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

IL Description of the Related Art

15 :
In a wireless radiotelephone communication 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 that allow a large number of users in a limited
20 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. An exemplary CDMA
system is described in U.S. Patent No. 4,901,307, entitled Spread Spectrum
25 Multiple Access Communication System Using Satellite or Terrestrial
Repeaters, issued February 13, 1990 and assigned to the assignee of the present
invention.
In the ‘307 patent, a multiple access technique is disclosed where a large
number of mobile telephone system users, each having a transceiver,
30 communicate through satellite repeaters or terrestrial base stations using
CDMA spread spectrum communication signals. The base station-to-mobile
station signal transmission path is referred to as the forward link and the
mobile station—to—base station signal transmission path is referred to as the

reverse link.
. 35 In using CDMA communications, the frequency spectrum can be
reused multiple times thus permitting an increase in system user capacity.
. Each base station provides coverage to a limited geographic area and links the

mobile stations in its coverage area through a cellular system switch to the
public switched telephone network (PSTN). When a mobile station moves to

40 the coverage area of a new base station, the routing of that user’s call is
transferred to the new base station.
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multipath channel, the received stream of pulses would change in time
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15 impuise was transmitted.

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 ina signal
that is transmitted through the channel. The spread spectrum pseudonoise

20 (PN) modulation used in a CDMA system allows different propagation paths
of the same signal to be distinguished and combined, provided the difference
in path delays exceeds the PN chip duration. If a PN chip rate of approximately
1 MHz is used in a CDMA system, the full spread spectrum processing gain,
equal to the ratio of the spread bandwidth to the system data rate, can be

25 employed against paths having delays that differ by more than one
microsecond. A one microsecond path delay differential corresponds to a
differential path distance of approximately 300 meters. The wurban
environment typically provides differential path delays in excess of one
microsecond. _

30 Another characteristic of the multipath channel is that each path
through the channel may cause a different attenuation factor. For example, if
an ideal impulse is transmitted over a multipath channel, each puise of the
received stream of pulses generally has a different signal strength than other
received pulses.

35 Yet another characteristic of the multipath channel is that each path
through the channel may cause a different phase on the signal. If, for example,
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. This can result in signal fading. |
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application is Serial No. 08/144,902 entitled Finger Assignment in a System
20 Capable of Receiving Multiple Signals, filed October 28,1993 and assigned to
the assignee of the present invention.
FIG. 1 shows an exemplary set of signals from a base station arriving at
the mobile station. The vertical axis represents the power received on a
decibel (dB) scale. The horizontal axis represents the delay in the arrival time
25 of a signal due to multipath delays. The axis (not shown) going into the page
represents a segment of time. Each signal spike in the common plane of the
page has arrived at a common time but was transmitted by the base station at a
different time.
In a common plane, peaks to the right were transmitted at an earlier
30 time by the base station than peaks to the left. For example, the left-most peak
spike 2 corresponds to the most recently transmitted signal. Each signal spike 2
. - 7 has traveled a different path and therefore exhibits a different time delay
and a different amplitude response.
The six different signal spikes represented by spikes 2 - 7 are
35 representative of a severe multipath environment. Typical urban
environments produce fewer usable paths. The noise floor of the system is
represented by the peaks and dips having lower energy levels.
The task of the searcher is to identify the delay as measured by the
horizontal axis of signal spikes 2 - 7 for potential finger assignment. The task
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A fade occurs when nmultipath vectors are added destructively, yielding

a received signal that is snmaller than either individual vector. For
exanple, if a sine wave is transmtted through a nultipath channel

havi ng two pat hsWO9M013gFere the first path has an attenuati on PEBUSIIGHISX
dB, atine delay of d wwth a 5 phase shift of Q radians, and the second
path has an attenuation factor of X dB, atinme delay of d with a phase
shift of Q+ p radians, no signal would be ¥ received at the output of

the’ channel . of the fifigerl G5 0ol H@Modtilave, oridof RN sehigf thet aiultipatlefpaaks
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assigned to that 3 %%gnpg
summed with the cgﬁga?%l | Onoﬁ\%&‘ﬁl}}%ﬁ?ﬁ%ﬁi\;& Eﬁfw&ﬁ;g: gl ve ., et's
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the nmobile station. TheuygihiCdicn Bf'de hﬁﬂﬁﬁé&%&kk%@?%&nﬁ%&’ﬁ?a%&m
of time, as shown by the uneven ridge of each multipath peak. In the limited
15 time shown, there are no major changes in the multipath peaks. Over a more
extended time range, multipath peaks disappear and new paths are created as
time progresses. The peaks can also slide to earlier or later offsets as the path
distances change when the mobile station moves around in the base station’s
area of coverage. Each finger tracks these small variations in the signal
20 assigned to it.

In narrowband systems, the existence of multipath in the radio channel
can result in severe fading across the narrow frequency band being used. Such
systems are capacity constrained by the extra transmit power needed to
overcome a deep fade. As noted above, CDMA signal paths may be

25 discriminated and diversity combined in the demodulation process.

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 that
introduce redundancy. A system may employ each of these techniques as a

30 form of time diversity.

CDMA, by its inherent wideband nature, offers a form of frequency
diversity by spreading the signal energy over a wide bandwidth. The frequency
selective fading that can cause a deep fade across a narrowband system’s
frequency bandwidth usually only affects a fraction of the frequency band

35 employed by the CDMA spread spectrum signal.

The rake receiver provides path diversity through its ability to combine
multipath delayed signals; all paths that have a finger assigned to them must
fade together before the combined signal is degraded. Additional path
diversity is obtained through a process known as “soft hand-off” in which
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whi ch has travel ethat 10gichbY@iakpahnta wlde uﬁyl'hand logical{“11¢ takd on a value of “-1”, or
a similar mapping, in order that a zero average value be obtained.
However, such PN signals are not orthogonal. Although the cross-
15 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 manner as if they were wide bandwidth
Gaussian noise at the same power spectral density.
20 It is well known in the art that a set of n orthogonal binary sequences, -
each of length n, for n any power of 2 can be constructed (see Digital
Communications with Space Applications, SSW. Golomb et al., Prentice-Hall,
Inc., 1964, pp. 45-64). In fact, orthogonal binary sequence sets are also known
for most lengths that are multiples of four and less than two hundred. One
25 class of such sequences that is easy to generate is called the Walsh function; a
Walsh function of order n can be defined recursively as follows:

W) wish)
)= w(ng), wing)

30 where W denotes the logical complement of W, and W(1)=|0}.

. A Walsh sequence or code is one of the rows of a Walsh function
matrix. A Walsh function matrix of order n contains n sequences, each of
length n Walsh chips. A Walsh function matrix of order n (as well as other
orthogonal functions of length n) has the property that over the interval of n

35 bits, the cross-correlation between all the different sequences within the set is
zero. Every sequence in the set differs from every other sequence in exactly
half of its bits. It should also be noted that there is always one sequence

®
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and spread with the same I and Q PN sequences used by the traffic bearing
signals. In the preferred embodiment, the pilot channel is covered with the all
zero Walsh sequence 0. During initial system acquisition the mobile searches
all possible shifts of the PN sequence and once it has found a base station's

25 pilot, it can then synchronize itself to system time. As detailed below, the pilot
plays a fundamental role in the mobile demodulator rake receiver
architecture well beyond its use in initial synchronization.

FIG. 2 depicts a radio’s generic rake receiver demodulator 10 for
receiving and demodulating the forward link signal 20 arriving at the

30 antenna 18. The analog transmitter and receiver 16 contain a QPSK
downconverter chain that outputs digitized I and Q channel samples 32 at
baseband. The sampling clock, CHIPX8 40, used to digitize the receive
waveform, is derived from a voltage controlled temperature compensated
local oscillator (TCXO).

35 The demodulator 10 is supervised by a microprocessor 30 through the
databus 34. Within the demodulator, the I and Q samples 32 are provided to a
plurality of fingers 12a-c and a searcher 14. The searcher 14 searches out
windows of offsets likely to confain multipath signal peaks suitable for
assignment of fingers 12a-c. For each offset in the search window, the searcher
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mul tiple sinultaneous, redundant |inks fromtwo or nore base stations can
be.established with the nobile station. This supports a robust link in the
~chal l engi ng environnent at the cell boundary region. Exanples of path
‘diversity are i | M@&¥O®22d in U.S. Patent No. 5,101,501 entit| edPCSH96/10575
~Hand-OfFf in a5 CDMVA Cellular Tel ephone System issued March 21, 1992 and

US. Pat ent No. 5,109,390 entitled Di ve§5| ty Receiver in a CDVA Cel |l ul ar
Tel ephone System _issued April 28, 199 bot h assigned to the assignee
of the present in Btsthe pilot energyPRifbuhd CatCih6 offs€Y too vl ntiBropRbe®Sér. The
different PN sequ d the th aut rrel aﬁ\ of a PN.sequénce. for

all :time shifts ot -t 9. e %32@383“&98?‘ wmf,c
allows the differ epathﬂwe wsxgnedéytthebmlcroprocasw Bﬂttnaoﬁ&w;mntmnmgptsmnget
Aut ocorr el atlon a wwqu re that |ogical "0" take on

a val ue of " Iogl al 1" Qr | a

nmappi ng, in or r t hat (gn"ze&é“ 3&3‘@3‘%?2‘95@3‘%8 g’o#&ﬁ tipath sxgnal a{[gassxgned
However, such PN smf@uaiisthaneranhs&mttyaﬂgonafs ovmumhilﬂtepﬂhfadesawajt@r uniil it is
correl ation essent %‘né'i'l’ Y Yely

for a short tﬂlearr%ieél nterv'ﬁg sq sﬁ%%\&?ét or 8\? g ttk é]loop
cross-correl at i on TGagyures energy rﬂ%? ﬂ%ﬁPﬁa oﬂé"%ﬂtaa Flﬁﬂﬁeﬂs
As such, the si gnadv.ﬁmrttl démbéulatmg mﬂlﬁaehwbmemnhmngsMW&tc
as if they Wer£y W 435 .noi se at the same power

spectral  densi nown i n the art tha}ﬂa set of

ort hogonal binary sequéfheseutput of %Wﬁﬁtqrm t sglects ope Qf the
can be construct edinpwesakiplyst oWer a chipGaerval taisoths dentddulption. If a peak moves,

Applications, S. Wm@"fiﬂg&t ﬁajugts' its %&%ﬁﬁ?'ﬁ@iﬁm to move with it. The decimated
sample stream is then despread with the PN sequence consistent with the
15 offset to which the finger is assigned. The despread I and Q samples are
summed over a symbol to produce a pilot vector (P;, Pg). These same
despread I and Q samples are Walsh uncovered using the Waish code
assignment unique to the mobile user and the uncovered, despread I and Q
samples are summed over a symbol to produce a symbol data vector (D, Dg).
20 The dot product operator is defined as

P(n) ¢ D(n) = P(n)Dy(n) + Po(n)Dg(n) 4

where Pi(n) and Pg(n) are respectively the I and Q components of the pilot
25 vector P for symbol n and Di(n) and Dg(n) are respectively the I and Q
components of the data vector D for symbol n. -

Since the pilot signal vector is much stronger than the data signal
vector it can be used as an accurate phase reference for coherent
demodulation; the dot product computes the magnitude of the data vector

30 component in phase with the pilot vector. As described in co-pending U.S.
Application No. 07/981,034 entitled Pilot Carrier Dot Product Circuit and
assigned to the assignee of the present invention, the dot product weights the
finger contributions for efficient combining, in effect scaling each finger
symbol output 42a-c by the relative strength of the pilot being received by that

35 finger. Thus the dot product performs the dual role of both phase projection
and finger symbol weighting needed in a coherent rake receiver demodulator.

Each finger has a lock detector circuit that masks the symbol output to

' the combiner 42 if its long term average energy does not exceed a minimum
threshold. This ensures that only fingers tracking a reliable path will
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exact | y hal f @ichifirfzebilhi-c id hssidid, dach SIRAgBE120E his b vbkw Husffer That ARG
ONe SCINCNCE_ 5  thefin rs%gils St 42a-c so that the bol combi 8 m
PCT/ US96/ 10575 ge treams symbel combingr. 22 cany sy the
zeroes and that altogether doproduee)acfsoftsdecision!’ ndémodulateds spmbol. Thishsyrhbol is
zeroes. wgigggézf ﬁys%:mcdﬁﬂﬂéﬁ&%&hhf‘ ithRorréaly PideRfifies t e Cakiginally
signal begins as a . |& er secand i nfarmatidn source whigch IS |
then converted by Zamspitted symbol. %W%%%Pe@&?m@e@ﬁ?ﬁé@@‘f% circuit 28
19, 200 synbol s perthat fiostiframe pdeinterleavest and ithéia dorwald emrox) catrebtiom dieasdes the
froma cell is¢ovgrfibhiVetrBai " Gsidy e ! ¥iakfilim likelihood Viterbi algorithm. The
decoded data is then made available to the microprocessor 30 or to other
components, such as a speech vocoder, for further processing.
On the reverse link, to maximize system capacity, it is important that
all signals from mobiles are received at the cell at the same signal strength. A
15 closed loop power control method, 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 and assigned
to the assignee of the present invention, is employed.
The closed loop power control method operates by the cell measuring
20 the signal being received by the mobile and sending a command to the mobile
to increase or decrease its power level on a punctured sub-channel on the
, forward link. A power control symbol combiner 24 extracts these punctured
symbols on the forward link, summing the symbol outputs from the fingers
42a-c, and making a hard decision whether or not to adjust power up or down.
25 These decisions are integrated to provide a transmit gain reference level
output, TXGAIN 38, to the transmit power amplifier in the analog transmitter
- and receiver 16.
To demodulate correctly, a mechanism is needed to align the local
oscillator frequency with the clock used at the cell to modulate the data. Each
30 finger makes an estimate of the frequency error by measuring the rotation rate
of the pilot vector in QPSK I, Q space using the cross product vector operator:

P(n) X P(n-1) = Pn)Pofn-1) - Py(n-1)Pq(n) @)

35 The frequency error estimates from each finger 44a-c are combined and
integrated in frequency error combiner 26. The integrator output, LO_AD]J 36,
is then fed to the voltage control of the TCXO in the analog transmitter and
receiver 16 to adjust the clock frequency of the CHIPX8 clock 40, thus



ort hogonal WAl sh sequences, each sixty-four WAl sh chips, or one synbol, in
duration. Regardl ess of the synbol being covered, the orthogonality of all
WAl sh sequences ensures that all interference fromother user signals in
that 10 cell are cancel ed out during synbol integration. The
non-orthogonal WO9%0322ference fromother cells |inits capaciRGI/I61052s

forward |ink. Al'l user signals transmtted by a base station are
guadr ature phase shift key ( QPSK) spreap usi ng the sane in-phase (I)
channel PN sequence and quadrature (Q channel PN sequence. Each base
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the PN sequence an®skh rlﬂas%‘ﬁb Bndwrnshaye 1502@36??@53 acgumylators,
t hen synchroni ze | ih , Sarsd e Gbinparatorss dhleseldddlbsﬂedWmﬂchﬁs,plésphaally the
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pl ays a funda e r
|ts m [ nl“?ﬁg?éjsync roni zacli'logﬁh&le require a large

architecture we
FIG 2 depicts a rampyntofy We#lieé tPéR’!PF@SE?ver denodul ator 10 for

receivi n%Ban_cli_hdermdul atinng typicdlo i@raﬂ proxessor2 (DEPY Inﬂp)mahtdﬂim f the
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er
otgh

| ocal oscillator ( §?he PN chi ﬁabu%&hmﬁt E%g Xf%ute

m cr opr ocessor 30 r
| and Q sanpl es 32uprte 77 swillinny ingtryctions per gegond htﬁgﬁfg" chip rate
searcher 14. The spﬁfcemgﬂdi-theahﬁbd’hguﬁ and me\&mihmoﬁf’[@.fiheh&ybtehehsingm
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. 20 consumes a considerable amount of power. Power is at a premium in the
mobile unit, which is often a hand-held consumer device. One significant
advantage of the DSP approach is the flexibility of implementing
demodulation algorithm changes through a firmware change compared to
making physical circuit changes as is the case with the traditional dedicated

25 circuit approach.

Both the dedicated circuit and the general DSP implementations have
their respective die area and power concerns, which are not resolved even
after taking advantage of the feature size shrink in the latest IC fabrication
processes. There is a resulting need for a more efficient demodulator.

