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ROM BASED FI NI TE | MPULSE RESPONSE FI LTER FOR USE IN
MOBELE TELEPHONE BACKGROUND. OF THE | NVENTI ON 5 l.
Field of the YRV Mon The invention general |y rBFHVIGABS nphi | e
.t el ephones and in particular.to finite 1rrpu| ses.response (FIR) filters

for use within cellular 10 tel ephones enploying code division multiple
“access (CDVA) transnmig, .r,.g. ISRIFRTER t he

e s R N MR ILE TELEEHONAL o L1

sim ssi‘on system

as described in the TeI ecomruni cations | ndustry ‘Association's Interim
Standard TIAEIA IS ISBACMKIGROGND OF THEINVENTIONPati bi lity
St andard for al - Mode Wdeband Spread Spectrum Cel lular System Data

for transm ssfon by 20 transmi ssion system 10 is provided by a variable
rate data sour cd. Eigld ohthellnventionxenpl ary enbodi ment, the variable rate

data source is a variable rate vocoder used for the variabl e encodi ng
of speech signals asThesdnverdibn ngenerallyt s¢latesn to). Siobilet delephoness, aridi, 1196

L e e Tt B s i
variabl e rat %%"i WPEQEFS r‘FP%B division, gﬁ‘gﬂ?f W)a%gswsioﬁ

accor dance vmthté&luﬁdﬁm | S-95-A. Variable rate data source 12 receives
digitized sanpl es of input speech and encodes the speech to provide
packets of encoded spegech a ted in FIGS. 3A - 3D. The out put
of variable rat ycﬂﬁsﬁngﬂﬂétﬁ?kgf‘éeqaﬁét information bits shown in

15 FIG. 1 is an illustrative block diagram 'of the variable rate code
division multiple access (CDMA) transmission’ system as described in the
Telecommumcatmns Industry Assoc;atxon s Intenm Standard IIALEIA[I&

20 transmission system 10is prowded by a vanabl____ rate data source 12. In the
exemplary embodiment, the variable rate data source is a variable rate
vocoder used for the variable encoding of speech signals as described in
detail in U.S. Patent No. 5,414,796 which is assngned to the assignee of the
present invention and is incorporated by reference herein.

25 In the exemplary embodiment, variable rate transmission system 10
transmits data in frames in accordance with TIA/EIA [S-95-A. Variable rate
data source 12 receives digitized samples of mput speech and encodes the
speech to provide packets of encoded speech as illustrated in FIGS. 3A - 3D.
The output of variable rate data source 12 are the ‘information bits shown in

30 FIGS.3A-3D. In the exemplary embodiment, vanable rate data source 12
provides variable rate packets of data for transxmssxon at four possible rates
9600 bps, 4800 bps, 2400 bps and 1200 bps, referred to herein as full, half,
quarter, and eighth rates. Speech samples encoded at full rate contain 172
information bits, samples encoded at half rate contain 80 information bits,

35 samples encoded at quarter rate contain 40 mformatxon bits and samples
encoded at eighth rate contain 16 information blts

Referring again to FIG. 1, in the exemplary embodiment, the variable
rate packets provided to packetizer 13 which in. the exemplary embodiment
selectively appends cydlic redundancy check (CRC) bits and tail bits. As

40 shown in FIG. 3A, when a frame is encoded by the variable rate data sotrce



30 FIGS. 3A-3D. In the exenplary enbodi nent, variable rate data source 12
provi des variable rate packets of data for transm ssion at four possible

rates 9600 bps, 4800 bps, 2400 bps and 1200 bps, referred to herein as
~ full, half, WO975@1idrter, and eighth rates. Speech sanpl es eowusidesas ful |
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at half rate, Mgtll %Q*%eggﬁq‘ Exﬁg%lfﬁ%%gagdeé@%ﬁgm%%and 8 tail
bits. As shown in Flfhe mxahlnentepncbﬁtefr@nepmmsme then | provided toat e
data source 12 ﬁ&M& %&a&am@e&m@&e@m& &&R@er}eeeﬁoka"
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tail bits. 14 is a fate M3rdontviolutional jenceders fThen mnflo&hmuﬂyl&modedhen

provided to Sée thén gdlto ,&m&q &éraﬁ,rkvts of the vari abl e
rate packets fo er or 10 det I on, an; correct Qn pur o In the
exenpl ary embodi rren ?ary am‘ eﬁ?‘%" |13n"§F31¥ﬁ%6H§r

The. convol uti q:aekéty @m:qvaebbts of lsgtthm fulirratet, hqvetmmvgemratm 1%generatesn
generat of 15 _guplicates cﬁg . gsc?eﬁtm Bt 8" 0"
17 receives ac @ rate, tion
generator 17 géﬁ?r a‘fvg‘é"“ﬁg ﬁleég yRBoHEn FPRetEop garer %t 17
provi de packet snibducesoadector oflwe mdundanCYr ie. each :symbol is repeated thce
within the output packet. When the variable rate ‘packet is quarter rate, then
repetition generator 17 introduces a factor of four redundancy. When the
20 variable rate packet is eighth rate, then repetmon generator 17 introduces a
factor of eight redundancy.
In the exemplary embodiment, the encode'd“symbols are provided to
CDMA spreader 16, an implementation of which. is described in detail in
U.S. Patent Nos. 5,103,459 and 4,901,307 which are’ assigned to the assignee of
25 the present invention and are incorporated by. reference herein. In the
exemplary embodiment, CDMA spreader 16 maps six encoded symbols to a
64 bit Walsh symbol and then spreads the Walsh symbols in accordance with
a pseudorandom noise (PN) code.
In the w(emplary embodiment, repetmon generator 17 provides the
30 redundancy by dividing the data packet into smaller sub-packets referred to
as “power control groups”. In the exemplary __embodxment each power
control group consists of 6 Walsh symbols. 'Ihe constant rate frame is
generated by consecutively repeating each power E;c__b'__ntrol group the requisite
number of times to fill the frame as described above.
35 The packets are then provided to a data burst randomizer 18 which
removes the redundancy from the packets: in accordance with a
pseudorandom process as described in copendmg US Patent Application
Serial No. 08/291,231, filed August 16, 1994 assxgned to the assignee of the
present invention and incorporated by reference herein. Data burst
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with a pseudlqsr andom sel ect lon process and gates the other

20

In the exemplary embodiment, FIR filter 20 is a. 4 times oversampled 48-tap
FIR 20 filter illustrated in FIG. 2. As shown in PIG 2, each sample is delayed
by one fourth of the penod of the input sequence Thus, there is a four
times redundancy in the data stream.

