlnlng
during a second tine sllce m energy val ue of said first, set
of index esti WEEQ§ring during %@6%%? ?‘h@a*’g’aqnaraé’éféb‘ﬁé’ytcP adng @i firé
first Seteaﬁir sér&g%sﬁﬁﬁdl R Rsicd WirlPELH e A valLe Eﬁgesg&{dlﬁg tol s &Xaximum
esti mat es; despreading a fourth fixed |l ength set” of sanples of

sai d S|gwaﬁgmw¢wsald PN sequence offset in tlne by a second anount

fromsaid tr an%navseﬁpg Hm%m rrs%lcf ‘[%.11‘8 181d f'ge ate e %m%fy cfoﬁ'%ﬁ 1 %éa?(? ?n%g

series of synbo ecodi I ng Grd ng a

a second sty g&dds oésymmfateauﬁitemithl sdié eynlsbl ¥elik esrra@bosdind ol sakishiximtms t o
produce a seconf set of index estimtes, said second set of index
esti mat eSHESPP™SI ng an energy val ue correspondlng to each possible

symbol val ue %%ﬁﬁﬁ@ﬂlﬁﬁgrﬂoﬁ% gk glléé d &?feltehé’éqm&énesqldsééﬂ?@hel gy value
deternlnlng during a sixth tine slice a maxi num energy value of said
é

second sewn mdﬁﬁqemﬂﬁsvﬂnﬁm@@ﬁmaﬁamng\mhwadd|ng during said sixth
(e Lo, ST A 8l MR BRLRLER SR dat A gigost o
produce acqueimedfsefromf sald‘lﬁa‘mdeﬂﬁdunaﬁ)eﬂld early factor to produce a second early
series of symbol estimates;
despreading a sixth fixed length set of samples of said signal with said PN
sequence offset from said second amount by said late factor to produce a second late
series of symbol estimates;
uncovering during a seventh time slice a second early energy value by correlating
said second early series of symbol estimates with said symbol value corresponding to
said maximum energy value of said second set of index estimates;
uncovering during said seventh time slice a second late energy value by
correlating said second late series of symbol estimates with said symbol value
corresponding to said maximum energy value of said second set of index estimates; and

summing during an eighth time slice a difference between said second early

energy value and said second late energy value to a second stored timing value.



57 82. The net hod of denodul ating a signal of clains 81 further
conprising the steps of: despreadi ng a second fixed | ength set
of sanples of said signal with said PN sequence offset from said
first amount by an early factor to produce a first early series of
synbol esti nmates; despreading asghird fixed length set of
sanpl es of said signal with said PN sequence offset fromsaid first
anount by a late factor to produce a first |ate series of synbo
estimat e$3.  The metiwdwé demgdudetimigragsignat bf dladmt §2mehatin said gecosd dfixgd ener gy
val ue by .conrelating,said first ea ries of ol.estimates with
aai o sy g & B a B ni s B8 S ERRER A SR Eal L
uncovering during said third tine slice a |late energy val ue by
correlating said first |ate_ series_of synbol_ estinate, mﬁtgtsai

synbol vafue ddfmedipdeddrgoddating asighakoiritinetel el apideccond time slice

summi ng QWA kNd idh Ay diBe bidiesigdulGfeodst§l f ference between said early
energy value and said late energy vallue to a stored timng val ue;

despreading a fifth fixed length set of sanples of said signal with

sai d PN sequence of.fset. .from,sai d second anognt . sal.d. .ear. f.act or
o protuds a SEEBRgeRayRS RS JERE R AR uots 3B AR uh 2
despr eadiang s#d Siftk ttine slixe dedue sigiutaseeiislof andaviizr@s said fa@ihdingd gjisahnd\daid

said PN sequence offset from said second anount by said | ate factor
to pr odué@‘%étl%éh?f‘oocF‘értsém%]éaﬁe%‘és bf synbol estinates; uncoveri ng
during a seventh tine slice a second early energy value by correating
said second early series of synbol estimates wth said synbol val ue

cor r esporédi ng Tthe neeghiod afdginpditniinges ggnal af demo$2 wherdingaiddngl stsed Gning
i ndex estj pates; ' ' el ' i ce.
socond | SPLEsiegs e prepcrdRKELI AR LRI AR AN 6D of ARnShL Bty
synbol eshidrfattesnonnt in rslaiich ®yaidatanvalssien dower espondi ng t o sai d nmaxi mum
energy val ue of said second set of index estinmates; and sumi ng
during an eighth tine slice a difference between said second early

energy vayue and fMdd TAERADulh@iea ﬁg@q ayciyia] srewh&eid ssRGOAFASIRERT
timng value. 58 83. The nethod of denodul ating a signal of claim

82 wher eitimisaiveiue exsseds F pradaterménegtthreshold Brthspepmraisingdhe viep ofriardiag
sai d thind;tXed L E&Rdthoifil in 212t B!sES transmission time.