SUMMARY OF THE INVENTION

The present invention encompasses a method and apparatus for

35 demodulating a signal in a spread spectrum multiple access communication

system employing a pilot on the forward link. The demodulator architecture

embodied in this invention results in a smaller area chip consuming less

power and costing less than either a dedicated circuit or a general DSP
implementation equivalent.
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14 reports the pilot energy it found at that offset to the m croprocessor.
The fingers 12a-c are then surveyed, and those unassigned or tracking
weaker pat hs are assigned by the mcroprocessor 30 to offsets

cont ai ni ng strond¥97M1227 naths jdentified by searcher 14. 5 PCT/US96A9e a
finger 12a-c has | ocked onto the nmultipath signal at its assigned

offset it then tracks that path on its own until the path fades away or
until it is reassigned using its i nt ertfl time tracking | oop. This

finger time tracking | qne dedmtaafss:uw rﬁ&eﬁfm@naem Séﬁjﬂleoirehhe

G 1 o7 ence. bet woorUHIBRENE o8 ARG Porﬁ%afshnet‘%.ﬁ@ it TR ?%814@ st

and integrated. approach, arghremanesy andosearchar; dhgxrasymbol rate
deci mat or t hat Selfaﬁ lea\ﬁ.ﬁ'%been mbdh?bi‘até@riﬁ{&%@\éﬁéreﬂ a ‘g‘%

to use in denpo on. |f”a peak,no I n

deci mat or posi % ‘EFF‘F?‘ éﬂ%érd@e*‘hﬁ?% ea&%gﬁﬁﬁng o P%ngh

t hen despread vvn t HramhethieNorigimat firger Gmsl mdterm&de&eatea cirdufitse pertforminigc ll

the finger is a55| I,Qgcéggﬁ ﬁ: over a
synbol to produce a ngrg‘ﬁ vect OB Plerr], Plerr] ﬁle sane espr ead
| and Q sanples are \Wal %W@jeprm%imtmm
uni que to the nnbu’m;gmapsbasbdhnthmpamdederﬂbmhrm rocessihg(bccurs.

d t
g(r)e :sl'ﬁgwgot O\pgreltlt))duc operator% ﬁs e ﬁﬂ:i?é thiid fhat€d Rﬁﬂﬁ%&cﬁm E&m C)
[orr] D(ny = Pl er datmath hatsenyics Loty ofifager fronf enlapnd a searcher front end.

The datapath performs all symbol rate processing associated with the fingers
and the searcher.

This same datapath combines, at the symbol rate, the outputs of the
- 15 fingers. This produces a demodulated symbol stream and a power control sub-
channel decision stream that are used to control the transmit power on the
_reverse link, and a frequency error estimate used to adjust the local oscillator.
In conjunction with the datapath, a small register file RAM stores all state

information for signal processing operations that span more than a symbol.

20 Once per symbol for the fingers or once per integration period for the
searcher, the front ends produce a data vector consisting of the I and Q symbol
integration results for the pilot, the traffic channel symbol data, and the pilot
demodulated half a chip offset from the current finger offset for time tracking,
or in the case of the searcher, the I and Q integration for the pilot for each of

25 the offsets being evaluated simultaneously. These outputs are buffered so that
the datapath may have access to the accumulated data vector during one
symbol while the front end accumulators are summing the data vector for the
next symbol. Along with the data vector, the front ends assert a flag indicating
they have produced results that need to be serviced by the shared datapath.

30 A datapath control circuit arbitrates the use of the datapath between the
finger front ends, the searcher front end, and the combining functions, on a
first-come, first-serve basis. Once queued, the controller sequences the
datapath through a fixed routine, selecting components of the data vector
being operated on along with the state information stored in the register file

35 RAM. The controller then configures the datapath to perform all of the
accumulation, multiplication, and comparisons associated with the signal
processing of the block being serviced.



wher e Plerr](n) and P[err](n) are respectively the | and Q conponents of
the pilot 25 vector P for synbol n and Dierr](n) and Dlerr](n) are
respectively the I and Q conponents of the data vector D for synbol n.
Since the pilot signal vector is much stronger than the data signal

~vector it can beWRYMEE an accurate phase reference for coher SET/USIE057S
 denodul ation; the dot product conputes the nagnitude of the data vector 30
. conponent in phase with the pilot vector. described in co-pending U S
Application No. 07/981,034 entitled Pil ot rrier Dot Product G rcuit and
assigned to the assignee of the present invention, the dot product weights

the finger contributi orBRIEF DESCREPTION'OF THE DRAWENGScal i ng
each finger synmbol out put 42a-c by the relative strength of the pilot

be: ng ][egeit\r/]ed by that @, _1f1iep%ntsmg§:fcéﬂapladyrse¢n%elciﬂﬁ1ﬁpagn&mcéﬁtﬁﬁeﬂﬁl
rol e of both phase projgetion . an [NGEr .S ol _wei L,Ng.needed. in
coherent rake receiver e & Brlor art Block dlaé'ggh of; ﬁgxg-pgﬂgsdgnpggfgtor rake
detector circuit ttexeivensks the synbol output to the conbiner 42 if

its long term average mg%q%wgagw%%@ﬁﬂgg’ fd®ionality! hreshol d. This
e al%

ensures that only fing trackin |1 ahl ath wll . . WO

97/ 01227 & 48 8 block gram o tﬁegﬂ“&ﬂgmm?ﬂi‘#!}sga/ 10575
contribute to the combiFI@)5dstarhlock diagsamifihe combiterblodkatfanctionality.

per for mance. . 49 FIEYS, 150 biSk! @ipBhr Sofitlel 21808 Cabiip@h itBleeli B0 nbbite
the paths to I ch each f1nger -C, 1S assigned, eath finger -C
has a deskew buf f eflempdulatos g?@rgwston e inygBHORy nho| streans 42a-c so that
t he synbol conbiner 22 Fi@h74s ebilockudiagram of the finger front end.

FIG. 8 is a block diagram of the searcher front end.
FIG. 9 is a memory map of state information associated with the symbol
15 rate signal processing of the demodulator.
. FIG. 10 is a sequencing timeline of the shared datapath while it services
a finger.
FIG. 11 is a sequencing timeline of the shared datapath while it services
the searcher.
20 FIG. 12 is a sequencing timeline of the shared datapath while it services
the combiners. :

DESCRIPTION OF THE PREFERRED EMBODIMENT

As previously discussed, FIG. 2 is a top level functional overview of a
rake receiver demodulator 10. The analog front end 16 receives the forward
link signal 20 via an antenna 18, downconverts it to baseband and outputs
digitized I and Q channel samples 32 to a plurality of fingers 12a-c and a

30 searcher 14. The searcher 14 searches out windows of offsets likely to contain
multipath signal peaks suitable for assignment of the fingers 12a-c. For each
offset in the search window, the searcher 14 reports the pilot energy it found at
that offset to the microprocessor 30. The fingers 12a-c are then surveyed and
those unassigned or tracking weaker paths are assigned by the microprocessor

35 30 to offsets containing stronger paths identified by the searcher 14.

All of the fingers 12a-c contain the same functionality depicted in the
finger functional block diagram of FIG. 3. In a traditional dedicated circuit
implementation, each of the elements in FIG. 3 have a correspondence to a
physical circuit; in a traditional general purpose DSP implementation, each of

40 these elements have corresponding steps in the signal processing code. In the



together to produce a "soft decision"” denodul ated synbol. This synbol S
wei-ghted by the confidence that it correctly identifies the originally
transmtted synbol. The synbols are sent to a deinterleaver/decoder circuit

28 that fir dei nterl eaves and then forward error c
Sﬁ%g/ﬁ{%{ . . war d ? /ﬁ%h%s

decodes the 10 ream using the maxi mum |ikelihood Vi

algorithm The decoded data is then made available to the
m croprocessor 30-or to other conponenys, such as a speech vocoder,
for further processing. Cn the reverse link, to maximze system

capacity, it is i mpoeferad enadiment, axtleansdelinsation hetweeshthe-progessingcedurring at
at the cell at thecﬁﬁrﬁa@ gnal &ﬁ&r&ngyh\bol\ rhbe i5! maged isowanéerbfcmﬁp%ymb
met hod, di sclosed in”US., ent 109 entit od,and
Appar atus for Cont PEPIEFHES %"é‘ﬁgﬁ’fyg?ﬁﬁ TRFIS Opgrating o Eﬁ%&%"q R itk
Tel ephone System mshmtbftbfbbmda}y m%daﬂdehm\@pmperahng abthehsymbel ate are

of the present snvgﬂ{) The cl osed | oop power
control nethod operates_by r| n 20 the signal ng,receive
by the nobile and sendl%E réﬁﬂ@?ﬁ% Buf do a a di H@Béﬁé tﬂ
decrease its power asHigriedpoffis wmmmrwghmmpis per cthaomedor on-
link. A power contr ol . Tlﬁlft pygﬁf Hm
synbols on the for C, %@fﬁé g%‘%fﬁc out ;? ﬁ?&fln rs
42a-c, and making éranm Eb@lm oc%aajr Bie PROSORSINELIR ﬁnser,
dO}Nn- 25 rheS:iOderﬂa@é&t&ﬂﬁ H&%&obelﬁﬁ frontla finger aiming geieml%or 122. The .
reference | eve . 34 I% ﬁ%|

t he anal og transm tﬁtngrgi"hﬁﬂﬁg AaCelver ttﬁg tﬁﬁ@'&%&toﬁﬂi‘@g&m th %&ﬁ‘ ﬁé}ng

correctly, a mechademadulatededed to align the | ocal osci || at or
frequency with the cl ockagls advaicet 6€ rétetd géﬁerﬁwdlﬂemﬁrtdiﬁ ok aiméagdrkity loop

rate ol Che”prEd ms*%se% & plebf QEiRing P e YRl osimpﬁ%iﬁ’ ¢ rhew
vect or oper at odb theeffectofslowmg ()w)ng(qne upthe rate at which the chi
Plerr](n)Plerr]( ][1 ki\able Bhobe 166 :élgé?{eﬁtédi,(aﬁd the3platetbsymbol mabmﬁrcibeemmy in
{requency error cofty Aol Giiodiiel Ak G gfgva%gﬂ(g:%* LA shifhe
fed to the vol t age 186nthefingsr timingrgsueraier k¥ ingpementing ox
receiver 16 to ad] detrententitigoak ihteznalefingeropositien @ngsvée read by tHé) mitsopeocessor.
20 The finger timing generator 122 also contains an internal position assignment
register written by the microprocessor to slew the finger to a new offset during
finger reassignment. When the microprocessor reassigns a finger, an internal
mechanism in the finger timing generator 122 continues to advance or retard
the timing until it determines that the finger has reached its assigned offset.
25 The decimated on-time and late I and Q chip samples are provided to
QPSK despfeaders 104a and 104b respectively. The despreaders 104 also
receive, from the I Q PN sequence generator 106, the PN sequences identical to
those used to spread the data at the base station. The I Q PN sequence
generator 106 is slaved to the chip enable output 156 from the finger timing
30 generator 122, and is thus generating the PN sequences consistent with the
assigned offset of the finger. Another way of describing this is that the
sequences output from the PN generator 106 are delayed from their
counterpart sequences in the base station by the multipath propagation delay
from the base station to the mobile unit. Therefore, the despreading process in
35 the demodulator can reverse the spreading process in the modulator with the
correct time alignment.
In order to recover the originally transmitted data, despread I and Q
chips are respectively output from on-time despreader 104a to exclusive-or
{XOR) gates 108. The Walsh sequence generator 100 provides to the XOR gates
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providing a dosed | oop mechani smfor conpensating for the frequency error
of.the local oscillator. In a typical dedicated circuit

i mpl enentation of the npbile rake recei ver denodul ator, each of the
fingers, the seal@®M22,q conbiners are 5 inplenmented separ atPHUSR¢1057s
discrete circuits with each having a direct correspondence to sone
circuit area on an integrated circuit (1C gae. Each of t hese bl ocks
are self-contained and responsible for their own signal processing

tasks ?n? as SUChmstthe Wh!sﬁli:hxp a%éﬂéiﬂehamsp&ﬁhﬂ WVEhe WilslR cBde assign e@[ to the
accunul at ors, LD an 0 =se circupts

especi al l'y the 10 ﬂ t§ %ﬁéﬁg % g?(ﬂ%t!ggkﬁs?? b@?’

require a large ar'ﬁimWaish m@ﬂawemn‘tﬁwdrpmerthenﬁnger through miaraprocessor
ggg{)gﬁ} a'?l)?”al SIof t fin ﬂag@nd &?ﬁgfésareedbyland()
i npl enented as se ‘g %@%&@?@&Pﬁ@%’ a Eﬁ ATce Bek Fmbel
are many sinple oqanducmgsa symbohdata pm' plél(m)oamcbd)q(n) foresymhgkns Since tlteepllot

searcher at the P ghﬂlr eredIWit h esqg;,%
execut e up tcl\)ag m Ilﬁ on | nsjruct ?per sec E@%&Eto LSh
t

chip rate pr GegUence, SERgTatorcis; b gecayen I‘H‘t‘?‘e
in a system u3| ng despreadePis direqilyr siraneid by ofictinvel] arel Qradchenylatirell4dnd 116,

Pover 15 ai a W i @%ﬁﬁﬂ"%%ﬁfﬁ‘ ‘”ﬁﬁf"f% o Ten’a hand- held
consuner device. One sﬂaﬁ fime, fracking ea%m'ﬁ?ppf) i frengghs
flexibility of inpffseehblrechip from the current ﬁnger offset. Therefore, a separate set of 1
and Q accumulators 118 and 120 sums the despread pilot provided by late
despreader 104b using samples delayed half a chip from those used by the on-
15 time pilot and symbol accumulators. To produce a pilot pair half a chip
delayed from the on-time pilot pair, Pp(n) and Pgp(n) for symbol n, late
despreader 104b uses the same PN sequence used by on-time despreader 104a.
To produce a pilot pair half a chip advanced from the on-time pilot pair,
Pm(n) and Pgg(n) for symbol n, late despreader 104b uses a PN sequence
20 delayed a chip from that used by despreader 104a. The time tracking loop
makes use of the half chip advanced and delayed pilot pairs on alternating
symbols. With each symbol enable strobe 158, the accumulators 110, 112, 114,
116, 118, 120 are cleared and begin summing over the next symbol interval.
The elements described above perform all of the chip rate processing
25 occurring in the finger, drawn in FIG. 3 to the left of boundary 98. The net
result of this chip rate processing is a data vector produced once per symbol:

{ Di(n), Dg(n), Pi(n), Po(m), Pre/L(n), Poe/L(n)}

30 which is then processed at the symbol rate by elements drawn to the right of
boundary 98 in FIG. 3.
The symbol rate processing typically starts by filtering the on-time I and
Q pilot data Py(n), Pg(n), as shown by I and Q Pilot filters 132 and 134 in FIG. 3.
This filtering smoothes the symbol to symbol variations in the pilot reference,
35 providing a steadier reference for the dot product’s phase projection and
scaling operations.
In the preferred embodiment, I and Q pilot filters 132 and 134 are
configured as simple first order infinite impulse response (IIR) filters. For
each symbol, a fraction of the current filter value is subtracted off and a new



demodul ation al gorithm changes through a firmare change conpared to
maki ng physical circuit changes as is the case wwth the traditional

dedi cated 25 <circuit approach. Both the dedicated circuit and
t he general DSP inpl enentations have their respective die _area and
power concerns, PP12%e not resol ved even after taking JEFARPYYS S
the feature size shrink in the latest IC fabrication processes. There
is aresulting need for a nore efficient d dul ator. 30

SUMVARY OF THE | NVENTI ON The present invention enconpasses a

nmet'hod and appar atinput, opﬂaﬁdaﬁl@ﬁxt)p Pa(mnis sumirg@dain ité: prodnce adnewefilter wutput

mul tiple access co&(&w system enploying a pilot on the forward
| i nk. The denodul a ar@ fect ure enbodied in this invention results

in a smaller area chip Qm%l?ﬁﬁ‘ symbel Dot Produstcgircaity 130, perfagmpcthe def product
ei ther a dedi cat edopérafih idefined ifi Bifiiation" @), taking therDRE, Dth) eynmnwdoe

Poe dedi oat ed 5 isiping ity fitoed. Hipt e gfﬁwfama%q%»ﬁ%%’ 4 Sl

i npl enent a fi ngervainesndlcahw ﬂt&@a the dlata symbpldnt phiasei withi the pilot,
approach, are renmyahdp Eﬂet 8£the pilt behiy fdegived! Nei r synmbol rate
functionality having be Ncor Qor a J nt.o t shared da ath praqacessi ng.
5 What remains, terne mf’ Wﬁlm géﬂ up;%%&r%ﬁ%hze the dot
di stingui sh f prodhuch cesmlt ¢o the Hitsngf interest,s this cslymbolaoutpdéd's owtiten into a

circuits perfofgi ngabd} deskew buffer 144. The deskew buffer is a first-in, first-out (FIFO)
buffer written with the finger's own particular symbol alignment as provided
by symbol enable strobe 158. The deskew buffers in all fingers are read using
the same combiner symbol enable strobe (not shown). This compensates for
the different offsets the fingers are assigned and allows the symbol combiner
15 22 to sum the symbo!l streams from the different fingers together.

