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This invention relates generally to spread spectrum communication
10  systems and, more particularly, to the signal processing in a cellular telephone
communication system.

IL. Description of the Related Art

15 In a wireless telephone communication system such as cellular
telephone systems, personal communications systems and wireless local loop
system, many users communicate over a wireless channel to connect to
wireline telephone systems. Communication over the wireless channel can
be one of a variety of multiple access techniques which facilitate a large

20 number of users in a limited frequency spectrum. These multiple access
techniques include time division multiple access (TDMA), frequency division
multiple access (FDMA), and code division multiple access (CDMA). The
CDMA technique has many advantages and an exemplary CDMA system is
described in U.S. Patent No. 4,901,307 issued February 13, 1990 to K. Gilhousen

25 et al.,, entitted "SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS," assigned to the 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 U.S. Patent
No. 4,901,307 offer many advyantages 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

40 use of CDMA techniques permits the special problems of the terrestrial
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multipath fading with the resulting phase disruption of the channel, as well

10  as the power required to transmit a pilot carrier signal from the mobile unit,
precludes usage of coherent demodulation techmques for the mobile unit-to-
base station link. U.S. Patent No. 5,103,459 entitled "SYSTEM AND METHOD '
FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR -
TELEPHONE SYSTEM", issued June 25, 1990, ‘assigned to the assignee of the |

15 present invention, the disclosure of which is mcorporated by this reference,
provides a means for overcoming the adverse effects’ of multrpath in the
mobile unit-to-base ‘station link by usmg noncoherent modulatlon and
demodulation techniques.

In a CDMA cellular telephone system, the same frequency band can be

20 ‘used for communication in all base stations. At the base station receiver,

' separable multipath, such as a line of site path and another one reflecting off
of a bulldmg, can be diversity combined for enhanced modem performance.

' The CDMA waveform properties that provide processmg gain are also used to
discriminate between signals that occupy the same frequency band.

25 Furthermore the high speed pseudonoise (PN) modulation allows many
different propagation paths of the same signal to be "'s‘eparat'ed 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 gam, equal to the ratio of the’ spread bandwidth to the

30 - system data rate, can be employed agamst paths having delays that differ by
more than one microsecond. A one microsecond path delay differential
corresponds to differential path distance of approxunately 300 meters. The
urban environment typically prov1des drfferentral path delays in excess of one
microsecond.

35 The multipath propertles of the terrestnal channel produce at the
receiver signals having traveled several distinct propagatlon 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
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channel may cause a different phase on the signal. For example, if an ideal
impulse is transmitted over a multipath channel, each pulse of the received
stream of pulses generally has a different phase than other received pulses.

In the radio channel, the multipath is created by reflection of the
signal from obstacles in the environment, such as buildings, trees, cars, and
people. In general the radio channel is a time varying multipath channel
due to the relative motion of the structures that create the multipath. For
example, if an ideal impulse is transmitted over the time varying multipath
channel, the received stream of pulses would change in time location,
attenuation, and phase as a function of the time that the ideal impulse was
transmitted.

The multipath characteristic of a channel can result in signal fading.
Fading is the result of the phasing characteristics of the multipath channel.
A fade occurs when multipath vectors are added destructively, yielding a
received signal that is smaller than either individual vector. For example if
a sine wave is transmitted through a multipath channel having two paths
where the first path has an attenuation factor of X dB, a time delay of § with
a phase shift of © radians, and the second path has an attenuation factor of
X dB, a time delay of & with a phase shift of © + x radians, no signal would be
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 discriminated in the demodulation process. This
discrimination not only greatly reduces the severity of multipath fading but
provides an advantage to the CDMA system.

Diversity is one approach for mitigating the deleterious effects of
fading. It is therefore desirable that some form of diversity be provided which
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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10 a single base station. Furthermore, path diversity may 'be obtained by
' exploiting the multipath environment through spread spectrum processing
by allowing a signal arriving with different propagatlon delays to be received
and processed separately as discussed above. Examples of path dxversuy are (
- illustrated in U.S. Patent No. 5,101,501 entitled “SOFT HANDOFF IN A
15 CDMA CELLULAR TELEPHONE SYSTEM", issued March 21, 1992 and U.S.
Patent No. 5,109,390 entitled “DIVERSITY RECEIVER IN A CDMA
CELLULAR TELEPHONE SYSTEM”, issued Aprxl 28, 1992, both assigned to
the assignee of the present invention. .
The deleterious effects of fading can be further controlled to a certain
20 extent in a CDMA system by controllmg transmitter power. A system for base
station and mobile unit power control is disclosed in U.S. Patent No. 5,056,109
entitled “METHOD AND APPARATUS FOR CONTROLLING
"TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE
SYSTEM”, issued October 8, 1991 also ass1gned to the assignee of the present
25 invention.
The CDMA techniques as disclosed in the U.S. Patent No. 4,901,307
contemplate the use of relatively long PN sequences with each mobile unit
‘user being assighed a different PN sequence. The cross-correlation between
different PN sequences and the autocorrelation of a PN sequence, for all time
30 shifts other 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 th:: a
zero average value be obtained.) | _
35 However, such PN signels 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 in much the same as they would if they were wide bandwidth
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Inc, 1964 pp- 45-64. In fact, orthogonal binary sequence sets are also known
for most lengths which are multiples of four and less than two hundred. One
class of such sequences that is easy to generate is called the Waish function,
10  also known as Hadamard matrices.
A Walsh function of order n can be defined recursively as follows:
W) = W(n/2) , W(n/2)
15 W(n/2) , W(n/2)
where W' denotes the logical complement of W, and W(1) = IO | .
Thus,
20 W(2) = 0, 0
0,1 ,
0,0,00
W@E) = 0,101
25 0,011
06,1,10 ,and
0,0000000
or 1/ Or 11 Op 1, 0, 1
30 0,0,1, 10,0, 1,1
W(8) = 06,1,10,0, 1,10
' 0,0,0,0 1,111
0,10 1,10, 10
0,01,11100
35 01,101,001
A Walsh symbol, sequence or code 1s 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
40 index where the Walsh index refers to the number (1 though n)

corresponding to the row in which a Walsh code is found. For example, for
n=8 Walsh function matrix given above, the all zeros row corresponds to
Walsh index 1 and the Walsh code 0, 0, 0, 0, 1, 1, 1, 1 corresponds to Walsh
index 5. '
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10 no pilot signal exists to provide a phase reference. Therefore a method is
needed to provide a hxgh-quahty link on a fading channel having a low
Eb/No (energy per bit/noise power densxty) Walsh function modulatlon on _
the reverse link is a S1mple method of obtaining 64-ary modulation with (

- coherence over the set of six code symbols mapped into the 64 Walsh codes.

15  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

20 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

25 process produces soft decision data Wthh can be provided to a decoder for
maximum likelihood decoding.

An FHT is used to perform the "unmapping" process. An FHT
correlates of the received sequence with éach of the possible Walsh sequences.
Selection circuitfy is employed to select the most likely correlation value,

30 which is scaled and provided as soft decision data.

A spread spectrum receiver of the diversity or "rake" receiver design
comprises mulhple 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

35 multipath properties of the channel. In the demodulation of signals
modulated according to an _ortho'gonal signaling scheme, each data receiver
correlates the received signal with each of the possible mapping values using
an FHT. The FHT outputs of each data receiver are combined and selection
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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-phase (Q) channel
PN sequence. Both the I channel 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 U.S.
Patent No. 4,901,307, 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, as noted -above, 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 combined 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 Application
Serial No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT
IN A SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS," filed
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.represents a segment of time. Each signal spike in the common plane of the
~ page has arrived at a common time but has been' transmitted by the mobile
- 10 station at a different time. In a common plane,. peaks to the right were
transmitted at an earlier time by the remote 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 dlfferent amplltude response.
15 The six different signal sprkes represented by sPrkes 2-7 are representahve of a
severe multipath environment. Typical urban envrronments produces 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 1dent1fy
_in’the delay as measured by the horizontal axis of signal spikes 2 - 7 for
20 potential demodulation element assrgnment The task of the demodulation
~ elements 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 assrgned
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.
‘25 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
30 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 lumted
35 time shown, there are no major changes in the multipath peaks. Over a more
extended time range, multipath peaks drsappear and new paths are created as
time progresses. The peaks can also slide to eatlier or later offsets as the path
distance change as the remote unit moves around in the coverage area of the
base station. Each demodulation element tracks small variations in the signal



CELLULAR TELEPHONE S i1 28, 1992, both assigned to the
assi gnee of the prese he deleterlous effects of fading can be
further coWO9SI9873 t o extegt in a CDMVA systerﬁ‘H‘Wﬁ?ﬁ'ﬁ?g@)I l'i ng

transmtter power. A systemfor base station and nobile unit power control
Is disclosed in U S. Patent No. 5,056,109 entitled "METHOD AND APPARATUS
FOR CONTROL LdsbigneB/AfsSivl SH\GthQOdEIEhé I‘deﬁcﬁﬂl@p@ﬁtdsﬂhél?o \Eeblerate Talag lobhe

SYSTEM', i ss&ggen(th; 9 aﬁﬁ, "‘, %. A ﬁiﬁiv%ﬁ |og_nee of the

present 25 ‘nvent echnl ques as |sc ose n the U. S. Patent
No. 4,901, 307 corlnehﬁvm@l twirelgss telephaneg mmmum@agonwme fhemebile each

mobi | e uni t wgiertrRRsmsktes Sﬁﬂy“%gldy faf QioRB8irgN f&l'ﬁ‘n%lcﬂ_%codes voice
cross-correl, a}l on between dlffergag ? nce Bﬁ tocorrel afi on of
a PN seqfendBformation ina variable wte fprmat., or examD ol TR, vy heor | y
zero averag elowelreriz duiei tofpaises s thérwoitief dotivityt 'ﬂmelowelgdalasrat@ réatuces the

di scri mi nat ggdoe Hlmggér?&eﬂéé Wotl{e%%sgféj{:&{tfgfatﬂfgxfﬂ\%bﬂeﬁﬁﬁifﬁ%@ﬁxﬁ&l ORt

requires |ogica on a val € on a val ue

of "-1" or dheinereiyer, arpetharwise ass@l@at%mﬂvatMetesemagemesy@tem is

obtained.) employed for reconstructing the voice information. In addition to voice

10  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 copending U.S. patent application Ser. No. 07/713,661, entitled
"VARIABLE RATE VOCODER," filed June 11, 1991 and assigned to the

15 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 bps,
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,

20 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 bps 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 bps data frame is referred to as an "eighth
rate" frame. In neither the encoding process nor the frame formatting

25 process is ratg information included in the data. When the mobile unit
transmits data at less than full rate, the duty cycle of the mobile units
transmitted 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

30 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. 07/846,312,

35 entitled "DATA BURST RANDOMIZER," filed March 5, 1992, and assigned
to the assignee of the present invention.

At the base station, each individual remote 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
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known as qamscprgaqqnt&lged by a controller. In this exemplary embodiment, to

maintain a high system capacity, each moblle station in the system does not
continually transmit a pilot signal. The lack of a pilot signal on the reverse

10 link increases the time needed to conduct a survey of all 'p(')ssible time offsets
at which a mobile station 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 signal as compared to the - (
received traffic channel signals. In contrast, ideally each mobile unit

15 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.

20 . For the system of Figure 2, each searcher contains one 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 every Walsh symbol interval one value is input and one value is
output from the FHT. Therefore, to provide a rapid searching process, more

25 than one searcher element must be used. The searcher elements continually
scan in search of a particular mobile station’s information signal as controlled
by system controller. The searcher elements scan a set of time offsets around
the nominal arrival of the signal in search of multipath signals that have
developed Each of searcher elements supplies back to the controller the ,

30 results of the search it performs. The controller tabulates these results for use

" in the assignment of the demodulation elements to the i incoming sxgx\als
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

35 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 modems 20. Each channel element
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5 element and searcher is set to that of the mobile unit ass1gned to that channel
element. Microprocessor 34 steps searchers 26 through a set of offsets, called a
search window, that is likely to contain multipath signal peak suitable for
demodulation elements assignment. For each offset, searcher 26 reports the
"énergy it found at that offset back to microprocessor 34. Demodulation
10 elements 22 and 24 are then assigned by microprocessor 34 to the paths
identified by searcher 26 (i.e. the timing reference of their PN generators is
moved to align it to that of the found path). Once a demodulation element
has locked onto the signal at its assigned offset, it then tracks that path on its
own without microprocessor supervision, until the path fades away or until
15 the demodulation element is assigned to a better path by the microprocessor.
In Figure 2, the internal structure of only one demodulation element
22 is shown, but should be understood to apply to demodulation element 24
and searchers 26 as well. Each demodulation element 22, 24 or searcher 26 of
the channel element modem has a corresponding I PN and Q PN sequence
20 generator 36, 38 and the user-specific PN sequence generator 40 that is used to
select a particular mobile unit. User-specific PN sequence output 40 is XOR'd
by XOR gates 42 and 44 with the output of I PN and Q PN sequence
generators 36 and 38 to produce PN-I' and PN-Q' sequences that are provided
to despreader 46. The timing reference of PN generators 36, 38, 40 is adjusted
25 to the offset of the assigned signal, so that despreader 46 correlates the
received I and Q channel antenna samples with the PN-I' and PN-Q' sequence
consistent with the assigned signal offset. Four of the despreader outputs,
corresponding to the four PN chips per Walsh 'chip, are summed to form a
single Walsh chip by accumulators 48, 50. - The accumulated Walsh chip is
30 then input into Fast Hadamard Transform (FHT) processor 52. FHT
processor 52 correlates a set of sixty-four received Walsh chips with each of
the sixty-four possible transmitted Walsh functions and outputs a sixty-four
entry matrix of soft decision data. FHT output of FHT processor 52 for each
demodulation element is then combined with those of other demodulation
35 elements by combiner 28. The oufput of combiner 28 is a "soft decision"
demodulated symbol. Soft decision data is the chosen 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.
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det er midiedehgrgyhfor each of the Walsh symbols for which the searcher dwells at an
offset. ‘The final sum is reported back to microprocessor 34. Generally each
searcher 26 is stepped through the search window with the others as a group
" by microprocessor 34, each ‘separated from its nexghbor by half of a PN chip. In (

this way enough correlation energy exists at each maximum p0551ble offset.
15 error of a quarter chip to ensure that a path- is not missed by chance just
because the searcher did not correlate with the exact offset of the path. After
sequencing searchers 26 through the search window, microprocessor 34
evaluates the results reported back, lookmg for strong paths for demodulation
elements assxgnment as described in above menttoned co-pendmg US. Patent

20 Apphcatlon Serial No. 08/144,902. :

The multipath environment is constantly changmg as the mobile unit
moves about in the base station coverage area. The number of searches that
must be performed is set by the need to find multlpath qulckly enough so that
the path may be piit to good use by the demodulatlon elements. On the other

25 hand, the number of demodulation elements requlred is a function of the
number of paths generally found to be usable at any pomt in time. To meet
‘these needs, the Figure 2 system has two searchers 26 and one demodulation

- element 24 for each of four demodulator mtegrated cn'cutts (IC's) used; for a
total of four demodulation elements and exght searchers per channel element

30 modem. Each of these twelve processing elements contains a complete
demodulation data path, including the FHT processor which takes a relatively
large, costly amount of area to implement qn an -i_ntegrated circuit. In

- addition to the four demodulator IC's the channel element modem also has a
modulator IC and a forward error correction decoder IC for a total of 6 IC

35 chips. A powerful and expensive microprocessor is rieeded to manage and
coordinate the demodulation elements and the searchers. As implemented
in the modem of Figure 2, these circuits were completely independent and
require the close guidance of mlcroprocessor 34 to sequence through the
correct offsets, and handle the FHT outputs Every Walsh symbol
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10 of the demodulator needs to be redesigned for an 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 that can demodulate a
spread spectrum call signal in a lower cost, and more architecturally efficient
manner.

15 The present invention is a single, integrated search processor that can
quickly evaluate large numbers of offsets that potentially contain multipath of
a received call signal. For the system of Figure 2, each searcher contains one
FHT processor capable of performing one FHT transform per Walsh symbol.
To obtain extra searcher processing power in the Figure 2 approach, additional

20 discrete searcher elements must added, each with its own FHT processor. A
fundamental aspect of the invention is to decouple the sequencing of the FHT
processor from real time, and instead to use a single time sliced FHT processor
shared between the demodulation and the searching processes. To take full
advantage of the rapid FHT processing requires that the FHT processor be

25 supplied with a rapid stream of data. The present invention incorporates an
efficient mechanism of supplying data to the FHT processor.

SUMMARY OF THE INVENTION

30 In accordance with the invention, a signal demodulator for a spread
spectrum communication system uses a single, integrated search processor to
quickly evaluate large numbers of offsets that potentially contain multipath of
a received call signal. After ‘completing an as51gned search, the integrated
search processor presents a summary of the best candidate paths for

35 assignment of the demodulation elements. -

Operation of the integrated search processor is based on a
demodulation of the Walsh encoded antenna samples using a Fast Hadamard
Transform (FHT) processor engine. The FHT processor engine can operate at
many times the real time rate at which the data is received. For example in

40 the preferred embodiment, the FHT processor engine can produce 32 Walsh
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" Two buffers are needed to supply the despreader thh input: a first
. buffer is needed to store the antenna data samples and a second buffer is.
10 needed to store PN sequence samples Because there are more bits of data
.assocrated with the antenna samples than thh the PN sequence, it is
advantageous to limit the number of the antenna data samples that needs to _
be stored even if it means extending the number of the PN sequence data (
which must be stored. The antenna sample buffer in the preferred
15 embodunent can store two Walsh symbols worth of data It is written to and
‘read from in a cxrcular manner. The PN sequence buffer contains four Walsh
symbols worth of data in the preferred embodiment.
To facilitate the circular mariner of operatron of the antenna sample
buffer, the operation of the mtegrated search processor 1s ‘broken down into
20 groups of discrete searches. Each group of dxscrete searches is called a search -
rake. Each drscrete search is called a rake element. Each rake element
corresponds to one Walsh symbol worth of data and one FHT processor
engine transform operation. The’ cxrcular buffer operates such that each
successive rake element in a search rake is offset from the precedmg rake
25 element by one half of a PN sequence chip and by one half offset in time. In
this configuration, each rake element in a common search rake is correlated
with the same PN sequence. :
- Groups of search rakes can be specrfled in a search windows. Groups of
search windows can be specrﬁed as antenna search sets. An antenna search
30 setscanbe specxfred by a microprocessor by desrgnattng a few parameters. The
mtegrated search processor then performs the desrgnated searches and
supplies the results back to the microprocessor with no further input from the
microprocessor. In this manner the 1ntegrated search processor performs a
plurality of searches qulckly with mnumum amount of processor interaction.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed descnptlon set forth below when
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potential pahhfiihfcd Wil the'padsent Mgvéritiorgner gy received at each potenti al
path off 16 vt E?gure 5 is a block diagram of the search processor;
Figure 6 illustrates the circular nature of the antenna sample buffer
using a first offset; '
Figure 7 illustrates the circular nature of the antenna sample buffer for
a second accumulation at the first offset of Figure 6;
15 Figure 8 illustrates the circular nature of the antenna sample buffer for
a second offset;
Figure 9 is a graph showing how the searcher processes the receiver
input as a function of time;
Figure 10 is a block diagram of the searcher front end;
20 Figure 11 is a block diagram of the searcher despreader;
Figure 12 is a block diagram of the searcher result processor;
Figure 13 is a block diagram of the searcher sequencing control logic;
Figure 14 is a timing diagram showing the processing sequence depicted
in Figure 5, showing the corresponding states of certain control logic elements
25 presented in Figure 13; and
Figure 15 is an alternative block diagram of the search processor.

DESCRIPTION OF THE PREFERRED EMBODIMENT

provi de four PN chi pq«hpgﬁeet\mlsg&nmﬁjﬁbew th a 1.2288 MHz PN spreading rate.

Dk

30 The present invention can be implemented in a wide variety of data
transmission applications and in the preferred embodiment illustrated in
Figure 2 is implemented within a system 100 for voice and data transmission
in which a system controller and switch, also referred to as mobile telephone
switching office (MTSO) 102, performs interface and control functions to

35 permit calls between mobile units 104 and base stations 106. MTSO 102 also
controls the routing of calls between public switched telephone network
(PSTN) 108 and the base stations 106 for transmission to and from the mobile
units 104.