The filtered signal is then provided to dlgltal to analog converter 22
and converted to an analog signal. The analog signal is then provided to
transmitter 24 which upconverts and amplifies ;_he signal for transmission
through antenna 26.

Conventionally, FIR filter 20 would be mplemented by means of a
digital signal processor or specially designed - hardware programmed to
perform the numerical calculations of equation 1. For portable cellular
telephones, however, the power required: to- -operate the processor or
specialized hardware may be unacceptably lugh. So there is a need for a
more efficient means of implementing the FIR fxlter

18



redundant copies of that power control group. Thus, the out put
fromdata burst random zer 18 consists of sequences 5 of gated values with
< val ue 0 bracketi ng sequences of ungated anti podal data wi th val ues of
+1 and -1. WPE&"SM™ || ustrates a portion of an exenplary PCTUSIHM®Sssi on
signal having a | ong nuII portions of val e O bracketed by an ant i podal
. portions of +1's and -1's. Data burst random zer 18 pI’OVI des the packet

. to spreader 16. 10 eader 16 to finite
I mpul se response (FIR W&Wﬁe operat i on o#aaﬂrll FIR filter can be

- descri bed general ly_by equation 1 bel ow N 15

[err] I'n the exBapmethod fprmorersfficiently implementing SFIR filten Zﬂeemploys

g}/grsgrml ed 48, ROM ( read;bilﬁ 219eﬁio}})qﬁa§eh|w§l]§ hptxgﬁuﬂuahlﬂa@val%esef tﬁé‘ﬁ)ﬁﬁ t

eac s, de Qur €, ] npu

sequence. T us&‘?ﬁ?¥e*e§‘ usedtquefpgg Péﬁﬁ#&%ﬁ&%ﬁ‘?‘m’ﬁﬁ!aﬁ'& 20

The filtered sbgnatedl ﬁtatmhopgb\ﬂ:ampqrmm ds td&smihedanatemg\scofnumlgei r&ﬂ

and converted gy E!néﬁ 00tibk O5kher éﬂiﬁbﬁaairm ﬁ%‘;ﬂemérrt.%h‘ééh e sl Uy ©

transmtter 24 onverts ifjes t i gn ransm ssj on
t hr ough L ennEehEate is S AEREREN i, Sh Sxemplety oot

11 npl emegt ﬁd 3yonb'aﬂ&mlfryaelélﬁent§1 dre ainpkmmtl ﬂwrbﬁmcmre@sam I FIR f
esi gne ns, o
equat i on 110FolitEs "‘{Qg‘f&‘é@ﬁbﬁ?ar wilf'ls R iiap 10 W&%gﬁ#"ﬁﬁ@ 3‘5&‘? %
required to op%?i %BF‘SS‘F“P posi BE-'ra Wd raguire a table

unaccept abl y hivgih 3% vtalmese By takingeddfantage of ﬂfﬁ)f&teﬁnﬁt ovitht fotiain &
i npl ementing t §ge 5k Rpling! Gbur $fmples are output for each chip input) only 12 of the
values are contributing to the determination of an output value, the table

15 can be reduced to a table with 3" different. entries which, although
representing a distinct improvement, is still impractical for many
applications.

A first method by which the size of the look: up table can be reduced is
by implementing the look up table in two parts. Finding the output that

20 results from the twelve values of x(n) to x(n-11) can be achieved by first
finding the contribution from x(n) to x(n-5) and then finding the
contribution from x(n-6) to x(n-11). FIR fil,terin_g is a linear operation.
Hence, the output of the filter can be found simply by summing the two
contributions.

25 In the exemplary embodiment, the FIR filter is symmetric. Hence, the
filter coefficients for determining contributions for x(n) to x(n-5) may also be
used to determine contributions for x(n-6) to x(n-11). This further reduces
the necessary number of elements in the look-up table to 3°.

The next method for reducing the size of the look up table is by taking

30 advantage of the fact that there are only a lumted number of ways that 0's
can occur in the data stream as a result of the operatlon of the data burst
randomizer, As noted above, the data burst randonuzer operates to create a
signal having sequences of antipodal bits (+1’s and -1's) bracketed by
sequences of all 0's. Thus, if there is a 0 in the data stream input to the filter,

35 then either all the bits in the filter will be zero or a stream of zeros will be
entering or leaving. No other combinations of antipodal values and zeros is
permissible. All possibilities of permissible mput bit patterns is shown
below in TABLE L
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4 SUMVARY OF THE | NVENTI ON The nethod for
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.elements are used to select a pre-cal cul at® output “val ue. It shoul d be

noted that although the operation is described in terns of using a read
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entry required for a y ga power control group sked to prov1de all

0's. The remaining rows of the table represent the chip patterns associated
with streams of chips having gated power control groups being shifted in or
shifted out.

10 The total number of entries required to implement TABLE I, as
determined by summing the number of outputs specified in the table, is
only 189. This is significantly less than the 3" entries that would be required
if the look up table did not exploit either FIR filter linearity or the
constraints provided by the data burst randonuzer

15 In accordance with one aspect of the invention, a FIR filter apparatus
is provided for use in filtering an input mgnal stream comprised of
sequences of antipodal signals bracketed by sequences of null signals. The
filter apparatus comprises means for storing a look up table containing a FIR
filter output value for each of a predetemuned set of unique permissible

20 input bit stream patterns and means for successxvely applying portions of
the input digital signal stream to the means for storing the table to output a
sequence of output values corresponding to a filtered version of the input
stream. As a result of the configuration of the input signal stream, the
predetermined set of permissible input patterns includes only patterns

25 containing either all antipodal signals, all null signals, leading antipodal



si gnal having sequences of antipodal bits (+1's and -1's) bracketed by
sequences of all 0's. Thus, if thereis a 0 in the data streaminput to the

sfilter, 35 then either all the bits in the filter will be zero or a stream

~ of zeros wiMOBENT4  entering or |eaving. No ot her'_ conbi nRGTHR/H92S
antipodal values and zeros is - per m ssifl e. ‘possibilities of