The symbol output of the deskew buffer is masked by an AND gate 152
when the finger is in an out of lock state. The lock state 148 is an indicator
that the finger is tracking a reliable and reasonably strong path, and masking
the finger symbol output when the finger is out of lock produces a higher

20 quality combined symbol stream output from the combiner 22.

The signal processing to determine the lock state begins with the Energy
circuit 140 using the I and Q pilot filter outputs to determine [Pfi(n)? + Pfo(n)?],
corresponding to the energy in the pilot for the peak being tracked. This
energy is then filtered by the lock detect filter 142 to produce a long term

25 average finger energy level. During finger reassignment, the microprocessor
30 can read this finger energy back and compare it to the latest multipath
peaks found by searcher 14, reassigning the finger to stronger paths found by
the searcher as the multipath environment changes and peaks come and go.

In the preferred embodiment, the lock detect filter 142 is configured as a

30 simple first order IIR filter. For each symbol, a fraction of the finger energy
maintained in the filter is subtracted off and the energy result output from
energy circuit 140 is summed in to produce a new filtered finger energy
output. '

The threshold compare block 150 compares the finger energy output

35 from the lock detect filter 142 to an in-lock threshold and an out-of-lock
threshold written into the block by the microprocessor 30. If the finger energy
is above the in-lock threshold, lock state 148 is forced to the in-lock state. If the

- energy is below the out-of-lock threshold, the lock state 148 is forced to the
out-of-lock state. Otherwise the lock state 148 remains unchanged. This



chip rate processing associated with the finger or searcher respectively.
The present invention separates the signal processing functions into
two groups based on the period over which the processing occurs.

Specifically, 1 ' ew architecture uses a single tine-shared

nul ti pl y-accurru?‘XPé%%ﬁf: datapath that services a pl ural FEUSP6A0STRyer
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rate processing associated with the finger§H and the searcher.
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Zlcj)rit Egt one tmesqﬁéxtﬁj)llaémh' | e ttﬁg tronfﬁ&&l&iﬁg&é@ tag&ors a£ gﬁsuﬁ' n\éﬁtcéhgrbase
data vector for tﬁg%‘m %%rx mﬂ?ﬁﬂbhﬂﬁ %& ﬁéoaﬁ't)au%c?o’?ef‘ £ othe
ends assert a flagrdssgiroduciresult to thadijtshefyintenest thisd frequendyserrbnis naskted by
be serviced by t haNDagAe 182 wiRa the fifiger is in an ot SFAbER Slake, 38 thaCtheCfihgel énly
arbitrates the use o&%ﬂgﬁggmﬁ het 3‘?}5' . fﬁrﬁ%er fqragrt ends; t
searcher front en§°™ VAR 1t 33 tracking a peljable easonably
first-serve bdbi sstronggadbeued, the controll er sequences the dat apat h
through a fixed routingg Fx‘é’vﬁﬁfsig%s@ﬁﬁiw,rheﬁﬁfe aheltiig 1 Eke&?é?' '
operated on along w th the géat jnh(f)rma | on,, st or dgi. he gfg‘i%rﬁgxégerfﬁ}gﬁ%a
R The control LGP HAERSIEDRT TRBIHEEH ek Ao, the: Rt shidisr HoHnd| WhlE theemobile
accunul ation, mul Sh@Mi&msim mtpm it oohjects doc itat envirénment; e thais) rcalusing
processing of the rpfiQtved MuiltipafH. VORCSliccessive symbols, half chip offset pilot symbol
20 integration pairs Pr(n), Poi(n) and Pie(n), Por(n) are alternately output by late
symbol accumulators 118 and 120. Once per symbol, the energy circuit 136
calculates either [Pr(n)? + Pqu(n)?} or [Pre(n)? + Pqg(n)?], corresponding to the
energy in the pilot half a chip offset later or earlier than the peak being
tracked. The time track filter 138 calculates the difference between these two
25 energies,

[Po.(n)? + Par(n)?] - [Pr(n-1)? + Por(n-1)?] @)

This difference forms a metric used to drive a second order low pass

30 filter. The gain of both the first and second order contributions are specified by

the microprocessor 30. This allows for a wider filter bandwidth during initial

acquisition, later changing to a narrower bandwidth that can better reject

spurious out-of-band noise once the finger is in lock. The time track filter

issues an advance or retard when the final phase accumulation stage

35 overflows or underflows. This feeds back to the finger timing generator 122

that respectively compresses or expands a chip period by a single CHIPXS

clock. This adjusts the finger offset an eighth of a chip in the direction to
recenter it onto the peak of the path being tracked.
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BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 represents an

exenpl ary severe multipath signal condition. 5 FIG 2 is a prior

art bl ock di agram of pobi | e denodul at or rake receiver.

FIG 3is a bl og}? &7'88%2% of the finger functionality. PCT/URR6(1057% | 5
a bl ock diagram of the searcher functionality. FIG 5 is a block
di agram of the comnbi ner bl ocks functionalityp 10 FIG 6 is a block
di agram of the shared datapath architecture nobile denodul at or

accordi ng to the inventAfeer. the microprocessor 30 specifies @ Iseanch dwirgtown stdrtinige offset

fron end. o (Wit o Sﬂ%@%‘%@%%ﬁ% SRR} iR 8RgH (writien
associ ated with t e segiebsoningl plock the segreher 4 sigps,through dhe search (window,
Fl fG 10 is a seqummfﬁgg éﬁéﬁl gﬂsetfintthe:émh&?wng uﬁicg.erdrtea?:hroff&e,Sthe
Gat apach whi 1 5 SERebet Jursratts Id S eA"a el Sulinbly’ 0t Qb duitten to
sequenci ng ti el i seaxscher timing black 200), splculatesthesepulting pilot epergy, and [pptionally
conbi ners. sums severalopilot éndrbiesovétia spdeifidd tinbeBdp ivteivals (written to
search control block 206). The output of the searcher is a trace of the multipath
environment in the search window that looks much like FIG. 1. The
10 multipath trace may be returned to the microprocessor directly or, to reduce
the amount of data the microprocessor needs to handle, the searcher can filter
the results so as to report only a sorted list of the largest peaks found 'in the
search window.
Just as the finger processing was divided into chip rate and symbol rate
15 processing, in the preferred embodiment, the searcher is divided into two
functional groups as depicted by the searcher functional block diagram of FIG.
4. In a traditional dedicated circuit implementation, each of the elements in
FIG. 4 have a correspondence to a physical circuit; in a traditional general
purpose DSP implementation, each of these elements have corresponding
20 steps in the signal processing code. All elements operating on the chip level
are shown to the left of boundary 198, and all elements operating once per
integration interval are shown to the right of boundary 198.
The searcher 14 is provided with I and Q samples 32 that are input to a
decimator 102. Unlike the finger 12a-c, which can select one of eight
25 decimations of the input data, the searcher decimator 102 always samples at
fixed half chip offsets during a search. The decimator 102 can be fixed because
the searcher only evaluates the search window in half chip increments, a
coarse sweep that is still detailed enough to ensure that no likely candidate
paths are missed. Once a finger is assigned to a path found by a searcher, it will
30 quickly center itself on the path even if the peak falls between two half chip
separated search results. The sampling, as well as all other chip rate processing
in the searcher, is slaved to the chip enable strobe 214 from searcher timing
generator 200.
Each advance or retard generated, either due to a search retard
35 generated by search control block 218 as it sequentially steps the searcher
through the search window, or from a slew by microprocessor 30 to begin a
new search at a different starting offset, has the effect of slowing down or
speeding up the rate at which the chip enable strobe 214 is generated. Searcher



25 - As previously discussed, FIG 2 is a top |evel functional

overvi ew of a rake receiver denodul ator 10. The analog front end 16
receives the forward link signal 20 via an antenna 18, downconverts it
to baseband and §F§H%§ digitized I and Q channel sanples 32 to a
plurality of flrii -c and a 30 searcher 14. The sear cher PEAUSYEN0 K es
out wi ndows of offsets likely to contain mul tipath signal peaks
suitabl e for assignnent of the fingers 12afff. For each offset in the

search wi ndow, the searcher 14 reports the pilot energy it found at
that offset to thmrdnggmmmszmﬂﬁboi@téimw&hasnobemﬁmm%ewmh

and t hose un r paths are assigned by t
' qﬁ%gﬁ&ﬁsets co#

m croprocessor 35 | ng st ronger paths identified by
the searcher 14. archeroHming genegeios 200 storesotheanat effect ofiall offset

;un;:t i on?I i gyt depichanges mtd?emtemalf bexgchierf P ﬁsihbﬁnfdgﬁthﬂcthaﬂlc@rbéfnrﬁd yGhe
. In a traditiwona c

el enents in Fl éo %W@% @sﬁp@#%eﬁe@ﬁ% wge%%ﬁ sag%alﬁ@ ;léﬁ F&l}sﬁw an
traditional generdh @snssxmnbmasmownmw the micraprocessomtmslew

have cor respondi nang'sefithb'td Bhed GBt. WIRGE ¥ HichdiftBcessdr B Slews the searchld

U / 10575
oy or ef er r eceb dnferaal, mechanism inthe searcher, Hmning, SENCTANE 20K caETRg to
occurring at adwpceateetwdjﬂwmrdler@pﬂngl unnlltdeiemmmﬂlatﬂ)hsmdtbrm

CRRIUE 0 A Sy ke p e
at the synbol rat e‘eﬁ’F‘&’ﬂ 5}2% ﬂ? sPﬁgﬁFagqv?P’%f < Hrst offset tn'
The | and Q sanpl eseatth wiredawiput to a deci mator 102 t hat based on the
As with the finger 12a-c, in the searcher 14 the decimated on-time and
late I and Q chip samples are provided to QPSK despreaders 104a and 104b
15 respectively. The despreaders 104 also receive from the I Q PN sequence
generator 106 the PN sequences identical to those used to spread the data at
the base station. The I Q PN sequence generator 106 is slaved to the chip
enable output 214 from the searcher timing generator 200, and is thus
generating the PN sequences consistent with the current offset being
20 evaluated by the searcher. The searcher is only interested in measuring the
pilot strength at each offset and therefore has no need for the Walsh sequence
generator found in the finger.
The output of on-time despreader 104a is directly summed by on-time I
and Q accumulators 162 and 164 and the output of late despreader 104b is
25 directly summed by late I and Q accumulators 166 and 168, producing a pilot
pair Pin) and Pg(n) for symbol, producing a data vector once per integration
interval:

{ Pi(n), Po(n), Pr(n), PoL(n)}

that is then processed at the integration interval rate by elements drawn to the
right of boundary 198 in FIG. 4.
It should be noted that in the preferred embodiment, two offsets, an on
time and late pair, are being evaluated simultaneously by the searcher. This
35 parallelism is needed to ensure the searcher produces the multipath trace for
typical search windows at a rate faster than ‘the multipath environment
changes. The signal processing discussed for the preferred embodiment can
also apply without loss of generality to additional despreader accumulator
pairs that can be used to obtain additional searcher performance if needed.



finger's assigned offset, selects one of the eight sanples per chip to use
far on- ti me processing and anot her sanple half a chip delayed for use
in time t racki ng. This sanpllng, as well as all other chip rate
processing in the fin is slaved to the chip enable strobe 156 from
a finger timng VY éh%r 122. The finger timng generatoch§§WﬂWﬁ§ks
the tinme offset of the mul ti path peak being denodul at ed.

Each advance or retard generated, either gge to a time tracking | oop

adj ustment or a slew conmand by the micropfocessor to nove to a new 15

of f'set, has the effect !Efierséa@w:i% iAterGalS BiH Atbrap cirbait 20R Rakilatdy [PRn)H ¢

O oo T FAGHT SRy e b, BY cigf K" G Lsic 204

si xty-fourth chip calmlatﬁ %4- PQL(nﬂecormspondugeto therlatg pilotcenargy for the
reflects any of f Sgjgse mesearmeilem@raﬂamag pidt energy is

i nternal finger posrtro re | Ste read b e, rocessor
finger timng &PQPBPH cOYffFai eréﬂ P{{% %ﬁs’é‘i’%ﬁﬂbﬁ’feﬂt
register witt en txpcmmelatozmb,ramiesmularlyolaté pilot Ienerfgryngsnmmedi byenomicbhetrent

during finger Shdd t. V\hen t he m' Croprocessor reassigns a
finger, an i nt er nal meiﬁg

continues to advance orMieft n| Ntémg qrgcel' ttl“lr‘]g‘;]g“ é??h‘?%’@s%ﬁl%&drtthé

fi ggler has r eached-estilﬁ ﬂs&iegtltﬁdcoﬁei-a&tacctﬁﬁulators 208, I ¢ol ageadchniesult
and late | ang jg}lcgesgqlhnﬁ r l§ 394

and 104b respect | %?S%%S’S c?sbqggl&? 206 thegDr ecel ve ?g ?ﬂfft
PN sequence generé’PH-'F1 1sspﬁ§a {iing gengrator 209.khis causes the

spread the data atsehithebts tw&h@nmmetumﬂ%eamwmw generator 106

Is slaved to the chip
generator 122, and %ﬁéﬁ{ag ggﬁﬁ %?ﬁ%uen&gsﬁéoi% iﬁﬁe mﬁmg
assi gned of f set of®V ed ngartimey andnlate gecuranlaters 162, b are and

sequences out @K fBegm tshmxﬁhhggehepﬁhdr ildbcldpe foel thgerewr offséth@rice the search

counterpart sequeng t
del ay from tg:gu oase é{l@%ﬁ? r{roiﬂh‘téé]deq;ﬂn%tbgl\é {'@‘Qf]%}é‘iﬁe‘r L %ﬁ?‘%&ﬁgﬁ lifiber of
despr eadi ng proce e?ﬁé‘&p}d&ataﬁﬁuntﬂ the
process in the nodgehwher mgdintbmmandedclorseardh anothexaM@dmnt

In order to recover. thqno&llegw?q}é ¥né:{ ,Uge dAgﬁ%& Senal
chips are res%ctrﬁ %i‘g‘g@e -t| égn 2}% . usi v
(XOR) gates 1 ulatip (/l éég’gf’ﬂ’ theindR €'§
Capable of Recewmg Multzple Szgnals, the preferred embodiment assigns the
fingers based on the best results found in a search window. In the preferred
embodiment, the four best results are tracked in search result processor 212. (A
lesser or greater number of results could be stored in other embodiments.) A
25 result register internal to the result processor 212 stores a sorted list of the
largest peaks found and their corresponding offsets. If the latest search results
provided by non-coherent accumulators 208 or 210 exceed those stored in the
best result list, the control logic in the result processor 212 discards the fourth
best result and inserts the new energy and corresponding offset at its
30 appropriate position in the list. There are a great number of methods well
known in the art for providing such a sorting function. Any one of them
could be used within the scope of this invention.
The search result processor 212 also has a local maxima filter function
comparing current energy with energy obtained at the adjacent offset. The
35 local maxima filter, if enabled, prevents the best result list from being updated
even though a result would otherwise qualify for inclusion, unless the result
represents a local multipath peak. In this way, the local maxima filter
prevents strong, broad "smeared” multipath from filling multiple entries in
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108 the Wal sh chip sequence corresponding to the Wal sh code assigned to the
nobile unit to reverse the orthogonal covering applied at the base statlon
The Wal sh code is conyéﬁed to the finger through m croprocessor

dat abus 34. The W and uncovered | and Q chips are sunmedWP/HE Q
5 synbol accunulators 110 and 112 over a synbol interval, once per synbol

produci ng a synbol data pair Dierr](n) andgferr](n) for synbol n. Since

t he pil ot channel is covered with the all zeroes Wal sh code 0, no

separate Wl sh  the pesitReaRk mﬁrlemﬁgholmoneﬁﬂadeﬂcermmnct eultipath thihean
out put of on-tine ikggglp %‘fﬂ(}eﬁfordd %Hmred by on-tinme | and
Jﬂﬁk r E

accurul ators 114 oducing a pair Plerr](n) and P[er
for synbol n. TheTizap tation: |of, |19cﬁlmm éeysn' excla&i)@e

of pilot strengt hScurrent eéaraetrésaitf:sa&m o t fife %&aﬁgfoﬂ&@fs eédugt the

Ther ef or e, parate set of nd ac urrul and 20
despread pi I ot %prcﬁmf’s@‘ Ireast"‘ét md:caacef& 4@' e{gﬁi
hal f a chip from tHnmhmétbxhposiwedo n@hvelmdlqatdson lqmblma)nmeland enables the
accunul at ors. Ith e i ﬁl hidiely i

i Fﬁ@ le opl f‘(g: tely inlifialized

on-tinme pil ot pa| and *Pl err
ﬁ %@pﬁ%ﬁéé?rwwo

despreader 104b u
To produce a pil otaspwell. half a chi p advanced fromthe on-tinme pilot pair,

cequence 20 0 ayed oA ?%"iﬁ“’“ *ﬂ‘é’ e DER. Soplt 19y /8% plvidd, 1o e
tracking | oop RE%"CH%SQIO qeag#}% éﬁa&@e@ﬁmsﬂwﬂ#‘lﬁ
pairs on alternat ipeaks needstyrﬁedboked/\ﬁt by de mienopirodessoa8l agaiﬁahdylﬂ.ncéélﬂ\e
accurul ators 110, Gl guntldfprocessing the microprocessor 30 spends on its searcher task.