Figure 4 illustrates channel element modem 110 and other elements of

40 the base station infrastructure operating in accordance with the CDMA
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. processor 128 isolatea signal from a particular call from the plurality of call
signals contained in reverse link signal by use of the PN sequences as

10 described in the above referericed patents. =~ '

Channel element modem 110 of Figure 4 includes a single, integrated
search processor 128 for identifying multipath signals within the received
signal. Channel element modem 110 contains a single time shared Fast |

- Hadamard Transform (FHT) processor engine 120 to service both integrated
15 search processor 128 and demodulator front end 122. - FHT processdr
engine 120 matches the input data to each of the possible Walsh symbols. In
this exemplary embodiment there are 64 possible Walsh symbols. FHT
processor engine 120 outputs an energy level corresponding to each of the 64
possible Walsh symbols where higher energy levels indicate higher
20 probability that the corresponding Walsh symbol was the actual transmitted
symbol. Max 'detect 160 determines the largest of the sixty-four outputs for -
each input to FHT processor engine 120. This maximum energy and the
index of the Walsh symbol is then passed to integrated search processor 128
and pipelined demodulator processor 126. Pipelined demodulator
25 processor 126 contains functionality contained in the prior art non-integrated
demodulation elements which is not implemented in demodulator front
end 122 that can be shared in the same time sliced manner as FHT processor
engine 120. Pipelined demodulator processor 126 also time aligns and
combines symbol data received at different offsets into-a single demodulated
30 "soft decision” symbol stream which is weighted for best performance of
deinterleaver - forward error correction decoder 130. In addition, pipeline
demodulator processor 126 calculates the power level of the signal being
received. From the received power level a power control indication is created
to command the mobile unit to raise or lower the mobile unit's transmit
35 power. The power control indication is passed through modulator 140 which
adds the indication to the base station transmitted signal for reception by the
mobile unit. This power control loop operates under the method described in -
US. Patent 5,056,109 referenced above. :
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20

provides input to encoder - interleaver 138 through channel element
microprocessor 136. After encoding and interleaving the data, encoder -
interleaver 138 passes the data to modulator 140 where it is modulated as
disclosed in the above mentioned patents. The output of the modulator is
passed to transmit summer 142 where it is added to the outputs of other
channel element modems prior to being up-converted from baseband and
amplified in analog transmitter receiver 116. A summing method is
presented in a co-pending U.S. Patent Application Serial No. 08/316,156
entitled "SERIAL LINKED INTERCONNECT FOR THE SUMMATION OF
MULTIPLE DIGITAL WAVEFORMS," filed. September 30, 1994, and assigned
to the assignee of the present application. As presented in the above
referenced application, the transmit summer corresponding to each

- element 110 can be cascaded in a daisy-chain fashion eventually resulting in a

30

35

final sum that is provided to the analog transceiver for broadcasting.

Figure 5 shows the elements comprising integrated search
processor 128. The heart of the searching process is time sliced FHT processor
engine 120, which, as mentioned above, is shared between integrated search
processor 128 and demod front end 122 (not shown in Figure 5). Other than
sharing FHT processor engine 120 and max detect 160 block, integrated search
processor 128 is stand alone, self-controlled, and self-contained. In a manner
described below, FHT processor engine 120 can perform Walsh symbol
transforms at a rate 32 times faster than FHT processor 52 of Figure 2. This
rapid transform capability empowers the time sliced performahce of channel
element modem 110.

In the preferred embodiment FHT processor engine 120 is constructed
using a six stage butterfly network. Such butterfly networks architectures are
well known in the art. They provide an efficient mechanism to perform an
FHT both in terms of minimizing the number of gates and operations and in

This Sheet Has Been Rem

L

|

NBBi e 10



25 At any given tine, the base station receives a variety of signals from
-a single nobile unit, each of which has travel ed a different path and may

have a %%@{ t delay than the others. The nobile unit' Pcml%

nodul at N sequence. A copy of 8the PN sequence S SO generat ed at
the base station. At the base station, each multipath signal is

it e BTN ARl o SpeeloF RUSTERE R | PSS e (he
PN sequertrangfosm.of f set whi ch woul d be used to denpdul ate a signal at that
coordi nate. NOA Gujtheifl ok dahebérﬁséd Qé%&é%@rn%ﬁ@&ah&oﬁ@hbﬁgge as a

function of tine asso e uneven r e 0 h nmu th pe

the |init'&§ sysnmefrye Zﬁ?& %%ﬁk&'ﬁﬁ%ﬁ%‘ﬂw E*‘ﬂﬁ‘? ath |
peaks.5 Oveff ordlefrar cancbe deMteomswelygsfoﬂoWSr pat h, peaks di sappear and new
paths are.created as tine progresses. . The .peaks.can also slide to earlier -

or later offsets as the Wah=di twge/z)hzwge/zgs he - renote unit noves
around in the coverage area of jth a/sﬁ s‘Iva(t '/QY Each denodul ati on el enent -
“tracks small variations iin-the si§X

10 where W' denotes the loglcal complement of W and wQ@) =|o|

" In the preferred embodrment a Walsh sequence is generated where n = 6,
therefore a 6-stage butterﬂy trelhs is used to correlate the 64 mput sample with
each of the 64 possrble Walsh functlons The butterfly trelhs is a seriesof 6 - -

15 parallel adders. - (

To reap the beneflts of FHT processor engme 120 with thlrty-two times
the throughput of its real-trme-slaved counterpart, FHT processor engine 120
must be provided wrth high rate input data to process ' Antenna sample

~ buffer 172 has been spectflcally tailored to meet this need. Antenna sample

20 buffer 172 is wntten to and read fromina cxrcular manner )

- The searchmg process is grouped in sets of smgle offset searches. The
highest level of grouping is the antenna search set. Each antenna search set is
made up of a plurality of search wmdows Typxcally each search window in

~the antenna search set is an identically performed search group where each

25 search window in the antenna search receives data from a different antenna.
Each search window is made up of a series of search rakes A search rake is a
set of sequential search offsets that is performed in a time equivalent to the
duration of a Walsh symbol Each search rake is compnsed of a set of rake
elements. ' Each rake element ‘represents a smgle search at a given offset.

30 At the begmnmg of the searchmg process, channel element
mlcroprocessor 136 sends parameters specifying a search window which may
be part of an antenna search set. The width of the search window may be
designated in PN chips. The number of search rakes needed to complete the
search window varies dependmg on the number of PN chips specified in the

35 search window. The number of rake elements per search rake can be specified
by channel element microprocessor 136 or could be fixed to some constant.

Referring again to Figure 1 showing | an exemplary set of signals
arriving at the base station from a single mobile umt, the relationship of the
search wmdow, search rake, and rake element becomes more clear. The

40 vertical axis in Figure 1 represents the power recelved in decibels (dB). The
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i nf or mat i on arAQEd \ARithe saffetiff bat hat Geenararsmitteduby thé ndlsile statiohyatoe
transmt edq{)lé %@ﬁ nobile unit. A vocoder which is suited for application
in this envi®th t1ME- descri bed in copending U S. patent application Ser.
No. 07/713, 661, &itel horizbritalRkidRak HeAH© having unitsmfdg‘ir,hingﬁﬁetand

o1 aduces 11 At Bt R Bae PRUSH IRARI LI Nk of %Eé‘ébsvﬁsﬁﬂg S8 our
di fferent ranebileamjt, eagh efiwhich| hag ,tm)t??@ t%gb{ggreéléd@ﬁ %fhgglyéy h‘,a(YGoa bps,
2,000 bps' angi¢rbrfi0d41Ry than the others. The mobile unit's signal is modulated by a
10 PN sequence. A copy of the PN sequence is also generated at the base station.
At the base station, if each multipath signal were individually demodulated, a
PN sequence code aligned to each signal's timing would be needed. Each of
these aligned PN sequences would be delayed from the zero offset reference at
the base station due to the delay. The number of PN chips that the aligned PN
15 sequence is delayed from the zero offset base station reference could be
mapped to the horizontal axis.

In Figure 1, time segment 10 represents a search window set of PN chip
offsets to be processed. Time segment 10 is divided into five different search
rakes such as search rake time segment 9. Each search rake is in turn made up

20 of a number of rake elements which represent the actual offsets to be
searched. For example, in Figure 1, each search rake is made up of 8 different
rake elements such as the rake element indicated by arrow 8.

To process a single rake element as indicated by arrow 8, a set of

samples over time at that offset are needed. For example, to process the rake

25 element indicated by arrow 8, the despreading process needs the set of sample
at the offset indicated by arrow 8 going back into the page over time. The
despreading process also needs a corresponding PN sequence. The PN
sequence can be determined by noting the time the samples arrived and the
offset desired to be processed. The desired offset can be combined with the

30 arrival time to determine the corresponding PN sequence to be correlated
with the received samples.

As the rake element is despread the receive antenna samples and the
PN sequence are run through a series of values over time. Note that the
received antenna samples are the same for all offsets shown in Figure 1 and

35 spikes 2-7 are showing exemplary multipath peaks which arrive
simultaneously and are only discriminated by the despreading process.

In the preferred embodiment described below, each rake element is
offset in time from the preceding rake element by one half PN chip in time.
This means that if the rake element corresponding to arrow 8 was correlated
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time, no signal, I.s transmite 30, nobile Ile unit
i ncludes a dat aghymeb eaﬁasnt%e&vﬁ@e 5¢ ﬁ@@&l%\“ﬁ&?@lﬁ?‘iﬁ %‘ﬂﬁe d o be
e e b o o et i
Eietealrr})s o‘r?mehfé 'Bﬁtsimﬁ?@ f fegeréﬁ’@&ﬂ’éslérﬁﬁ ch"ﬁg g @ 8. g'e pat ent
appl i cat i emolgle uait. N\ghe onoBile unitz geﬂératemmﬂﬂtecrefemeﬁm bamlro
filedyhbr Qbféenégﬁ%e&meé‘??drﬂ“ﬁ{e base station. The mobile unit uses the time
reference signal as an input to it's long and short code generators The
information signal received at the base station from the mobile unit is
therefore delayed by the round trip delay of the 51gna1 path between the base (
station and the mobile unit. Therefore if the txmlng of PN generator 202, 204, |
15 and 206 used in the searchmg process is slaved to the zero offset timing
reference at the base station, the output of the generators will always be
available before the corresponding signal is received from the rnobile unit.
| In an OQPSK signal, the I channel data and the'_Q channel data are
offset from each other by one half chip in time. Therefore OQPSK
20 despreading used in the preferred embodiment requires data sampled at twice
the chip rate. The searching process also operates optlmally with data
sampled at half the chip rate. Each rake element thhm a search rake is offset
by one half chip from the previous rake element. The one half chip rake
element resolution ‘ensures that multlpath peak signals are not skipped over
25 without detection. For these reasons antenna sample buffer 172 stores data
sampled at twice the PN chip rate. .
One Walsh symbol worth of data is read from antenna sample
buffer 172 to process a single rake element Each successive rake element is
" read out of antenna sample buffer 172 half of a PN chip offset from the
30 previous rake element. Each rake element is despread with the same PN
sequence read from PN sequence buffer 176 by the despreader. Antenna
sample buffer 172 is for each rake element in the search rake.
Antenna sample buffer 172 is two Walsh symbols deep and is
repeatedly read from and written to throughout the searching process.
35 Within each search rake, the rake element hav:_ng the latest offset in time is
' processed first. The latest offset corresponds to the signal which has traveled
 the longest signal path from the mobile unit to the base station. The time at
which the searcher starts to process a search rake is keyed to the Walsh symbol
boundaries associated with the rake element having the latest offset in the

)
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pi | ot si gnalnotifig ltsacircmlaranqurGt Eigmaw Showsean dllustrative dlagram of the
operation of antenna sample buffer 172. In Figure 6 thick circle 400 can be
thought of as antenna sample buffer 172 itself. Antenna sample buffer 172
contains memory locations for two Walsh symbols worth of data. Write

10 pointer 406 circulates around antenna sample buffer 172 in the direction
indicated in real time, meaning that write pointer 406 rotates around the two
Walsh symbol deep antenna sample buffer 172 in the time that two Walsh
symbols worth of samples are passed to searcher front end 174. As the
samples are written into antenna sample buffer 172 according to the memory

15 location indicated by write pointer 406, the previously stored values are
overwritten. In the preferred embodiment, antenna sample buffer 172
contains 1024 antenna samples because each of the two Walsh symbols
contains 64 Walsh chips, each Walsh chip contains 4 PN chips, and each PN
chip is sampled twice.

20 The operation of the searching process is divided into discrete 'time
slices.’ In the preferred embodiment, a time slice is equal to 1/32 of the Walsh
symbol duration. The choice of 32 time slices per Walsh symbol is derived
from the available clocking frequency and number of clock cycles need to
perform an FHT, -64 clock cycles are required to perform an FHT for one

25 Walsh symbol. In the preferred embodiment, a clock running at eight times
the PN chip frequency is available and provides the necessary performance
level. Eight times the PN chip rate multiplied by the 64 required clocks is
equivalent to the time it takes to receive two Walsh chips worth of data.
Because there are 64 Walsh chips in each half of the buffer, 32 time slices are

30 needed to read in a complete Walsh symbol.

In Figure 6, a set of concentric arcs on the outside of thick circle 400
represents read and write operation with antenna sample buffer 172. (The
arcs within thick circle 400 are used to aid explanation and do not correspond
to read or write operations.) Each arc represents a read or write operation

35 during one time slice. The arc closest to the center of the circle occurs first in
time and each successive arc represents an operation occurring in successively
later time slices as indicated by time arrow 414. Each of the concentric arcs
corresponds to a section of antenna sample buffer 172 as represented by thick
circle 400. If one were to imagine radii drawn from the center of thick




10 link increases the tinme needed to conduct a survey of all possible tine
offsets at which a nobile station signal may be received. Typically, a

pi | ot sigipdsnpgrst ransmtted at a hlgh%% power than the t rigfriisdsihnesi ng
signals thus increasing the signal oise ratio of the received pil ot
signal as conpared to the received traffic channel S|gnals I n contrast,

1deal |y easileuu ictithedd Points ch@%tc& me\rlcg}negxg@d 41, e o%icﬁuﬁ{e rives
nobi | e un%ﬂ’ck%é&ggswqﬂhﬁ%&“grﬁe 1?9 ‘n%ﬁ“iél\{*‘gt ‘F‘BC e A&é ¢ ot

channel t representativekahtie memen;cdocdtmtmt accesied)o Fort danpplep duzing a]!\e t he
hi b

{ ?ZLEm' tt EHsPHRS olit LBkl Endwn, %Sﬁ#@t“* Shifples gﬁ%‘ﬁ*ﬂ%%ﬁ qﬂé@*%%ﬁ% ains |

one FHF psaeplebuffenpZbrepresented % AB2Ane FHT transformduring a tine

period equal tgnt Pgpuiesi 64 79faﬁ’dV§1|ﬂh: FollbWing TSéarkhT ﬁ&fﬁﬁé&i@rfdrst?é aved
to "real Lg@r Ln t lEﬁen.s that everée(i‘\al sh synbol terval one value is
I nput and? HLYE, 8eq HT. Therefore to provide a rapid
sear chi ng process, Saamhaﬁmddmmdﬂe-sﬂal’bﬂﬂupel enment nust be used. The

searcher elenents c =SSPPN §arch of a particular mobile
station's information signal as contr ed- by systemcontroller. The

searcﬂ@r el ement s sbl#mbe%@fsﬁf Hplsrie ascaguiatesz und

Number of rak- =lements per search rake =24.
Figure 6 also assumes that untenna sample buffer 172 contains nearly a full _
Walsh symbol ‘worth of valid data before the write indicated by arc 402A. ‘
‘During subsequent time slices, a write corresponding to arc 402B and to
15 arc402C occurs. During the 32 time slices available during one Walsh symbol
~ worth of time, the write operatlons contmue from arc 402A to arc 402FF most
of which are not shown." : '
‘The 32 time slices represented by arcs 402A to 402FF correspond to the
time used to complete one search rake. Using the parameters given above,
20 the search rake begins 24 PN chips offset from zero offset reference or 'real
time' and contains 24 rake elements. The 24 PN chip offset corresponds to a
rotation 16.875 degrees around thick circle 400 from the beginning of the first
write indicated by arc 402A (calculated by dividing the 24 PN chip offset by
the 256 total number of chips in half antenna sample buffer 172 and
25 multiplying by 180 degrees.) The 16.875 degree arc is illustrated by arc-412.
- The 24 rake elements coirespond to reads indicated by arcs 404A - 404X most
of which are not shown. -The first read corresponding to arc 404A begins at
the offset some time after the write corresponding to 402C so that a
contiguous set of data is available. Each successive read such as 404B is offset
30 from the previous by a single memory location, corresponding to a 1/2 PN
chip of time. During the search rake shown, the reads move toward earlier
time offsets as shown by arcs 404A - 404X slanting counter clockwise with
progressing time in the opposite rotation direction as write pointer indication
- 406. The 24 read represented by arcs 404A to 404X traverse the arc indicated by
35 arc 418. The progression of the reads toward earlier samples has the
advantage of providing seamless searching within a search window as each
search rake is executed: This advantage is explamed in detail subsequently

- herein. T—m—u-v—_
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not be provided under this condition. |
In most signaling conditions, the result of a rake element worth of data
10 collected during one Walsh symbol worth of time is not sufficient to provide
accurate information about the location of diverse signals. In these cases, a
search rake may be repeated multiple times. The results of rate elements in
successive search rakes at a common offset are accumulated by search result
processor 162 as explained in detail subsequently herein. In this case the
15 search parameters given above indicate that the number of symbols to
accumulate at each offset is two. Figure 7 shows the search rake of Figure 6
repeated at the same offset for the next successive Walsh symbol worth of
data. Note that antenna sample buffer 172 contains two Walsh symbols worth
of data so that the data that is needed for processing during the search rake
20 indicated on Figure 7 was written during the search rake shown on Figure 6.
In this configuration, memory locations 180 degrees away from each other
represent the same PN offset. _
After completing the two accumulated search rakes in Figures 6 and 7,
the searching process advances to the next offset in the search window. The
25 amount of the advance is equal to the width of the search rake processed, in
this case 12 PN chips. As specified in the search parameters, the search
window width is 24 PN chips. The width of the window will determine how
" many search rake offsets are needed to complete the search window. In this
case two different offsets are needed to cover the 24 PN chip window width.
30 The window width is indicated on Figure 8 by arc 412. The second offset for
this search window begins at the offset following the last offset of the
' previous search rake and continues around to the nominal zero offset point
" as set by the location of the beginning of the first write as indicated by arc
430A. Again there are 24 rake elements within the search rake as indicated by
35 arcs 432A-432X most of which are not shown. Again the 32 writes are
indicated by the arcs 430A - 430FF. Thus the last write, as indicated by arc
430FF, and the last read, as indicated by arc 432X, abut one another in antenna
sample buffer 172 as indicated by reference arrow 434.
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_corresponding to label 436 is referred to as the offset Walsh symbol strobe and
also indicates that a new Walsh symbol worth of samples is available. As the .
search rakes within a window advance to earlrer offsets, the boundary (
" between the read and write halves of the buffer slews in lock step
15  counterclockwise as shown in Frgure 8. If after the completron of the present
- search window, if a large change in the offset bemg processed is desired, the
offset Walsh symbol strobe may be advanced a large portron of the
circumference of the circle.
Figure 9 is a search timeline that prov1des further graphrcal 1llustratron
20  of the searcher processing. Time is plotted along the horizontal axis in units
of Walsh symbols. Antenna sample buffer 172 address, and PN sequence
buffer 176 addresses are shown along the vertical axis, also in units of Walsh
symbols. Because antenna sample buffer 172 is two Walsh symbols deep,
antenna sample buffer 172 addressmg wraps on even Waish symbol
25 boundaries, but for illustrative purposes, Figure 9 shows the addresses before
- being folded on top of one another. Samples are wntten into antenna sample
buffer 172 at an address taken drrectly from the time they were obtained, so
write pointer 181 into antenna sample buffer 172 is a strarght forty-five degree
inclined line. The offset being processed maps into a base address in antenna
30 sample buffer address 174 to start a read of a Walsh symbol of samples for a
single rake element. The rake elements are 1llustrated in Figure 9 as nearly
vertical read pointer line segments 192. Each rake element maps to a Walsh
symbol in height as referred to the vertical axis.
The vertical gaps between the rake elements within a search rake are -
35 caused by demod front end 122 mterruptmg the search process fo use FHT
processor engine 120. Demod front end 122 operates in real time and has first
priority use of FHT processor engine 120 whenever it has a current or queued
set of data for processing. Therefore typically use of FHT processor engine 120
is given to- demod front end 120 on each Walsh symbol boundary
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corresponds to the search rake shown in Figure 8.
In the search window defined by the parameters above, only 24 rake
elements per search rake are specified even though the search rake has 32
available time slices. Each rake element can be processed in one time slice.
15 However, it is not practically possible to increase the number of rake elements
per search rake to 32 to match the number of time slices available during a
search rake. Demod front end 122 uses some of the available time slices of the
FHT processor time such as the four slices used for processing the signals in
inset 178 in Figure 9. There is also a time delay associated with a rake advance
20 as the read process must wait for the write process to fill the buffer with valid
data at the advanced offset. Also some margin is needed to synchronize to a
time slice processing boundary after observing the offset Walsh symbol strobe.
All these factors practically limit the number of rake elements which can be
processed in a single search rake. In some cases the number of rake elements
25  per search rake could be increased such as if demod front end 122 has only one
demodulation element assigned and only interrupts FHT processor
engine 120 once per search rake. Therefore in the preferred embodiment, the
number of rake elements per search rake is controllable by channel element
microprocessor 136. In alternative embodiments, the number of rake
30 elements per search rake could be a fixed constant. _
There also can be significant overhead delay when switching between
source antennas at the input to the sample buffer or changing the search
window starting point or width between searches. If one rake needs a
particular set of samples and the next rake for a different antenna needs to use
35 an overlapping part of the buffer, the next rake must postpone processing
until the next offset Walsh symbol boundary occurs, at which point a
complete Walsh symbol of samples for the new antenna source are available.
In Figure 9, search rake 198 is processing data from a different antenna than
search rake 197. Horizontal line 188 indicates the memory location
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samples: ontune I channel samples, late I channel samples, ontime Q channel
samples and late Q channel samples. In the preferred embodiment, each
sample is four bits. Therefore sixty four bits per clock are needed from
10 antenna sample buffer 172. Using a single port ‘RAM, the most
straightforward buffer design doubles the word width to 128 bits, and splits the
buffer into two 64 bit wide, 64 word, independently read/writeable even and
odd Walsh chip buffers 168, 170. The much leSs frequent writes to the buffer (
are then multiplexed in between reads, Wthh toggle between the two banks |
15  on successive clock cycles.