.permssible input bit patterns is shown bel ow I n TABLE 1.
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( 2 out put s) rddnce CDMA proptocols. g The means fB" storgxg Oﬁltel' 1espenseut )
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0 0 0 ofipu? Wl ROM therefgre proyides, the aarhal glli ﬁlﬁ} respto%ge 333}}6{ s)
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1 1 1 1input. In ¢he exemplagyt gabghment, separate Anfphase andyquadrature abl e
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S e Mient n By oRRE S 'gi'@'sﬁ 8% IR ltef 3o’ B8F iy SxEf | e
for a fully gasaupledneWheonadata yalveeniersithe HIB filtex;iitids applied to ¢he firfhe
[ enai ning 1 oSt THE Bl vl tRER prockilsCty BeRipiplRANfoASARES Hothe tap
values with different phase coefficients. Each apphcat:on of that data value
to the first tap of the filter can be referred to. as a filter phase. In the
15 exemplary embodiment, the ROM filter tablé_'_f_i__s sub-divided into four
separate sub-tables corresponding to each of-fou_r_:fﬁossible filter phases. The
output values of the FIR filter table are predetermined to emulate a forty-
eight tap four times oversampled FIR filter. In this regard, the output
values are pre-calculated from a set of forty-eight coefficient values with
20 each set of twelve coefficient values employédi'?;fér generating the output
values of the corresponding four phases of the table.
In one possible implementation, each of the four sub-tables of each of
the in-phase and quadrature phase tables stores’189 entries for a total of 756
entries per table. However, for the exemplary "ii_x'lplementation described
25 herein, the total number of entries per table is.only 378. This further
reduction in table size is achieved by taking advantage of the linearity of the
filter. In alternate implementation, the table size can be reduced to only 128
entries. A wide range of other embodiments may be provided consistent
with the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the. present invention will
become more apparent from the detailed descripﬁon set forth below when
35 taken in conjunction with the drawings in which:like reference characters
identify correspondingly throughout and wherem
FIG. 1 is a block diagram of a transmit poruon of a digital cellular
telephone incorporating the FIR filter Wthh is: the subject of the present
invention;
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the invention will now e The exemplary embodiments will

primarily be described with reference to block diagrams illustrating

apparatus elements. Depending upon the implementation, each apparatus
20 element, or portions thereof, may be configured in hardware, software,

firmware or combinations thereof. It should be appreciated that not all

components necessary for a complete implementation of a practical system

are illustrated or described in detail. Rather, only those components

necessary for a thorough understanding of the invention are jllustrated and
25 described.

The FIR filter table of the invention will be generally described with
reference to FIG. 5. Then, a speciﬁc exemplary implementation of the
invention will be described with reference to FIG. 6.

FIG. 5 illustrates an FIR filter ROM (read only memory) 100 for use as

30 the filter 20 of the transmission system of FIG. 1 or for use in any other
filtering applications consistent with principles of the invention. FIR filter
ROM 100 stores a single FIR filter output value for each unique permissible
input pattern. As described above, in the exemplary embodiment, the FIR
filter processes signals composed of strings of null values (0's) and strings of

35 antipodal values (+1’s and -1's) such that the input strings received by the
filter are limited to strings having either all antipodal values (+1’s and -1's),
all null values (0’s), leading null values followed by trailing antipodal
values or leading antipodal values followed by trailing null values. Hence,
‘the number of permissible combinations of input strings is significantly less
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taken in conj waAtbeofo ﬁﬁdtﬁemdﬂﬁ\mmaﬁbn\fﬁcﬁvﬁﬂdd keTABL®RNCe characters

I dentify cogrespon I&ug? (hx\?lr

bl ock di ag?gam of a(i ransm t por I.on OP ge?{‘)?rh %| I it mvenﬁbgi eﬁ}erﬁﬁeg
i ncor por at i ng USRS EERStEM clack which,ryns atRighi imes ‘%P]S?'@sent

i nventi on; Within FIG. 5, the permissible streams of +1’s and -1’s within the table

are identified as input addresses or tag values 102 and the corresponding’ FIR

filter output values are identified by reference numerals 104. To allow the

20 table to distinguish the ungated input streams from the parﬁally or fully

gated input streams, separate sub-tables (not shown in FIG. 5) may be

provided. An implementation having separate sub-tables is discussed below
with reference to FIG. 6.

A shift register 106 is employed to incren__\entally shift streams of

25 input samples into FIR filter ROM 100 thereby allowing values

corresponding to an input stream to be applied, sgiﬁgtanﬁally in parallel, to

the address tag values to identify the conespondﬁ}g output filter value.

Since the FIR filter table contains all permissibl_ef_}_.fcombinaﬁons of input

streams, the corresponding filtered output valuexs therefore contained

30 somewhere within the table and can be read out. By merely reading out pre-

calculated output filter values, rather than directly calculating the output

values as is commonly employed in conventional FIR filters, significant

power consumption savings may be achieved. Moreover, the filter values

may be readily modified to provide, for example, differing FIR filter

35 coefficients. ;

The FIR filter outputs one output value per stream position, then

increments the stream position by one sample pomt. Hence, output values

are generated at the same frequency as sample val}__x__es of the input signal.

Thus, if the input signal is sampled with four samples per chip, then the
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7 FIG 2 is a block diagramof a 48-tap four tines over sanpled
FIRfilter; FIGS. 3A - 3D are illustrations of the frane formats
.of the exenWQ¥¥50174 enbodi nent ; FIG 4 is ais BCVPRIP2i agr am
illustrating exenplary digital signals 5 Raving both null portions and
antipodal portions for filtering by the FIR filter of FIG 1,

-FIG 5is ais | &
the ELR filter &ﬁ@%ﬁaﬁi &%ammt&mwwwm&%m pér filtére

“exenplary enbocﬂeﬁﬁﬁl the ’P&?é‘tm&@%geﬁmﬂfgﬁgﬂm%%sggﬂ%nwéégﬁﬁi LIr :

t el ephone enpl eglectpdGitiAber of output sarsplesrperahimi fugeme implementationspithiel LED

DESCRI PTI ON OF gﬁgﬁg " chip. EI\/BCDI I\/ENTS 15
Wth reference %ﬁﬁiﬁ remal n| RIEd onlLPrévsnceeg(er By ni)?gdl e

invention wi®l now H® alewr the e%’nﬁ’% ecFHUHP per chip to"
primarily be d&aéfebly dehaﬂei\eroquee e ﬂ&bﬂtthtndmaquﬂuesfﬂtérledsﬂnps suitable