FIG. 5 is a functional overview of the processing for the symbol

15 combiner 22, the power combiner 24 and the frequency error combiner 26 in
the mobile demodulator of FIG. 2. Once per symbol, the symbol combiner
takes the deskewed symbol streams 42a-c from the three fingers, sums them
via adder 262 and, after truncation and limiting (not shown), descrambles the
combined soft decision symbol via XOR gate 270 of FIG. 6 using a user-specific

20 long code 280 time aligned to a counterpart in the cell. The user long code 280
is unique to each user and configured with parameters that have not been
broadcast over the air during call setup, thus providing some measure of
privacy. The user PN generator is embedded in and time aligned with a
combiner timing generator 264. The combiner timing generator 264 outputs a

25 combiner symbol strobe 282 independent of the finger symbol strobes 158a-c,
which has been previously mentioned in its role enabling simultaneous reads
from the symbol deskew buffers 144 in the fingers 12a-c. |

Combiner timing generator 264 has an input TX_PCG signal 278
coming from the modulator section of the modem {not shown), indicating

30 that the mobile unit transmitted on the reverse link during the prior power
control group.-In the preferred embodiment, the power control group is a 1.25
msec interval over which the mobile unit may gate its transmission on the
reverse link. If the mobile transmitted, TX_PCG 278 tells the combiner to
listen for a power control decision on the closed loop power control decision

35 sub-channel on the forward link.

Bits sampled from the user PN sequence 280 determine which of the
forward link traffic symbols within a power control group are punctured to
provide the power control decision bits. In the preferred embodiment,
depending on the application the power control decision may puncture one or

e



116, 118, 120 are cleared and begi n sunmm ng over the next synbol interval.
The el ements described above performall of the chip rate processing 25
occurring in the finger, drawn in FIG 3 to the left of boundary 98. The
net result of this chip rate processing is a data vector produced once
per synbol : WO 9781227 { Derr](n), Derr](n), P[err PCRIS6/10575
Plerr](n), Plerr](n), Pl[err](n)} 30 which is then processed at the synbol
rate by el enents drawn to the right of z?oundary 98 in FIG 3.
The synbol rate processing typically starts by filtering the on-tine | and
Q gl ng dat El E[egr &wrm thaSpanR@ufed ¥yib ﬁDQh@rBdlLKihef' Sg&?&ator
an in [ n e .SYRbo 0
varjations in the%?#l %%Wﬁ%ﬂ"ﬁf%&%ﬁm
the dot product's gqrasue mph;cedundheaymbol datasstrdanm g6 qrovidedotos the deinterleaver
In the preferred eapwuaaaf Ggeﬁrﬂ kel foeWaf Berbd ZoRRidr el uoed in the
nple T1rst orqger 1 ngl

configured as si npte.i | se res onse TR filter
Recodet B gan T %Pxe@elf

For each & rrﬂ&FFfenéF ¢g

off and a new a:é‘&leer 24 uses the same three deskewed fmger
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to produce a new 9 e%nrs ou ll'?{me errnfi{(lﬁ%’ %‘:ﬁhe E&E‘g& cofidbihér §E@8}gtdaﬂy
per synbol, Dot Prtbaegsepar mebile to mogiter povess

defined in Equati ofecisions mjﬁln&ué@edﬂgm]éen)s Niprevially x}fyﬁhel of ethése’ adder-
5 Jdotting 1t i 1N dlifulidot Pallt B'dclive,Bhil H thibWhy 0 thréd Walyldob hardloft, the

results in a scal af .
mobile can take power decisions from two or three cells at the same time.

Cell 0 uses adder 246 and accumulator 252; Cell 1 uses adder 248 and
accumulator 254; Cell 2 uses adder 250 and accumulator 256. Once per symbol,
adders 246, 248 and 250 sum the symbol streams 42a-c from the three fingers

15 12a-c. Accumulators 252, 254 and 256 sum the resulting combined symbols

' over two successive symbols if two-symbol puncturing is used. During soft
hand-off, the fingers 12a-c can be reassigned freely between cells as the
multipath environment for: each cell changes.

To provide maximum flexibility, AND gates 240a-c, 242a-c, and 244a-c

20 provide the microprocessor 30 a means to switch fingers from one cell to
another. For example, when not in soft hand-off, only the cell 0 adder-
accumulator pair 246 252 is used. All three AND gates 240a-c are enabled,
while the AND gates 242a-c and 244a-c for cell 1 and 2 respectively are
disabled, masking the finger contributions to adder-accumulator pairs 248 254

25 and 250 256, effectively shutting them down.

In a three way soft hand-off, one finger is assigned to each cell and one
each of AND gates 240a-c 242a-c and 244a-c are enabled with the other two
AND gates from each grouping disabled, so that all three adder-accumulator
pairs are active. The sign bit in accumulators 252, 254, 256 form a hard "up-D”

30 or “down=1" decision.

In a soft hand-off, if any one cell is requesting the mobile to turn down
its transmit power, this indicates that the mobile is coming through loud and
clear at that cell and the other cells decisions should be ignored. This logic is
reflected in the “or-of-the-downs” OR gate 258 which combines the power

35 decisions from the active cells. The output of OR gate 258, representing the
final combined decision, is summed in TXGAIN accumulator 268.

TXGAIN accumulator is enabled by the PUNCT signal 284, ensuring
that its transmit gain output is adjusted only in response to the power
decision symbols. The TXGAIN value is converted to an analog voltage level



val ue .i ndi cative of the magnitude of the data synbol in phase with the

pi.l ot, scaled by the strength of the pilot being received.

After truncation and limting (not shown) used to renormalize the dot
product result to the bits of interest, this synbol output is witten into
a 10 synbol desWOWMIBTer 144. The deskew buffer is a first-i RCTUSPEICSHy

(FI FO buffer witten with the finger's own particul ar synbol
al i gnnent as provided by synbol enabl,g strobe 158. The deskew buffers
in all fingers are read usi ng the sa combi ner symbol enabl e strobe

(not_shown). Thi s 150 g tHe TXUAl roae.%utoa Pllse Wesisiy 668 lator
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finger energy backprenifdeddp CUM 2661t est nul ti path peaks found

by seﬁr cher étﬁ reaﬁSl ¢ 531] Qgridiﬁoﬁah@léﬁldaﬁecbtdiﬁﬁﬁeimpwdia\tﬁﬁbﬂﬂ &ch multiplier,
searcher as the a n 0
In the pref erredn}agr?ﬁ’ rré&ﬁ? o %‘2 0c todgfeg%?@daﬂf %ki' %Sﬁgioﬁgsggﬁl&!emgnged

30 sinple first (ﬁeﬂé?atﬂVRaﬁl ﬂt discretg; citguit, syitho| each relementn hgvinghea direct
finger energy 15 cdmpbﬁdmé to1sbime tirbiier atea aubatﬂ aﬁtegehteafamdt td® die. Of

energy result out concerneaﬂ'g tﬂ¥ fghf' Ghiiikiptial d 'céu[:ﬁm%r eh%qt % goﬁg&‘ﬁeoﬁ-

new filtered fing energ outp are
bl ock 150 conpar eshmnepﬂvhgétﬂr eqnerm wlyper late piletofilter energye thet srasst product
142 to an in-1ock @trreﬁmlaitdamdm duct opedation, replidabécd fdrodaith irigeken i nt o

he, Blck by Lhe M C1Obhie3atnl gahte 93‘3 (i e g B o
energy is bel 0?9t rtéedaveamaeqo full symhal terqompletss the; processing: the
t he functionality could be more efflaently implemented using a shared datapath.
The resulting hybrid architecture, containing elements of both the dedicated
circuit and general DSP approaches, is shown in FIG. 6. All of the finger chip
rate circuits shown to the left of line 98 in FIG. 3 and the searcher chip rate
25 circuits shown to the left of line 198 in FIG. 4 are preserved in residual
dedicated circuits depicted in FIG. 6 as finger front ends 312 and searcher front
end 314 respectively. All of the finger symbol rate processing to the right of
line 98 in FIG. 3, all of the searcher per integration interval processing to the
right of line 198 in FIG. 4, and the combiner functions of FIG. 5 have been
30 integrated into a shared multiply-accumulator datapath 300.

Once per symbol, the finger front ends 312 produce a data vector
consisting of the I and Q symbol integration for the traffic channel symbol
data, the on-time pilot, and the early or late pilot. Once per integration
interval, the searcher front end 314 produces a data vector consisting of the I

35 and Q symbol integration results for the on-time and late pilot. Components
of the data vectors are accessed by the shared datapath through a tri-state bus
174 shared in common by the finger front ends and the searcher front end.

Once per symbol, combiner timing generator 264 outputs a combiner

symbol enable 282, finger front ends output their individual symbol enables

-

O




out-of.-1ock state. Otherwise the lock state 148 renains unchanged. This
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that, once the finger falls out of | ock, its energy nust rise above

i n-1 ock threshol WO%O¥37back into | ock, and once the- fi ng@FTUSIY19EMed,
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|l ock. 5 Once per synbol, the crosgqproduct circuit 146 perforns
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tracking a reliable ang eason
previ ously descri hperforan @il gghﬁﬁ@“ﬁ ﬁﬁ@@wmaeeded for
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20 integration paustgnngeral] ( demoriulaten ( atateninformatipnn) presgxyed] (agrossr esymbol
~alternately out putpdiyndadies. These MY sa6E s b the IddkenOmbalbry Bk® wftious
symbol, the ener gyﬁ.ﬁé £ I &s reach finger 12a-c, and sorted list of largest peaks found for the
' searcher 14.
15 . FIG. 7 is a block diagram of a finger front end 312. It performs the
identical function of the chip rate processing detailed earlier for the finger of
FIG. 3 up to chip accumulators 110, 112, 114, 116, 118, 120. On the finger symbol
enable strobe 158, the data vector output of these accumulators is latched by
half latches 350a-f, buffering the data vector so that the finger chip
20 accumulators may begin summing the data vector for the next symbol while
the values latched in half latches 350a-f await their turn to be processed by
shared datapath 300. Half latches 350a-f are tri-state buffered 352a-f to allow
them to be output on a common bus shared between all finger front ends and
searcher front end. The tri-state bus 174 is a distributed multiplexer; datapath
25 control 308 selects one of the tri-state drivers 352a-f in a finger front end or the
searcher front end to drive out onto the bus. The tri-state bus 174 provides the
datapath access to all of the various data vector components with minimal
routing overhead. The finger front end timing generator 122 accepts an
external advance or retard 160 generated by datapath control 308 as it updates
30 the values of that finger's time tracking filter.

FIG. 8 is a block diagram of the searcher front end 314. It performs the
identical function of the chip rate processing detailed earlier for the searcher
of FIG. 4 up to chip accumulators 162, 164, 166, 168. On the searcher sum_done
boundary 216, the data vector output of these accumulators is latched by half

35 latches 360a-d, buffering the data vector so that the searcher chip accumulators
may begin summing the data vector for the next symbol while the values
latched in half latches 360a-d await their turn to be processed by shared
datapath 300. Half latches 360a-d are fri-state buffered 362a-d to aliow them to
be output on a common bus 174 shared with the finger front ends. Datapath



cal cul-ates either [Plerr](n)[err] + Plerr](n)[err]] or [Plerr](n)[err] +

PlLerr](n)[err]], corresponding to the energy in the pilot half a chip
of fset later aqr earlier than the peak being tracked. The tine track
filter 138 calcul ates the difference between these two 25 energies,
[Plerr](n)[err] WOPBI®RRT (n)[err]] - [Plerr](n-1)[err] + P[err] PET/USIEA0875]
(4) This difference forns a netric used to drive a second order
| ow pass 30 filter. The gain of both the foast and second order
contributions are specified by the mCroprocessor 30. This allows for
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o ndow st ar 1 ng of P26 Thess Opefind Hic seé@‘gﬁgﬁﬁ%ﬁ%a‘;’e%ng?’g’forﬁ‘%&f‘e SRisR
search wi ndow | engiﬂ"iﬂ’%’tptb%ln or frosn segister file RAM, Yrmecbed via
sear cher 14 st eps sfltpleler! (VUXPS2S EndiNMUX'324. For exiaipls) when 63
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MUX'’s 320 and 324 both select the input from the data vector input bus. When
performing the dot product, filtered pilot Pfi(n) is read from the register file
RAM which is selected by MUX 324 and captured by latch 326, while Dy(n) for
the finger being serviced is driven onto the data vector input bus which is

15  selected by MUX 320 and captured by latch 322. The two operand latches are
multiplied by multiplier 328.

Multiplier 328 is a full parallel combinational multiplier yxeldmg the
product of the two operands within a single clock cycle. Either the multiplier
output or the operand stored in latch 326 is selected via MUX 330 to be

20 summed by adder 334 with accumulator feedback latch 342.

All arithmetic operations in the datapath are performed using 2's
complement representation of values, so by performing a 1's complement
inversion using XOR gate 332 and fixing the carry in to the LSB of adder to 1,
the output of MUX 330 may be conditionally subtracted instead of added. AND

25 gate 336 can conditionally mask the feedback of accumulator latch 342
summing into adder 334, so the output of MUX 330 may be loaded into the
accumulator latch 342 instead of being summed with its prior contents.

The output of the adder feeds a programmable limit stage 338 that,
together with a programmable normalization stage 340, selects only the adder

30 output bits of interest for the operation being performed. By renormalizing
the results after each operation, truncating the LSBs that are well below the
system noise floor, and saturating any MSB’s that rarely if ever get set, all
values operated on can be maintained in at most a double precision word
without ever encountering bit overflow.

35 The data vector provided on tri-state bus 174 is a single precision word,
10 bits wide in the preferred embodiment. Typically the finger symbol and
frequency error stored in register file RAM 304 are single precision words,
while filter values are stored as double precision words, 20 bits wide in the
preferred embodiment. The register file RAM 304 consists of two banks- that



searcher tini ng bl ock 200), calcul ates the resulti ng pilot energy, and

optionally suns several pilot energies over a specified nunber of
intervals (witten to search control block 206). The output of the
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Sear cher microprocessor can read or wnte these values, temporarily halting the
sequencing of the datapath while an access is made. The microprocessor
-accesses these values infrequently enough so that the any resultmg delay in
datapath sequencing is insignificant.

25 For the searcher 14, the register file stores the intermediate values of
the on-time and late non-coherent accumulators, as well as the prior energy
value used in local maxima detection, and the sorted list of the four strongest
peaks found by the searcher and their corresponding offset. For the combiner,
the register file stores the state of cell accumulators 252, 254, and 256 when

30 summing two consecutive punctured symbols, as well as the states of the
TXGAIN accumulator 268 and the LO_ADJ accumulator 266. The initial value
of TXGAIN and LO_ADJ accumulators 268, 266 can be specified by
microprocessor 30, and their current value read back by microprocessor 30
using the read /write tap 344.

35 Returning to FIG. 6, the limited, normalized adder output is captured
by accumulator latch 342. Accumulator latch 342 output feeds back to adder
336 for further summing, and its contents can be written back into register file
RAM 304. The output of Latch 342 is captured by TXGAIN PDM 274 and
LO_ADJ PDM 276 at the appropriate time as updated TXGAIN or LO_AD]
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timng generator 200 al so outputs a sum done strobe 216 indicating a search
integration interval has conpl eted. The searcher timng
generator 200 stores the net effect of all offset changes in an

i nternal sear cheVOPI#12T on register that can be read by the 5 PCT/US96/10875

m cr oprocessor 30. The searcher timng generator 200 al so contains an

i nternal position assignnent register witt to by the microprocessor to

sl ew the searcher to a new offset. W the m croprocessor 30 slews
the searcher Ilef\%gggﬁm Bkd Wrrithé Bg‘ggﬁ.ﬁgr gisigr“ﬁl
generator 200 cont es tOPt\FaME% etard_the sea ch r,tim n unt|I
it determnes thatwi‘lﬁh@ mﬂ‘%ﬁm{‘g aé“'FEﬁB?fe@‘ e point

Once it has reachaﬂeldomlﬁﬂedgymbobhfﬁ&ioutptﬁ of accuaaﬂainlnelatch%@@i‘hescbiﬁbmed

speci fied search t f He
As with the fi nge’rssﬁiﬁ %}Mﬁlsﬁ]e sea herﬁfﬁ Jit %‘em na egyon tl%e‘”%ﬂ?‘“ser
late | and Q cli p BN sequence280and KNG T bipgr, timing gensrator

respectively. The Zidsespetecly, éﬁded@h’béd uﬂyffbﬂtheséfsanie crdiitssstpwern i FIG.

generator 106 the PN sequences identical to those used to spread the data

at the base station. The | q? PN sequence generator 106 is slaved to
"R

the chip enabl e olRwgito gase lementation; hisy the prefgrigd rmbedimergp certain
i s thus generspited dffbitihg theSQUuenang ofahe ddtapith)biidh bdehe fingelodd batds,

being, 20, SLaH iy ro&ewiﬁf oy My e s e
for the Wl sh seqtfmg% bﬂréﬂeatﬂxe nourcphementh accumglation and current search
offset count are realized by discrete latches and accompanying control logic
internal to datapath control circuit 308, instead of through datapath
sequencing and additional storage allocations in register file 304. By tracking
15 the read and write deskew buffer pointers, the largest time interval handled by
the combiner timing generator 264 or the finger timing generator 122 is their
respective symbol interval strobes 282 and 158.