The Walsh chip of samples read from the even and odd Walsh ch1p -
buffers 168, 170 has an arbltrary allgnment to the physical RAM word
alignment. Therefore on the first read of a time slice, both halves are read
into despreader 178 to form a two Walsh chip wide window from whxch the

20 single Walsh chip with the current offset alignment is obtained.. For even
Walsh chxp search offsets, the even and odd Walsh chip buffer address for the
first read are the same. For odd Walsh chip of*: ets, the even address for the
first read is advanced by one from the odd address to provide a consecutive
Walsh chip starting'from the odd half of the sample buffer. The additional

25 Walsh chips needed by despreader 178 can be passed thereto by a read from a
single Walsh chip buffer. Successive reads then ensure that there is always a
refreshed two Walsh chip wide window from which to draw a Walsh chip of
data aligned to the current offset being processed.

' Referring again to Frgure 5, for each rake element in a search rake

30 processed, the same Walsh symbol of PN sequence data from the PN sequence
buffer 176 is used in the despreading process. For every clock cycle of a time
slice, four pairs of PN-T' and PN-Q' are needed. Usmg a smgle port RAM, the
word width is doubled and read from half as often. The single write to PN
sequence buffer 176 needed per time shce is then performed on a cycle not

35 used for reading. '

i ~ Because the searchmg process can specxfy searchmg PN offsets of up to
two Walsh symbols delayed from the current time, four Walsh symbols
worth of PN sequence data must be stored. In the preferred embodiment PN
sequence buffer 176 is a one hundred and twenty eight word by sixteen bit
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searcher front end 174 is shown in Figure 10. Searcher front end 174 includes
short code I and Q PN generators 202,206 and the long code User PN
generator 204. The values output by short code I and Q PN generators 202, 206
and the long code User PN generator 204 are determined by the time of day.
15 Each base station has a universal timing standard such as GPS timing to create
a timing signal. Each base station also transmits its timing signal over the air
to the mobile units. At the base station, the timing reference is said to have
zero offset because it is aligned to the universal reference.
The output of long code User PN generator 204 is logically XOR'd with
20  the output of short code I and Q PN generators 202, 206 by XOR gates 208
and 210 respectively. (This same process is also performed in the mobile unit
and the output is used to modulate the mobile unit's transmitted signal.) The
output of XOR gates 208 and 210 is stored in serial to parallel shift register 212.
Serial to parallel shift register 212 buffers the sequences up to the width of PN
25 sequence buffer 176. The output of serial to parallel shift register 212 is then
written into PN sequence buffer 176 at an address taken from the zero offset
reference time. In this way, searcher front end 174 provides the PN sequenée
data to PN sequence buffer 176.
‘Searcher front end 174 also provides antenna samples to antenna
30 sample buffer 172. Receive samples 118 are selected from one of a plurality of
antennas via a MUX 216. The selected receive samples from MUX 216 are
passed to latch 218 where they are decimated, meaning one quarter of the
samples are selected for use in the searching process. Receive samples 118
have been sampled at eight times the PN chip rate by analog transmitter
35 receiver 116 (of Figure 4). Processing within the searching algorithm is
designed for samples taken at one half the chip rate. Therefore only one
quarter of the received samples need be passed to antenna sample buffer 172.
The output of the latch 218 is fed to serial to parallel shift register 214,
which buffers the samples up to the width of antenna sample buffer 172. The
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power ed uffer 172 and a correspondmg set of ] sequence values m PN sequence
' buffer 176 and outputs an I and Q channel Walsh chlp to the FHT processor
engme 120 through MUX 124.
10 - Figure 11 shows a detailed block dragram of despreader 178. Even

Walsh chip latch 220 and odd Walsh chlp latch 222 latch the data from even
Walsh chip buffer 168 and odd Walsh chlp buffer 170 respectively. MUX -
bank 224 extracts the Walsh chip of samples to be used from the two Walsh o |
. chips worth of samples presented to by even and odd Walsh chip
15 latches 220 and 222. MUX select logic 226 defmes the boundary of the selected
Walsh chip based on the offset of the rake element - being processed A Walsh
chip is output to OQPSK despreader XOR bank 228. :
The PN sequence values from PN sequence buffer 176 are latched by PN
sequence latch 234. Barrel shifter 232 rotates the output of PN sequence
20 latch 234 based on the offset of the rake element bemg processed and passes
the PN sequence to OQPSK despreader XOR bank 228 which conditionally
inverts the antenna samples based on the PN sequence. The XOR'd values
are then summed through adder tree 230 which performs the sum operation
in the OQPSK despread, and then sums four despread chip outputs together to
~ 25 form a Walsh chip for input to FHT processor engine 120.
Referrmg again to Figure 5, FHT processor engine 120 takes sixty-four
- received Walsh chips from despreader 178 through MUX 124, and using
a 6-stage butterfly trellis, correlates these sixty-four input samples with each of
the sixty-four Walsh functions in a sixty-four clock cycle time slice. Max
30 detect 160 can be used to find the largest of the correlatlon energies output
from FHT processor engine 120. The output of MAX detect 160 is passed on to
search result processor 162 which is part of integrated search processor 128.
Search result processor 162 is detailed in Figure 12. Search result
processor 162 also operates in a time sliced manner. The control signals
35 provided to it are pipeline delayed to match the two time slice delay from the
~ start of inputting Walsh chips to FHT processor engme 120 to obtaining the
maximum energy output. As explained above, a' set of search window
parameters may designate that a number of Walsh symbols worth of data be
accumulated before the results of the chosen offset are processed. In the
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accumulation for each rake element, the intermediate result is read from

Walsh symbol accumulation RAM 240 and summed by summer 242 with the

final energy from that rake element to produce a final search result for that

rake element offset. The search results are then compared with the best

15 results found in the search up to this point as explained below.

In the above mentioned co-pending U.S. Patent Application Serial
No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT IN A
SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS,” the preferred
embodiment assigns the demodulation elements based on the best results

20 from a search. In the present preferred embodiment, the eight best results are
stored in best result register 250. (A lesser or greater number of results could
be stored in other embodiments.) Intermediate result register 164 stores the
peak values and their corresponding rank order. If the current search result
energy exceeds at least one of the energy values in intermediate result

25 register 164, search result processor control logic 254 discards the eighth best
result in intermediate result register 164, and inserts the new result, along
with its appropriate rank, the PN offset, and antenna corresponding to the
rake element result. All lesser ranked results are "demoted” one ranking.
-There are a great number of methods well known in the art for providing

30 such a sorting function. Any one of them could be used within the scope of
this invention.

Search result processor 162 has a local peak filter basically comprised of
comparator 244 and previous energy latch 246. The local peak filter, if
enabled, prevents intermediate result register 164 from being updated even

35 though a search result energy would otherwise qualify for inclusion, unless
the search result represents a local multipath peak. In this way, the local peak
filter prevents strong, broad "smeared” multipath from filling multiple
entries in intermediate result register 164, leaving no room for weaker but
distinct multipath that can make better candidates for demodulation.

)
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result processor control logic 254 compares the prevnous energy result with
- the data stored in intermediate result register 164 as described above. If the
local peak filter is disabled by channel element microprocessor 136 then the
10 comparison with intermediate result register 164 is always enabled. If either
the leading or the last rake element at the search window boundary has a
slope, then the slope latch is set so the boundary edge value can be consxdered
as a peak as well. - ‘ |
The simple implementation of this local peak filter is aided by the
15 progression of the reads toward earlier'symbols within a search rake. As
illustrated in Figure 6, 7, 8, and 9, within a search rake each rake element
progress toward signals arriving earlier in time. This progressmn means that
- within a search window, the last rake element of a search rake and the first
rake element of the subsequent search rake are contxguous in offset.
20 Therefore, the local peak filter operation does not have to change and the
output of comparator 244 is valid across search rake boundaries. |
At the end of processing a search window, the values stored in
- intermediate result register 164 are transferred to best result register 250
readable by channel element microprocessor 136. Search result processor 162
25 has thus taken much of the workload from channel element
microprocessor 136, which in the system of Flgure 2 needed to handle each .
rake element result mdependently
The precedmg sections have focused on the processmg data path of |
. integrated search processor 128 and have detailed how raw antenna
30 samples 118 are translated into a summary multipath report at the output of
- best result register 250. The following sections detail how the each of the
- elements in the search processing data path are controlled.
Search control block 166 of Flgure 5 1s detailed in Figure 13. As
- mentioned previously, channel element nucroprocessor 136 specifies a search
35 parameter set including the group of antennas to search over as stored in
antenna select buffer 348, the starting ‘offset as stored in search offset
buffer 308, the number of rake elements per search rake as stored in rake
width buffer 312, the width of the search window as .stor_ed in search width
buffer 314, the number of Walsh symbols to accumhulate as sfored in Walsh
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embodi nent . than tweifull; Walsh sgmbplseul ar nanner of operation of the antenna
sanpl e Up until this point, the generic configuration to perform a search has
10 been disclosed. In reality there are several classes of predefined searches.
When a mobile unit initially attempts to access the system, it sends a beacon
signal called a preamble using the Walsh zero symbol. Walsh zero symbol is
the Walsh symbol which contains all logical zeros instead of half ones and
zeroes as described above. When a preamble search is performed, the searcher
15 looks for mobile units sending a Walsh zero symbol beacon signal on an
access channel. The search result for a preamble search is the energy for the
Walsh zero symbol. When an acquisition mode access channel search is
performed, max detect 160 outputs the energy for Walsh zero symbol
regardless of the maximum output energy detected. The control word stored
20 in control word buffer 346 includes a preamble bit which indicates when a
preamble search is being performed.

As discussed above, the power control mechanism of the preferred
embodiment measures the signal level received from each mobile unit and
creates a power control indication to command the mobile unit to raise or

25 lower the mobile unit's transmit power. The power control mechanism
operates over a set of Walsh symbols called a power control group during
traffic channel operation. (Traffic channel operation follows access channel
operation and implies operation during an active call.) All the Walsh
symbols within a single power control group are transmitted using the same

30 power control indication command at the mobile unit.

Also as described above, in the preferred embodiment of the present
invention, the signal transmitted by the mobile unit is of a variable rate
during traffic channel operation. The rate used by the remote unit to transmit
the data is unknown at the base station during the searching process. As the

35 consecutive symbols are accumulated, it is imperative that the transmitter is
not gated off during the accumulation. Consecutive Walsh symbols in a
power control group are gated as a group meaning that the 6 Walsh symbols
comprising a power control group in the preferred embodiment are all gated
on or all gated off.
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10 peak detectmn filter enable bit as discussed earher in conjunction mth
Flgure 8. '
- The searcher operates either in continuous or smgle step mode
accordmg to the setting of the continuous/single step b:t of the control word. (
In single step mode, after a search is performed, integrated search
15 processor 128 returns to an idle’ state to await further instructions. In
continuous mode, integrated search processor 128 is always searchmg, and by
-the time channel element mlcroprocessor 136 is s;gnaled that the results are
available, integrated search processor 128 has started the next search.
Search control block 166 produces the timing 51gnals used to control the
20 searching process performed by integrated search processor 128. Search
control block 166 sends the zero offset timing reference to short code I and Q
PN generators 202, 206 and long code User PN generator 204, and the enable _
signal to decimator latch 218 and the select signal to MUX 216 in searcher
front end 174. It provides the read and write addresses for PN sequence
25  buffer 176 and even and odd Walsh chip buffers 168 and 170. It outputs the
current offset to control the operation of despreader 178. It provides the
intra-time slice timing reference for FHT proceséor' engine 120, and
determines whether the searching process or the demodulation process uses
FHT processor engine 120 by controlling FHT input MUX 124. It provides
30 several pipeline delayed versions of certain internal tumng strobes to search
result processor control logic 254 of Figure 12 to allow it to sum search results
across a rake of offsets for a number of Walsh symbol accumulations. Search
control block 166: provides best result register 250 with the pipelined offset and
antenna information correSpondmg to accumulated energy in best result
35 register 250. - '
In Figure 13, system time count 342 is slaved to the zero offset time
reference. In the preferred embodiment as prevxously detailed, the system .
clock runs at eight times the PN chip rate. There are 256 PN chips in a Walsh
symbol, and 6 Walsh symbols in a power control group for a total

buffer, the operatg ghe%{H e |ntﬁrat ed search processor. is broken down
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uffer 9r for short code I an Q PN generators 202, 206 and long code User
generator 204 of Figure 10 in searcher front end 174 is taken from system time
count 342. (Long code User PN generator 204 output is also based on a longer
system wide reference which does not repeat for approximately 50 days. The
longer systeni wide reference is not controlled by the searching process and
10 acts as a preset value. The continuing operation based on the preset value is
controlled by system time count 342.) The addresses for PN sequence
buffer 176 and even and odd Walsh chip buffers 168 and 170 are taken from
system time count 342. System time count 342 is latched by latch 328 at the
beginning of each time slice. The output of latch 328 is selected via address
15 Mux's 330, 332, and 334 which provide the write addresses corresponding to
the current time slice when these buffers are written at some latter time
within the time slice.
Offset accumulator 310 keeps track of the offset of the rake element
currently being processed. The starting offset as stored in search offset
20  buffer 308 is loaded into offset accumulator 310 at the beginning of each search
window. Offset accumulator 310 is decremented with each rake element. At
the end of each search rake that is to be repeated for further accumulations,
the number of rake elements per search rake as stored in rake width buffer 312
is added back to the- offset accumulator to reference it back to the first offset in
25 the search rake. In this way, the searching process again sweeps across the
same search rake for another Walsh symbol accumulation. If the searching
process has swept across the current search rake on its final Walsh symbol
accumulation then offset accumulator 310 is decremented by one by selection
of the "-1" input of repeat rake MUX 304 which produces the offset of the first
30 rake element in the next search rake.
The output of offset accumulator 310 always represents the offset of the
current rake element being processed and thus is used to control data input to
despreader 178. The output of offset accumulator 310 is added by adders 336
and 338 to the intra-time slice timing output of system time count 342 to
35 generate the address sequence within a time slice corresponding to a rake
element. The output of adders 336 and 338 is selected via address MUX's 330
and 332 to provide antenna sample buffer 172 read addresses.
The output of offset accumulator 310 is also compared by
comparator 326 with the output of system time count 342 to form the offset

econe nore appar ent THisSheet HinBe ﬁllateéd description set forth bel ow when



a second accumul at irgeisyadt HadWeed Répiitedof f set of Figure 6; 15 " Figure 8

Il lustrates the CII’ muﬂﬂmﬂma [7 t he antenna sanpl e buff'er for a second
of fset; Fi g how t he searcher pro he receiver
i nput aswéﬁ‘ﬂﬂvﬁl on e 184is a bl ock di agrarcﬁaﬁ?s?ﬁiﬁgﬂearcher
front end; 20 Figure 11 is a block diagram of the searcher

despreadey,;, .Fi gur 2 |s a bl ock, t he search re uIt rocessor
Figure 13 %ISIIé aﬁd’“&?‘ %‘g@é%ﬁgﬂmﬁﬁﬂl’g :
Figure 14smﬁ1cieritlvﬁhdg:laiaeiqrﬁmsdawhmg beesplt?be gin. ng sequence dep| ct ed in
Figure 5, sho h 0 Hgli t e c

el ements 25 p seﬁ*\ % ke E(%'li’rg’;;tﬁre f%%pgngséé ogrtél% éﬁlﬁlsﬂégné’f;ﬁlgé ﬁ!‘f‘ﬁslitsbl ock
di agr am ofemaining to b mpwegéen thexemenpseach orker HBearchTERREOUENERODISVENT 30
The presepjaded With MheCHid e dfrﬁﬁeeﬁﬁékﬁdwmd@w\/\’a@%t&erd $h Ysearclt! A ftith

Fi guro 2 PRHERBIA s ecbgIaRIng BF &, SR BtRdeor: \orareh 79 B o |
i'n whi ch incemented after the pmmdmg/\of ¢hie finab Walsh esymisolt &ccagnuifafibhcof -
tel ephoneg,ch search rake is complete. When it reaches its terminal count all offsets in
the search window have been processed. To provide a indication that the end
10  of the current search window is imminent, the ‘output of search rake
count 320 is summed by summer 324 with the output of rake width buffer 312.
~ The end of the search window indication marks the time at which antenna
sample buffer 172 may begin to be filled with data samples from an alternative (
antenna in preparation for the next search window thhout d:sruptmg the
15 contents needed for the current search window.
When channel element microprocessor 136 specifies a search window,
it can specify that the search window be performed for a plurality of antennas.
~ In such a case, the identical search window parameters are repeated using
samples from a series of antennas. Such a group of search windoWs is called
20 an antenna search set. If an antenna search set is specxﬁed by channel element
microprocessor 136, the antenna set is programmed by the value. stored in
antenna select buffer 348. After the completion of an antenna search set
-channel element microprocessor 136 is alerted.
Rake element-count 318 contains the number of rake elements left to
25 process in the current search rake. Rake element count 318 is incremented
“once for each rake element processed and is loaded with the output of rake
width buffer 312 when the searcher is in the idle state or upon complenon of a
search rake. '
- Walsh symbol accumulation count 322 counts the number of Walsh
30 symbols left to accumulate for the current search rake. The counter is loaded
with the number of Walsh symbols to accumulate as stored in Walsh symbol
accumulation buffer 316 when the searcher is in the idle state or after
completing a search rake sweep on the final Walsh symbol accumulation.
Otherwise the counter is incremented v ith the completlon of each search
35 rake.

D.

Input valid count 302 is loaded whenever the input antenna or
decimator alignment changes. It is loaded with the minimum number of .
samples the searcher needs to process a search rake based on the output of
rake width buffer 312 (i.e. one Walsh symbol plus one rake width worth of
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122 and i nt egr at'eRe $8a¥chBr operates in either an idle state, a sync state, or an active
state. Searcher sequencing control 350 maintains the current state. Integrated
search processor 128 initializes to the idle state when a reset is applied to
10 channel element modem 110. During the idle state, all counters and
accumulators in search control block 166 load their associated search
parameters as presented above. Once channel element microprocessor 136
commands the searching process to begin a continuous or a single step search
via the control word, integrated search processor 128 moves to the sync state.
15 In the sync state, the searcher is always waiting for an offset Walsh
symbol boundary. If the data in antenna sample buffer 172 isn't valid yet, or if
the power control group alignment bit is set and the Walsh symbol is not a
power control group boundary, then integrated search processor 128 remains
in the sync state until the proper conditions are met on a subsequent offset
20 Walsh symbol boundary. With a properly enabled offset Walsh symbol, the
searcher can move to the active state.

Integrated search processor 128 stays in the active state until it has
processed a search rake, at which time it normally returns to the sync state. If
integrated search processor 128 is in single step mode, it can go from the active

25 state to the idle state after completing the last rake element for the final
Walsh symbol accumulation for the last search rake in the search window.
Integrated search processor 128 then waits for channel element
microprocessor 136 to initiate another search. If instead, integrated search

. processor 128 is in continuous mode then at this point it loads the new search

30  parameter set and returns to the sync state to await the offset Walsh symbol at
the initial offset to be processed in the new search. The active state is the only
state in which the antenna data samples are processed. In the idle or sync
states the searcher simply keeps track of time with system time count 342 and
continues to write into the PN sequence buffer 176 and antenna sample

35 buffer 172 so that when the searcher does move to the active state these
buffers are ready to be used.

Figure 14 is an enlarged view of the first Walsh symbol accumulation
of the second search rake in a search window such as search rake 196 shown
in Figure 9. The third Walsh symbol as referenced to the zero offset reference
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to int eQVﬁi @"ﬁ%ﬁ@sﬁé@%s%els’&ré‘iﬁ ﬁhﬁﬁ‘éd ﬂféegﬁﬂg %kdoélﬁﬁfei‘ior 126.
Pi pel i ne nmodyl at rocessor 126 f.un % lle t:iu ned in
the pri or“‘a&te :g the sync state b re the next offset Walsh sym

10 boundary Also shown is search rake count state 362 bemg incremented
during the active state until it reaches the termmal state, indicating the
‘complete search rake has been processed. Offset count state 364 is shown
being incremented between each time slice correspondix\g toa rake' element, (
so that it may be used to derive the sample buffer offset read address during

15 the time slice. Offset count state 364 is plpelmed delayed to produce offset
count for Intermediate result register 164. The offset count 368 is incremented
on the final Walsh symbol accumulation 370 pass '

Thus, a single integrated searcher processor, by b_ufféring_ antenna
samples and utilizing a time sliced transform processor, can independently

20 sequence through a search as configured by a search 'parameter set, analyze the
results and present a summary report of the best paths to use for
demodulation element reassignment. This reduces the searcher related
workload of the microprocessor so that a less expensive microprocessor can be
used, and also redtices the direct IC costs by allowing a. complete channel

25 element modem on a single IC. .

' The general principles described herein can be used in systems usmg
alternative transmission schemes. The discussion above was based on the
reception of a reverse link signal where no pilot slgnal is available. On the
forward link of the preferred embodiment, the base station transmits a pilot

30 signal. The pilot signal is a signal having known data thus the FHT process
used to determine which data was transmitted is not necessary. In order to
embody the present invention, a integrated search processor for receiving a
signal comprising a pilot signal would not contain the FHT processor or
maximum detection function. For example FHT pfocessor engine 120 and

35 max detect 160 blocks of Figure 5 could be replaced with simple
accumulator 125 as shown in Figure 15. The searchmg operatlon when a pilot
signal is available is analogous to an acquisition mode access channel search
operation as described above.
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REPLACEVENTTIgHaTiohi# modxﬁcatlons to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.