P ement . or pont B eé"ﬂis?ﬂebw% %ﬂptﬁ; ; %oéa%f “’*0
e

firmwvare or corMalves fomeagh, inpuk S"'ﬁms #qr
component s necemmmd ftito foryepamte ks orpesponilin b the mcstpmte phasesm

are illus r 0 :
necessary f %5?@ &'ﬁﬁgﬁ EY‘%’%?#Q){ B{Wmﬁﬁg{ an@%ﬁ?%%?"egfﬁ& § ?i &8 and
25 descri bed of the inventior, teFIR filter RQM| ip iustrated wnerelyhas a

general 'y descrgnbﬁté filter ﬁfv‘i‘dﬂ@canl oﬁbcou@utmﬁe perSftf@aint i¢f input
ation

exerelary oL L Al e e Wﬁ“&b%@%@?fﬂ@r E“dwh(read

only menory) 100 forThrseeqmer@e oft ¢hips joft sample siream cistapplied; tos tha veyiausm of
FIG 1 or fqs %%Suhﬁcérbt Biis'6F the addréds|vabiiés GnBD Al tgtthi nr&m!.%twhxcmth

principles of tf the rl:tt'.:lrroegpo éxﬁgf hit&xe output value is read out for subsequent
processing. Hence, one value is output corresponding to the entire stream
of input values. The stream of input values are defined by a sliding
window, which is incrementally translated with respect to the input signal
20 to allow a sequence of incrementally different streams to be applied to the
table to yield a sequence of corresponding incrementally different filtered
output values.. Hence, if the window initially selects samples N through
N+11 to generate a first filter output value, the window is then
repositioned to select samples N+1 through N +12 to generate a second
25 output value, and so on.

In this manner, an entire input signal is incrementally filtered to
generate a sequence of output values with one:output value per window
location. At the beginning or end of the input stream, where the window
may extend beyond the input stream, sample values of zero, or some other

30 default value, may be padded onto the actual sample values to provide a
complete stream.

The output values are represented digitally, to any desired degree of
precision, by employing a multiple bit representation. For example, the
output values may be represented using eight bits, eleven bits, etc. The

35 precision to which the output values need to be represented may be
constrained, in part, by the characteristics of the input signal and by the
number of samples per stream. For the exemplary implementation, an
eleven-bit representation of the output filter values is employed.



ROM 100 stores a single FIR filter output value for each unique perm ssible
I nput pattern. As described above, in the exenplary enbodi nent, the FIR

. filter processes signals conposed of strings of null values (0's) and
strings of WO978M#4 podal values (+1's and -1's) such that ROTEISPTIPNS St ri ngs
recei ved by the filter are limted taostrings having either all

- antipodal values (+1's and -1's), all null values (0's), |eading null

val ues foll owed by M@h ]Hﬂ ngd! {:[ﬁéals aspﬁgh@llﬂ\‘iﬁeﬁén{%%w ngt@?tpg?qﬁ@ér .

val ues followed by tra val ué
. perni'ssi bl e cofesusemitis tb‘FsYﬁ'iﬁDtOfﬁGr Ayd |f§“‘§?’5ﬁlie$¢f€bﬂ4t |Kjrst.cansoverview \\p
97/ 50174 of the operation of the FIR filter will be iovlded ‘with rdferehklS% i
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ant i podal val u
of the cont Entmtmmhcwnpmt&fo ﬂ\e 'Gl'ét\f ly:hamvlded TABLE 111 and 1V. A
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FIR the remaining six chips are applied to FIR filter ROM tables 1002 and 100b in

reverse order, to generate another four outpug - values, again with one

output value per phase of the clock signal. Heﬁég, two output values are

20 generated by ROMs 100a and 100b per input stream per every two clock

cycles. The two values are summed to yield a singie output value of the FIR

filter per phase per two clock cycles for outputting on an output line 406.

The in-phase (I} filtler ROM 100a and the quadrature phase (Q) filter

ROM 100b are implemented slightly differently. The I-filter is a forty-eight

25 tap filter with even symmetry such that the peak of the resulting impulse

response falls between h(23) and h(24) for coeff1c1ents h(0) to h(47).

Moreover, h(23) is equal to h(24). However, the Q_—ﬁlter is a forty-seven tap

filter with odd symumetry such that the peak of the impulse response falls on

h(23) for a filter having coefficients h(0) through h(46). Thus, the Q-filter

30 has only forty-seven coefficient values, rather than forty-eight values and

cannot be evenly divided by four as with the I-filter To account for this

difference, for the Q-filter, the phase 0 oulp____u_t_....:s the sum of eleven

coefficients, whereas the other three phase outputs are each the sum of
twelve coefficients. B

35 To handle this exception and still take advantage of the symmetry

property, the ROM values of the Q-filter are stored to weight center tap

contribution h(23) by half. On phase 0, Q-filter ROM 100b is read using input

chips 6:1 as the address for the first access, and chxps 6:11 on the second

access, rather than using input chips 5:0 on the ﬁr§; access and 6:11 on the




fitter out put values are identified by reference nunerals 104. To allow the
20 table to distinguish the ungated input streams fromthe partially or
fully gated input streamnms, separate sub-tables (not sh FIG 5)
.may be pPOE¥d* An i npl enentation havi ng separ ate sub%\l?‘g'ﬂ'}sg"é

di scussed bel ow with reference to FIG 15, A shift register
106 is enployed to increnentally shift streans of 25 i nput sanples into

: F{ R fi |t t e[) | ae@g eP—yefféétpﬁh@&ouﬂl@'&l@&mﬁ-we%&%&ﬁﬁdltﬁcbéffﬁibﬂtnpm
streamto be appl.i St ant,i a

‘values to i dent&‘?eg% %i? %‘Fﬁ?‘*&?"%&@“‘?“e‘i’{*éﬁw ll wgféi'ﬁ h?ze E’ﬁg FI R
filter table cosyminetryaof Qditeri ROM10bcxequires risimple;pagemapping tostradaan,
ggrere aﬁ;:gsgmong:irlaalﬁg@leal@%ugﬂ{@ﬁfnd Cast‘lﬁlﬁ&fﬂfe ;ghg:eeéﬂé %;’S‘MM% (!)I:ﬁtngre_
cal cul at ed o;ét pui *FR%’?W/&IF%% “aé?ﬁeqﬁﬁﬁi’ #B%?F f@ﬁﬁ\éefﬂ 4%‘8 {ftsa.