The datapath control 308 uses the sign bit output 346 from adder 334 as

a flag to control the datapath sequencing for the in-lock threshold, the out-of-

20 lock threshold, the local maxima filter, and during the sorting of the best

searcher result list. If sign bit 346 overflows while computing the new time

track filter output, this signifies the finger to advance or retard by a CHIPXS.

When this happens, the advance or retard command 160a-c is fed back from

datapath control 308 to the finger front end 312 being serviced by the datapath.

25 Through microprocessor databus 34, the microprocessor 30 specifies to the

datapath controller 308 the number of integrations to perform for each offset

and the number of offsets in the search window. The microprocessor also

specifies to the datapath control the per cell finger enables for power

combining, the finger time tracking loop gains, and can also directly write the

v 30 lock state of the finger, overriding the value.determined by the lock threshold
comparison.

As mentioned earlier, the finger front ends, combiner functions, or
searcher front end are serviced on a first-come-first-serve basis as their
respective symbol enable strobes 158a-c, 282 or sum_done strobe 216 are

35 asserted. Datapath control 308 places the requesting elements in a queue to be
processed as soon as the datapath 300 has finished its servicing of earlier
requesting elements. If two or more elements request servicing at exactly the
same time, datapath control 308 arbitrarily assigns one of the contending
elements to be first in the queue and the other lines up behind it. Since the
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and Q accunul ators 162 and 164 and the output of |ate despreader 104b is 25
directly summed by late | and Q accunulators 166 and 168, producing a pil ot
pair P[err](n) and P[err](n) for synbol, producing a data vector once per
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Plerr](n), Plerr](n), P[err](n)} 30 that is then processed at the
integration interval rate by elenments drawn to the ri ght of boundary
198 in FIG 4. I't should be nof&d that in the preferred
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After each integration nterval he ene UI L cul S

[Plerr](n)[err] + )féﬁlﬁe {t%?/ Wrﬁ!‘aﬂﬁo?n
energy, and the enacg)sequ tsﬁfgk clock wff (ﬂ}Ea qun) Buccepsive symbol
Plerr](n)[err], cq&m fhé&iﬁei-:?k&h@'ehﬁéwﬁ@ﬁrzﬁmtiplé fitjfers 12a-c @bé Bélhg
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advancmg on a ch1p per chip basis, so that the interval between successive
symbol strobes 158 is halved. Rather than having to design the datapath
sequencing so that it has enough headroom to handle a worst-case queue
pattern using a 256 clock interval, the finger timing generators 122 simply

15 suppress their symbol enable strobe output 158a-c during an advance,
reenabling them once the fingers complete a slew and arrive at their assigned
offset.

Once queued, the controller sequences the datapath through a fixed
processing sequence, configuring it to perform all of the accumulations,

20 muiltiplication, and comparisons associated with the signal processing of the
block being serviced. The. type of element being serviced forms a page select
into microcode ROM 306, and the clock count into the sequencing is used as
an offset into the selected page to form the microcode ROM address. The
microcode ROM output specifies the component driven onto data vector tri-

25 state bus 174, any accesses to or from register file RAM 304, and a control word,
labeled ¢[16:0], configuring the internal elements of shared datapath 300.
Signals c[0], c[2], c[4] form mux select input for MUX's 324, 320, 330 respectively;
signals c[1], c[3}, ¢[16] are enables for latches 326, 322, 342 respectively; signals
cl5}, 6], <[7] control the conditional subtract and load functions for adder 334,

30 and fields c[11:8] and c[15:12] fully specify the limit and normalization bit
positions for the output of adder 334.

The sequence of operations performed by the datapath on successive
clock cycles while servicing a finger front end 312 is shown in FIG. 10. It
closely follows the symbol rate processing for the finger discussed in relation

35 to FIG. 3. For each cycle, the table in FIG. 10 lists the component, if any, driven
onto tri-state data vector bus 174, the accesses, if any, to or from the register file
RAM 304, the c[16:0] datapath control word, and a brief comment useful in
referring back to description of the symbol rate signal processing for the finger

" inFIG. 3.



accurul ator 208, and simlarly late pilot energy is sumed by non-coherent
accunul ator 210. After the specified nunber of integration

i nterval s have el apsed, the results in the non-coherent accumul ators
208, 210 are passed to a search result 10 processor 212. Searcher control
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retard to the searcher timng generator 200. This causes the sear cher
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mul ti path fro0fi ﬁmmegmml)anﬂcea@mtapesmmuasanmputtomedatapath It is scaled by

microprocessor specified gain constant K1 as it is loaded into the accumulator
output latch 342 during clock cycle 27. This scaled value is then added to the
time tracking frequency accumulator component of the second order filter.
The updated time tracking frequency accumulator is written back into the

25 register file 304 and read immediately back again to position it as an input to
the datapath, where it is summed with the time tracking metric scaled by
microprocessor specified gain constant K2 during clock cycle 32. This value is
summed with the time tracking phase accumulator component of the second
order filter, and the new phase accumulator value is written back to register

30 file 304 on clock cycle 34. Thus the datapath requires a total of 35 clock cycles to
process a finger for each symbol.

The sequence of operations performed by the datapath on successive
clock cycles while servicing the searcher front end 314 is shown in FIG. 11. It
closely follows the per integration interval processing for the searcher

35 discussed in relation to FIG. 4. During clock cycles 0-2, the pilot energy for the
late pilot integration is calculated. This energy is summed with an
intermediate non-coherent accumulator value on clock cycle 3, and the new
sum over the number of elapsed integration intervals is written back into
register file 304 on clock cycle 4. These same operations for the on-time pilot
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the best result list, Ieaving no roomfor weaker but distinct nultipath

t hat can make better candi dates for denodul ati on. The

i mpl enentation of the local maxima filter is strai ghtforward The

current search r QPR conpared to the preceding of fset's resRERUSIHGSTS
conparison result indicating the slope of the peak being traced. A slope
transition frompositive to negative indica a |l ocal maxi na and enabl es
t he best result list to be updated. The& sl ope | atch can be

appropriately Imtirabo%ﬁ nmm@gu@m&@ il'r“ﬂ%é’s@&k!ﬁ&aﬂs Ofias further
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|
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Havi ng t he searchmﬂidﬂ@&ddmrdmmbhndmﬁedﬁqtﬂmmbhdﬂhmdmwmfkrdmk@dﬂ@m
need to be | ooked AlG. the m croprocessor 30 significantly reduces the

amount of processing the mcroprocessor 30 spends on its searcher task.
FIG 5 is a furRtional Kvinsteadwtlis is the final dbtegsation rintexuals fomihie qurrent offset,

combi ner 22, the ppysessigobnBhiudt Thedobilembxizaa dilRy protaEingsteuRCBuAfigi dlock

th bile d dul F

takes ¢ Leedegggmﬁﬁé%fﬁz T fatanli 200 He MRS, pld e ing %%%?hewﬁ
vi a adder 262 and, bettesn the omctimeoandslate offset Tesylts, and betwioen tth%tgerfﬁst zesult
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The user 1ong Mhacli3Rgslop °%%?c3%ﬁﬁs§fm%%e@ﬁtt§s & RR AR hin b fitected
paramet ers that ha¥Vhe datapethed00 can thencousider the/peak for intlusion, imgha:amed list of
setup, thus provi dadafsUaEpealaSleifid ¢ the search up to that point.
- Starting with peak 0, the strongest peak, on clock cyce 13, and
continuing through to peak 3 on clock cycle 23, the energy for the current
15 offset being processed is compared with the stored peaks. If the input energy is
greater than the stored energy being compared against, the input energy
overwrites the stored energy, that then simultaneously replaces the input
energy in accumulator latch :342. By stepping from larger to smaller peaks,
once the input energy exceeds a stored peak, all of the lesser peaks are
20 automatically “demoted” a ranking as a matter of course as the peak
comparison progresses. This is but one of a number of methods well known
in the art for providing such a sorting function. Any one of them could be
used within the scope of this invention. The minimum searcher integration
interval in the preferred embodiment is 32 chips, and with a single
25 integration interval per offset, worst case, the datapath 300 requires a total of
24 clock cycles for every 32 chip integration interval to support the searcher.
The sequence of operations performed by the datapath on successive
clock cycles, while servicing the combiner functions, is shown in FIG. 12. It
closely follows the symbol rate processing for the combiner functions
30 discussed in relation to FIG. 5. One deskewed finger symbol per clock cycle is
read from register file 304, resulting in a final combined, lLimited and
truncated soft decision symbol on clock cycle 3. During clock cycles 4-8, 9-13,
14-17 similar per finger summations take place on punctured symbols for cell
0, cell 1, and cell 2 power control decisions respectively. If two symbol
35 puncturing is used, the combined punctured symbol may be summed with
the prior combined symbol for the cell being processed, stored in register file
304. The “or-of-the-downs” OR gate 258 is a discrete gate in datapath control
308 using the adder sign bit output 346 as a hard up/down decision for each
cell as they are sequenced through. During clock cycles 19-20, a +1 or -1 based




privacy. The user PN generator is enbedded in and time aligned with a
conbi ner timng generator 264. The conbiner timng generator 264 outputs a
25, conbi ner synmbol strobe 282 independent of the finger symbol strobes
158a- c, whi ch has been previously nentioned in its role enabling

si mul taneous reaW®9701227from t he synbol deskew buffers 144 in PGE/USIGNYEISs
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278 comi ng fromthe nodul ator section t he mbdem (not shown),
indicating 30 that the nobile unit transmTted on the reverse i nk during

the prior power ﬂ%%ﬁ-ﬂn&i Wer'&é Sﬁ& valﬁ@%e&@"f%m

control group is a 1 c Inte |ch

gate its transni sdJeBitesfilen3s. Peve \1? ‘PI”F@PHEH? Tfeaf is
TX_PCG 278 tells tsttennbickeintboregister Ifilst304. pdnek ayalabrzn-zttjeonelﬁnger

Finnt(he.Cl osed | OO ér,'f%ﬁ%g #'rg;g?h%gg%% Se ue Cce rﬁjel’ m ne Ctno

of the %r@dﬂ?ﬁ@t%fﬁ%ﬂ%ﬂ@rvﬁ justmen chk'iclé tgrihepLOLA
punctured t o vahoyiedd frbm ﬁ% r filers040Thel ains L) ADJ valuenistda tl.ﬁé&

embodi ment , gg?g %f@%&?ﬁé?& &%‘é@rm&%&rp%hw geeq 5% total

may puncture one
PCT/ US96/ 10575 of28clockcycles to process a finger for each symbol. two synbol s.

Buring the punctured syKaOirchitb@ufoPp e %{irésbﬁﬂ ﬁszeeemraiaerseveml adO4nRgesFor

t he PUNCT sig I 284. hIS mas th fg”&ﬁ&mﬁ&t ha% Mpsgrs&sgéﬁaig&

placed in the ,gegeqsg
decoder. G ven t h blocks,r ther ability: to demoduldate an edditionad signal pathk cap be

preferred enbodi W%edtﬁyeslﬁﬂﬂﬁdﬂdﬁé aCRéW "R Sfe b bnd NFlodk el fififlerS FoRe lend
: block does not require a significant die area and therefore the cost of extending
demodulation capability in this fashion is fairly low. With 512 CHIPX8 clocks
15 per symbo), the datapath has plenty of “headroom”, or idle cycles in excess of

what it needs to perform its assigned signal processing tasks.

As calculated in the presentation of FIGs. 10, 11, and 12, during a 512
CHIPX8 symbol interval, the preferred embodiment using three finger front
ends and a minimum searcher integration interval of 32 chips the datapath

20 will be processing the fingers for 105 clock cycles, the searcher for 48 clock
cycles and the combiner for 28 clock cycles, using a total of 181 of the 512
available clock cycles, corresponding to a 35% utilization factor. Another way
of stating this is the datapath runs at 3.5 MIPS. This demonstrates the
significance of the off-loading the simple chip rate functions to the dedicated

25 searcher and finger front ends; which drops the signal processing requirement
from 75 MIPS to 3.5 MIPS. This translates directly to power savings, and the
power consumed by the dedicated front ends adds back only a fraction of this
amount. For significant extensions in the amount or type of finger and
searcher processing, or to support higher data rate services with their

30 correspondingly shorter symbol periods, this headroom can be increased by
simply increasing the frequency at which the shared datapath is clocked.

The demodulator architecture embodied in this invention is a hybrid of
traditional dedicated circuit and general purpose DSP approaches. In
comparison with the traditional dedicated circuit approach, the shared

35 datapath consumes less power and is considerably smaller than the discrete
symbol rate circuits presented in FIGs. 3, 4, and 5. The shared datapath is
compact and tailored to the modest needs of the processing tasks at hand,
using 10 bit single precision and 20 bit double precision arithmetic. The hybrid
approach maintains the flexibility of coding algorithms in firmware instead of



The power conbi ner 24 uses the sane three deskewed finger synbol

streans used by the synbol conbiner 22. The power conbiner 24 is actually

t hree separate adder accumnul ator pairs allowing the nobile to nonitor power
decisions fromthree different cells. Normally only one of these adder- 10
accunul ators is MAIHME27hut in two way or three way soft hand- #CT/USEALES?S
nmobi |l e can take power decisions fromtwo or three cells at the sane tine.

Cell O uses adder 246 and accunul ator 252; | 1 uses adder 248 and

accurul ator 254; Cell 2 uses adder 250 and cunul ator 256. Once per

symbol , adder ged} %ﬁ&xﬁdlﬁé‘ﬁ:ﬁaﬁi& bf PIGL 30517 28d 12 o ah%:s
three fingers 15 ﬂ’ Ifcc,u &gg ﬁg%% sum t Re .resul ﬁmn
conbi ned synbol s fora ez, segeehes and; er

is used. During sofunctions afeambhﬁfentztﬂiexﬂmnderﬂﬂﬂl’hesoﬁmcﬂmode.asm gned

freely between cells a . I
changes. ToSISH;a Je T rraggé&i eX| % f’t y%#ﬁ@@%gﬁgg ﬂrowded to
242a-c, and 244h- cenmble pry pevsen skilled; in the ast tosmake 9p uge thepresent isWenion. The

L' ngerfsf f I‘OIT} Ontehcﬂﬂoﬁwmodlﬁcaﬁﬁﬁé b6 thesembodiniints will e tgﬁﬂﬂ y _App ﬁféntotlo those
and- o only the DAL se

t hree AND gat es Zmﬁ%dg}g‘%d%glﬂngd Wﬁ%@ %ﬂﬂeéé} 5%5‘25%}6; %RRP
244a-c for cell 1 eﬂ:@rzemb@cbmts/ew;thav'e the usejjof thecinventivie facultye Thlnﬂgethe
contributions tO taﬁﬁéﬁﬁbﬁtiﬁrno@%fé\daéw&ﬁtedaw tﬂé@nﬁﬁﬁhments shown

effectively s ree and—af

one Tinger i < b%sehﬁ‘stﬁﬁeewdaﬁah%mdm {Fnt it shE Briniples
242a-c and 244a- c novel featyresodiael herein.her two AND gates from each
groupi ng di sabl ed, so that all three adder - accunul at or pairs are
active. The sign bit in accunmul ators 252, 254, 256 forma hard "up=0" 30
or "down=1" deci sion. In a soft hand-off, if any one cell is
requesting the nobile to turn down its transmt power, this indicates
that the nobile is com ng through | oud and clear at that cell and the
ot her cells decisions should be ignored. This logic is’ reflected in
the "or-of-the-downs" OR gate 258 which conbi nes the power 35 decisions
fromthe active cells. The output of OR gate 258, representing the

final conbined decision, is sunmmed in TXGAIN accunul at or 268. _
TXGAI N accunul ator is enabled by the PUNCT signal 284, ensuring t hat
its transmt gain output is adjusted only in response to the power




deci si.on .synbol s. The TXGAIN val ue i s converted to an anal 0og I" m
WD 97/ 01227 Pmllmﬂm K " l“l
by externally RRC filtering the TXGAI N output of pulse density*nobul'atdr 3

(PDVM 276, WhICh ou tEuts a pul se train whose density over a set tine

i nt erval #’tional to the input value provided by TBCRVRGCAETEM
268. Once per synbol, the frequency error conbiner 26 takes the
frequency 5 error streans 44a-c fromthe three fingers, suns themvia
adder 260, and after truncation and 4jmting (not shown), suns the
corbi ned frequency.error into LO_ADJ m%t or 266 to provide a

| ocal oscillator adjustnent reference. ADJ value is converted

to an anal og vol tage | &vé\ spyeadsspectriamy gemodulation apparstusifgriuse inqr amaltiple
out put 36 of PPM 2édess Ehmnmalicativh Systan f&i@a rafuslédbmp ﬁﬁhg whose density

by L0 AD). ACCN 266, & pistaiy 8Pfrger Bt e, RE! ABH e reretvipg gpiead sl
i npl ement ati ond eand pedfonpingarclup rate signalprocessing asseqiated: withddber spread

in FIG. 3, 4and ’Wédé‘ argggarately as a discrete-circuit,
w th each ele avin I rec dl corre ? &%o upt .area
on an int egrat d ci rcuP?’“?ﬁ i{‘ fgtheplunj,ﬁy S&Sﬁ‘? ﬁ%%ﬁl‘é“kﬁw
mul tiplier accunubyﬁhokaca&ﬂuhﬂ:dp@t&mentm tine pilot filter energy,

early or late |Iot filt ?faﬁﬂé&n O rgggogi?
t he dot produc per tlhosgé geeql catfe%e or e Cs-gflgﬁ%g mfl ormatish te&”%iith

structures take as oh| kate atlon
i nventors recdQ@ni appamitiid) a fuII synbol to corrpl ete the proce55| ng, the

{jgt“glto ggga' Ity coul ] be g {rfinfiletic CdatRbath, LORIEAREURE stbihfddeviel Undlthe buffer,
' 12 for performing symbol rate multiply and accumulate functions associated
with signal processing of the spread spectrum demodulation apparatus, the
14  arithmetic datapath having a symbol output; and
a datapath control circuit, coupled to the arithmetic datapath, for
16  arbitrating the use of the arithmetic datapath between the plurahty of finger
front ends.