10 Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.
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of a fixed length into a series of symbols having a transmission rate and
8 wherein said data samples are stored at a rate corre_spondmg to said
transmission rate;
10 a PN sequence buffer for storing a llmlted number of PN sequence
~ data chips wherein said PN sequence data chips correspond to a PN sequence (
12 used to modulate at least one call signal in sald group of spread spectrum
modulated call signals;
14 a despreader for correlating a portion of said data samples of said |
group of spread spectrum call signals stored in said sample buffer with a
16 portion of said PN sequence data chips stored in said PN sequence buffer and
for producing a correlated output corresponding to a single symbol; and
18 a transform engine for decoding said correlated output to produce an
estimate of said series of bits wherein said transform engine decodes said
20 correlated output at a rate higher than saxd transmission rate.

2. The integrated search processor of claim 1, wherein said sample
2 buffer is capable of storing two symbols worth of said data samples and
| wherein said PN sequence buffer is capable of storing four symbols worth of
4 said PN sequence data chips.

3. The integrated search processor of claim 1, wherein each
2 symbol in said series of symbols is comprised of a series of code bits and
wherein, in said at least one call signal, each of said code bits is modulated by
4 a plurality of said PN sequence data chips and wherein said limited number
of data samples stored in said sample buffer are stored such that two of said

6 data samples are stored for each of said PN sequence data chips.

4.  The integrated search processor of claim 1, wherein said

2 estimate of said series of bits comprises a probability correspdnding to each
possible value of said groups c_if said fixed length, further comprising a

4 maximum detector for receiving said estimate and providing a soft decision
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shows the ehg ts conprising integrated search pribeessor 128. The heart of
t he searching process is tinme sliced FHT processor engine 120, which, as
menti oned above, is shared between integrated search processor 128 and
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7. The integrated search processor of claim 1 wherein said series
2 of bits are Walsh encoded in said groups of said fixed length.

8. The integrated search processor of claim 7 wherein said
2  transform engine is a fast Hadamard transformer.

9. The integrated search processor of claim 4 further comprising
2  an accumulator for summing successive ones of said soft decision output
values.

10.  The integrated search processor of claim 1 further comprising a
2  search controller for providing sxgnalmg information.

1i.  The integrated search processor of claim 9 wherein a plurality
2 of said series of symbols are grouped into a power control group wherein
each symbol in said power control group has a common transmitted power

4 level

12,  The integrated search processor of claim 11 wherein said
2 accumulator sums said soft decision output values corresponding to
symbols having a common power control group.

13. The integrated search processor of claim 1 wherein said
2  despreader produces said correlated output at said rate higher than said
transmission rate and wherein each of said correlated outputs corresponds

4 to a time delay offset from a zero offset reference time
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with thi grévicds dai®Ssample is stored in sald odd sample buffer then the
6 subsequent data sample is stored in said even sample buffer.

15. The mtegrated search processor of clalm 1 wherem each symbol
2  in said series of symbols is comprised of a series of code bits and wherein, in
said at least one call signal, each of said code bits is modulated by four of said
4 PN sequence data chips and wherein said limited number of data samples
stored in said sample buffer are stored such that tWo of said data samples are _
6 stored for each of said PN sequence data chips, and wherein each sample is (
four bits.

16. A method of receiving a signal comprised of a group of spread
2 spectrum call signals sharing a common frequency band in a modem
operating under control of a modem microprocessor, and isola_ting one of
4 said call signals from among said group to determine a call signal strength at
a path delay time offset from a zero offset reference time, said method
6 comprising the steps of:
storing PN sequence data b1ts ina PN sequence buffer,

8 storing a first received set of call signal samples in a sample buffer
having a limited sizg;
10 . despreading a first ﬁxed length set of said call 51gnal samples from said

sample buffer corresponding to a first path delay time with a first set of PN
12 sequence data bits from said PN sequence buffer to produce a first despread

output;

14 storing a second received set of call signal samples in said sample
buffer; and o

16 ~ despreading a second fixed length set of call signal samples from said

- sample buffer corresponding to a second path delay time with said first set of

18 PN sequence data bits from said PN sequence buffer to produce a second
despread output; :

20 wherein said second fixed length set of call s1gnal samples comprises a

_ large number of the same call signal samples as said first fixed length set of

22 call signal samples and wherein the length of said first and second received

set of call signal samples is a fraction the de second

24 fixed] f call signal sampl
ixed length set of call signa samp e heet Has Been R laced

T L Il



the throughput of its real-tinme-slaved counterpart, FHT processor engi ne
120 nust be provi ded tm“”"lum” nput: data to process. Antenna sanple-
buf f er 172We6/888n umg",ordd to nmeet this needPCHHFMHINOsanpl e
20 buffer 172 is witteh tb dhdsread fromin a circular manner The
searching process is grouped in sets of single offset searches. The highest

| evel of grouping is the antenna search set. Each antenna search set is
made up of a plulZlitYhemehoadcdt mnﬂquforTneaemh & ¥naaisblasidg’ Gle BF BERAWV i N

e 2oarin sRl Hokheh n® aRfol3ald SBbkh, BE G, Hahal Hiidhefh R 1B gt °°"
ant enna. Eadespreading seid diost ﬁmddmgtm pemf calksighaksaphples dramh saick sample

search rgkepjffep i§ E‘Jon‘afltééﬁ‘&‘. ?héx"eav\gﬁiﬁfﬁf gff? érngCuﬁir&:e pese 951:@%11“ a

time equivalent to ur at rch ra
conpri sed ofigRal samples a@?@lk ﬁe‘ﬁt §aldEz§éH‘RIQk'éu‘fﬁé rtenevalugte said ssignal ngl e

search a4 astge a:tfshﬁiéﬁrstffﬁth delay tithe, t he begi nning of the searching
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chi ps spec step of 5 electmg an antenna from a plurality of available antennas to supply

4  said call signal samples.

19.  The method of claim 16 for receiving and isolating one of said
2 call signals from among said group of call signals further comprising the
steps of: _
4 storing a third received set of call signal samples in said sample buffer;
despreading a third fixed length set of call signal samples from said
6 sample buffer corresponding to a third path delay time with a second set of
PN sequence data bits from said PN sequence buffer to produce a third
8 despread output;
storing a fourth received set of call signal samples in said sample
10  buffer; and
' despreading a fourth fixed length set of call signal samples from said
12 sample buffer corresponding to a fourth path delay time with said second set
of PN sequence data bits from said PN sequence buffer to produce a fourth
14 despread output; |
wherein said fourth fixed length set of call signal samples comprises a
16 large number of the same call signal samples as said third fixed length set of
call signal samples and wherein the length of said third and fourth received
18 set of call signal samples is a fraction of the fixed length of said first and
second fixed length set of call signal samples.

20.  The method of claim 19 for receiving and isolating one of said

2 call signals from among said group of call signais further comprising the
steps of:

4 determining a first call signal strength corresponding to said first

despread output;
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21.  The method of claim 20 for receiving and isolating one of said
call signals from among said group of call S1gnals further comprrsmg the
steps of: :

' summing said first call s1gnal strength and said third call signal
strength; and '

summing said second call srgnal strength and satd fourth call signal
strength '

- wherein said first path delay time is the same as said third path delay
time and wherein said second path delay time is the same as said fourth
path delay time. '

22.  The method of claim 21 for recetvmg and rsolatmg one of said
call signals from among said group of call signals further comprtsmg the
step of prov1dmg a largest summed result to said modem microprocessor.

23. . The method of claim 20 for receiving and isolating one of said
call signals from among said group of call signals wherein said step of
determining said first call signal strength compnses the step of decoding said
first despread output using a fast Hadamard transform to produce soft
decision data. |

24.  The method of claim 16 for receiving and 1solat1ng one of said
call signals from among said group of call’ srgnals wherem each of said
spread spectrum ‘modulated call SIgnals comprises a series of bits encoded in
groups of a fixed length into a series of symbols compnsed of a series of code
bits.

25.  The method of claim 24 for receiving and isolating one of said
call signals from among said group of call signals wherein said series of bits
is Walsh encoded and said series of symbols are Welsh symbols.
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28. The method of claim 27 for receiving and isolating one of said
2 call signals from among said group of call signals wherein two call signal
samples are stored in said sample buffer for each PN sequence data bits.

29. The method of claim 24 for receiving and isolating one of said
2 call signals from among said group of call signals wherein said limited size
of said sample buffer corresponds to two symbols worth of data samples.

30. The method of claim 24 for receiving and isolating one of said
2  call signals from among said group of call signals wherein said PN sequence
data buffer is capable of storing four symbols worth of PN sequence data bits.

31.  The method of claim 24 for ieceiving and isolating one of said
2 call signals from among said group of call signals wherein first fixed length
set of call signal samples corresponds to one symbols worth of data.

32. The method of claim 24 for receiving and isolating one of said
2  call signals from among said group of call signals wherein first receive set of
call signal samples corresponds to 1/32 of a symbol.

33.  The method of claim 16 for receiving and isolating one of said

2  call signals from among said group of call signals wherein said in step of

storing said first and second receive set of call signal samples, said first and

4 second receive set of call signal samples are stored at the same rate at which
call signal samples are transmitted.

34. The method of claim 24 for receiving and isolating one of said
2  call signals from among said group of call signals wherein a series of said
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despreadi ng proc ~correspondi ng PN sequence. The PN sequence

can be determ ned ﬁ noti n the time the sanples arrived and the offset
desired o] ﬂ ﬂm d of fset can be conbi he 30
arrival vﬁ@gﬁf’q@i ﬂmEsrﬁﬂndl ng PN sequence ?gp’gé\ﬂshgﬁoel at ed
with the rece| ved sarrpl es Y hé rake element is despread the receive

antenna sa s _and_.t he uence.are ru rough a. series o ues over
(e, not R 2fgrqued | %a%wsﬁrs S Frlro LR wheRih efth Sgmbob oot s
shown 4 n ifi gycoramorepawes conyrokgroup i transmitted alpa éixedpoaver leuel i pat h peaks
whi ch arrive sinultaneously and are only discrimnated by the despreadi ng

~process. In the preferre n escri bed bel ow, ~each rake elenment is

of fset in tinef rorkheme g\?%gggdﬁé“‘r g %r%%‘ﬁngtﬁ,n%wmtm opgofisaid i n ti med
Thi s eanall Sighalsf frofe antdty shidBroup O @IPSIRARRI firthéy é@Mg&s thorrel ate
20 begi nnsteﬂs f{omthe sl.iced pl ane shown andgﬁgw ng for |§§| me (into

t he
4 ‘despreading a third fixed length set of call’ srgnal samples from said

sample buffer corresponding to a third path delay time with a second set of
6 PN sequence data bits from said PN sequence buffer to produce a third

despread output;
8 despreading a fourth fixed length set of call slgnal samples from said
sample buffer corresponding to a fourth path delay time with said second set .
10 of PN sequence data bits from said PN sequence buffer to produce a fourth |
despread output; |
12 wherein said fourth fixed length set of call 51gnal samples comprises a

large number of the same call signal samples as sald tlurd fixed length set of
14  call signal samples; '
_ deterrmnmg a first call signal strength corresponding to said first
16  despread output; '
determining a second call ‘signal strength correspondmg to said
18  second despread output;

determining a third call srgnal strength correspondmg to said third
20 despread output;

determining -a‘fourth call signal strength correspondrng to said fourth
22  despread output.

summing said first call signal strength and sald third call signal
24  strength; and
summing said second call srgnal strength and said fourth call signal
26  strength; - |

wherein said first path delay time is the same as said third path delay
28 time and wherein said second path delay time is the same as said fourth

“path delay time and wherein said first fixed length set of call signal samples
30 and third fixed length set of call s1gnal samples correspond to a common
power control group.
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page as shown) then the rake elenent to the left of the one corresponding
sanples starting one half chip in tinme back fromthe

to arrow 8 mnwh%mﬁas
sliced plane s Bhi s progression in time allows each rake elenent in a
5 comon search rake to be correlated to the same PN sequencePCERSIS/ 12809 | e

unit receives the base stations transmtted signal delayed by sone anpunt
due to the path delay through the terrestrial environnent. The sane short
and | ong code generation is al so beinglﬁérforned in the nobile unit. The
nobile unit generates a tine reference™Wased on the tine 10 reference it

The nmobile unit uses the tine reference

perceives fromthe base station
signal as an input to it's long and short code generators. The information

signal received at the base station fromthe nobile unit is therefore

del ayed by the round trip delay of the signal path between the base station
and the nobile unit. Therefore if the timng of PN generator 202, 204, 15
and 206 used in the searching process is slaved to the zero offset timng
reference at the base station, the output of the generators will always be
avai |l abl e before the corresponding signal is received fromthe nobile unit
In an OQPSK signal, the I channel data and Q channel data are offset

fromeach other by one half chip in tinme. TAeNefore OQPSK

3

9

hg

T

“10

FIG. 1



20" despreading used in the preferred enbodi nent requires data sanpl ed at
twce the chip rate. The searching process al so operates optimally with
dat a sanplwo9stod1al f the chip rate. Each rake el enent wi t hiPCTASSYR3N r ake
is offset by one half chip fromthe previous rake el ement. The one hal f
chip rake el enent resolution ensures that nmultipath peak signals are not

ski pped over 25 detection. For these reasons antenna sanple buffer
172 stores data E% at twice the PNoglsi p rate. One Wal sh synbol worth
of data is read fr g% enna sanple buffer 172 to process a single rake

el enment. Each succ b rake elenment is read out of antenna sanple buffer
172 half of a PN cHi®pEpffset fromthe 30 previous rake el ement. Each rake
el ement is despread@®vz h the same PN sequence read from PN sequence buffer
176 by the desprea Ant enna sanpl e buffer 172 is for each rake el ement
In the search ra enna sanple buffer 172 is two Wal sh synbol s deep and
IS repeatedly re and witten to throughout the searching process. 35
Wthin each searc the rake el enent having the | atest offset in tine
i's processed first. | at est offset corresponds to the signal which has

travel ed the | onge stpnal path fromthe nobile unit to the base station
The tine at A & noz
> 3] | &
Q| gz Ed 3
\;‘258 o
2523 s -
250 &
o O -
’ = =
)
z )
)
z S
o =
o Y
3 s 818 S Sk
\— NI NEEIN \ NEERN
t M 28 2 ¢ 5
\ A 5
STERENEE 5
=l KSR RS Z| | Z =
Z 1S 12] &) |&] & & e 5] pe =
s =] 1S =| |z RN
§ Ld Ol [Q]...] = Ql 19
= 2| |2 > | &
2 3l T o |5 S Rk
%\m 7 773 > 7 7
E (2 — 3
< |5 ~ g
2 |4 2
fg a
Q| @
a
o0
© '15 * * * ‘

14
12
ANALOG
RECEIVER




whi ch the searcher starts to process a search rake is keyed to the Wl sh
synbol boundaries associated with the rake el enment having the | atest offset
in the ég gh rake. A tine strobe, referred to as thecwiokess23904l sh
synbol boundary, 1ndicates the earliest time that the searching process can
begin the first rake elerrent in the search rake because all of the sanples

needed are available in antenna sanple buffer 172. 5 The operation
of antenna sanple buffer 172 is nos3/igasily illustrated by noting its
circular nature. Figure 6 shows an illustrativge di agram of the operation of

as antenna sanple buffer 172 itself. Anten sanpl e buffer 172 contains
menory | ocations for two WAl sh synbol s wor of data. Wite 10 pointer 406
circulates ar oungm enna sanple buffer 172 in the djrection indicated in

antenna sanple buffer 172. In Figure 6 thi y‘qocl e 400 can be thought of

real tine, neang at wite pointer ;lgggrot at eSTE/FROM OTHERW Wl sh
synbol deep ant awkbuffer 172 4 w tORLLLSITE&I sh
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OFFICE

10658 ~— 106
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104%
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syimbol s worth of sanples are passed to searcher front end 174. As the
sanples are witten into antenna sanple buffer 172 according to the nenory
15. locati wodssndgmat ed by wite pointer 406, the previous| yPCIVURISH2WI ues
are overwitten. In the preferred enbodi nent, antenna sanple buffer 172
contai ns 1024 antenna sanpl es because each of the two-Wal sh synbol s
contai ns 64 Wal sh chi ps, each Wal sh chip contains 4 PN chi ps, and each PN
chip is sanpled twi ce. 20 Thed/dper ati on of the searching process is

divided into discrete "tine slices.' In the preferred enbodinent, a tine
and nunber of cl ofR 0Ll

the PN chip frequengy is
avai | abl e afqd pro}i des tlhe neces ASALELR| . | Ei ‘Jl s the PN
chip rate mlitipliedjby the 64 requived cl pERANSCEER ] € othe tine it

+In

slice is equal to 1/32 of the Wal sh synbol duration. The choice of 32 tine
required to 5h synbol
lat a. Because rell@re 64 Wl sh

slices per Wal sh sysipOBi s derived AYION t he avail abl e ogkd ng frequency
| gycles are
the preferred
enmbodi nent ,
bl ices are 30]

needed to read in
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In"Figure 6, a set of concentric arcs on the outside of thick circle 400
represents read and wite operation.with.-antenna sanple buffer 172. (The -
arcs withivwotogitgdyscircl e 400 are used to aid expl anation aRCTASISI2B0
correspond to read or wite operations.) Each arc represents a read or
wite operation 35 during one tinme slice. The arc closest to the center of
the circle occurs first in tine and each successive arc represents an
operation occurring in successivel y# gger time slices as indicated by tine
arrow 414. Each of the concentric a é corresponds to a section of antenna
sanple buffer 172 as represented by thick circle_400._If one_were_to

poi nts of jeach of, t@ concentric arcs, the portion of thick circle 4Q0
bet ween tllle I nt eldsgdei on of the radii and thick circle 400 woul d be
represent &tive menory | ocations accessed. For exanple, during it he

Z
first ting sli ceﬁe@éﬁi on shown, 16 antenna sanples are witten to dntenna
5 sanpl elbufferg _}ﬁr’épresent ed by arc 402A. }
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In Figures 6, 7, and 8 the follow ng search paraneters for the illustrative
search w ndow are assuned: Search w ndow wi dth = 24 PN chi ps Search offset
= 24 PN Ch%;ﬂ%&&‘ls ' Nunber of synbols to accunul aPeTAISI/AIMWber of
ra elenments’per search rake =24. Figure 6 also assunes that intenna sanple
buffer 172 contains nearly a full Walsh synmbol worth of valid data before
the wite indicated by arc 402A. During subsequent tine slices, a wite
corresponding to arc 402B and to 15 arc 402C occurs. During the 32 tine
slices avail abl e during one Wal sh syéti6l worth of tinme, the wite
operations continue fromarc 402A to arc 402FF nost of which are not shown.
The 32 tinme slices represented by arcs 402A to 402FF correspond to the tine
used to conpl ete one search rake. Using the-paranmeters given above, 20 the
search rake begins 24 PN chips offset fromzero offset reference or 'rea
time' and contains 24 rake el enents. The 24 PN chip offset corresponds to a
rotation 16.875 degrees around thick circle 400 fromthe begi nning of the
first wite indicated by arc 402A (cal cul ated by dividing the 24 PN chip
of f set by

414

404X

FIG. 6



the 256 total nunber of chips in half antenna sanple buffer 172 and 25

mul tiplying by 180 degrees.) The 16..875 degree arc is illustrated by arc -
412. The Zfowakgsrs! enents correspond to reads indicated byPETRSISIRINM - 404X
most of which are not shown. The first read corresponding to arc 404A

- begins at the offset sone tine after the wite corresponding to 402C so
that a contiguous set of data is available. Each successive read-such as
404B is offset 30 fromthe previousgps a single nmenory |ocation,
corresponding to a 1/2 PN chip of tinme. During the search rake shown, the
reads nove toward earlier tinme offsets as shown by arcs 404A - 404X
slanting counter clockw se with progressing tinme in the opposite rotation
direction as wite pointer indication 406. The 24 read represented by arcs
404A to 404X traverse the arc indicated by 35 arc 448. The progression of
the reads toward earlier sanples has the advantage of providing seanl ess
searching within a search wi ndow as each search rake is executed. This
advantage is explained in detail subsequently herein.