88.  The method of demodulating a signal of claim 81 wherein said PN sequence
comprises a series of PN chips wherein each PN chip has a PN chip duration, and
wherein said first fixed length set of samples comprises two samples for each PN chip

duration.

89.  The method of demodulating a signal of claim 82 wherein said PN sequence
comprises a series of PN chips wherein each PN chip has a PN chip duration, and
wherein said second stored timing value falls below a predetermined threshold further
comprising the step of retarding by one eighth of one PN chip duration in time said

second amount in relation to said transmission time.

90. The method of demodulating a signal of claim 82 wherein said PN sequence

comprises a series of PN chips wherein each PN chip has a PN chip duration, and



84. The nethod of denodul ating a signal of claim81l wherein said
second time slice and said fifth time slice occur sinultaneously.

85. The nethod of denodul ating a signal of claim82 wherein said
third tine slice and said fifth time slice occur sinultaneously, and
wherein said fourth time slice and sa)d sixth time slice occur

si mul taneously. 86. The nethod of denodul ating a signal of claim82
wherein said first stored timng val ue exceeds a_predeterm ned

t hr eshol dvletrin brsd carbipetos indpaidiatedacier a5¢ el torraie alf PR ehimdurgtiord fi r st
amount in relation to said transmssion tinme. 87. The nethod of
denodul ating a signal of claim82 wherein said second stored timng
val ue exddeds Taepretithetcfdamnédatity el df ¢leint Hlewhooinpridstepgfsoeng sap

of retarding in.tine said second anount .in.relatjon to.said .

0t anem oot oK el et SRR e S A RIS S04 gL aEt O BT Simatse p m
81 wher eighr&abebl P28 ST GRlcE CARhAtELR AR BRe &rrdSPbrdiH RS MY Ll
each PN chip has a PN chip duration, and wherein said first fixed

| engt h sevhesgin saidpreaipusly inedssss of ieexsestipates cogesperdsio pNd Bt fransmitted
duration.g ﬁg. The met hod of denodul ating a signal of claim 82
wherein sar 5N sequence conprises a series of PN chips wherein each
PN chip has a PN chip duration, and wherein said second stored timng
val ue fal]l.,s bel ow redet ermi ned threshald rther c ri.sing the
srep ot 12t ar diR gy eip e S EHE SR Ent L el E B el o
second aneH&ofisPmbels akd DEynitd] S@ation ERABI tBSIEMrdchldE said¥PmbIhatemhod
of denodul ating a signal of claim82 wherein said PN sequence

conpr i sesvhgrge preddingg sliprhang pae whier BirHiop safk whrrehiall syabohdpgfiemis 32
duration,: L0 SR gLy factor and said late factor are
equal totgﬁgqﬁgéah%ﬁﬁgﬁ?pe§ung?oﬁ.' 91. The nethod of denodul ating a
signal of claim8l wherein said step of storing said first set of

i ndex estj,mat conprises the step.of ,addin aid first set of 1ndex
ot mat s o S5 PRUR A Ramenar Bt D gie) PP HAAES Bhiteinsb il oAbl Rk Fo

| i ke cor rsesaTdiyagols WAHOLynll deranbesqiaNtoShd fheipiddi Glsgidysysibel e mat  of
i ndex estimates carresponds to said first transmtted synbo]. 92.

The met hothessin gafbati paErHGng saf gerond gmopntditisrdy 163s dhas one syeholsy nbol
in said ;&Eﬁ_of synbol s has a synbol duration equal to the

reci procal of said synbol rate and wherein each tine slice has a tine
slice duration and wherein said synbol duration is 32 tines |arger

t han said,,ti sli tion... 93.. The.neth of denpdul ating a

i gnal o1 o Tia Gt By e O FELL R Blet SIS B 8ot s
a synbol sdunghg Giieosarl third tikleelit egidmagialunDénesdi ehhiyvhedponading t@sld
wherein said first amount and said second anmount differ by | ess than
one symbdPsiggHst dispmbolgstimyics witrIeolock dtstiariisy a signal of
claim81l further conprising the step of summ ng during said third
time slice said maxi num energy val ue corresponding to said first
series of synbol estimates with a stored | ock detection val ue.