2. The spread spectrum demodulation apparatus of claim 1 wherein
2 the arithmetic datapath comprises:
a first multiplexer having a first input coupled to the plurality of
4 finger front ends and a second input coupled to the storage device, the first
' multiplexer selecting a first signal from a finger front end of the plurality of
6 finger front ends or the storage device, the first mulhplexer providing the
first selected signal at an output;
8 a second multiplexer having a first input coupled to the plurality of
finger front ends and a second input coupled to the storage device, the
10 second multiplexer selecting a second signal from a finger front end of the
plurality of finger front ends or the storage device, the second multiplexer
12 providing the second selected signal at an output;
a multiplier having a first input coupled to the first multiplexer and a
14 second input coupled to the second multiplexer, the multiplier. providing a
product signal at an output;
16 a third multiplexer having a first input coupled to the mulitiplier
output and a second input coupled to the second multiplexer output, the
18  third multiplexer providing either the second selected signal or the product

signal at an output;
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circuit and roaches, i s shown i
of. the finger chip rat to the left of line 98 in FIG

3 and the search ate crrcurts shovvntotheleft of line 198 in
FIG 4 are preseﬁ?e’ccf%?ﬁ resi dual dedi cated circuits depi cEEFPHINE 6

as finger front ends 312 and searcher front end 314 respectively. Al
of the finger synbol rate processing to th i ght of line 98 in FIG
3, all of the searcher per integration intefval processing to the

right of line %98 in Flaa a@.deﬁiniibtxhehoeohbhngr af first iinpat ofoupléd o Hthee thiedn

?alocel Bte(raggsrrggl ! nt]ﬁmﬁﬁln ergYWnt en Wﬁg &@Egata Vég@grnenc datapath

consi sting of he q»utantrs 1&%@%??%’1‘ & gymsignal ahan P nhol
da:a tlhe ?E time plhl Ota%hﬁlﬁlér mnmizled il y difculiticouplet ab. thenadier AsubtiicRit dlitpat)
Interva e er 0 N V

the'l '35 and 4 oy REofelediVely, HiRisnG’ B PHURT Bietef 3000 ?%r%*sraﬁﬂ?%téu&%f%e
Conponent s ofhmﬁierﬂaoammmler saeuomahzed symsighalsandat h
through a tri-ggate bug g é&ﬂ:r&b%e&le m&marﬂmrae afcuaerfofrs%ﬁn e

and t he searcher front .en

generator 264 out p%‘?%nﬂ”@ nﬁ%rs‘g"al ﬂ"é‘ﬁr’rﬂB‘? g Zﬁﬂmfrlﬁ‘géf %ﬂ}ogm
out put their i28li vsignall synbol enables V\D 97/ 01227
PCT/ US96/ 10575 158a c, and once per searcher int egration I nterval,

T PN o o T el St e . Apmeen e g
finger front er®s fiirthertiheluding: searcher front end 314 and conbi ni ng
functions on a first- CcQiRuardtiel Hont 8hdScoupled between the plurality of received spread
4 signals and the arithmetic datapath, for calculating signal energy of the
plurality of received spread signals; and
6 a symbol combiner, coupled to the arithmetic datapath, for combining
the symbol output into a demodulated symbol stream.

;'23' (r::tsgljtl ng hybrid archi ll‘lecSFEete!ﬁm:nR laedng el enents of bot UIM"IIL"IM’"I"'“'

4. The spread spectrum demodulation apparatus of claim 3 wherein
2 the datapath control circuit further arbitrates the use of the arithmetic data
path between the finger. front ends, the searcher front end, and the symbol

4 combiner

5. The spread spectrum demodulation apparatus of claim 3 wherein
2  the searcher front end comprises:
. a pseudonoise sequence generator for generating: an I sequence and a
4 Q sequence;
a decimator, coupled to the received spread signals, for generating an 1
6 on-time signal, a Q on-time signal, an I late signal, and a Q late signat by
selectively sampling the received spread signals;
8 a first despreader coupled to the I and Q sequences from the
pseudonoise sequence generator and the I and Q on-time signals, the first
10  despreader generating a first despread I signal and a first despread Q signal;
a second despreader coupled to the I and Q sequences from the
12 pseudonoise signal generator and the I and Q late signals, the second
despreader generating a second despread I signal and a second despread Q
14 signal;
a plurality of accumulators, a first accumulator coupled to the first
16 despread I signal, a second accumulator coupled to the first despread Q



5 "bass. Once queued, the cdhisBiskiHas B@f8emmegliences the dat Umw)w\"!‘lgﬂm”“l
a. sect lon of m crocoded tored in the m cro
The m crocode confi guresl nm”"m mlﬁ“fel ements of datapath 30

allowit to erformall of the accumulations, multiplication, and

conpari sons need Y1227 the signal processing of the bl ock B§E/U$86/10575
serviced. The controller reads and 10 wites froma random access nenory
(RAM 304 which acts as a register file storing all denodul ator state

information preserved across synbol b&Pdari es. These incl ude such
|1t2:rr§ a:néhgogezg S ,n% I% est Foon be%tdfﬂ?gfhe aesf sear &ﬁ%g
FLG Y o a bk i atnRiador mﬁﬁrg?? éfzprqafl%w? emlerﬁh

:cdent i ca:c f unct ::?gcognmmmmgﬁmnmcm Het § bigdalsar | i er for the
I nger- o T"gﬁlﬁ'? piédz
the finger syn?’ool '&g%l o Eb %g t he z]a"?’él vectt%:ébé%%agt&f% tm

accunul ators is IaHlEFPéHYG?am IS; A% ches 350a-f, buffering the data

vect or so that22t he fing [genBratar fomvomntrolling nthe ﬁmlaﬁmd&}ﬁeﬂﬂrﬁ
vector for the ne ygp I "I gt ches
350a-f await their f" rn e ép‘%ocessgzalti‘]%t atc, HR& ﬁ.g%gg}[ 0'1’—'Ialf

| at ches 350a-f are tri-state buffered 352a-f to all ow themto be

out put on a common bus 6s Fiecspread wpedtriahl démbodalationofppaads ¢daim 1 wherein

searcher front encL!a ﬂ ﬁil 51 | exer;
dat apat h 25 contr gg’ﬁ%gpa{?é&one og,f"?rﬁh&t?f te ﬁe%’é@gﬁ-f in a
finger front end or tha pseudoneise sgavencegenegatar QIM@MMMWM&
The tri-state l4usQ yeney des the .~ datapath access to all of the

various data vector co I t i,ng oyerhhead. The

finger front end tim ngg’p %f%t‘%}e? c@% :[egelgﬁd sﬁt%adé%’?ﬁﬁé? g’égﬁ?l
retard 160 gen &r atcatime atQ %ﬁm&ﬂﬂgm@ %Ilhtelﬂimﬂesnémeée\smbsby
o; tﬂat fi ngﬁr Sftsblf?tﬂrél %hhgﬂu(gﬂie%?aveds read ggtalﬁ. 8 is ? ]?I oc{< di agram
o] e searche ron n r al _functjon

the chip rate %r ocessi %ggﬁset (LG % F&&rﬁgoyotthg £ r@ % C&‘e
up to chip accunulRgesdenaige sequence gengritoand Hae s‘e%nd: pnsimeds;gaals the first
boundary 216, 10he déspreaderjdteratifigpal firstid ﬁiﬁliﬁ@aw‘ihdtacﬁr%td raé&tgaﬂ

hal f 35 | atches 360a- the sear gher
chi p accunul atars ‘3 H%Iégllr!]gi%un%? eaI?&ta vec?gracp %P

synbol while tRe eeudanoise signalc Wawrhand thet b iamd é%tEdszsmlsz the esecond
turn to be processispleiadengétidating a second despread 1 SIgnal and a second despread Q
14 signal;
a Walsh sequence generator for generating a Walsh chip sequence;
16 an uncover circuif, coupled to the Walsh chip sequence generator, for

reversing orthogonal covering of the first despread I and Q signals in
18 response to the Walsh chip sequence;
a plurality of accumulators, a first accumulator coupled to the first
despread I signal, a second accumulator coupled to the first despread Q
signal, a third accumulator coupled to the second despread I signal, a fourth
accumulator coupled to the second despread Q signal, and a fifth and sixth
accumulator coupled to the uncover circuit, the plurality of accumulators
24 summing their respective I or Q signals;
‘ a plurality of latches, each latch coupled to an accumulator of the
plurality of accumulators; and
a timing generator for controlling the first and second despreaders,
the pseudonoise sequence generator, and the plurality of accumulators.

7. A method for spread spectrum demodulation in a multiple access
2 communication system, the method comprising the steps of:



daf apath 300. Half latches 360a-d are tri-state buffered 362a mﬂmwrl“ﬂ"“”““l
themto be output on a comon bus 174 shared with the fi

ends. Datapath
PCT/ US96/ 10575

WO 97/ 01227
control 308 selects one of the tri-state drivers

362a-d to drive WO7982% t he bus whil e the datapath is sePCTUBIENe
searcher. The searcher front end timng generator 200 accepts an
external searcher retard generated by dat th control 308 as it
fini shes processing one offset and noves consi der the next offset in 5

the search w ndow.
two operand i nput

' Iatcﬁes 2, % 6. ﬁgsgm]ﬁ%?g?% a nt?‘QQié nchgszl
val ues from ei fther t he PeFio eé“ %% Pf?fr%sﬂﬂs' Wr‘ﬁﬁﬂr ég?@?@&

file RAM 304, ind
324. For exarrpke

digmeéhhwredn\tharecewe dnspread signats; (MUX) 320 and MUX

specttant
energy cal cul at’i onmﬂggdﬁm%k% F&@%éil %%@QF#?%MU“%W&W

324 both select t

yut fromthe data vector input bus. Wen

perform ng thegdot proguging stafetiffdrthationtinRi sok evice, lasgstidtéd With Symbol

register file red by |atch
326, while Derr] ﬁ&?ﬁ%ﬁawﬁﬁﬂﬁﬁégg'%%%?@gd@%l ven onto the
data vector id@ut bus WFMlMI&?@e@ "}P ting: fungtions
| atch 322. The t wyssieatad f&@ssm of |fﬁ1tl&; pI i er 328.

Mul tiplier 328,is
product of th§2t

mul tiplier owcgamulatinghbetwieen sheiphiralititiof fingen

MJX 330 to be 20

10

o it A M A e i

B@Bisl-s sel ected via
sumed by adder 334 with accunul ator feedback |atch 342.

8. The method of claim 7 wherein the step of arbitrating and
sequencing further includes:

. arbitrating between the plurality of finger front ends, a combmer, and

a searcher front end;

performing  searcher integratlon interval multiplying and
accumulating functions associated with the signal processing of the searcher
front end; and

performing the symbol rate accumulating functions associated with
signal processing of the combiner.

9. The method of claim 7 wherein the step of performing symbol rate
multiplying and accumulating includes the steps of:

multiplying a first signal from a finger front end of the plurality of
finger front ends or the storage device with a second signal from a finger
front end of the plurality of finger front ends or the storage device to
produce a product signal;

adding the product signal or the second signal to a feedback signal to
produce a sum signal; and

limiting the sum signal to a predetermined range to produce a limited
sum signal;

normalizing the limited sum signal to produce a normalized signal;
and

latching the normalized signal to produce the feedback signal.

10. The method of claim 9 and further including the step of latching
the first signal and the second signal.
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Al arithnetic operations in the datapath are performed using u "l"”lll"l"l
conpl ement representation of values, so by performng a 1's co

i nversion using XOR gate 332 and Fi Xi ng the carry in to the LSB “of er"to
1, the output of MJX 330 may be conditionally subtracted |nstead of
added. AND 25 g¥PE78¥87 can conditional ly mask the feedback of PETEIMENETI%

| at ch 342 sunm ng into adder 334, so the output of MJX 330 nay be

| oaded into the accurul ator | atch 342 instead of being summed with its
prior contents. The out put of t&5adder feeds a programuabl e
limt stage 338 that, 11, A iH85€Eomhitthicatit gew&@ éGmi@ticatiae

340, selects ogly tr] gger %O out ut bits o |nteres for the operation
bei ng performe *the results after each operati on,
truncating the LSBs thatcoatmlhefd»r mmumgethe radl@glephmeam se floor, and

saturafing anyyMsB' s tg%cé@él%yré%l‘gﬁgl‘aﬂaﬁogg\al val ues operat ed
on can be nai nfal ned in lrrguia ub p eci Si on égl t hout eve
encountering bit overfPann@ vE%’PtJ? rcﬁﬂdd € o feE Ve st

bus 174 is a angIdenwchdaismg)ﬂw\mdio sxgnal th@ dnmadmlabtn' domprisingy ef er r ed

enbodi ment. Typically the fj %@'?‘r 5&@ LE&H r
register file RAM 304 are si e gyem S i %‘dg H\Rﬁ?legaf&?t aj u
are stored as 8oubl e ppigawlsaK F%te\m&@lumsns 3550%“8 e
enbodi nent. The regi stepre‘adlspeaﬁ\hhﬁﬂénﬁdﬁlﬂtots of two banks that

WO 97/ 01227 £ £ Ecy 159
can be accesseg | ndependent 1"lyE Lfi T ERERS led Y thé Bluﬁ?léﬁ’l SI on or og
to access a doubl Buffedpgaes symbel accumula eslos¥ age map of

register file1304 that, in hfsmrageﬁevfceoroerfnmmg state information associated
with symbol rate signal processing of the spread spectrum

14 demodulator;
. an arithmetic datapath, coupled to the storage device and the
16 buffer, for performing symbol rate multiply and accumulate functions
associated with signal processing of the spread spectrum demodulator,
18 the arithmetic datapath having a symbol output;

a datapath control circuit, coupled to the arithmetic datapath,
for arbitrating the use of the arithmetic datapath between the plurality
of finger front ends;

a searcher front end, coupled between the plurality of received
spread signals and the arithmetic datapath, for calculating signal

24 energy of the received spread signals; and
a symbol combiner, coupled to the arithmetic datapath, for
26 combining the symbol output into a demodulated symbol stream.