23 'Each of the reads corresponding to arcs 404A to 404X passes one Wl sh
synbol worth of data to despreader 178. The read therefore corresponds to
traversi ng MAROFS, cl e 400 by 180 degrees. Note that in t hdCTASISR3BKe
shown of Figure 6, the last wite corresponding to arc 402FF, and | ast read
5 corresponding to arc 404X do not include any common nenory | ocations to
ensure contiguous valid data. However, hypothetically, if the pattern of
read and wites were to continue theygﬂéuld in fact intersect and valid
data woul d not be provided under this condition. In nobst signaling
conditions, the result of a rake elenent worth of data 10 collected during
one Wal sh synbol worth of tinme is not sufficient to provide accurate

i nformati on about the | ocation of diverse signals. In these cases, a search
rake may be repeated nmultiple tinmes. The results of rate elenents in
successi ve search rakes at a common of fset are accumul ated by search result-
processor 162 as explained in detail subsequently herein. In this case the
15 search paraneters given above indicate that the nunber of symbols to
accunul ate at each offset is two. Flgure 7 shows the search rake of Figure
6 repeated at the sane offset for essive Wal sh synbol worth of

432X

FIG. 8



data. Note that antenna sanple buffer 172 contains two Wal sh synbols worth
of data so that the data that is needed for processing during the search
rake 20 i W@I940893 on Figure 7 was witten during the sear @&TUSR¥I2Mbwn on
Figure 6. In this configuration, nenory |ocations 180 degrees away from
each other represent the sanme PN offset. After conpleting the two

accunul ated search rakes in Figures 6 and 7, the searching process advances
to the next offset in the search win@l4 The 25 anount of the advance is
equal to the width of the search rake processed, in this case 12 PN chips.
As specified in the search paraneters, the search window width is 24 PN
chips. The width of the window will determ ne how many search rake offsets
are needed to conplete the search window. In this case two different

of fsets are needed to cover the 24 PN chip wi ndow width. 30 The w ndow
width is indicated on Figure 8 by arc 412. The second offset for this
search wi ndow begins at the offset following the | ast offset of the

previ ous search rake and continues around to the nomi nal zero offset point
as set by the location of the beginning of the first wite as indicated by
arc 430A. Again there are 24 rake elenents within the search rake as

i ndi cat ed by 3(‘-;) ~arcs 432A-432X nost of which are not shown. Again the 32

wites are /
5+ l Ju
188 )
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i ndi cated by the arcs 430A - 430FF. Thus the last wite, as indicated by
arc 430FF, and the last read, as indicated by arc 432X, abut one another in
antenna sawploendsasfer 172 as indicated by reference arrow 281US951239 The
search rake shown in Figure 8 is repeated on the opposite side of antenna
sanpl e buffer 172 nuch as the search rake in Figure 6 is repeated in Figure
7 because the search paraneters designate that each synbol is accumul ated
twice. At the conpletion of the secalMiZiccunul ation of the 5 second search
rake, integrated search processor 128 is avail able to begin another search
w ndow. The subsequent search w ndow coul d have a new offset or it could
specify a new antenna or both. In Figure 8, the location of the boundary
between the read half and the wite half of the buffer is marked with | abel
436. In Figure 6, the boundary is 10 marked with | abel 410. The signal

whi ch indicates the point in tinme corresponding to |label 436 is referred to
as the offset Wal sh synbol strobe and

202 208
IPN _—
SERIAL TO PN
TO
204~ USER PN PARALLELI—" SEQUENCE
SHIFT REG BUFFER 176
206" o
210
216 214
RX SERIAL ANTENNA
Mux |—|LATCHL ] TO L o “cimpiE
118.7% PARALLEL BUFFER 172
SEL SHIFT REG

EN
y 2a57F

ANTENNA  DECIMATE
SELECT ENABLE

/

174
FIG. 10



al so indicates that a new Wl sh synbol worth of sanples is available. As
the search rakes wthin a wi ndow advance to earlier offsets, the boundary
between t NEOP#AW™nd write hal ves of the buffer slews in | BERUSP

count ercl ockwi se as shown in Figure 8. If after the conpletion of the
present search window, if a large change in the offset being processed is
desired, the offset Walsh symbol strobe may be advanced a | arge portion of
the circunference of the circle. Filddl® 9 is a search tineline that

provi des further graphi cal iIIustratl on 20 of the searcher processing.
Time is plotted along the horizontal axis in units of Walsh synbols.

Ant enna sanpl e buffer 172 address, and PN sequence buffer 176 addresses are
shown al ong the vertical axis, also in units of WAl sh synbols. Because

ant ennFRONPEVEN!T f er FREEMIODDW Wl sh synbol s deep,  antenna sanpl e buffer

172 adgySESH'CHIP 2PS WAISIECHM sh synbol 25 boundarzg but for

il ust rgmgny?]gaosesBmQ-,g shows the addressesgddfore bei ng fol ded on
t

top of one S are witten into ant sanpl e buffer 172 at
an address [aken dlrectly fromthe tinme they wer#”obtained, so wite

poi nter 18lyi nF@28nt enna |I222buf fer 172 is a straight forty-five degree
inclin he offfse processed nmaps into a base address in

ant enn

l 226
224
= MUX
MUX BANK l«—| SELECT
LOGIC
l 228 FROM SEARCH
OQPSK DESPREAD XOR BANK CONTROL 166
232 234
l PN
230 | BARREL | | SEQUENCE|, FROM PN
SHIFT LATCH | SEQUENCE
ADDER TREE = BUII;EER

TO MUX 124

FIG. 11



30" sanple buffer address 174 to start a read of a Wal sh synbol of sanples
for a single rake el enent. The rake ‘el enents are iIIustratg?gM@#ﬂéuye 9 as
nearly verWPO8M08®ad pointer |ine segments 192. Each rake nt naps to a
Wal sh synbol in height as referred to the vertical axis. The vertical gaps
between the rake elenents within a search rake are 35 caused by denod
front end 122 interrupting the search_process to use FHT processor engine
120. Denod front end 122 operates inl tinme and has first priority use
of FHT processor engine 120 whenever it has a current or queued set of data
for processing. Therefore typically use of FHT processor engine 120 is

gi ven to denpd A B8t end 120 on each Wal sh synbol boundary 5
corresrUﬁUTﬂU'F%'aﬁPN of fset that is being denodul ated by d front end
122. - |Figure 9 shgws the sane search rakes shown in Figur 6, 7, and 8.
For exdnplSEABEH cH rake 194 has its 24 rgie el ements each of which
cor r esjondRESULT 1
PROCESSOR 250
CONTROL
LOGIC
BEST
RESULTS
4 4 INTERMEDIATE {—3{ REGISTER}—» TO
RESULT CHANNEL
REGISTER ELEMENT
: MICROPROCESSOR
— 136
l 248
COMPARATOR
A
- 246
PREVIOUS
ENERGY
| LATCH |
9
COMPARATOR
240 242 T
o
WALSH SYMBOL
ACCUMULATION
RAM -
L FROM
MAX DETECT
160
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5to one to the read arcs 404A - 404X on Figure 6. On, Figure 9 for search

rake 194, pointer 410 indicates the offset Wal sh synbol
to. the |i MWOPENM8YEr on Figure 6. To read the current sanpl BCTU
el ement nust be beneath wite pointer

strobe corresponds
ake
181. The downward sl ope of the rake

el ements with a search rake indicates the steps towards earlier sanples.
corresponds to the search rake shown in Figure 7 and
search rake 196 corresponds to the sé¥len rake shown in Fi gure 8. In the

Search rake 195 10

search w

oy sy

search r
slices.

it is no
search r
search r

Each

ake.

ot! ene

FROUGESSOR S

Denod fron
the FHT processor ti

plo SEAREH

868 SO

by t he paraneters above,

only 24 rake el ements per
|

f aur

time

rgin

signals in inseB0478lin Figure 9. Thdre_i el ay associ at gd
with a raké 30 OFFSETread pr ny$ WALSHWYMBQIt|ocess
to fill thd HACGEMULATOR M ACCN MULSSTIO
I S neede lze to a tine in@@Wc hdar yYCOUNT
observi ng t Wal sh synbol dtjrlobe.
324
302
INPUT
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Al these factors practically limt the nunber of rake el ements which can

be processqgh ddhogrsSi Nl € search rake.
el enents 25 ?)dglr search rake could be increased such as if

In sone cases the nu

r%’?n’%%fs’f‘?%ﬁf end

122 has only one denpdul ation el ement ast4/dBed and only interrupts FHT
processor engi ne 120 once per search rake. Therefore in the preferred

enbodi nenty t he nunber of; rake e pqRer segrch ke s ,contral |l abl e by
channel nment niqgopnﬁiessor 1 aldt er patji vel odf ngnt s} Etlhe nunber
of rake @Q el enenty per? bulld be g fi k_ copstjant here al so
can be s If1 svitching bé¢ en}squr cg<gnt ennas at
t he i npug o\é sanpl Lirrg t he [seafclit w 1<qlcw starfttng point
or wi dt he=bat sear chesl. fdeds]a par1idu|a det sanpl es
and the t @ge ra o ng neg&y To|UlE 3bp [an TTappi ng
part of biffer @ th pgst pprr pr pcgssi pg junt b |t he next
of f set V@® Eh s%‘bo . hich goint 4 co ete | sh synbol
of sanple§;for t he Ey/ tenna spofce grg avprliabl ¢. j{In Fidqurel9,f search
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26* corresponding to the new antenna i nput sanples.
197 and 198 do not' use any common nenory. | ocati ons.

two \Wal s
full

full
channel
Q channe

Not e that search rake
For every tine slice,

hwddsAgsd’ sanpl es nust be witten to the sanpl e lrdiiesys/zago one

Wal sh synbol
preferred enbodi nent,

sanpl es,

| sanpl

| ate |
es.

channel

Sa

| es,
In the preferred¥kd

of sanples may be read fromthe 5

odi nent ,

sanpl e buffer
there are 64 clock cycles during each tine slice.
Wal sh chip of sanples is conprised of four sets of sanples:.
onti ne Q channel

ont
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A
ime |
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The Wal sh chip of sanples read fromthe even and odd Wl sh chi
I68 170 has an arbitrary alignnment to the physical RAM word a%ﬁgﬂ:ﬁéﬁ{@]- SHEET

Therefore on the first read of a tine slicg, both halves are reagd Q%WN 1938
despreader 178 to forma two Vil sh chip wi de wi ndow fromwhich the 2
single Wal sh chip with the current .offset alignnment is obtained. For even

Wal sh chip search of f setigL TIPATH SEARCHPROCESSORFQOR Address for
the first read are the s ss for the
first read i s advanced b%@@ﬁfﬁ@“%&ﬁﬁm consecutive
Wl sh chip starting fromthe dcCONMMUNICATEKONISYSTBM . The additional
25 Wal sh chi ps needed by despreader 178 can be passed thereto by a read

froma single Wal sh chip IBAGKGROUND OF THEINVENTIONe that there is

al ways a refreshed two Wal sh chip wi de wi ndow fromwhich to draw a Wal sh

chi p of data plpieldes e iventionw ent of f set bei ng processed. Referring again
to Figure 5, for each rake elenent in a search rake 30 processed, the sane

Wl sh symbol ~of PNTﬁSQWEiﬁxdiﬁfrélaftéé) hbﬁllBNté espread spedtren dofRmiunit&teen i n

e 2 R BReRRS S, il EvEoﬁrﬁéfé%fw%ﬁékéﬁvhr%ﬁayﬁ%s

doubl ed and readxﬂumnahahfsysﬁemften The single wite to PN

II. Description of the Related Art

15 In a wireless telephone communication system such as cellular
telephone systems, personal commurnications systems and wireless local loop
system, many users communicate over a wireless channel to connect to
wireline telephone systems. Communication over the wireless channel can
be one of a variety of multiple access techniques which facilitate a large

20 number of users in a limited frequency spectrum. These multiple access
techniques include time division multiple access (TDMA), frequency division
multiple access (FDMA), and code division multiple access (CODMA). The
CDMA technique has many advantages and an exemplary CDMA system is
described in U.S. Patent No. 4,901,307 issued February 13, 1990 to K. Gilthousen

25 et al., entitted "SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS," assigned to the 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 U.S. Patent
No. 4,901,307 offer 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

40 use of CDMA techniques permits the special problems of the terrestrial



sequence buffer 176 needed per tinme slice is then perforned OIREELA:{)EMEWT FET
35 wused for reading. Because the searching process can specify searchin i
PN of fsets of up to two Wal sh synmbols del ayed fromthe current t3 6BJUN

Wal sh synbols worth of PN sequence data mist be stored. In the preferred
enbodi mrent PN sequence buffer 176 is a one hundred and twenty eight word by
si xteen bit 27 RAM Four Wal sh synbols are required because the starting
of fset can vachanmel 2o\ke overspme by mitigating thecadvense;effpchrafsmultipatin &8n,

SQFSYF'S?%2??&%%%?*@%%%5?&“?&%?&?& O 0ce 55, B5¢ e
the same PN 5 seqﬂéﬁc‘é r LerIgUes, 35 isC ??Fé:{)dgt $’n ﬁRF%tez‘E%'n mﬁer
176 cdnnot becontemplatet thie disel of) coheretets marhulatignpand edemodmiztspn nidirnotto a
oLl 2ed O alond Y S92 YRR Shosi Bt " RoREIRYY,
disclosed therein is the use of a pilot carrier signal as a coherent phase
reference for the satellite-to-mobile unit link and the base station-to-mobile
unit link. In the terrestrial cellular environment, however, the severity of
multipath fading with the resulting phase disruption of the channel, as well
10  as the power required to transmit a pilot carrier signal from the mobile unit,
precludes usage of coherent demodulation techniques for the mobile unit-to-
base station link. U.S. Patent No. 5,103,459 entitled "SYSTEM AND METHOD
FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM", issued June 25, 1990, assigned to the assignee of the
15 present invention, the disclosure of which is incorporated by this reference,
provides a means for overcoming the adverse effects of multipath in the
mobile unit-to-base station link by using noncoherent modulation and
demodulation techniques.
In 2 CDMA cellular telephone system, the same frequency band can be
20 used for communication in all base stations. At the base station receiver,
separable multipath, such as a line of site path and another one reflecting off
of a building, can be diversity combined for enhanced modem performance.
The CDMA waveform properties that provide processing gain are also used to
discriminate between signals that occupy the same frequency band.
25 Furthermore the high speed pseudonoise (PN) modulation allows many
different 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
30 system data rate, can be employed against paths having delays that differ by
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.
35 The multipath properties of the terrestrial channel produce at the
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



The -data that is witten into both PN sequence buffer 176 and ant,
sampl e buffer 172 is provided by searcher front end 174. A bREHAG gﬁg@' EEI
searcher front end 174 is shown in Figure 10. Searcher front e3d) Ui

i ncludes short code | and Q PN generators 302,206 and the |ong code User PN
generator 204. The val ues 'out put by short code | and Q PN generators 202,
206 and the I ong code User PN generator 204 e determ ned by the tjnpe of
day. 15 Each amérsstaéti’cﬁﬁf% %{lﬁﬁﬂ%rsﬁn?‘%ﬁf rfg‘aﬁ'ﬁﬁﬁé‘i‘ﬁ %quIhe d-ulgpath

timng to cregh@ndel ii§ that Segihalpatiratirobghe thé athamned mayt causeiat diffefent

i ng ref or eAcenetof fefor osbfE ”3‘3’1%1‘ 0 b 35 R okt e
uni versal ref ennln;aththenne]tpachpﬁﬂsmhbﬂmme&ﬁdrsm qrulsesr gererally has

I |1 OR.d
.59 S b, e e S oo St ofhar b s

cess | so
perforned in lchérﬂﬁféﬁﬁﬁctﬁﬁ ghemultipa "ﬂ}.ﬁm}el £ Sagdgﬂt ¢ éhxoug
unit' s transnichhfiflelsin@fpatause Bdifferent phase Kmhg&ﬁ ifsaxsli@é:ﬂd

212 b er s« KPR, Séﬁrhbﬁ% oFhE 2 amip s el %%ha' Bt cibe aebihd
The out put of saean'abf pnlspalgaheralllys]msn diffesent phase thansothier meceived pulsest o PN
sequence hyffer 17, ah.ap AUdHEShel 2K thiRiPdtheis?&edtedl b§Cteflection of the
signal from obstacles in the environment, such as buildings, trees, cars, and
people. In general the radio channel is a time varying multipath channel
due to the relative motion of the stfuctures that create the multipath. For
example, if an ideal impulse is transmitted over the time varying muitipath
15 channel, the received stream of pulses would change in time location,
attenuation, and phase as a function of the time that the ideal impulse was
transmitted.

The multipath characteristic of a channel can result in signal fading.
Fading is the result of the phasing characteristics of the multipath channel.

20 A fade occurs when multipath vectors are added destructively, yielding a
received signal that is smaller than either individual vector. For example if
a sine wave is transmitted through a multipath channel having two paths
where the first path has an attenuation factor of X dB, a time delay of & with
a phase shift of © radians, and the second path has an attenuation factor of

25 XdB, a time delay of 3 with a phase shift of © + = radians, no signal would be
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 muiltipath

30 fading. As noted above with a wideband CDMA, however, the different
paths may be discriminated in the demodulation process. This
discrimination not only greatly reduces the severity of multipath fading but
provides an advantage to the CDMA system.

Diversity is one approach for mitigating the deleterious effects of

35 fading. It is therefore desirable that some form of diversity be provided which
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




reference time. In this way, searcher front end 174 provides t hePEACEMENT SHEET
sequence data to PN sequence buffer 176. Searcher front end 17443afjs N 1998
provi des antenna sanples to antenna 30 sanple buffer 172. Recelve sanpl es

118 are selected fromone of a plurality of antennas via,a MJX 216. The

sel ected receive sanples from MIX 216 are passed to [atch 218 where they

are deci mated, meaning one quarter of the sanples are selected for use in

t he searchi ngr&i RA mmummngthefpreserttennemmy employeach iofes

the PN chip _r & %@{1 lgg % 3§i of S |ver 116 (of F| gure 4).

Processi ng w il }e g hm I'S ﬁﬁ for es .t aken at

one half the Chl p C@MA hyelféfml'@ﬂﬂ }Vléﬁ]éa aFPactEe fers & %’E %?Ws

ngdt gesg?leeat%&g 'ty e%ﬁ. ¢heé sighl Easber auivide baﬁdmﬁth alThleréfoge,i s
shifl,re

to the w dbh SreGHeREK selectivs & ms?a?f‘ Sk, iy, 2" Smiall B SF 3pe E DAL sfgnat”

witten into daAadwddth.odd WAl sh chip buffers 168,170 at

Space and path diversity are obtained by providing multiple signal
paths through simultaneous links from a mobile unit through two or more
base stations and by employing two or more spaced apart antenna elements at

10 a single base station. Furthermore, path diversity may be obtained by
exploiting the multipath environment through spread spectrum processing -
by allowing a signal arriving with different propagation delays to be received
and processed separately as discussed above. Examples of path diversity are
illustrated in U.S. Patent No. 5,101,501 entitled “SOFT HANDOFF IN A

15 CDMA CELLULAR TELEPHONE SYSTEM”, issued March 21, 1992 and US.
Patent No. 5,109,390 entitled “DIVERSITY RECEIVER IN A CDMA
CELLULAR TELEPHONE SYSTEM”, issued April 28, 1992, both assigned to
the assignee of the present invention.

The deleterious effects of fading can be further controlled to a certain

20 extent in a CDMA system by controlling transmitter power. A system for base
station and mobile unit power control is disclosed in U.S. Patent No. 5,056,109
entitled “METHOD AND APPARATUS FOR CONTROLLING
TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE
SYSTEM”, issued October 8, 1991, also assigned to the assignee of the present

25 invention.

The CDMA techniques as disclosed in the U.S. Patent No. 4,901,307
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

30 shifts other 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 t&. 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 in much the same as they would if they were wide bandwidth



addresses al so taken fromthe zero offset reference tine. In this way,
despreader 178 can align the antenna sanple data with a known H‘EP@@E&M’N‘T HEET
respect to the PN sequence. 5 Referring again to Figure 5,

clock cycle in a tine slice, despreader 198 takes a Wl sh chi p oﬁ U}b

sanpl es fromantenna sanple buffer 172 and a correspondi ng set of PN

sequence val yes from PN seguence buffer 17 ut put s ch nnel
Wl sh chip t?%@‘Woﬁeoﬁﬁzg%rsa%lpﬁy?Zﬁg?%% éﬁ“ﬁ%& 1@2“5 & Gure
11 shows a dsigidlgd ol nuknmﬂaguerfeom@esmlsmdulhmmelyEmty\aﬁm aquyatdech

220 and odd chip latch 222 latch the data from even Wl sh chip buffer
168 and odd chip buffer 170, respectivel y., MJX bank extracts the
wal sh chip of sar‘riﬁl isswell known dgy th?@ﬁ?%%ﬁﬁ%ﬁm%fww IUERRRY es
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of PN sequence
class of such sequences that is easy to generate is called the Walsh function,

10 also known as Hadamard matrices.
A Walsh function of order n can be defined recursively as follows:

:-()

W(n) = W(n/2), W(n/2)
5 W(n/2), W(n/2)
1 -
where W' denotes the logical complement of W, and W(1) = '0 l
Thus,
20 W(2) = 0,0
0,1 ,
0,000
W) = 0,101
25 0,011
0,110 ,and
0,0,000000
0,101,010, 1
30 0,011,001,1
W) = 0,1,1,0,0,1,1,0
' 00001111
01,011,010
00111100
35 0,110,100 1

A Walsh symbol, 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

40 index where the Walsh index refers to the number (1 though n)

corresponding to the row in which a Walsh code is found. For example, for

=8 Walsh function matrix given above, the all zeros row corresponds to

Walsh index 1 and the Walsh code 0, 0, 0, 0, 1, 1, 1, 1 corresponds to Walsh
index 5.



20 latch 234 based on the offset of the rake el enent being processed and
passes the PN sequence to OQPSK despreader XOR bank 228 whi ch REBhAGEMIGNTaSHEFT
inverts the antenna sanpl es based on the PN sequence. The XOR d val ues

then summed through adder tree 230 which pérforms the sum oper at idol Wﬂﬁéga
OQPSK despread, and then suns four despread chip outputs together to 25
forma Wal sh chip for input to FHT processor _engine 120. Referring again_to
Figure 5, FHT procés¥alshyfanetion mmatnix Ofs prder My (@s weeldiase othen orthagonal
from ldef pr e?ﬂ@fmét?c_fhs{ of ]gié@h!\h?(hti&the q:ladpuﬁt'ynmaa cﬁre&tt]?ﬁteirrlhwv?aﬂ? {d‘f' ?/ Hifsgggf s,h
correl ates ese sixty-four inpu e ac Si - four S
functions in grgqsmx_‘e?j B?nth%g’%eﬂﬂfgﬁ?i%f\%éﬂqc e.qu%ages\,ﬂvxﬁax& éﬁsitdf &80 be
used to find This icangeestseen hyhacdmng dhatt every sequence diffenst fromorevierfy other

processor §nOkafegdin EBcely hililofts B HElIRAlld WD be npAEPatht Medes SARAGE

result process C > part 0 | ntegra earc processor .
Search resul t Ope feqysnsce ¢eptaining.allizegees A #i%laf éfllﬂ'!e other sequenges contain

oo 15" AR stod | T Welesbol ST b g s
Itohe start of Fﬁg?ﬁq 8#15"‘ “ﬁ? %’F@%’E"f%'&@e@rﬁfg@?ﬁ%ﬂ& S‘E‘O to ob%/ai ni ng
t he maxi mum ener gyOnuthmirevekse dink charnel foometheammbiileciinitetar the basedstation,
10 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.
15 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

20 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

25 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 of the received sequence with each of the possible Walsh sequences.
Selection circuitry is employed to select the most likely correlation value,

30  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

35 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
an FHT. The FHT outputs of each data receiver are combined and selection



parameters nmay designate that a nunber of Wl sh synmbols worth ofp
accunul ated before the results of the chosen offset are processeﬁhﬁ@ﬁw SHEET

29 paraneters used with the exanple of FigHres 6, 7, 8, and 9, g‘s@ MW
of synbols to accunulate is 2. Search result processor 162 perfor t

summi ng function along with other functions. As search result processor 162
performs the sineyitoydhepseletsithe anost likelyncarpelasion valuenbagedson theglargest
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suns are store i n_\Wa tion e res of .each
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1125 b 175 GHRAR i B e
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sumed by SUMER{mé4d #¥rin'4801EWaish 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
10 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-phase (Q) channel
PN sequence. Both the I channel modulation and the Q channel modulation
provide four PN chips per Walsh chip with a 1.2288 MHz PN spreading rate.
15 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 U.S.
Patent No. 4,901,307, each base station provides coverage to a limited
geographic area and links the mobile units in its coverage area through a

20  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, as noted-above, the mobile unit-to-base station signal transmission

25 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
30 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 combined with the contributions of other

35 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 Application
Serial No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT -
IN A SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS," filed
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b 2 gda\r,\: t Lfd] t $tat @dgl)n a,different %ni(e)r ! iz? ga fc:ggﬁ;[\br? nplaﬁ‘g}/ p%gﬁs to h\e right were
transnutted at an earlier time by the remote 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.