out put val ues a<Coefficientso lwhach nan‘eoy:emplmnt omﬁnt then alele‘elommuhiaatmns

si gni ficant O\ f B 20V 6y
filter val ues

differing FIR 3 =<:~ e A A e

out put val ue peSyshés eomd Wdrahue-plﬁseeﬁhm s:oeﬂflmeats amppcmdhdon
by one sanpllﬁ p@ Hf l?ut put val ues are generat ed at the sane
frequency as sar% € val'ues or the input signal. “Thus, if the input
signal is sanpled with four sanples per chip, then the WO 97/50174
PCT/ US97/ 10925 9 out put si gnal

of the FIRfilter |ikew se has four sanples per fi Itered chip. In
general, the input signal can be sanpled as often as desired-to generate
any sel ected nunber of output sanples per chip..In sonme

i npl ement ati ons, the i nput signal is "sanpled" only twice per chip. 5
To all ow the output signal to have multiple sanples per chip to




t hereby provide an anal og-like representation of the filtered chips

sui tabl e for processing by the DAC (FIG 1), FIRfilter ROM 100
gener ates four output val ues for each input stream This is achieved by
subdi vi di ng WOR79174 er ROM 100 into four separate tabl escrousswempondi ng
"to the four separate phases 10 of the filtgr. For the purposes of
-providing a clear overview of the operation of the invention, the FIR
. filter ROM 100 of FIG 5 is iIIustratédMas a . single phase filter
provi di ng only one output value per str nput . sanpl e val ues

106. ~ The

.shifted into FIRfilter ROM 100 by shift re -tﬁﬁ(k
sequence of chips of sanple T n . - sequences

of bits of the address values untyl a match iggachieved, g which tinme
the corresponding filter output value is readyput for subsgquent

processi ng. Hence, one value is ostput corresponding to tige entire stream

of input values. The stream of #nput val uesi@are defined2dy a sliding

wi ndow, which is increnmentally translated witBOrespect to4% he input signal

20 to allow a sequence of incremBntally diffétent stream$to be applied to

Eilter h

t he table to yield a sequence?of correspof®ing increnthtally different
filtered out put values.. Hencg, if the wpdow initiall% selects sanples
N t hrough . N + 11 to generate g first filtgl output vagle, the windowis
t hen repositioned to select sgnples N + 1,fhrough N +.12 to generate a
second 25 out put value, and so ong 4n this manger, an entire
input signal is increnentally filmered to 4generate a gequence of out put
val ues with one output val ue per i ndow | e¢ati on. At sf1e begi nning or

end of the input stream where tH#8 w ndow 44ray extend #eyond the input
stream sanple values of zero, orlésone other 30 default vt ue, may be
padded onto the actual sanple val¥es to provifé a co ete stream

The out put values are representedg.digitally, any desirgd degree of
precision, by enploying a multiplg bit represghtation. FQ 1 exanpl e, the

out put values may be represented xsing eight Jgyts, el eveq_.gioits, etc. The 35
precision to.-which the output valmes need to 3e representggd nmay be
constrained, in part, by the char2acteristics 44 the inputssignal and by the
nunber of sanples per stream For24the exenpl @% inpl enené2& i on, an

el even-bit representation of the ﬁut put fil te;g7 val ues i 'sigrrpl oyed.

Z 4 =21
28 -66 -94
29 -99 91
30 -67 -40
31 -6 20
32 4 54
3 60 50
3¢ 40 19
35 4 -16
36 -24 L -34
37 -28 -26
38 -10 0
3 17 28
40 38 45
41 43 ' 43
2 30 : 29
43 10 10
4 -8 ; -4
45 -17 -10
46 -16 -11
47 -12 :

Because a FIR filter is a linear system, as shown in equation (2) below:
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10 _ Wth reference to FIG 6, a specific inplenentation of the
‘FIR filter for use within the systemof FIG 1 will now be descri bed.
First, an ovWPM"S®74  of the operation of the FIR filter KT USBE?%Hvi ded
"with reference to primary conponents ol3the filter. Then a nore

“detail ed description of the various 5 internal conponents of the filter
.wll be provided. y(-x) == (x),FI Rfilter of FIG 6 provides separate in-phase
402 and. quadrature phgse 404 filtering conponents. Each conponent (2
-generates four putput val ues for each streamof twelve input chips. As
such, both corrp)gnents represent four-phase filters. Two separate FIR

filter ROMtables 100a a e d 1 : ntai ns four
sub-tabl es (Hot sepawgfr@lqaxt%o'&g%gﬁt %f‘ot#‘%g@%%‘?%gﬂﬁgﬁggg - of the four
phases. Qutput values stored within the t abl es are generated to _emul ate

a forty-ei ght coeffiSiktnfourientries fanén-phase REINIc100a are set; forthcine TableiHntln ar e
enpl.oyed in cong@chy mr?& RnffdimeRe SenlyDhdlf &8 the Gentries Gh Ofdble 1 Iptovidede

first six chips, of t%gpi t, afe appljed to FIR filter 15" ROM
bl es 1008 andbelowtatestorendn MOV 0, besh e Gulpbe valis for ¢ Hegdiye Jmputs
val ue per phasecdii be detived tysnegatinge theoanitput valumésndram évesrcortespbnding e,
the remalni g sigodifthd® ifthits 2! StyliyF bhtrids e&kf%t@bhésuﬁ%gem% Ob,
in reverse qrder, to-generate anotper, four . out Qut .val ues, n t
one  output ShIPLESRRS daaQUPCAtreamS Baving antipodal Valties, on, Wik, the

val ues are 20 g:bmsrthéaﬂﬁpydﬂ@ﬂu&%f&henﬁgﬁ@bsignaf'mmprsmm’s ander y
two cl ock cycles. The two values are sumed to yield a single output

value of the FIR filter per_ phase per t | ock cles for,outpyttjn
on an out putd i ne 40Fable IV Pf%"ide% ﬁ!ﬁ’ee‘g‘iﬁi—eﬁhégéﬁ? [part Sﬁmﬂdﬂ‘lﬁeﬁ‘%iﬁ ﬂe
quadr at ure phasgate@chiip streams. WitRi\thieOfbler shiffedrinegated seluesi yhtprovided in
Syrmet ry such ¢ B e vE ol | éﬁ'?d-s*afg&eaﬁﬁa‘ﬁ@"”“-‘m e profldet i Hight wo
b)étweenyh(ZS) afelummsq ) Alsg, withisy ectebiey & )ﬁ?gﬁpfggﬂﬁéﬁ?ﬁ?ted or yll ¥alnes A 23)
is equal to h(24an beleencthe gited @aludst are eithex Ieading values drafrailing waluesy

1 OS2 1P, B, DGR e St o b g et 1 50 o
Qfilter the FIR filter. The final entry in Table, g 0’s”, represents the
fully gated chip stream. Referring back to Table ], there are a total of 189
possible combinations that can occupy the first six or second six taps of the
filter. To provide for the four possible phases of the filter would require 756
25 possible combinations. However, as described above this number of entries
can be halved by taking advantage of the linearity of FIR filter so that only
the output values for “positive” input values need to be provided. Thus, the
total number of entries in FIR filter ROM tables 100a and 100b are reduced to
378. The “+'s” and “~'s” may be represented digitally within the filter by any
30 appropriate symbol.