12. A method for spread spectrum demodulation in a multiple access
2 communication system, the method comprising the steps of:
receiving spread signals by a plurality of finger front ends;

4 performing chip rate signal processing, associated with a spread
spectrum demodulator, on the received spread signals;
6 buffering per symbol accumulated data vectors of the received spread
signals;
8 saving state information associated with symbol rate signal processing
of the spread spectrum demodulator;
10 performing symbol rate multiplying and accumulating functions

associated with signal processing of the spread spectrum demodulator to
12 provide a symbol output;
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cor’rpri‘sed of two RAM banks of 64 10-bit words, is shown in FI Gilm ﬂ“ﬂﬂmulm
in 5 the register file is divided into finger pages, a search

conbi ner page. The organi zation of the fields within a fi nger page
t he sanme for each finger, so that the index of the finger front end
bei ng serviced f NHEMRE page sel ect, and the finger stat ®CTAISIAESTS
accessed fromregister file 304 is specified as an offset into the
sel ect ed page. For each finger 12a-c, the %@bol deskew buffer 10 nenory,
the | and Qpilot filters values and their | ayed version for the cross

product, the tinme tracldbibating \ﬁqdue@qu@ﬂgngh%é oWr Otef 'ﬁﬁzﬁi Yﬁ@“eaﬁ&e
arn

al | st or in reqister fIrle. I'e ster fil

m croprocessor ki E“’?'@Sq $§tweﬁgﬁb?qurﬁgtyﬂfgng ﬂ? -of -1 ock

t hreshol ds, the initi alcombimjng thasygn})ohoutputéqtgeneuptaa dmduluﬂedtsﬁ:gnal.er m
used in the second order ti rre tracking | oop, taken after the finger
conpl etes a sI w. The reqgi st file al so . contains m cyqprocessor read
registers, y the fg %#é@rsmaa‘% ﬂ ion & armulinle agosss
the second or der taumtmitaﬁoﬂ ienpthglnmahod@b tisd stepsl oftor e

efficiently |nRA wite
| at ches; a 20 4m croprocessog Peag/%gﬁﬁg?’%%rag% &eﬂfmiéﬁ'g ough
whi ch the ni cr opr PEERERYng chip crate ovign#li processing @asq%ed withoraspresd
halting the 6 Wdﬁ@ﬂukﬁ,dﬁtﬁéﬁdhm&f&e@wsws is made. The

m cr opr ocessor accesses these values infrequently enough so that the
any resulting delay in dat apat h sequencing is insignificant 25

For the searcher .14, the register file stores the internediate val ues of
the on-tinme and | ate non-coherent accunul ators, as well as the prior energy
val ue used in | ocal maxinma detection, and the sorted list of the f our

0

st rongest peaks found by the searcher and their correspondi ng of f set
For the conbi ner, the register file stores the state of cel

accunul ators 252, 254, and 256 when 30 summ ng two consecutive punctured
synbol s, as well as the states of the TXGAI' N accurul ator 268 and the
LO _ADJ accunul ator 266. The initial value of TXGAI N and LO_ADJ

accurul ators 268, 266 can be specified by - m croprocessor 30, and their
current value read back by m croprocessor 30 using the read/wite tap
344. 35 Returning to FIG 6, the limted, normalized adder output
is captured by accunul ator latch 342. Accumul ator |atch 342 out put

f eeds back to adder
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336 f'or further summ ng, and its contents can be witten back into register
file * RAM 304. The out put of Latch 342 is captured by TXGAIN PDM 274

and LO_ADJ PEM&%@@ at the appropriate tine as updated TXGAI N or LO _ADJ
WO 97/ 01227 L PCT/ US96/ 10575
25 accunul at or values respectively are witten back into regpret/ososfbdss
RAM 304. Wil e servicing the conbiner functions, the datapath produces
at one point t he conbi ned synbol at the output of accunulator |atch
342. The conbi ned synbol is then scranbled by XOR gate 270 and erased
by AND gate 272 by user 5 PN sequence 280 angygUNCT signal 284 outputs of
conbi mer tim ng generator 264 respectively, as described previously
for these sanme circuits shown in FIG 5. Due to ease of

i npl enentation, in the preferred enbodi nent, certain states affecting

t he sequencing of the datapath, such as the finger |ock states, 10 the
slope latch for the local maxima filter, the read and wite pointers for

t he fi nger deskew buffer, the non-coherent accunul ati on and current
search of fset count are realized by discrete |atches and acconpanying
control |ogic internal to datapath control circuit 308, instead of

t hrough dat apat h sequenci ng and additional storage allocations in

fe deskew buffer

he conbi ner timng
hei r respective
Al apat h control 308
> ag to control the
pf - 20 | ock

.'np of the best

register file 304. By tracking 15 the read and
poi nters, the largest tinme interval handl ed by
generator 264 or the finger timng generator 122 |4
synbol interval strobes 282 and 15& +
uses the sign bit output 346 from adder 334 as
dat apat h sequencing for the in-1ock $hreshol d,
t hreshold, the local maxima filter, [

the W&

FIG. 1



sear cher result list. If sign bit 346 overflows while conputing the new
tinme track filter output, this signifies the finger to advance or
retard by a CHI PX8. When this happens, the advance or retard conmand
160a-c is fed back from dat apath control 308 to the finger front end
312 being servi CEAHP2he datapath. 25 Through nicroprocessor PERESNSES78
the m croprocessor 30 specifies to the dat apath controller 308 the

bl e strobes

ISEENTERCEA

nunber of integrations to performfor each of fset and the nunber of
offsets in the search wi ndow. The m croprocessor al so specifies to the
datapath control the per cell finger enables for power conbi ni ng, the
finger time tracking |oop gains, and ca®®so directly wite the 30 |ock
state of the finger, overridi e val ue-determ ned by the | ock threshol d
conpari son. As nent&ongd earlier, the finger fr ds,
conbi ner functions, or 4 reher front end are servic
first-cone-first-serve basig 5§ eir respective sy 3|L9
158a-c, 282 or sum done str%ﬁ are 35 asserted. Data }th) ntrol 308
pl aces the requestng el enent 9 qUEUE TO0 Dbe ﬁ(gg_ qegi soon as
t he datapath 300 has fi ni sheg servicing of earljer e r esting
elenments. If two or nore el er request servicinglat exadtly fhe
sanme tinme, datapath control 3G§ afbitrarily assigns| one of The contendi ng
el ements to be first in the ¢ and the other lines up behind it. Since
t he WO 97/ 01227
PCT/ US96/ 10575 - - fingers
buffered, the databath has
next synbol resultl overwites

| &4

ATA

r ont _end and searchef_front _e'nd outputs are
a full synmbol to sefvice thep1unti| t he
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vector in the buffer. So | ong as the datapath has extra cl ock cycles

avail abl e per synbol period, it can always ensure that each finger
12a-c can be serviced 5 before the next synbol boundary occurs under any
wor st - case queui - SCenario. During an advanceg qwggﬁ,ﬁ er
time tracking |§g‘g S ves an I nconsequential single clock off t de5959
I nterval between successive synbol strobes 158. O nore concern is the
case when nultiple fingers 12a-c are being 10 stewed in an advancing -
direction. In this scenario, the fingers 12a-c are advancing on a chip
per. chip basis, so that the_interval bgiween successive synbol strobes
158 is hal ved. Rather than @avi ng to desi gn 8A& datapath sequenci ng sy
that it has enough headroorg§t o handl e &twor st-case queue pattern usi
a 256 clock interval, the f®&ng& timn algrrators 122 sinply 15 supp%g-
their synbol enable strobe woupdut 158agcfdur ng an advance, reena g
them once the fingers conple a slew ayrive at their assigned
of f set. Once qu the co | er sequeigges the datapath
through a fixed procass| n . C rogarfi ng*it to perform all of
the accunmul ati ons, 20 _‘ egt | pr—lenyh uo as; ettt h the
signal processing of the | dqckl bakn dm T, % | [efent
being serviced forns a p go edt 8 tGJ go@d?%\/l
clock count into the sequegciid ils useg Qn nEof fdad] | e selfect ed
page to formthe m crocodezR@NRaddr m cr odod C
specifies the corrponenr to ta ct0r tri- 2 ‘sa 4. any
accesses to or from re§ sterffile RANI 304,] and a controlgword, Baﬁed
c[16: 0], configuring thel el gment s| of [Shafe tHpa ) <
Signals c[0], c[2], c[4]]f T f & ¥ux |« 80,1334 7
respectively; signals © A, Ic[3]} c] arle eﬁah-l e : v
322, 342 respectively; s|grfal (Eﬁ.‘..c nt ;
condi tional subtract and]lload § 30L_and fidlds Eo
c[11:8] and c[15:12] f@l Mspe fy t yau and nor mal igation bit e éE
positions for the outpet of adder 3 ! Fre—s meof 2R 2
operations performed by the dathpat eski V& e “c o%m | 5 \/\kglg
servicing a finger front end 31p is IGn:lg If, skl o)
foll ows the synbol rate prpcess|ng t I nge d_ﬁ_‘SCLss=d§ %I at ora;ﬁ
to FIG 3. For each cycle t he fabl I M sts tihelco n& | f
any, driven & T % ‘T f
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onto tri-state data vector bus 174, the accesses, if any, to or fromthe

register file RAM 304, the c[16:0] datapath control word, and a brief
copment useful in referring back to description of the synbol rate
si gnal processi ”meng ]?e finger in FIG 3. WO 97/ 01227
PCT/ US96/ 10575 First, the pilot filters are updaff&d
subtracting off a fraction of thelr current |level and summng in the
‘on-tinme | and Q pilot accumul ator outputs fromthe selected finger
front end during ¢lock cycles 0-6. During clock cycles 7-9, the dot
product is calculated using the filtered pi ,fts and the synbol 5
accunul ati on outputs of the selected fi nge Zont end. Duri ng clock cyckes
10- . 13, the cross product is calculated using the filtered pil otg Zhd
t he previous synbol's filtered pilot values stored in regi sterie
304. During clocks 14-16 the pilot energy is calculated. This ergy
IS witten to a tenporary scratch | ocation in register file 304 while
the lock detect filter is first updated by 10 subtracting off a fraction
of its current |evel during |ock peyetesmi=rtmig- The pil ot energy
for the current synmbol is then r¢ad back out and surfmed to yield a new
| ock detect filter value which ig witten b‘ gister file 304
during clock cycles 19-21. A newjl ock state ned <
conmparison with the i&pck and t - Qf - S8 Lggncl ock Ees
15 20-21. During clo . | 4t of pi Bt _enet WRated, A8
subtracted with &eaj L] Bt jenger tain revi ous “synbol
and read back from gegl st | § td g H-ete—et] v
energy delta ITE'[I‘IC'[(% i V4 tZ%%_ scaﬂg@r r ki ng | oop.
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The time track netric is witten into the regi ster ffle 304 and read 20
i mmedi atel y back again to position it as an input to the datapath. It is

scal ed by
into the accunul at or

scal ed val ue i s WREHRRHed

to the

conponent of the second order filter.

frequency accumul at or

m croprocessor specified gain constant KL as it
out put

is | oaded

| atch 342 during clock cycle 27. This

time tracking frequencyP@UPESAI5E or
The updated tine tracking

is witten back into the 25

read i medi ately back again to position it as an input to

datapath, where it

register file 304 and

t he

is sunmed with the tind/12 acking netric scal ed by

m cr opr ocessor specified gain constant K2 during clock cycle 32. This val ue

is

second order filter,

back to register 30 file 304 on clock cycl

a total
The sequence of operat
cl ock cycles while ser
11. It

of 35 clock cycleddto

H%ag
|
cl osely foll dg

t he per

searcher 35 discus

Sedti E v
pil ot energy for thé"q i

el ation t
ate pilot "I

process

g

nt end 314 i s
i on interval

ion is calcul

sutmmed with the tinme tracking phase accunul at or conponent of the
and the new phase accunul ator value is witten
34. Thus the datapath requires
finger for each synbol
perfornmed by dolfesdat apat h on successive

g the searche®’
I nt e
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servicing the searcher, as indicated by the solid line drawn after clock
cycle 8 in FIG 11. 5 If, instead, this is the final
iptegration interval for the current offset, processi ng conti nues. The
| ocal maxi ma f ocessi ng occurs durlng cl ock cycl §3wAs e
dat apat h 300 dg%%§@¥%%s the slope of the nultipath trace etmﬁgﬁﬁ?he
on-tinme and | ate offset results, and between the late offset result

and the prior offset's on-tine result which has been stored in register

energy, that t
accurul ator | at
t he i nput ener g|

file 304. 10 If the slope Iatch transitions from"1" to "0", a |ocal

maxi ma has been deggct ed. dat apat 511200 can then cgm d t he peak
for inclusionintggor edIE t he )k {)nthe
search up to that ten A /| tarti nngm ngest
peak, on clock ¢ ag!Q@E E A R Bt nui nq:t\h cl ock
cycle 23, the en gcm msﬂ'lr*tleﬂtg 5 conpar ed
with the stored Ea E%EB%E oy Gner [:'estored
ener gy being co%; S b 3 &, put §stored

O/ once
s 20 pea |-a|-r TIQt Mo TeTsar "ﬁeﬁ'k? aTF'e"ZO"I
automatically " iem)t ed" aﬁgn : r of fourse ap the pgak
conpari son progtesses. Thibg s but ong nunbe Qlkl mireretam 2 ) knox}/n
in the art for providing &Eﬁ a sorti hb Function. | AAYELAEY hef@ coul ¢ be
used within thejscope of @ I nventi g, _The m ni rum sgar ¢h i n&egr atilon

interval in the preferrednaﬁ‘bodl ment hi ps, land @t s e 25]
integration inte —ofTSetr SWor St casﬁ t lat a O reediir a
total of 24 clpck_cycles f Ogo ever¥ 32Mhi gdiftegriti pn -8 edval céé
support the searghef. 23] he ség@en( 8, hper S pg}fﬁr'me y
the datapath onBucgedsiv clock ¢y& eg, gli e se@IR r@ilner
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the prior conmbi ned synbol for the cell being processed, stored in register
file 304. The "or-of-the-downs" OR gate 258 is a discrete gate in

dat apat h control 308 using the adder sign bit output 346 as a hard
up/ down deci si o h cell as they are sequenced thro L.hg
cl ock cycles 19?g%?ﬁgﬁgﬁ or -1 based WO 97/ 01227 Hgﬂugﬁﬂ&#g
PCT/ US96/ 10575 on the conbi ned power decision is added to the
TXGAI N val ue read from register file 304. The new TXGAIN val ue is
captured by PDM 276 as it is witten back into register file 304.
Dur-ing cl ock cycles 22-24, one finger frequency error per clock cycle
Is read fromregister file 304 and summed to 5 produce a new frequency
error adjustnent, which is added to the LO _ADJ val ue read from
register file 304. The new LOADJ value is captured by PDM 274 as it is
witten back into register file 304. Thus the datapath requires a total

of 28 clock cycles to process a fingeg/iigor each synbol. The
architecture of the present invention has several advantages. For 10
exanpl e, because the conpl ex processing block are shared across a set of

finger front -end bl ocks, the ability to denodul ate an additi onal
signal path can be added by sinply adding a new finger front end

bl ock. The finger front end bl ock does not require a significagqt die
area and therefore the cost of extending denndulationggapabil' in
this fashion is fairly low Wth 512 CH PX8 docks 15 pePo‘ nboI/F\Z

dat apath has plenty of "headroont, or idle cycles in exc of what it
needs to performits assigned signal processing tasks. & As

calculated in the presentation of FIGs. 10, 11, and 127 &gk ng a 512
CHI PX8 synbol interval, ' T finger front
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ends and a m ni num searcher integration interval of 32 chips the datapath
20 wll be processing the fingers for 105 clock cycles, the searcher for
48 .cl ock cycles and the conbiner for 28 clock cycles, using a total of
181 of the 512 ai | abl e cl ock cycles, corresponding to a _35%
utilization factyf’.”&ﬁ%her way of stating this is the daf&p¥SFIO5HEs
at 3.5 MPS. This denonstrates the significance of the off-1oading the
sinple chip rate functions to the dedicated 25 searcher and finger front
ends; which drops the signal processing requirenent from75 MPS to
3.5-MPS. This translates directly to power , savings, and the power
consuned by the dedicated front ends adds BAA only a fraction of this
anount. For significant extensions in the anount or type of finger and
searcher processing, or to support higher data rate services with their 30
correspondi ngly shorter synbol periods, this headroom can be increased by
sinply increasing the frequency at which the shared datapath is cl ocked.
The denodul ator architecture enbodied in this invention is a hybrid of
traditional dedicated circuit and general purpose DSP approaches. In
conparison wth the traditional dedicated circuit approach, the shared 35
dat apat h consunes | ess power and is considerably smaller than the discrete
synbol rate circuits presented in FIGs. 3, 4, and 5. The shared datapath is

conpact and tailored to the nodest needs of the pr sing tasks at hand,
using 10 bit single precision and 20 bit double pr ion arithmetic. The
hybrid approach maintains the flexibility of ng algorithnms in
firmvare i nstead of WO 97/ 01227 E

PCT/ US96/ 10575 J =% 30 dedi cat ed
circuitry. The tineline sé : lﬁ‘end 12 forma basis
for a small m crocode kernd ; the fEﬁger, sear cher and
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functi-ons are inplenentable in under
pr-evi ous description of the preferred enbodi nent
any: person skilled in the art to make or use the present
various nodifications to these enbodi nents wl |