15  The six different signal spikes repfésented by spikes 2-7 are representative of a
severe multipath environment. Typical urban environments produces fewer
usable paths. The noise fioor of the system is represented by the peaks and
dips having lower energy levels. The task of a searcher element is to identify
in the delay as measured by the horizontal axis of signal spikes 2 - 7 for

20 potential demodulation element assignment. The task of the demodulation
elements 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.

25 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

30 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

35 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
distance change as the remote unit moves around in the coverage area of the
base station. Each demodulation element tracks small variations in the signal
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's latched | neGeREFhel@inke BS Q88 ers caused by the mobsile unit transmitter. At
the receiver, or otherwise associated with the receiver, a vocoding system is
employed for reconstructing the voice information. In addition to voice

10 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 copending U.S. patent application Ser. No. 07/713,661, entitled
"VARIABLE RATE VOCODER," filed June 11, 1991 and assigned to the

15 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 bps,
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,

20 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 bps 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 bps data frame is referred to as an "eighth
rate” frame. In neither the encoding process nor the frame formatting

25 process is ratg information included in the data. When the mobile unit
transmits data at less than full rate, the duty cycle of the mobile units
transmitted 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

30 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. 07/846,312,

35 entitled "DATA BURST RANDOMIZER," filed March 5, 1992, and assigned
to the assignee of the present invention.

At the base station, each individual remote 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
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250 10 link increases the time needed to conduct a survey of all possible time offsets
at which a mobile station 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 signal as compared to the
received traffic channel signals. In contrast, ideally each mobile unit

15 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.

20 For the system of Figure 2, each searcher contains one 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 every Walsh symbol interval one value is input and one value is
output from the FHT. Therefore, to provide a rapid searching process, more

25 than one searcher element must be used. The searcher elements continually
scan in search of a particular mobile station's information signal as controlled
by system controller. The searcher elements scan a set of time offsets around
the nominal arrival of the signal in search of multipath signals that have
developed. Each of searcher elements supplies back to the controller the

30 results of the search it performs. The controller tabulates these results for use
in the assignment of the demodulation elements to the incoming signals.

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

35 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 modems 20. Each channel element



readabl e by channel el enent m croprocessor 136. Search result pr 6
25 has thus taken nuch of the workload from channel el eneﬁte-ﬁm?jmjf ﬁ*EET

m cr.oprocessor 136, which in the systemof1Figure 2 needed to hanﬂjg mngga
rake el enent result independently.- The preceding sections have fo €

the processing data path of integrated search processor 128 and have

detai | ed howmaedemnseppartS@ smghpuser.1 [Pheymodemneirdaing imdtiple dtgrta:lro\;lata

Tt path [ eRElate 1 UERBELAUORSRIGRBNE, 2201 24 Cind S hultlel SLar

sections detai ow 't he searc ssing . a

path are cont'PeiVaEs z@ea?”éiﬁrwﬂc?‘éﬁmb?%@“i@és cﬁheFPBﬁF@@ |%f demgduigt lpﬁ
Figure 13. AgléRehis@reshd 22yand skarchety?8) Thecusurt PN coderindach befdddRfion

SBeven over 3l i sRAIREE 36 U 45k Aol Risee R A0 BRabel
stored in se&iememtharOPMessoﬂﬂBstepaeseMIBa%)thmagh asatrofroffsets; callediach
L7575 5 Lok PN b ARl 1o, W g bt

accunul at e aslemedula ¢lgments assignment. For eac offset, searcher 26 reports the

energy it found at that offset back to microprocessor 34. Demodulation

10 elements 22 and 24 are then assigned by microprocessor 34 to the paths

identified by searcher 26 (i.e. the timing reference of their PN generators is

moved to align it to that of the found path). Once a demodulation element

has locked onto the signal at its assigned offset, it then tracks that path on its

own without microprocessor supervision, until the path fades away or until

15 the demodulation element is assigned to a better path by the microprocessor.

In Figure 2, the internal structure of only one demodulation element

22 is shown, but should be understood to apply to demodulation element 24

and searchers 26 as well. Each demodulation element 22, 24 or searcher 26 of

the channel element modem has a corresponding I PN and Q PN sequence

20  generator 36, 38 and the user-specific PN sequence generator 40 that is used to

select a particular mobile unit. User-specific PN sequence output 40 is XOR'd

by XOR gates 42 and 44 with the output of I PN and Q PN sequence

generators 36 and 38 to produce PN-I' and PN-Q’ sequences that are provided

to despreader 46. The timing reference of PN generators 36, 38, 40 is adjusted

25 to the offset of the assigned signal, so that despreader 46 correlates the

received I and Q channel antenna samples with the PN-I' and PN-Q' sequence

consistent with the assigned signal offset. Four of the despreader dutputs,

corresponding to the four PN chips per Walsh chip, are summed to form a

single Walsh chip by accumulators 48, 50. The accumulated Waish chip is

30 then input into Fast Hadamard Transform (FHT) processor 52. FHT

processor 52 correlates a set of sixty-four received Walsh chips with each of

the sixty-four possible transmitted Walsh functions and outputs a sixty-four

entry matrix of soft decision data. FHT output of FHT processor 52 for each

demodulation element is then combined with those of other demodulation

35 elements by combiner 28. The output of combiner 28 is a "soft decision"

demodulated symbol. Soft decision data is the chosen 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.
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10 energy for each of the Walsh symbols for which the searcher dwells at an
offset. The final sum is reported back to microprocessor 34. Generally each
searcher 26 is stepped through the search window with the others as a group
by microprocessor 34, each separated-from its neighbor by half of a PN chip. In
this way enough correlation energy exists at each maximum possible offset
15  error of a quarter chip to ensure that a path is not missed by chance just
because the searcher did not correlate with the exact offset of the path. After
sequencing searchers 26 through the search window, microprocessor 34
evaluates the results reported back, looking for strong paths for demodulation
elements assignment as described in above mentioned co-pending U.S. Patent
20  Application Serial No. 08/144,902.

The multipath environment is constantly changing as the mobile unit
moves about in the base station coverage area. The number of searches that
must be performed is set by the need to find multipath quickly enough so that
the path may be put to good use by the demodulation elements. On the other

25 hand, the number of demodulation elements required is a function of the
number of paths generally found to be usable at any point in time. To meet
these needs, the Figure 2 system has two searchers 26 and one demodulation
element 24 for each of four demodulator integrated circuits (IC's) used, for a
total of four demodulation elements and eight searchers per channel element

30 modem. Each of these twelve processing elements contains a complete
demodulation data path, including the FHT processor which takes a relatively
large, costly amount of area to implement on an integrated circuit. In
addition to the four demodulator IC's the channel element modem also has a
modulator IC and a forward error correction decoder IC for a total of 6 IC

35 chips. A powerful and expensive microprocessor is needed to manage and
coordinate the demodulation elements and the searchers. As implemented
in the modem of Figure 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
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10 of the demodulator needs to be redesigned for an 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 that can demodulate a
spread spectrum call signal in a lower cost, and more architecturally efficient
manner. _
15 The present invention is a éingle, integrated search processor that can
quickly evaluate large numbers of offsets that potentially contain multipath of
a received call signal. For the system of Figure 2, each searcher contains one
FHT processor capable of performing one FHT transform per Walsh symbol.
To obtain extra searcher processing power in the Figure 2 approach, additional
20  discrete searcher elements must added, each with its own FHT processor. A
fundamental aspect of the invention is to decouple the sequencing of the FHT
processor from real time, and instead to use a single time sliced FHT processor
shared between the demodulation and the searching processes. To take full
advantage of the rapid FHT processing requires that the FHT processor be
25 supplied with a rapid stream of data. The present invention incorporates an

efficient mechanism of supplying data to the FHT processor.
SUMMARY OF THE INVENTION

30 In accordance with the invention, a signal demodulator for a spread
spectrum communication system uses a single, integrated search processor to
quickly evaluate large numbers of offsets that potentially contain multipath of
a received call signal. After completing: an assigned search, the integrated
search processor presents a summary of the best candidate paths for

35 assignment of the demodulation elements.

Operation of the integrated search processor is based on a
demodulation of the Walsh encoded antenna samples using a Fast Hadamard
Transform (FHT) processor engine. The FHT processor engine can operate at
many times the real time rate at which the data is received. For example in

40 the preferred embodiment, the FHT processor engine can produce 32 Walsh
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t he modulated and must be despread before being passed to the FHT processor
engine.
Two buffers are needed to supply the despreader with input: a first
buffer is needed to store the antenna data samples and a second buffer is
10 needed to store PN sequence samples. Because there are more bits of data
associated with the antenna samples than with the PN sequence, it is
advantageous to limit the number of the antenna data samples that needs to
be stored even if it means extendmg the. number of the PN sequence data
which must be stored. The antenna sample buffer in the preferred
15 embodiment can store two Walsh symbols worth of data. It is written to and
read from in a circular manner. The PN sequence buffer contains four Waish
symbols worth of data in the preferred embodiment.
To facilitate the circular manner of operation of the antenna sample
buffer, the operation of the integrated search processor is broken down into
20 groups of discrete searches. Each group of discrete searches is called a search
rake. Each discrete search is called a rake element. Each rake element
corresponds to one Walsh symbol worth of data and one FHT processor
engine transform operation. The circular buffer operates such that each
successive rake element in a search rake is offset from the preceding rake
25 element by one half of a PN sequence chip and by one half offset in time. In
this configuration, each rake element in a common search rake is correlated
with the same PN sequence.
Groups of search rakes can be specified in a search windows. Groups of
search windows can be specified as antenna search sets. An antenna search
30 sets can be specified by a microprocessor by designating a few parameters. The
integrated search processor then performs the designated searches and
supplies the results back to the microprocessor with no further input from the
microprocessor. In this manner the integrated search processor performs a
plurality of searches quickly with minimum amount of processor interaction.

BRIEF DESCRIPTION OF THE DRAWINGS

35

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
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Figure 6 illustrates the circular nature of the antenna sample buffer
using a first offset;
Figure 7 illustrates the circular nature of the antenna sample buffer for
a second accumulation at the first offset of Figure 6;
15 Figure 8 illustrates the circular nature of the antenna sample buffer for
a second offset;
Figure 9 is a graph showing how the searcher processes the receiver
input as a function of time;
Figure 10 is a block diagram of the searcher front end;
20 Figure 11 is a block diagram of the searcher despreader;
Figure 12 is a block diagram of the searcher result processor;
Figure 13 is a block diagram of the searcher sequencing control logic;
Figure 14 is a timing diagram showing the processing sequence depicted
in Figure 5, showing the corresponding states of certain control logic elements
25 presented in Figure 13; and
Figure 15 is an alternative block diagram of the search processor.

DESCRIPTION OF THE PREFERRED EMBODIMENT

30 The present invention can be implemented in a wide variety of data
transmission applications and in the preferred embodiment illustrated in
Figure 2 is implemented within a system 100 for voice and data transmission
in which a system controller and switch, also referred to as mobile telephone
switching office (MTSO) 102, performs interface and control functions to

35 permit calls between mobile units 104 and base stations 106. MTSO 102 also
controls the routing of calls between public switched telephone network
(PSTN) 108 and the base stations 106 for transmission to and from the mobile
units 104.

Figure 4 illustrates channel element modem 110 and other elements of

40 the base station infrastructure operating in accordance with the CDMA
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10 described in the above referenced patents.

Channe] element modem 110 of Figure 4 includes a single, integrated
search processor 128 for identifying multipath signals within the received
signal. Channel element modem 110 contains a single time shared Fast
Hadamard Transform (FHT) processor engine 120 to service both integrated

15 search processor 128 and demodulator front end 122. FHT processor
engine 120 matches the input data to each of the possible Walsh symbols. In
this exemplary embodiment there are 64 possible Walsh symbols. FHT
processor engine 120 outputs an energy level corresponding to each of the 64
possible Walsh symbols where higher energy levels indicate higher

20 probability that the corresponding Walsh symbol was the actual transmitted
symbol. Max detect 160 determines the largest of the sixty-four outputs for
each input to FHT processor engine 120. This maximum energy and the
index of the Walsh symbol is then passed to integrated search processor 128
and pipelined demodulator processor 126. Pipelined demodulator

25 processor 126 contains functionality contained in the prior art non-integrated
demodulation elements which is not implemented in demodulator front
end 122 that can be shared in the same time sliced manner as FHT processor
engine 120. Pipelined demodulator processor 126 also time aligns and
combines symbol data received at different offsets into-a single demodulated

30 “soft decision" symbol stream which is weighted for best performance of
deinterleaver - forward error correction decoder 130. In addition, pipeline
demodulator processor 126 calculates the power level of the signal being
received. From the received power level a power control indication is created
to command the mobile unit to raise or lower the mobile unit's transmit

35 power. The power control indication is passed through modulator 140 which
adds the indication to the base station transmitted signal for reception by the
mobile unit. This power control loop operates under the method described in
U.S. Patent 5,056,109 referenced above. '
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provides input to encoder - interleaver 138 through channel element
microprocessor 136. After encoding-and interleaving the data, encoder -
interleaver 138 passes the data to modulator 140 where it is modulated as
disclosed in the above mentioned patents. The output of the modulator is

15 passed to transmit summer 142 where it is added to the outputs of other
channe] element modems prior to.being up-converted from baseband and
amplified in analog transmitter receiver 116. A summing method is
presented in a co-pending U.S. Patent Application Serial No. 08/316,156
entitted "SERIAL LINKED INTERCONNECT FOR THE SUMMATION OF

20 MULTIPLE DIGITAL WAVEFORMS," filed. September 30, 1994, and assigned
to the assignee of the present application. As presented in the above
referenced application, the transmit summer corresponding to each
element 110 can be cascaded in a daisy-chain fashion eventually resulting in a
final sum that is provided to the analog transceiver for broadcasting.

25 Figure 5 shows the elements comprising integrated search
processor 128. The heart of the searching process is time sliced FHT processor
engine 120, which, as mentioned above, is shared between integrated search
processor 128 and demod front end 122 (not shown in Figure 5). Other than
sharing FHT processor engine 120 and max detect 160 block, integrated search

30 processor 128 is stand alone, self-controlled, and self-contained. In a manner
described below, FHT processor engine 120 can perform Walsh symbol
transforms at a rate 32 times faster than FHT processor 52 of Figure 2. This
rapid transform capability empowers the time sliced performance of channel
element modem 110.

35 In the preferred embodiment FHT processor engine 120 is constructed
using a six stage butterfly network. Such butterfly networks architectures are
well known in the art. They provide an efficient mechanism to perform an
FHT both in terms of minimizing the number of gates and operations and in
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sanple buffer 172 read addresses. The output of offset accunulator® 310 is

al so conpar egn ltfe preferred embodiment a Walsh sequence is generated where n = 6,
therefore a 6-stage butterfly trellis is used to correlate the 64 input sample with

each of the 64 possible Walsh functions. The butterfly trellis is a series of 6

15  parallel adders. T

To reap the benefits of FHT processor engine 120 with thirty-two times

the throughput of its real-time-slaved counterpart, FHT processor engine 120

must be provided with high rate input data to process. Antenna sample

buffer 172 has been specifically tailored to meet this need. Antenna sample

20  buffer 172 is written to and read from in a circular manner

The searching process is grouped in sets of single offset searches. The
highest level of grouping is the antenna search set. Each antenna search set is
made up of a plurality of search windows. Typically each search window in
the antenna search set is an identically performed search group where each

25 search window in the antenna search receives data from a different antenna.
Each search window is made up of a series of search rakes. A search rake is a
set of sequential search offsets that is performed in a time equivalent to the
duration of a Walsh symbol. Each search rake is comprised of a set of rake
elements. Each rake element represents a single search at a given offset.

30 At the beginning of the searching process, channel element
microprocessor 136 sends parameters specifying a search window which may
be part of an antenna search set. The width of the search window may be
designated in PN chips. The number of search rakes needed to complete the
search window varies depending on the number of PN chips specified in the

35 - search window. The number of rake elements per search rake can be specified
by channe] element microprocessor 136 or could be fixed to some constant.

Referring again to Figure 1 showing an exemplary set of signals
arriving at the base station from a single mobile unit, the relationship of the
search window, search rake, and rake element becomes more clear. The

40 vertical axis in Figure 1 represents the power received in decibels (dB). The



conparator 326 with the output of systemtine count 342 to form
34 WAl sh synbol strobe which indicates that antenna sanpl e buffe?bW&g@} SHEET

sufficient valid data for the searching prigcess to begin. Search rakg gmma
320 keeps track of the nunmber of rake elenments remaining to be processe

the current search rake. Search rake-count 320 is 5 | oaded with the width

of the searchhotiadntal saxis trepresents therdelayiint thebarfrival e of at signabgiuentmg

of a search w r n hSni f
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Wi ndow have bggfved 8 8B5S Ssime tmB KM &S Beér tiatwinifed thiathd hfobiledstafion it 4 he
current s rﬁa&\n ndﬁwﬂ%‘s i mm nent, the output of search rake count 320 is
summed by BunfBterSBYM&h the output of rake width buffer 312. The end of

t he search wi ndow Thehosizontal mxiseart be thoughtiof ashavingrumitsof EdNphip offédter
172 may begi nat 3nlSeibbh 'thifle, e bald staticH Pefctives UTvariety dfHigRALs fom 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
10 PN sequence. A copy of the PN sequence is also generated at the base station.
At the base station, if each multipath signal were individually demodulated, a
PN sequence code aligned to each signal's timing would be needed. Each of
these aligned PN sequences would be delayed from the zero offset reference at
the base station due to the delay. The number of PN chips that the aligned PN
15 sequence is delayed from the zero offset base station reference could be
mapped to the horizontal axis.

In Figure 1, time segment 10 represents a search window set of PN chip
offsets to be processed. Time segment 10 is divided into five different search
rakes such as search rake time segment 9. Each search rake is in turn made up

20 of a number of rake elements which represent the actual offsets to be
searched. For example, in Figure 1, each search rake is made up of 8 different
rake elements such as the rake element indicated by arrow 8.

To process a single rake element as indicated by arrow 8, a set of

samples over time at that offset are needed. For example, to process the rake

25 element indicated by arrow 8, the despreading process needs the set of sample
at the offset indicated by arrow 8 going back into the page over time. The
despreading process also needs a corresponding PN sequence. The PN
sequence can be determined by noting the time the samples arrived and the
offset desired to be processed. The desired offset can be combined with the

30 arrival time to determine the corresponding PN sequence to be correlated
with the received samples.

As the rake element is despread the recejve antenna samples and the
PN sequence are run through a series of values over time. Note that the
received antenna samples are the same for all offsets shown in Figure 1 and

35 spikes 2-7 are showing exemplary multipath peaks which arrive
simultaneously and are only discriminated by the despreading process.