30 has only forty-seven coefficient values, rather than forty-ei ght val ues

and cannot be evenly divided by four as with the I-filter. To account
for-this dlfference for the Qfilter, the phase 0 output is the sum
cof eleven WO cients, whereas the other three.phase ®OIMSYHINs each
the sum of twel ve coefficients. 35 14 To handle this exception and
still take advantage of the symmetry property, the ROM val ues of the
.Qfilter are stored to weight center ta ontribution h(23) by half.
On phase 0, Qfilter ROM 100b is read usSing I nput chi ps 6:1 as the
"address for the first acqgsls, £hi pPEROM 1 Q'thh afand I OMACCEsSS,
rat her than using input Cmﬁﬁ iPs 0N t@gtﬁdtrst gﬁﬁé’ tpif the
WD 97/ 50174 rwwwy &S97/ 10925
11" second access. _ﬁ:_;f,,te ct, thig 7 countls tﬁ; _J]alf wei %ed center
tap coefficient tw ce $..p,..};h,er eby apg%y thg ceplgr, coeffigaent at its
full weight; Also, the oddes+s+--symetryiof Q- ffilLef, ROM 100b gequires a
si npl e page mappi ng to traek+awr addgpi onal] dessids the figgst hal f of
the phase one coefficients+aretsymetri895 wjth-+espect to dise second hal f
of the phase three coeffictettst and vicélversgd. -++--+ Coa¥sf i ci ents
which are conpliant with thtHTel ecommn?'éatl ofls =++=4-ndust ry-@ssociation’'s
TIAEIA /1S95-A Mbile Statfoft'Base Sta T?an bi | it #7St andard for
Dual - Mode W deband Spread Eoe_'g"f_'_r um Cel I ar *m for i"$lphase and
e +
quadrature-phase filter cogificients argsprovilded 1U = bel ow ﬁg TABLE 11 .
ottt 15 -+--++ 39
T =73 —t e -49
thm——t 27 ———— 51
++-——m -61 —t———— -37
b 37 ——dbtt 6l
Sl & o g -51 R e o -27
+—=d+=+ 49 ——tet 73
R -39 e -15
+=t=tt 29 ——fmip 53
+=d—t- ~-59 s e 2 -35
e Ut 41 —d——4 65
b -47 -———r——— -23
s o 3 ———tt 27
d—pp— -85 ———pm -6l
==t 15 ———p—t 39
e -73 ———t—o -49
S -5 ————t 19
O -93 ———— -69
dom 7 ] ee—e- + 31
R -81 | e -57
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TABLE |1 Kk | Filter h k) Q
 Filter h(k) WO9750174 0 _PCI/USYT/10925
-11 1 15 -16 -10
2 _ -17 -4 _ 3
. -8 10 4 : 10
29 5 30 L. .43
‘6 43 45 : 7
38 28 TABLEIV 38 17
0 _ 9 -10 ) - 26
10 | -28 -34 11
- 24 GatiRg Gating 12 4
19 Shift In 13 Shift 50
14 . : 60 54 15
o Ha?® LROM Half _ LROM Half 16 JLROM  Half  1ROM
-18 lse Output Impuisé A Output Impulse 66utput Impulse ut
766 Inpug Input Input 20 Input a4
121 Ch:ps Chips, , Chips" 507 Chips 201
42129 ++g-g«gzg 13 -++++8 37 0+++++ () RS, 2- 3
429 _ = 25 e 49 0+++—+ gl O+++—— =
++ -:‘70 5 —— 29 O++-++30 O++—4- 239
26 ++2D o 17 -++-181 41 O mme 0++--- 245
44 +3+240 -21 -+=4++0 3 O4+—4++ 35 O+=++- =53
+4+=+-0 =9 -4+=+=0 15 O+—+-+ 47 O4=d=-- =41
++=-=-+0 =29 ~p=et(Q =5 O%~=++ 27 O+-=+- -61
++---0 =17 -4=-==0 7 0+---+ 39 0+~——- -49
+=++40 =7 ——+++0 17 0-++++ 49 O-+++~- =39
+-++-0 5 --++=0 29 O~-++-+. 61 O~+4=-~- =27
+-+-+0 =15 -~+=-+0 9 0-+-++ 41 0-+-+- -47
+-+--0 =3 -—t=-=0 21 0-+--+ 53 0-4--- -35
+=--++0 =41 ~—=++0 =17 O--+++ 15 0~—++- =73
+-—+-0 =29 --—+-0 -5 O==+=+ 27 0--+-- -61
+===t0 -49 ——==+0 =25 0———++ 7 O0--—+- ~81
+-=~=0 =37 = —===- 0 -13 0-—---+_ 19 0-m=== -69
+++4+00 19 -+++00 43 00++++ 59 0044+~ -29
+++~-00 11 ~-++-00 35 00++-+ 71 00+4~~ -17
++-+00 -15 -+=-4+00 9 00+-++ 51 00+-+- -37
++--00 -23 -+-=00 1 00+~--+ 63 004-—~ =25
+-++00 -1 --++00 23 00~-+++ 25 00-++- =63
+-+-00 -9 --+-00 15 00-+-+ 37 00-+-- -51
+-~+00 =35 ---+00 -11 00—-++ 17 00-=+- -T71
+~==00 -43 -—-=00 -19 00-~-+ 29 00-~-~ =59
+++000 15 -++000 39 000+++. 42 000++- -46
++-000 -19 -+-000 5 000+-+ 54 000+-- -34
+-4+000 -5 -—+000 19 000-++ 34 000-+- =54
+--000 -39 ---000 -15 000--+ 46 000--- -42
++0000 -2 -+0000 22 0000++ 38 0000+- -50
+-0000 -22 --0000 2 0000-+. 50 0000-- -38
+00000 -12 -00000 12 00000#, 44 00000~ -44
000000 O
5 The output values represented in Table Il :and IV are derived from

the coefficient values of Table I Consider, for example, an input chip
stream havmg the first six chips represented by 41, -1, +1, -1, +1, -1, or "+ - + -
+-". For phase 0, this corresponds to h{0) - h(4 h(8) h(12) + h(16) - h(20)

or (-12) - (+10) + (17) - (+4) + (-6) - (+44) or -59 __hlch is the value within




28 - 66 -94 29

-99 -91 30 -67

. -40 31 -6 20
37 WO 97/50174/ /| 54 . PCT/US97/10925 33

+ 60 50 16 ‘34 40

.19 _ 35 4 - 16

: 32 3 Table Bl corresponding to thed4 - + - + - input address combination. Na%% ’