QHMRTe art,

t hose

ski | |' W

may be applied to

faculty. Thus,
t he enbodi nents shown 10 herein but
consistent with the principles and

t he

100 Ifnes of m crocode.
I's provided to

i nventi on.
be readily apparent to
and the generic principles defi REYURIGALTH

The
enabl e
The

5

ot her enbodi nents wi thout the use of the inventive

pr esent

i nvention i s not
is to be

P2

veI

intended to be limted to
accorded the w dest scope
features disclosed herein
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said demod front ends are further for generating a corre- spondi ng set

of- synbol estimates by accunul ating a set of chips associated with a
synbol duration and sai d synbol processing systemis further for phase
rotat - i ng woeeiRy of synbol estimtes and conbi ni ng sai %&ﬁfssmos'!s of
synbol estimates after phase rotation. wherein said synmbol processing
system operates on said set of . synbol estimates in a tinme-divided
manner . 4. The integrated circuit as set forth in claiml wherein a
denod front end fromsaid plurality of denod front ends is conprised of:

Val sh code denmpdul ator for dempdul ating an i¥2ance of sai d spread
spectrum signal wth _a Walsh code. _and spreading caode _denndul ator for
denpdul ati ng said Wal sh- code- denodul at ed i nst apce of said spread spec-
trumsignal with ajsgreadi ng code. 5. The |nt tqd circuit of claijml
wherei i, said plurglijty of deEDd aont ends co re denod front ends
than said synbol gdgqcessing s&steﬁ corgai ns sy pr-e SSI n Syst qirs Py
6. A spread spectr (fgldenodul at épar tus>-'f or pI e agess ™
comuni cati on syst g@lt he appar |ng,4 ur aI y of nerd
front ends. each fr|&jt eéd gﬁ $ and_ perf or Mming >
chip rate signal d vuJEO pr ea sect '
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327 . an arithnetic dat apat h,
buffer. for perform ng synbo

associ ated with signal
apparatus. the '
dat apath control

coupl ed
rate nmul t
processi ng
netic datapath

finger front ends.
6 wherein the arithnetic datapath conpr
first input coupled to_the

circurt coupled to the arithnetic
arbitrating the use of the arithnetic data-

to the storage devi ce and
I ply and
havi ng a synbol output;
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synbol output into a demodul"at éd sym31 " bol stream spread
spectrum denodul ati on appar atus of claim8 wherein the datapath control
circuit further arbi%:@i®% the use of the arithnetic data path _ammng the
finger front ends.-the searcher front end and t he synbol conbijper. gﬂ
The spread spectum ge u 'n e _
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a third accunu-  said symitbpracessihg dysemtiba digicnnigae picessbr)  bi ghal i amd! a
fourth accumul at or caUDhemtégatehemmdsede&me@@anlwhcmﬁJ ——t-he

plurality of accunul gi@uSad further for bénabif: (éoﬁ,cor Q signal s;
a1y of atcrety Sot TATER e fo KRN Y o

of chips associated with a symbol duration. and '

said symbol processing system is further for phase rotat-
ing said set of symbol estimates. and combining said set
of symbol estimates after phase rotation. wherein said
symbol processing system operates om said set of
symbol estimates in a time-divided manner.
4. The integrated circuit as set forth in claim 1 wherein a
demod front end from said plurality of demod front ends is
comprised of:
Walsh code demodulator for demodulating an instance of
said spread spectrum signal with a Walsh code; and

spreading code demodulator for demodulating said
Walsh-code-demodnlated instance of said spread spec-
trum signal with a spreading code.

5. The integrated circuit of claim 1 wherein. said plurality
of demod front ends contains more demod front ends than
said symbol processing system contains symbol processing
systems.

6. A spread spectrum demodulation apparatus for use in a
mulnple access commumcanon system. the apparatus com-
prising:

a plurality of finger front ends. each front end receiving
sprcad signals and performing chip rate signal process-
ing associated with the spread spectrum demodulation
apparatus;

a buffer. coupled to the plurality of finger front ends. for
buffering per symbol accumulated data vectors;

a storage device for maintaining state information asso-

ciated with symbol rate signal processing of the spread
spectrum demodulation apparatus;
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6 whermn the arithmetic datapath comprises:

a first multiplexer having a first input coupled to the
plurality of finger ﬁ'ont ends and a second input
coupled to the storage device. the first multiplexer
selecting a first signal from a finger front end of the
plurality of finger front ends or the storage device. the

first muitiplexer providing the first selected signai at an
output: '

a second multiplexer having a first mput coupled to the
plurality of finger front ends and a second input
coupled to the storage device. the second mnitiplexer
selecting a second signal from a finger front end of the

- plurality of finger front ends or the storage device. the
second mulitiplexer providing the second selected sig-
nal at an output;

a multiplier having a first input coupled to the first
mulitiplexer and a second input coupled to the second

multiplexer. the multiplier providing a product signal at
an output;

a third muitiplexer having a first input coupled to the

multiplier output and a second input coupled to the
second multiplexer output. the third muitiplexer pro-
viding either the second selected signal or the product
signal at an output;

nd Q sequences
ate signals.
nal and a

or for generati ng a
c-esprcad spcctrum dcm ulation apparatus of claim

an adder/subtractor having a first input coupled to the

third multiplexer output and a second input coupled to
an arithmetic datapath output signal. the adder/
subtractor providing a sum signal at an output;

a limiter/normalizer circuit. coupled to the addew
subtractor output. for selectively limiting the sum sig-
nal to a predetermined range, the limiter/ normalizer
circuit providing a normalized sum signal; and
a latch. coupled to the limiter/normalizer circuit. for
storing the normalized sum signal thus provxd.mg the

arithmetic datapath output signal.
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| at or coupl ed to t$elrspreal spespues demodilgtion apparfaourqulmm .
coupl ed to the s@§cemdduthbeimhudifysi gnal and a fifth and sixth

accunul at or coupl ed Lo b tend.léﬂﬁi%ﬁran?dzfgc Ged ity of -
accunul ators sunm ng_; ??1 a:h. f o ~a plurality
of latches each Iatc <Tp rﬁ oI“the plurality of
accunul ators; and

OBE{J,P gt r‘hﬁl‘f"t"bﬂ‘f%s‘tghe first and

second despr ea%#smdc he pseudonoi se sequence generator. and t he
plurality of accumlsgchxbnbcombmcﬁ.toupled%ﬂmhﬁthm.c&pmgatkpﬁnt rum

denpdul ation in a  GimbinaE thRCsyasSol ubpitihead defodyiatedsym-he nmet hod com
prising the steps of ygf strcaiﬁce' Vi ng spread signals by a plurality of finger

front dends t pergyf g-ﬁ a&éuqa{‘ Dgf chpgoci at Ied with a
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REPL ACENENT SHEETthe searcher front end. and the symbol combiner.
_ 10. The spread spectrum demodulation apparatus of claim
8 wherein the searcher froat end comprises:

a pseudonoise sequence generator for .generating an I -
sequence and a Q sequence:

a decimator. coupled to the received spread signals. for
generating an I on-time signal. a Q on-time signal. an
Ilate signal. and a Q late signal by selectively sampling

i the received spread signals;

a first despreader coupled to the I and Q sequences from
the pseudonoise scquence generator and the [ and Q
on-time signals. the first despreader generating a first
despread I signal and a first despread Q signal;

a second despreader coupled to the I and Q sequences
from the pseudonoise signal generator and the I and Q
late signals. the second despreader generating a second
despread I signal and a second despread Q signal;

a plurality of accumuiators. a first accumulator coupled to
the first despread I signal. a second accumulator
coupled to the first despread Q signal. a third accumu-
lator coupled to the second despread I signal. and a
fourth accumulator coupled to the second despread Q
signal. the plurality of accumulators summing their
respective I or Q signals;

a plurality of latches. each latch coupled to an accumu-
lator of the plurality of accumulators; and

a timing generator for controlling the first and second
despreaders. the pseudonoise sequence generator, and
the plurality of accumulators.

.35
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saVing state ©nformation in a st orage devi ce. associ at ed
with synbol .rate signal processing of the spread spec
t rum denodul at or; per {3 m ng synbol R PLA E TS T

o1 o0essing of the fin- o funerione 32?"??ﬁﬁfdeﬁ“dﬂﬂlﬂkﬁﬂﬂlllllllllIIIIII

arbitrating and sequenci ng the symbol rate nult

and accnul ati, .Ng anong the plurality.of finger front '

ends. 11. e spread SRECHBRR demedulatanapparaetfclaim step of
arbitrating 6 wherein zach fiagae fxonh gnfl oft the rplimality: 9 finger

arbitrai ng anong thefrqntwnﬂblcb;nmﬂscs‘n nger front ends. a

conbi ner and a sear chgr pidi@Bhoi8@ kequence generator for gen®8fiAPTAR P9 sear cher

integration interval w;‘%{i ¥_1 ggdg sequence: “accunul ati ng
functions associated w cessi ng of

the searcher front end dmator °°“P611°d P° the receivisd (SPERAGH ﬂ%ef ynbol rate
accunul ating functions &£sa¢rating an I on-time signal. a Q er-dimeiignaln a8 gnal .
processi ng of the conbi déate signal. andanatcszgnalhyéhclc‘éuEehmamﬂngf claim12
wherein the step of per filis raceived spread sxgnals | ng synbol rate mul tiplying

and accunul ating incl L&j rcadcr lcd.t ces from
multiplying a first mgq@é fp ;é
nte &n

plurality of finger fro N r t

ﬁ%n and. Q
a second signal froma w ég?
of finger front ends or r%‘léé

product signal; a second dcsprcadddlcn@kdaophodumd € spmlenens t he second
signal to a from the psevdeadisecignal geriratop apd dibiLaadiQsum si gnal ;
and | i 1akef i §rkhild. MSe SetBnd idesbad? gendafifgheeddaded range to

despread I signal and a second despread Q signal;

a Waish sequence generator for generating 2 Walsh chip
sequence;

an uncover circuit. coupled to the Walsh chip sequence
generator. for reversing orthogonal covering of the first
despread I and Q signals in response to the Walsh chip
sequence;

a plurality of accumulators. a first accumnlator coupled to
the first despread I signal. a second accumulator
coupled to the first despread Q signal. a third accumu-
lator coupled to the second despread I signal. a fourth
accumulator coupled to the second despread Q signal.
and a fifth and sixth accumulator coupled to the
uncover circuit. the plurality of accumulators summing
their respective I or Q signals;

a plurality of latches. each latch coupled to an accumn-
lator of the plurality of accumulators; and

- a timing generator for controlling the first and second
despreaders. the pseudonoise sequence generator. and
the plurality of accumulators.

12. A method for spread spectrum demodulation in a
~multiple access communication system. the method com-
prising the steps of:

receiving spread signals by a plurality of finger front ends;

pexforming chip rate signal processing. associated with a

spread spectrum demodulator. on the received spread
signals;

buffering per symbol accumulated data vectors of the
received sprcad signals;
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Cim i gnal 10 produce a hormal- © ”°”ﬂEéa&a§faéﬁ%ﬂEET

| at ching the nornali zed Si gnal to produads the feedback

si gnal . _ S 15. The method of claim 14—and Turther incl uding
the step of latching the first signal ﬁum”“m Wum
signal . - '16. A radio for conmuni cat.i

access communi cation systemthe radi 0 cdnpfti si nd

a controller ‘for contro]ling the radio; a receiver for
receiving a plurali t;ﬁablﬂgssbgé WBWU‘#IQ stemgs deviem associated - a

derodul at or. coupl ed t &Vitthemekniirais| signal processing of shs spread $pec- derodul ating
the radi o signaL the anim demodulatgeri sing:

36 t each front
o performing 3ybdl et Ynfipi{#nBISHd f2 )
S ey

end receiving funcions assoc:atcdm forming chip
rate signal pro-

asSocCi afe wi t'h the

spread spectrum g_cr front ends: and ] denodul at or: )
a buffer coupled to tdrbinatingadnd: sequendingdbe simipol ratedmuitiplying
buffering per synbol aandnccaieibritgt smomy thee piurality of finger front a

storage device for maindgds.ni ng state infornation
13. The method of claim 12 wherein the step of arbirating
and sequencing further includes:
arbitraing among the plunhty of finger front ends. a
combiner. and a searcher front end;
performing searcher integration interval muitiplying and
accumulating functions associated with the signal pro-
cessing of the searcher front end; and
performing the symbol rate accumulating functions asso--
ciated with signal processing of the combiner. '
14. The method of claim 12 wherein the step of perform-
ing symbol rate muitiplying and accumniating includes the
steps of: .
multiplying a first signal from a finger front end of the
plurality of finger front ends or the storage device with
a second signal from a finger front end of the plarality
of finger front ends or the storage device to produce a
product signal; ‘
adding the product s1gna1 or the second signal to a
feedback signal to produce a sum signal; and
limiting the sum signal to a predetermined range to
produce a limited sum signal;
- normalizing the limited sum signal to produce a normal-
ized signal; and
latching the normalized signal to produce the feedback
signal.
15. The method of claim 14 and further including the step
of latching the first signal and the second signal.
16. A radio for communicating in a multiple access
communication system. the radio comprising: -
a controller for controlling the radio;

a receiver for receiving a plurality of spread spectrum

{REPLACEMENT SHEE]| radio signals; and
. 7 | ademodulatar. coupled to the controller and the receiver.
19 NOV 1998 i ; for depx:odxﬂanng the radio signal. the demodulator
g f compmnsing:
|
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dat apat h havi ng a synbol out put: ""a datapath control
circuit. coupledtothe arithnetic dat apat h for
arbitrating the use ofpluralityof fingenfrent ends. each front end receiving dat apat h
anong the plurality of SPNﬂéeﬁignadmandepmrmng chip rate signal pro- a

searcher front end coup‘lueslngmangocnbeqjlmhl they sﬁrcad spectrum
recei ved spread signal sleaxstiuidrer;ari t hneti c- dat apat h.

for cal cul ating si gnad i@l duphéd id e pARSIiN #@nt ends. for

signal s; and buffering per symbot ad upI ed to the
aritmetic datapath. Co. dat he synbol
out put into a denodul atst%ragc devics far ma.mmmng Sl steam

17. A nethod for sprea {9%?%?9“%% g} tate signalprocessing o “h .
mul tiple access conmuni ﬂlﬂe FDCARIaL: hod com

prising the steps of:aR arithmetic datapath. coupled; tgctbievsterpes ¢ si gnal s by. a
plurality of finger f r oand thedeniTer. for performing symbol rate puHeplyni ng chip rate
signal processing. assomdiceimuilate fanctions associated with signal pro- spr ead

spectrum denmodul at or. ogessing becr_aev@c:ﬁ‘prsge&mm demodulator. the

si gnal s; antmncnc gﬁliﬂgu@ei . Pb unul ated data
\S{S\C/it (r)urgss?;tehel nf or matl datapart control i gﬁ% > e ; >
signal processing of thaﬂzl ﬁhg s e 3{ < anthmcl.:lc
perform ng synbol rate %g front ex.ids. ;
functions associ ated W %‘Hf%q q’“‘ é'§§P gpopgdhe plurality o
spread spectrum denodul a@WVMMFlGEEB glarithmetic datapath.
out put ; for calculatingisignal energnf the quesivedigpread synbol rate
mul ti plying signais; and

a symbol combiner. coupled to the arithmetic datapath.,
for combining the symbol output into a2 demodulated
symbol stream.

17. A method for spread specttum demodulation in a
muluple access communication system. the method com-
prising the steps of: .
receiving spread signals by a phn'ahty of finger front ends;
performing chip rate signal processing. associated with a

spread spectrum dcmodulator. on the received spread

signals;

buffering per symbol accumuiated data vectors of the
received spread signals;

saving state informatior associated with symbol rate
signal processing of the spread spectrum demodulator;

paforming symbol rate muitiplying and accumulating
functions associated with signal processing of the
spreadspecuumdcmodulatortoproudcasymbol
output;

arbitrating and sequencing the symbol rate mxﬂuplymg

|REPLACEMENT SHEFT| and accumulating among the plurality of finger front

' ends; and

19 NQV 1998 combmmg the symbol output to gcnerate a demodulated
signal. .
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end(314) 'I‘heﬁmtendsGlz)mdedmwdcirc\ﬁtsﬂmtperfmmanmxpmpmwsing,pmducingadamvectorandassextmgaﬂag

indicating the results are ready to be serviced by the shared datapath.
the ﬁnger front ends (312), the searcher front end (314), and combining

A datapath controller (308) arbitrates use of the datapath between
functions, configuring the datapath to service them on a first-come,

first-serve basis. The controller (308) sequences the datapath through a fixed routine as dictated by the signal processing associated with

the block being serviced.