In the preferred embodiment described below, each rake element is
offset in time from the preceding rake element by one half PN chip in time.
This means that if the rake element corresponding to arrow 8 was correlated
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mobile unit. The mobxle unit generates a tnne reference base on the time
10 reference it perceives from the base station. The mobile unit uses the time
reference signal as an input to it's long and short code generators. The
information signal received at the base station from the mobile unit is
therefore delayed by the round trip delay of the signal path between the base
station and the mobile unit. Therefore if the timing of PN generator 202, 204,
15 and 206 used in the searching process is slaved to the zero offset timing
reference at the base station, the output of the generators will always be
available before the corresponding signal is received from the mobile unit.
In an OQPSK signal, the I channel data and the Q channel data are
offset from each other by one half chip in time. Therefore OQPSK
20 despreading used in the preferred embodiment requires data sampled at twice
the chip rate. The searching process also operates optimally with data
sampled at half the chip rate. Zach rake element within a search rake is offset
by one half chip from the previous rake element. The one half chip rake
element resolution énsures that multipath peak signals are not skippéd over
25 without detection. For these reasons antenna sample buffer 172 stores data
sampled at twice the PN chip rate.
One Walsh symbol worth of data is read from antenna sample
buffer 172 to process a single rake element. Each successive rake element is
- read out of antenna sample buffer 172 half of a PN chip offset from the
30 previous rake element. Each rake element is despread with the same PN
sequence read from PN sequence buffer 176 by the despreader. Antenna
sample buffer 172 is for each rake element in the search rake.
Antenna sample buffer 172 is two Walsh symbols deep and is
repeatedly read from «nd written to throughout the searching process.
35 Within each search rake, the rake element having the latest offset in time is
processed first. The latest offset corresponds to the signal which has traveled
the longest signal path from the mobile unit to the base station. The time at
which the searcher starts to process a search rake is keyed to the Walsh symbol
boundaries associated with the rake element having the latest offset in the



accunul ation buffer 316 when the searcher is in the idle stat mp@(@%{&r
conpleting a search rake sweep on the final Wal sh synbol accu EatENT SHEET
Q herwi se the counter is incremented with2the conpletion of each &&d&{ﬂﬁg%
rake. Input valid count 302 is | oaded whenever the input antenna or

deci mator alignnment changes. It is |oaded with the m ninum nunber of

sanpl es t he ssearciheakeieddtimestrobe ceferzed daasithe fésep Walshsymivel boundaryof

rake width buidditardd thé leaflies? inl4hat tte BbathiNg Brotess eaﬁqaeg;ﬂtthevm{ Raké
sanpl es). Each tinme_an antenna sanple s 'tten o anternna sanp, )
buf fer 172, iﬁlsmer\f;aniib%sa#@‘ e ‘P%Cgﬂﬁ%r’bn%ﬁwgﬁ neede aac"ﬁe%"’ql{‘"gle in
term nfal counintehhagsﬁﬁqﬂemmaum si gnal ot hat al | ows thga sear chi ng process
a7 80P bl i B e el B 7T YIS it g
not al | ow cormotingLits sirsudarsnatprei Figure 6 shows an illustrative diagram of the
operation of antenna sample buffer 172. In Figure 6 thick circle 400 can be
thought of as antenna sample buffer 172 itself. Antenna sample buffer 172
contains memory locations for two Walsh symbols worth of data. Write

10 pointer 406 circulates around antenna sample buffer 172 in the direction
indicated in real time, meaning that write pointer 406 rotates around the two
Walsh symbol deep antenna sample buffer 172 in the time that two Walsh
symbols worth of samples are passed to searcher front end 174. As the
samples are written into antenna sample buffer 172 according to the memory

15 location indicated by write pointer 406, the previously stored values are
overwritten. In the preferred embodiment, antenna sample buffer 172
contains 1024 antenna samples because each of the two Walsh symbols
contains 64 Walsh chips, each Walsh chip contains 4 PN chips, and each PN
chip is sampled twice.

20 The operation of the searching process is divided into discrete 'time
slices.' In the preferred embodiment, a time slice is equal to 1/32 of the Walsh
symbol duration. The choice of 32 time slices per Walsh symbol is derived
from the available clocking frequency and number of clock cycles need to
perform an FHT. - 64 clock cycles are required to perform an FHT for one

25 Walsh symbol. In the preferred embodiment, a clock running at eight times
the PN chip frequency is available and provides the necessary performance
level. Eight times the PN chip rate multiplied by the 64 required clocks is
equivalent to the time it takes to receive two Walsh chips worth of data.
Because there are 64 Walsh chips in each half of the buffer, 32 time slices are

30 needed to read in a complete Walsh symbol.

In Figure 6, a set of concentric arcs on the outside of thick circle 400
represents read and write operation with antenna sample buffer 172. (The
arcs within thick circle 400 are used to aid explanation and do not correspond
to read or write operations.) Each arc represents a read or write operation

35 during one time slice. The arc closest to the center of the circle occurs first in
time and each successive arc represents an operation occurring in successively
later time slices as indicated by time arrow 414. Each of the concentric arcs
corresponds to a section of antenna sample buffer 172 as represented by thick
circle 400. If one were to imagine radii drawn from the center of thick
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Figure 6 also assumes that :ntenna sample buffer 172 contains nearly a full
Walsh symbol worth of valid data before the write indicated by arc 402A.
During subsequent time slices, a write corresponding to arc 402B and to
15  arc402C occurs. During the 32 time slices available during one Walsh symbol
worth of time, the write operations-continue from arc 402A to arc 402FF most
of which are not shown.
The 32 time slices represented by arcs 402A to 402FF correspond to the
time used to complete one search rake. Using the parameters given above,
20 the search rake begins 24 PN chips offset from zero offset reference or 'real
time' and contains 24 rake elements. The 24 PN chip offset corresponds to a
rotation 16.875 degrees around thick circle 400 from the beginning of the first
write indicated by arc 02A (calculated by dividing the 24 PN chip offset by
the 256 total number of chips in half antenna sample buffer 172 and
25 multiplying by 180 degrees.) The 16.875 degree arc is illustrated by arc 412.
The 24 rake elements correspond to reads indicated by arcs 404A - 404X most
of which are not shown. The first read corresponding to arc 404A begins at
the offset some time after the write corresponding to 402C so that a
contiguous set of data is available. Each successive read such as 404B is offset
30 from the previous by a single memory location, corresponding to a 1/2 PN
chip of time. During the search rake shown, the reads move toward earlier
time offsets as shown by arcs 404A - 404X slanting counter clockwise with
progressing time in the opposite rotation direction as write pointer indication
406. The 24 read represented by arcs 404A to 404X traverse the arc indicated by
35 arc 418. The progression of the reads toward earlier samples has the
advantage of providing seamless searching within a search window as each
search rake is executed. This advantage is explained in detail subsequently
herein.
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Figure 9. The o] .as ref.erenced to the zero offset reference
? not be provided urider this condelzxon.

In most signaling conditions, the result of a rake element worth of data
10  collected during one Walsh symbol worth of time is not sufficient to provide
accurate information about the location of diverse signals. In these cases, a
search rake may be repeated multiple-times. The results of rate elements in
successive search rakes at a common offset are accumulated by search result
processor 162 as explained in detail subsequently herein. In this case the
15 search parameters given above ‘indicate that the number of symbols to
accumulate at each offset is two. Figure 7 shows the search rake of Figure 6
repeated at the same offset for the next successive Walsh symbol worth of
data. Note that antenna sample buffer 172 contains two Walsh symbols worth
of data so that the data that is needed for processing during the search rake
20 indicated on Figure 7 was written during the search rake shown on Figure 6.
In this configuration, memory locations 180 degrees away from each other
represent the same PN offset.
After completing the two accumulated search rakes in Figures 6 and 7,
the searching process advances to the next offset in the search window. The
25 amount of the advance is equal to the width of the search rake processed, in
this case 12 PN chips. As specified in the search parameters, the search
window width is 24 PN chips. The width of the window will determine how
many search rake offsets are needed to complete the search window. In this
case two different offsets are needed to cover the 24 PN chip window width.
30 The window width is indicated on Figure 8 by arc 412. The second offset for
this search window begins at the offset following the last offset of the
previous search rake and continues around to the nominal zero offset point
as set by the location of the beginning of the first write as indicated by arc
430A. Again there are 24 rake elements within the search rake as indicated by
35 arcs 432A-432X most of which are not shown. Again the 32 writes are
indicated by the arcs 430A - 430FF. Thus the last write, as indicated by arc
430FF, and the last read, as indicated by arc 432X, abut one another in antenna
sample buffer 172 as indicated by reference arrow 434.

O
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10 marked with label 410. The signal which indicates the point in time

corresponding to label 436 is referred to as the offset Walsh symbol strobe and

also indicates that a new Walsh symbol worth of samples is available. As the

search rakes within a window advance to earlier offsets, the boundary

between the read and write halves of the buffer slews in lock step

15  counterclockwise as shown in Figure 8. If after the completion of the present

search window, if a large change in the offset being processed is desired, the

offset Walsh symbol strobe may be advanced a large portion of the

circumference of the circle.

Figure 9 is a search timeline that provides further graphical illustration

20  of the searcher processing. Time is plotted along the horizontal axis in units

of Walsh symbols. Antenna sample buffer 172 address, and PN sequence

buffer 176 addresses are shown along the vertical axis, also in units of Walsh

symbols. Because antenna sample buffer 172 is two Walsh symbols deep,

antenna sample buffer 172 addressing wraps on even Walsh symbol

25 boundaries, but for illustrative purposes, Figure 9 shows the addresses before

being folded on top of one another. Samples are written into antenna sample

buffer 172 at an address taken directly from the time they were obtained, so

write pointer 181 into antenna sample buffer 172 is a straight forfy-ﬁve degree

inclined line. The offset being processed maps into a base address in antenna

30 sample buffer address 174 to start a read of a Walsh symbol of samples for a

single rake element. The rake elements are illustrated in Figure 9 as nearly

vertical read pointer line segments 192. Each rake element maps to a Walsh
symbol in height as referred to the vertical axis.

The vertical gaps between the rake elements within a search rake are

35 caused by demod front end 122 interrupting the search process to use FHT

processor engine 120. Demod front end 122 operates in real time and has first

priority use of FHT processor engine 120 whenever it has a current or queued

set of data for processing. Therefore typically use of FHT processor engine 120

is given to demod front end 120 on each Walsh symbol boundary




on the final Wl sh synbol accunul ati on 370 pass. Thus, a si nglRfPLMM}W 39557-
searcher processor, by buffering antenna sanples and utilizing a_tine
sliced transform processor, can independeggly 20 sequence throuslﬂ aIUﬂth
as configured by a search paraneter set, analyze the results and present a
summary report of the best paths to.use for denodul ati on el enent
reassi gnment .coffespondihg d¢e a IRNseffseththatr is| being demddidatedt byhdemod front
m'croprocess%trnn hat a | ess expensive m croprocessor can be used, and
al so reduces e'direct 1C costs by allow ng a conplete channel 25 el enent
nodem on a si ngl e Hignrethshowadhe sapie sear) saxegsbeomrpinyFigares  Catnd 8. Joad
'b n Sé stens hU%xaﬁf’lb,,t ﬁa@ raice 119@%%%{5;249 Pale Bﬁlﬁe@ts ‘Baéh Gf WHich étmed;fw_aswas
ased on the recéptiqn of .a reverse signa ere no pibot sign IS
ouatl abl e5 oforane fo,fihread: 2ok 4Bui: héb{}k@rﬂeﬁs&ae gnnbéﬂi Eighte bt‘IF?é Spath rake
station trand94t pointer B0 iBQicatdsgthel offsétcWailshosymbghatrobe corséspoatlstavtheg
known data thyg gpﬁttgﬁgnpi: S6.USEG refd %ﬁgi%@ﬁt \ﬁf‘in LR Brke element
g_he ody t de: re { a

transmtted i's n necessary. |In order t dent i nvention,
i nt egrat ed sdaustbe pereath writeopointerel8l. ndhe dowpmar iofi the rakgielements
si gnal woul d vk aCtatdH FaKelifdiddtestHRCRESP towarderear it 34RpRS! iSeardhUrikel 198
For exa”%e Fclt_nrrl'_r si:g% $°to the gs'erall(xa‘o:l'l1 2rgkgnghown in Figure 7 and search rake 196
corresponds to the search rake shown in Figure 8.
In the search window defined by the parameters above, only 24 rake
elements per search rake are specified even though the search rake has 32
available time slices. Each rake element can be processed in one time slice.
15 However, it is not practically possible to increase the number of rake elements
per search rake to 32 to match the number of time slices available during a
search rake. Demod front end 122 uses some of the available time slices of the
FHT processor time such as the four slices used for processing the signals in
inset 178 in Figure 9. There is also a time delay associated with a rake advance
20  as the read process must wait for the write process to fill the buffer with valid
data at the advanced offset. Also some margin is needed to synchronize to a
time slice processing boundary after observing the offset Walsh symbol strobe.
All these factors practically limit the number of rake elements which can be
processed in a single search rake. In some cases the number of rake elements
25  per search rake could be increased such as if demod front end 122 has only one
demodulation element assigned and only interrupts FHT processor
engine 120 once per search rake. Therefore in the preferred embodiment, the
number of rake elements per search rake is controllable by channel element
microprocessor 136. In alternative embodiments, the number of rake
30 elements per search rake could be a fixed constant.
There also can be significant overhead delay when switching between
source antennas at the input to the sample buffer or changing the search
window starting point or width between searches. If one rake needs a
particular set of samples and the next rake for a different antenna needs to use
35 an overlapping part of the buffer, the next rake must postpone processing
until the next offset Walsh symbol boundary occurs, at which point a
complete Walsh symbol of samples for the new antenna source are available.
In Figure 9, search rake 198 is processing data from a different antenna than
search rake 197. Horizontal line 188 indicates the memory location
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samples: ontime I channel samples, late I channel samples, ontime Q channel
samples and late Q channel samples. In the preferred embodiment, each
.  sample is four bits. Therefore sixty four bits per clock are needed from
10 antenna sample buffer 172. Using a single port RAM, the most
straightforward buffer design doubles the word width to 128 bits, and splits the
buffer into two 64 bit wide, 64 word, independently read /writeable even and
odd Waish chip buffers 168, 170. The much less frequent writes to the buffer
are then multiplexed in between reads, which toggle between the two banks
15  on successive clock cycles.

The Walsh chip of samples read from the even and odd Walsh chip
buffers 168, 170 has an arbitrary alignment to the physical RAM word
alignment. Therefore on the first read of a time slice, both halves are read
into despreader 178 to form a two Walsh chip wide window from which the

20  single Walsh chip with the current offset alignment is obtained. For even
Walsh chip search offsets, the even and odd Walsh chip buffer address for the
first read are the same. For odd Walsh chip o :ts, the even address for the
first read is advanced by one from the odd adasess to provide a consecutive
Walsh chip starting from the odd half of the sample buffer. The additional

25  Walsh chips needed by despreader 178 can be passed thereto by a read from a
single Walsh chip buffer. Successive reads then ensure that there is always a
refreshed two Walsh chip wide window from which to draw a Walsh chip of
data aligned to the current offset being processed.

Referring again to Figure 5, for each rake element in a search rake

30  processed, the same Walsh symbol of PN sequence data from the PN sequence
buffer 176 is used in the despreading process. For every clock cycle of a time
slice, four pairs of PN-I' and PN-Q' are needed. Using a single port RAM, the
word width is doubled and read from half as often. The single write to PN
sequence buffer 176 needed per time slice is then performed on a cycle not

35 used for reading.

Because the searching process can specify searching PN offsets of up to
two Walsh symbols delayed from the current time, four Walsh symbols
worth of PN sequence data must be stored. In the preferred embodiment PN
sequence buffer 176 is a one hundred and twenty eight word by sixteen bit
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overwritten during the despreading process corresponding to a single search
rake. Therefore an additional Walsh symbol worth of memory is needed to
store the PN sequence data as it is generated.
The data that is written into both PN sequence buffer 176 and antenna
10 sample buffer 172 is provided by searcher front end 174. A block diagram of
searcher front end 174 is shown in Figure 10. Searcher front end 174 includes
short code I and Q PN generators 202,206 and the long code User PN
generator 204. The values output by short code I and Q PN generators 202, 206
and the long code User PN generator 204 are determined by the time of day.
15  Each base station has a universal timing standard such as GPS timing to create
a timing signal. Each base station also transmits its timing signal over the air
to the mobile units. At the base station, the timing reference is said to have
zero offset because it is aligned to the universal reference.
The output of long code User PN generator 204 is logically XOR'd with
20  the output of short code I and Q PN generators 202, 206 by XOR gates 208
and 210 respectively. (This same process is also performed in the mobile unit
and the output is used to modulate the mobile unit's transmitted signal.) The
output of XOR gates 208 and 210 is stored in serial to parallel shift register 212.
Serial to parallel shift register 212 buffers the sequences up to the width of PN
25 sequence buffer 176. The output of serial to parallel shift register 212 is then
written into PN sequence buffer 176 at an address taken from the zero offset
reference time. In this way, searcher front end 174 provides the PN sequenée
data to PN sequence buffer 176.
Searcher front end 174 also provides antenna samples to antenna
30 sample buffer 172. Receive samples 118 are selected from one of a plurality of
antennas via a MUX 216. The selected receive samples from MUX 216 are
passed to latch 218 where they are decimated, meaning one quarter of the
samples are selected for use in the searching process. Receive samples 118
have been sampled at eight times the PN chip rate by analog transmitter
35 receiver 116 (of Figure 4). Processing within the searching algorithm is
designed for samples taken at one half the chip rate. Therefore only one
quarter of the received samples need be passed to antenna sample buffer 172.
The output of the latch 218 is fed to serial to parallel shift register 214,
which buffers the samples up to the width of antenna sample buffer 172. The
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10 Figure 11 shows a detailed block diagram of despreader 178. Even
Walsh chip latch 220 and odd Walsh chip latch 222 latch the data from even -
Walsh chip buffer 168 and odd Walsh chip buffer 170 respectively. MUX
bank 224 extracts the Walsh chip of samples to be used from the two Walsh
chips worth of samples presented to by even and odd Walsh chip
15 latches 220 and 222. MUKX select Ic;gic 226 defines the boundary of the selected
Waish chip based on the offset of the rake element being processed. A Walsh
chip is output to OQPSK despreader XOR bank 228.
The PN sequence values from PN sequence buffer 176 are latched by PN
sequence latch 234. Barrel shifter 232 rotates the output of PN sequence
20 latch 234 based on the offset of the rake element being processed and passes
the PN sequence to OQPSK despreader XOR bank 228 which conditionally
inverts the antenna samples based on the PN sequence. The XOR'd values
are then summed through adder tree 230 which performs the sum operation
in the OQPSK despread, and then sums four despread chip outputs together to
25 form a Walsh chip for input to FHT processor 'engine 120.
Referring again to Figure 5, FHT processor engine 120 takes sixty-four
received Walsh chips from despreader 178 through MUX 124, and using
a 6-stage butterfly trellis, correlates these sixty-four input samples with each of
the sixty-four Walsh functions in a sixty-four clock cycle time slice. Max
30 detect 160 can be used to find the largest of the correlation energies output
from FHT processor engine 120. The output of MAX detect 160 is passed on to
search result processor 162 which is part of integrated search processor 128.
Search result processor 162 is detailed in Figure 12. Search result
processor 162 also operates in a time sliced manner. The control signals
35 provided to it are pipeline delayed to match the two time slice delay from the
start of inputting Walsh chips to FHT processor engine 120 to obtaining the
maximum energy output. As explained above, a set of search window
parameters may designate that a number of Walsh symbols worth of data be
accumulated before the results of the chosen offset are processed. In the
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accumulation RAM 240. The resuits of each search rake are input to
summer 242 from max detect 160 for each rake element. Summer 242 sums
the present result with the corresponding intermediate value available from
10 Walsh symbol accumulation RAM 240. On the final Walsh symbol
accumulation for each rake element, the intermediate result is read from
Walsh symbol accumulation RAM 240 and summed by summer 242 with the
final energy from that rake element to produce a final search result for that
rake element offset. The search results are then compared with the best
15 results found in the search up to this point as explained below.
| In the above mentioned co-pending U.S. Patent Application Serial
No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT IN A
SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS," the preferred
embodiment assigns the demodulation elements based on the best results
20 from a search. In the present preferred embodiment, the eight best results are
stored in best result register 250. (A lesser or greater number of results could
be stored in other embodiments.) Intermediate result register 164 stores the
peak values and their corresponding rank order. If the current search result
energy exceeds at least one of the energy values in intermediate result
25 register 164, search result processor control logic 254 discards the eighth best
result in intermediate result register 164, and inserts the new result, along
with its appropriate rank, the PN offset, and antenna corresponding to the
rake element result. All lesser ranked results are "demoted” one ranking.
-There are a great number of methods well known in the art for providing
30 such a sorting function. Any one of them could be used within the scope of
this invention.

Search result processor 162 has a local peak filter basically comprised of
comparator 244 and previous energy latch 246. The local peak filter, if
enabled, prevents intermediate result register 164 from being updated even

35 though a search result energy would otherwise qualify for inclusion, unless
the search result represents a local multipath peak. In this way, the local peak
filter prevents strong, broad “smeared” multipath from filling multiple
entries in intermediate result register 164, leaving no room for weaker but
distinct multipath that can make better candidates for demodulation.
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local peak filter is disabled by channel element microprocessor 136 then the
10  comparison with intermediate result register 164 is always enabled. If either
the leading or the last rake element at the search window boundary has a
slope, then the slope latch is set so the boundary edge value can be considered

as a peak as well.
The simple implementation of this local peak filter is aided by the
15 progression of the reads toward earlier symbols within a search rake. As
illustrated in Figure 6, 7, 8, and 9, within a search rake each rake element
progress toward signals arriving earlier in time. This progression means that
within a search window, the last rake element of a search rake and the first
rake element of the subsequent search rake are contiguous in offset.
20  Therefore, the local peak filter operation does not have to change and the
output of comparator 244 is valid across search rake boundaries.

At the end of processing a search window, the values stored in
intermediate result register 164 are transferred to best result register 250
readable by channel element microprocessor 136. Search result processor 162

25 has thus taken much of the workload from channel element
microprocessor 136, which in the system of Figure 2 needed to handle each
rake element result independently.

The preceding sections have focused on the processing data path of
integrated search processor 128 and have detailed how raw antenna

30 samples 118 are translated into a summary multipath report at the output of
best result register 250. The following sections detail how the each of the
elements in the search processing data path are controlled.