0 - that the output for the comgplement input "- + - ¥7 +" is +59. Hence, oply
40 one vahie need be stored for ééich complementary-pair of input values. THé
gg mostﬁgmficant bit of eaclh tream of six input va‘iﬁﬁs is used to determlig
44 5 whetheg the input stream needs to be inverted. If the MSB is -1, the inpmg
- ﬂ addreskGs inverted, then the output value is inverte> If the MSB is +1, ﬂlEﬂG
- ecause
A FIR 11 ter 70 IPTTRER 8, Alhgyeh oot epacely flopp, herel L
97/ 50174 separate tables are provided for the quadrature phase /fosose inahe
13 [err]  quadrature phase tables may derived from the qugdrature phase values of

10 TablelIL

The manner in which the foregoing features are implemented will
now be described with reference to the diagram ofI-'IG 6. FIG. 6 illustrates a
FIR filter unit 400 having a in-phase portion 402and a quadrature phase
portion 404. Outputs of the two portions are comﬁlhed onto a single output
15 signal path 406 by a multiplexer 408 for subsequent conversion to analog
signals for transmission. Power control groups composed entirely of +1's
and -1's are received along an input line 410. A DBR gating value of G or
NG is input along a DBR line 412. One DBR gatmg value is received for
each chip of the input power control group. If the: gatmg value is G, then the
20 power control group is gated and the correspondmg dup may be regarded as
being a 0 value. If the DBR gating value is NG, then the chip value is
ungated and retains its input value of +1 or -1. '
Now, the in-phase components will be described. The stream of input
chips received along line 410 is first combined with I-PN and U-PN signals
25 to perform spreading, then the resulting spread sxgnals are shifted in using a
shift register 428.
The shift register 412 outputs twelve b).ts in:parallel along separate
lines 414 and 416. Line 414 contains bits 5:0, whereas' line 416 carries bits 6:11.
~ Hence, the first six bits are reverse ordered. Thxs is __employed to help exploit
30 the symmetry of the filter, summarized above. .A:multiplexer 418 selects
either the lower six bits or the upper six bits depending upon the value of an
odd clock signal received along line 420. If the clock is odd, then the lower
bits are selected, if the cdlock is even, then the upper bits are selected. The
MSB of the selected bits is separated onto a line 422 for use in controlling a
35 pair of XOR gates 424 and 426.
The lower five LSB's are routed directly into, XOR gate 424. If the MSB
is 0, then the other five bits are inverted to yiel _¢_omphment thereof to
exploit the linearity feature summarize above. The resulting five bits are
routed into a DBR gate address mask unit 426 which also receives the G or




5 —- where y(x) is the output of the filter given the input x.

Si xty-four entries for in-phase ROM 100a are set forth in Table Ill. In
the-exenpl ary enbodi nent, only half of the entries in Tabl e [11 provided-
bel ow are st oVOA"FH74R0M 100, because the out put val ue for " REFASPUO925 nput s
10 can be derived by negating the output v@fues from the corresponding
“positive” inputs. The S|xty four entries correspond to the un-gated input

.chip streans i. S_CIF; ,@qg;mwg‘%‘o@gﬂt ﬁs‘&ﬁngﬁwmmﬁ | B
tabl e, the antipgda ues th ate are,represen as

and - 's. 15fhe DBR w@dmsmél?dawm A ad (5E 6 gmlwft
gated and conpl ermgdﬂeﬁte:bomespm bitéidfhihe hipmttdﬂpalgmﬂl fdceﬂfedn

gat ed val ues are o) I ?&s@t%%l?&m

vaI ues are prow %gn ?%4 ThePBI{%ageaamesE um SO V\A%ﬁﬁ ﬂﬁ ta gei,
"0's’ represeft Qﬁéggat@ﬂubhﬁﬁ for gelecting the appropriate Phas&n, the gat ed
val ues are either |eaglithgugltl tes separately! stigvn ainicFIG.26, IFIReROMY 10p2Nis

filter. The ??ﬁa%ﬂiﬁé#a f%ﬁﬁggﬁrﬂ'%ﬁes‘g"%t {itioRe Roegplibailp 1o the 1. boggare
fully gated chi pplmsesa e RBR-gateagdressimask thep| maps. thead's mde-las obthe chip
Laps of tho o raionesdo ?"‘e““‘*‘*‘"&“* @&92“’ S8 NG atlieo G e DBR!
fi Iot er woul d Peqt %Weg%p s&’ég" %‘f"’@@&@?ﬁ’
above this nunbeﬁlterf vehterfnem an I-Em memamw e taamahgoanahnfatge agddredse
nput val ues nea e U b e e R e Sapl Skl
FI pR filter ROM t%l%@@%o%(f Wﬁbﬁ%@‘*%@&et‘g 378. The "+ s" and
-'s" may be repr eserifhos, dheiaddrdsy ganedated bynéhe | Dﬂkgatwaﬁresﬁﬁmabpnuguem e
E%—??B'sgw LoodE WdeRtified bfe entry within ROM 100. ROM 100 contains 378 entries. To
uniquely address each entry, a total of nine- aéldress bits are employed. The
nine bit address is generated from the six te_ma;-y values input into the filter.

The nine bit address is applied to the ROM table 100a to generate a
single unique output value represented digitally using eleven bits. The

20 eleven bits of the output value are fed into the second XOR gate 426 for
inversion if the original MSB was 0. The :esxilﬁng value is stored at latch
428 for subsequent combination with the output value corresponding to the
upper six bits of the input chip stream. During the next subsequent even .
clock cycle, the upper six bits are processed, in much the same manner as the

25 lower six bits, to yield a second output value. The first output value stored
in latch 428 is combined with a second output ‘value by an adder gate 434 to
yield a digital signal for outputting. The: two least significant bits of the
digital signal are truncated, then the s:gnal is- fed into multiplexer 408 for
subsequent output onto line 406 along thh output values from the

30 quadrature phase portion of the filter.