Search control block 166 of Figure 5 is detailed in Figure 13. As
mentioned previously, channel element microprocessor 136 specifies a search

35 parameter set including the group of antennas to search over as stored in
antenna select buffer 348, the starting offset as stored in search offset
buffer 308, the number of rake elements per search rake as stored in rake
width buffer 312, the width of the search window as stored in search width
buffer 314, the number of Walsh symbols to accumulate as stored in Walsh
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than two full Walsh symbols.
Up until this point, the generic configuration to perform a search has
10 been disclosed. In reality there are several classes of predefined searches.
When a mobile unit initially attempts to access the system, it sends a beacon
signal called a preamble using the Walsh zero symbol. Walsh zero symbol is
the Walsh symbol which contains all.logical zeros instead of half ones and
zeroes as described above. When a preamble search is performed, the searcher
15 looks for mobile units sending a Walsh zero symbol beacon signal on an
access channel. The search result for a preamble search is the energy for the
Walsh zero symbol. When an acquisition mode access channel search is
performed, max detect 160 outputs the energy for Walsh zero symbol
regardless of the maximum output energy detected. The control word stored
20 in control word buffer 346 includes a preamble bit which indicates when a
preamble search is being performed.

As discussed above, the power control mechanism of the preferred
embodiment measures the signal level received from each mobile unit and
creates a power control indication to command the mobile unit to raise or

25 lower the mobile unit's transmit power. The power control mechanism
operates over a set of Walsh symbols called a power control group during
traffic channel operation. (Traffic channel operation follows access channel
operation and implies operation during an active call.) All the Walsh
symbols within a single power control group are transmitted using the same

30 power control indication command at the mobile unit.

Also as described above, in the preferred embodiment of the present
invention, the signal transmitted by the mobile unit is of a variable rate
during traffic channel operation. The rate used by the remote unit to transmit
the data is unknown at the base station during the searching process. As the

35 consecutive symbols are accumulated, it is imperative that the transmitter is
not gated off during the accumulation. Consecutive Walsh symbols in a
power control group are gated as a group meaning that the 6 Walsh symbols
comprising a power control group in the preferred embodiment are all gated
on or all gated off.
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The control word stored in control word buffer 346 also includes the
10 peak detection filter enable bit as discussed earlier in conjunction with
Figure 8.

The searcher operates either in continuous or single step mode,
according to the setting of the continuous/ single step bit of the control word.
In single step mode, after a search is performed, integrated search

15  processor 128 returns to an idle state to await further instructions. In
continuous mode, integrated search processor 128 is always searching, and by
the time channel element microprocessor 136 is signaled that the resuits are
available, integrated search processor 128 has started the next search.

Search control block 166 produces the timing signals used to control the

20  searching process performed by integrated search processor 128. Search
control block 166 sends the zero offset timing reference to short code I and Q
PN gererators 202, 206 and long code User PN generator 204, and the enable
signal to decimator latch 218 and the select signal to MUX 216 in searcher
front end 174. It provides the read and write addresses for PN sequence

25 buffer 176 and even and odd Walsh chip buffers 168 and 170. It outputs the
current offset to control the operation of despreader 178. It provides the
intra-time slice timing reference for FHT processor engine 120, and
determines whether the searching process or the demodulation process uses
FHT processor engine 120 by controlling FHT input MUX 124. It provides

30  several pipeline delayed versions of certain internal timing strobes to search
result processor control logic 254 of Figure 12 to allow it to sum search resuilts
across a rake of offsets for a number of Walsh symbol accumulations. Search
control block 166 provides best result register 250 with the pipelined offset and
antenna information corresponding to accumulated energy in best result

35 register 250. '

In Figure 13, system time count 342 is slaved to the zero offset time
reference. In the preferred embodiment as previously detailed, the system
clock runs at eight times the PN chip rate. There are 256 PN chips in a Walsh
symbol, and 6 Walsh symbols in a power control group for a total

-
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'n said sanpl b'fféﬁr Onevc%I ua(tlsersﬁ\l genegar}or 204 output is also based on a longer
system wide reference which does not repeat for approximately 50 days. The
longer system wide reference is not controlled by the searching process and

10  acts as a preset value. The continuing operation based on the preset value is
controlled by system time count 342.) The addresses for PN sequence
buffer 176 and even and odd Walsh chip buffers 168 and 170 are taken from
system time count 342. System time.count 342 is latched by latch 328 at the
beginning of each time slice. The output of latch 328 is selected via address

15 Mux's 330, 332, and 334 which prévide the write addresses corresponding to
the current time slice when these buffers are written at some latter time
within the time slice.

Offset accumulator 310 keeps track of the offset of the rake element
currently being processed. The starting offset as stored in search offset

20 buffer 308 is loaded into offset accumulator 310 at the beginning of each search
window. Offset accumulator 310 is decremented with each rake element. At
the end of each search rake that is to be repeated for further accumulations,
the number of rake elements per search rake as stored in rake width buffer 312
is added back to the-offset accumnulator to reference it back to the first offset in

25 the search rake. In this way, the searching process again sweeps across the
same search rake for another Walsh symbol accumulation. If the searching
process has swept across the current search rake on its final Walsh symbol
accumulation then offset accumulator 310 is decremented by one by selection
of the "-1" input of repeat rake MUX 304 which produces the offset of the first

30 rake element in the next search rake.

The output of offset accumulator 310 always represents the offset of the
current rake element being processed and thus is used to control data input to
despreader 178. The output of offset accumulator 310 is added by adders 336
and 338 to the intra-time slice timing output of system time count 342 to

35 generate the address sequence within a time slice corresponding to a rake
element. The output of adders 336 and 338 is selected via address MUX's 330
and 332 to provide antenna sample buffer 172 read addresses.

The output of offset accumulator 310 is also compared by
comparator 326 with the output of system time count 342 to form the offset
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fourth each search rake is complete. When it reaches its terminal count all offsets in
the search window have been processed. To provide a indication that the end
10 of the current search window is imminent, the output of search rake
count 320 is summed by summer 324 with the output of rake width buffer 312.
The end of the search window indication marks the time at which antenna
sample buffer 172 may begin to be filled with data samples from an alternative
antenna in preparation for the next search window without disrupting the
15 contents needed for the current search window.

When channel element microprocessor 136 specifies a search window,
it can specify that the search window be performed for a plurality of antennas.
In such a case, the identical search window parameters are repeated using
samples from 2 series of antennas. Such a group of search windows is called

20  an antenna search set. If an antenna search set is specified by channel element
microprocessor 136, the antenna set is programmed by the value stored in
antenna select buffer 348. After the completion of an antenna search set,

-channel element microprocessor 136 is alerted.

Rake element-count 318 contains the number of rake elements left to

25 process in the current search rake. Rake element count 318 is incremented
once for each rake element processed and is loaded with the output of rake
width buffer 312 when the searcher is in the idle state or upon completion of a
search rake.

Walsh symbol accumulation count 322 counts the number of Walsh

30 symbols left to accumulate for the current search rake. The counter is loaded
with the number of Walsh symbols to accumulate as stored in Walsh symbol
accumulation buffer 316 when the searcher is in the idle state or after
completing a search rake sweep on the final Walsh symbol accumulation.
Otherwise the counter is incremented t ‘th the completion of each search

35 rake.

Input valid count 302 is loaded whenever the input antenna or
decimator alignment changes. It is loaded with the minimum number of
samples the searcher needs to process a search rake based on the output of
rake width buffer 312 (i.e. one Waish symbol plus one rake width worth of
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continuous processing of data.

The searcher operates in either an idle state, a sync state, or an active
state. Searcher sequencing control 350 maintains the current state. Integrated
search processor 128 initializes to the idle state when a reset is applied to

10 channel element modem 110. During the idle state, all counters and
accumulators in search control block 166 load their associated search
parameters as presented above. Once channel element microprocessor 136
commands the searching process to begin a continuous or a single step search
via the control word, integrated search processor 128 moves to the sync state.

15 In the sync state, the searcher is always waiting for an offset Walsh
symbol boundary. If the data in antenna sample buffer 172 isn't valid yet, or if
the power control group alignment bit is set and the Walsh symbol is not a
power control group boundary, then integrated search processor 128 remains
in the sync staie until the proper conditions are mel on a subsequent offset

20 Walsh symbol boundary. With a properly enabled offset Walsh symbol, the
searcher can move to the active state.

Integrated search processor 128 stays in the active state until it has
processed a search rake, at which time it normally returns to the sync state. If
integrated search processor 128 is in single step mode, it can go from the active

25 state to the idle state after completing the last rake element for the final
Walsh symbol accumulation for the last search rake in the search window.
Integrated search processor 128 then waits for channel element
microprocessor 136 to initiate another search. If instead, integrated search
processor 128 is in continuous mode then at this point it loads the new search

30 parameter set and returns to the sync state to await the offset Walsh symbol at
the initial offset to be processed in the new search. The active state is the only
state in which the antenna data samples are processed. In the idle or sync
states the searcher simply keeps track of time with system time count 342 and
continues to write into the PN sequence buffer 176 and antenna sample

35 Dbuffer 172 so that when the searcher does move to the active state these
buffers are ready to be used.

Figure 14 is an enlarged view of the first Walsh symbol accumulation
of the second search rake in a search window such as search rake 196 shown
in Figure 9. The third Walsh symbol as referenced to the zero offset reference
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unless demod front end 122 uses the FHT processor engine 120 as indicated by
an "D" in time slices 374. The searcher finishes processing every rake element
in the rake and returns to the sync state before the next offset Walsh symbol
10 boundary. Also shown is search rake count state 362 being incremented
during the active state until it reaches the terminal s:ate, indicating the
complete search rake has been processed. Offset count state 364 is shown
being incremented between each time-slice corresponding to a rake element,
so that it may be used to derive the sample buffer offset read address during
15 the time slice. Offset count state 364 is pipelined delayed to produce offset
count for Intermediate result register 164. The offset count 368 is incremented
on the final Walsh symbol accumulation 370 pass.
Thus, a single integrated searcher processor, by buffering antenna
samples and utilizing a time sliced transform processor, can independently
20 sequence through a search as configured by a search parameter set, analyze the
results and present a summary report of the best paths to use for
demodulation element reassignment. This reduces the searcher related
workload of the microprocessor so that a less expensive microprocessor can be
used, and also reduces the direct IC costs by allowing a complete channel
element modem on a single IC.
The general principles described herein can be used in systems using
alternative transmission schemes. The discussion above was based on the
reception of a reverse link signal where no pilot signal is available. On the
forward link of the preferred embodiment, the base station transmits a pilot
30 signal. The pilot signal is a signal having known data thus the FHT process
used to determine which data was transmitted is not necessary. In order to
embody the present invention, a integrated search processor for receiving a
signal comprising a pilot signal would not contain the FHT processor or
maximum detection function. For example FHT processor engine 120 and

35 max detect 160 blocks of Figure 5 could be replaced with simple
accumulator 125 as shown in Figure 15. The searching operation when a pilot
signal is available is analogous to an acquisition mode access channel search
operation as described above.

5
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The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.

10  Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.
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of a fixed length into a series of symbol s havmg a transmission rate and
8 wherein said data samples are stored at a rate corresponding to said

transmission rate;

10 a PN sequence buffer for storiné. a limited number of PN sequence
data chips wherein said PN sequence data chips correspond to a PN sequence

12 used to modulate at least one call signal in said group of spread spectrum
modulated call signals; '

14 a despreader for correlating a portion of said data samples of said
group of spread spectrum call signals stored in said sample buffer with a

16 portion of said PN sequence data chips stored in said PN sequence buffer and
for producing a correlated outpul corresponding to a single symbol; and

18 a transform engine for decoding said correlated output to produce an
estimate of said series of bits wherein said transform engine decodes said

20  correlated output at a rate higher than said transmission rate.

4 seqq_e_g_c__e_dgg_g bits. 27. The met hod of claim 24_ for recei thgﬁ%@‘&ﬁmw'&ﬂ

2. The integrated search processor of claim 1, wherein said sample
2 buffer is capable of storing two symbols worth of said data samples and
wherein said PN sequence buffer is capable of storing four symbols worth of

4 said PN sequence data chips.

3. The integrated search processor of claim 1, wherein each
2 symbol in said series of symbols is comprised of a series of code bits and
wherein, in said at least one call signal, each of said code bits is modulated by
4  a plurality of said PN sequence data chips and wherein said limited number
of data samples stored in said sample buffer are stored such that two of said

6 data samples are stored for each of said PN sequence data chips.

4.  The integrated search processor of claim 1, wherein said
2  estimate of said series of bits comprises a probability corresponding to each
possible value of said groups of said fixed length, further comprising a
4 maximum detector for receiving said estimate and providing a soft decision
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6. The integrated search processor of claim 1 further comprising a
demodulation element for producing despread call data wherein said
transform engine decodes said despread call data.

7. The integrated search processor of claim 1 wherein said series
of bits are Walsh encoded in said groups of said fixed length.

8. The integrated search processor of claim 7 wherein said
transform engine is a fast Hadamard transformer.

9. The integrated search processor of claim 4 further comprising
an accumulator for summing successive ones of said soft decision output
values.

10.  The integrated search processor of claim 1 further comprising a
search controller for providing signaling information.

11.  The integrated search processor of claim 9 wherein a plurality
of said series of symbols are grouped into a power control group wherein
each symbol in said power control group has a common transmitted power
level.

12. The integrated search processor of claim 11 wherein said
accumulator sums said soft decision output values corresponding to
symbols having a common power control group.

13. The integrated search processor of claim 1 wherein said
despreader produces said correlated output at said rate higher than said
transmission rate and wherein each of said correlated outputs corresponds
to a time delay offset from a zero offset reference time.
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15.  The integrated search processor of claim 1 wherein each symbol

2  in said series of symbols is comprised of a series of code bits and wherein, in

said at least one call signal, each of said code bits is modulated by four of said

4 PN sequence data chips and wherein said limited number of data samples

stored in said sample buffer are stored such that two of said data samples are

6 stored for each of said PN sequence data chlps, and wherein each sample is
four bits.

16. A method of receiving a signal comprised of a group of spread
2 spectrum call signals sharing a common frequency band in a modem
operating under control of a modem microprocessor, and isolating one of
4 said call signals from among said gfoup to determine a call signal strength at
a path delay time offset from a zero offset reference time, said method
6 comprising the steps of:
storing PN sequence data bits in a PN sequence buffer;

8 storing a first received set of call signal samples in a sample buffer
having a limited size;
10 despreading a first fixed length set of said call signal samples from said

sample buffer corresponding to a first path delay time with a first set of PN
12 sequence data bits from said PN sequence buffer to produce a first despread

output;

14 storing a second received set of call signal samples in said sample
buffer; and .

16 despreading a second fixed length set of call signal samples from said

sample buffer corresponding to a second path delay time with said first set of
18 PN sequence data bits from said PN sequence buffer to produce a second
despread output;
20 wherein said second fixed length set of call signal samples comprises a
large number of the same call signal samples as said first fixed length set of
22  call signal samples and wherein the length of said first and second received
set of call signal samples is a fraction of the fixed length of said first and second

24 fixed length set of call signal samples.
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signal samples available in said sample buffer to evaluate said signal
6 strength at said first path delay time.

18. The method of claim 16 for receiving and isolating one of said
2  call signals from among said group of call signals further comprising the
step of selecting an antenna from a plurality of available antennas to supply

4 said call signal samples.

19.  The method of claim 16 for receiving and isolating one of said
2  call signals from among said group of call signals further comprising the
steps of:
4 storing a third received set of call signal samples in said sample buffer;
despreading a third fixed length set of call signal samples from said
sample buffer corresponding to a third path delay time with a second set of
PN sequence data bits from said PN sequence buffer to produce a third
8 despread output;
storing a fourth received set of call signal samples in said sample
10  buffer; and
despreading a fourth fixed length set of call signal samples from said
12 sample buffer corresponding to a fourth path delay time with said second set
of PN sequence data bits from said PN sequence buffer to produce a fourth
14 despread output; .
wherein said fourth fixed length set of call signal samples comprises a
16 large number of the same call signal samples as said third fixed length set of
call signal samples and wherein the length of said third and fourth received
18 set of call signal samples is a fraction of the fixed length of said first and
second fixed length set of call signal samples.

N

20. The method of claim 19 for receiving and isolating one of said
2 call signals from among said group of call signals further comprising the
steps of:
4 determining a first call signal strength corresponding to said first
despread output;
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steps of:

4 summing said first call signal strength and said third call signal
strength; and '

6 summing said second call signal strength and said fourth call signal
strength; _ '

8 wherein said first path delay time is the same as said third path delay

time and wherein said second path delay time is the same as said fourth
10  path delay time.

22, The method of claim 21 for receiving and isolating one of said
2 call signals from among said group of call signals further comprising the
step of providing a largest summed result to said modem microprocessor.

23.  The method of claim 20 for receiving and isolating one of said

2 call signals from among said group of call signals wherein said step of

determining said first call signal strength comprises the step of decoding said

4 first despread output using a fast Hadamard transform to produce soft
decision data. |

24. The method of claim 16 for receiving and isolating one of said

2 call signals from among said group of call signals wherein each of said

spread spectrum modulated call signals comprises a series of bits encoded in

4 groups of a fixed length into a series of symbols comprised of a series of code
bits.

25. The method of claim 24 for receiving and isolating one of said
2  call signals from among said group of call signals wherein said series of bits
is Walsh encoded and said series of symbols are Walsh symbols.
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2 call signals from among said group of call signals wherein each of said code
bits of said one isolated call signal are modulated by four of said PN sequence
4  databits.

28. The method of claim 27 for receiving and isolating one of said

2 call signals from. among said group of call signals wherein two call signal
samples are stored in said sample buffer for each PN sequence data bits.

29. The method of claim 24 for receiving and isolating one of said
2 call signals from among said group of call signals wherein said limited size
of said sample buffer corresponds to two symbols worth of data samples.

30. The method of claim 24 for receiving and isolating one of said

2 call signals from among said group of call signals wherein said PN sequence
data buffer is capable of storing four symbols worth of PN sequence data bits.
31. The method of claim 24 for receiving and isolating one of said call
signals from among said group of call signals wherein said first fixed length set

of call signal samples corresponds to one symbols worth of data.

32. The method of claim 24 for receiving and isolating one of said call
2 signais from among said group of call signals wherein said first receive set of cal

signal samples corresponds to 1/32 of a symbol.

33. The method of claim 16 for receiving and isolating one of said

2 call signals from among said group of call signals wherein said in step of

storing said first and second receive set of call signal samples, said first and

4 second receive set of call signal samples are stored at the same rate at which
call signal samples are transmitted.

34. The method of claim 24 for receiving and isolating one of said
2  call signals from among said group of call signals wherein a series of said
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steps of:
4 despreading a third fixed length set of call signal samples from said
sample buffer corresponding to a third path delay time with a second set of
6 PN sequence data bits from said PN sequence buffer to produce a third
despread output; :
8 despreading a fourth fixed length set of call signal samples from said
sample buffer corresponding to 2 fourth path delay time with said second set
10 of PN sequence data bits from said PN sequence buffer to produce a fourth
despread output; _
12 wherein said fourth fixed length set of call signal samples comprises a
large number of the same call signal samples as said third fixed length set of
14  call signal samples;
determining a first call signal strength corresponding to said first
16 despread output;
determining a second call signal strength corresponding to said
18 second despread output;
determining a third call signal strength corresponding to said third
20 despread output;
determining a fourth call signal strength corresponding to said fourth
22  despread output. |
summing said first call signal strength and said third call signal
24  strength; and
summing said second call signal strength and said fourth call signal
26  strength;
wherein said first path delay time is the same as said third path delay
28 time and wherein said second path delay time is the same as said fourth
path delay time and wherein said first fixed length set of call signal samples
30 and third fixed length set of call signal samples correspond to a common
power control group.
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36. A search processor receiving digital samples of a signal comprised of
2  a group of spread spectrum modulated signals sharing a common frequency
band wherein at least one of said spread spectrum modulated call signals
4 comprises a series of bits encoded in groups of a fixed length into a series of
symbols wherein said series of symbols have been transmitted at a
6 transmission rate, said search processor comprising:
a circular sample buffer for receiving and storing at a rate
8 cormresponding to said transmission rate said digital samples and providing
output of said stored digital samples at a rate much greater than said
10 transmission rate wherein said circular buffer comprises a limited number of
storage locations and each of said data samples stored in said buffer
12 overwrites a previously stored earlier received data sample;
' a PN sequence buffer for réceiving and storing a limited number of PN
14 sequence data chips at a rate corresponding to said transmission rate and
repeatedly providing a subset of said limited number of PN sequence data
16 chips at a rate corresponding to said rate much greater than said transmission
rate; and
18 a despreader for receiving and correlating at said rate much higher
than said transmission rate said output of said circular buffer and said subset
20  of said limited number of PN sequence data chips and producing a sbries of
| rake element outputs each associated with a transmission delay.

37. The search processor of claim 36 further comprising a transform
2 engine for receiving and decoding at said rate much higher than said
transmission rate each of said series of rake element outputs and producing
4  for each rake element output of said series of rake element outputs a set of
relative power estimates corresponding to each possible value of a symbol of

6  said series of symbols.

38. The search processor of claim 37 further comprising a maximum
2  detector for receiving said set of relative power estimates and selecting and
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outputting a largest one of said set of relative power estimate corresponding
4  to each rake element of said series of rake element outputs.

W

39. The search processor of claim 36 further comprising an accumulator
2 for receiving at said rate much higher than said transmission rate each of said
serjes of rake element outputs and accumulating according to said associated
4 transmission delay a power estimate corresponding to one possible vaiue of a
symbol of said sexies of symbols.

40. The search processor of claim 38 further comprising a results

2 processor for receiving said largest one corresponding to each one of said

series of rake ‘element outputs and summing each of said largest ones

4 respectively with a previously stored value according to said assodated
transmission delay to create a set of final search results.

41. The search processor of claim 40 wherein said results processor
2 comprises a local peak filter for outputting 2 energy value and associated
delay of a local maximum of said set of final search results.

42, The search processor of claim 41 wherein said results processor
2 further comprises a best results register for storing and providing a fixed
number of said local maximums.