Thus, to briefly summarize operation of the in-phase portion, during
each odd clock within a chip four values areé output from I-ROM 100a
corresponding to the four filter phases. The ‘four output values are each
stored within latch 432. During the next even clock four additional values

35 are output from I-ROM 100a correspondmg to the four phases. The first sets
of values generated during the odd clock are based upon the lower six bits of
the input chip stream. The second four valu_es generated during the even
clock are based upon the upper six bits of the input chip stream. The pairs of
first and second values are summed to yield a total of four output values per




TABLE 11|
| nput Chi ps

Hal f | mpul se | - ROM Hal f | mpul se | - ROM
Qut put I nput Chi ps CQut put ++++++
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of clock signals. For otherS{inplementzt%ons, it majt*ﬁ:e desirable to~

@gnerate all four output valuea qwithin each 'clock perigd..  This may
Fa%kueved by example, by doubling the sizé53f I-ROM -1004-and thereby
e te the rieéd to separately ciftulate low%and upper oytput values.

- 6 1 The operation of the quadrgture phase portion is similar to that of the

Sifé-phase portion| and mdy’f;kértmgnt diffebehces will be déﬁbﬁbed The"
_qpadrature phase porhon glc;ruqre_g a shift reglszgr 462 wh;c-f\ outputs bitsin

9
-15
27
47
35
-29
51
37
27

39
53

- - +-parallel along 3bree separate lines 464, 465 and 466 to & imultiplexer- 468.- +

Hence, unlike mu]hrlex&ﬁﬁ of the in-phase portion wRith receives only .

10._ Gyo inputs corresponding to the 5:0 and 11 input bits, multiplexer 46§9

15

phase filter coefficients summarized above. Mult:plexer 468 selects signals
from one of the three input lines based both upon the odd clock signal 420
and the filter phase signal 432. For the first filter phase, during the odd
clock, bits 6:1 are selected and bits 6:11 are selected during the even clock. For
the other three phases, selection is between the 50 and 6:11 bits as described
with reference to the in-phase portion. '

The six bits selected by the multiplexer are routed to an XOR gate 474
and the MSB are routed along a line 472. The_:_, ':XOR gate inverts the bits,
depending upon the MSB, and routes the resulting bits into a DBR gate
address mask 475 which operates in the same manner as that of mask 426 of
the in-phase portion. A nine bit address is apphed to a Q-FIR ROM 100b,
outputs of which are routed through a second XOR gate 476 into a latch 482.
The values latched during the odd clock are combmed with values output
from the ROM 100b during the even clock to yield final output signals for
transmission onto output line 406 via multiplexer 408.

In an alternative arrangement, instead of stonng both DBR-gated and
ungated output values within ROM tables 100a and 100b, only the ungated
output values are stored. Output values for the’ DBR-gated input values are
computed from the output values corresponding to the ungated input
values by summing two successive accesses to ROM tables 100a and 100b.
The first access uses the ungated or "unmasked" " filter input as an address,
the second access uses the input with DBR-gated chlps inverted as compared
to those of the first access. Summing the réSi.titing two output values
together therefore has the net effect of cancelmg the DBR-gated chip inputs.
The summed output value is shifted by a bit pos1t10n to reduce the value by
half to cancel a times-two scaling inherently occurnng as a result of the
summation of the two output values.

is is provided to accommodate 3fgr the shg‘l‘& %symmetry inl the duadrature”

- kaceives three-different inputs cdfresponding to: the 5:0, 6:1 and 6:11 bits. - 5

69
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TABLE |V Gatin Gati ng Shift In

Shift cut W74 | _ ROV “Hal f | -ROM  Hal fi: ¢ | - ROWCTARNH02S | - ROV
| npul se Qutput Inpulse Qutput Inpulse QutlPut | npulse Qut put I nput
I'nput _ | nput | nput Chi ps Chip

.Chi ps 7/

0++E+_ 19 ++++d‘1dpﬁ% altei’hati%‘cimﬁ en?hon, bédatib tw% d'é omQKé’ +++_ )
L7 +++-+0 5100 are required for eachohplf-filter output. the word width, needs toobe
+++--0 17 two restdisGvidéiwith twice dsthany bits Accessed perdoutput requifed. Twio ++0
- erl+ 0 15 i ++8ha%s are s Qd’ LY aralggl_to_q\amtz%J’ﬂ'\ e"dame P@Q filter ‘ot rgte?_ .\
-5 0+- -3+ +Asspch, ROM mmﬂf is sgmewhat more, compyex than the ROM of t;h

2 5 -+ 390 prec@dmg emboditnent. However, ROM 100 of the altefhativé embodnm@nt*+++
. +++-

O-44e- =27 to;e g\ly lgg umngskeﬁ \:La.lgﬁs, ans'jmgeii a8 Méggrdg gﬁas wide as @\e+ ‘.
-47 words of FIG.6 making it approximately one-third the size of ROM 100

which includes DBR gated values.

10 What has been described is an implementation of an FIR filter
configured as a table. Specific implementations have been described herein
with reference to a digital cellular telephone employing CDMA
transmission techniques in accordance with IS-95-A protocols wherein the
number of entries required in the FIR table are limited by exploiting unique

15 characteristics of the signals to be filtered.

 Itshould be noted that addition power savings can be attained by not
accessing ROM 100 when th¢ input sequence is all zeroes. With variable rate

data, this is the case the majority of the time. |
The previous description of the preferred embodiments is provided to

20 enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the

25 embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

1 CLAIM:
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000- each 853 predeteriiged sétof Unique Fermipsibls put bit strgygy paterny

06 and0000 -22 --0000 2 o 0000 + 50 0000- -

000 i The Ot ?Qf/glﬁﬁceesswel ﬁ‘g 4 Tab?e A Wano‘%faare
o sigroh STEBRY f0 e meap bl e, seiene sl

hi p outpatvdaasmesp@rﬁhgtoaﬁtaedvetmmoféwmﬁis&éaiuy +1, -1,
-1, or "+ - + - + -". For phase 0, this corresponds to h(0)
(8) - h(13)

+ 12) . (+10) + (17) - (+4) +
(-6) - (+44) or -594whic ;E?f’é'a G’@‘% t1h|"ﬂ'S &‘e\/@%‘)ﬂ:eggp}gg set' of
PCT/ US97/ 10925 permissible input patterns mcluda only patterns containing either leading

antipodal signals followed by trailing null signals, leading null signals
4 followed by trailing antipodal signals, all antipodal signals or all null signals.

3. The apparatus claim 1 wherein the means for storing a ‘table
2 comprises a ROM.

4.  The apparatus claim 1 wherein the means for storing a table
2 stores filter values corresponding to a symmetric FIR filter.

5.  The apparatus claim 1 wherein the sequences of null values are
2 substantially longer than the sequences of antipodal signals.

6. A finite impulse response (FIR) filter apparatus for use in
2 filtering an input signal stream comprised of sequences of antipodal signals
bracketed by sequences of null signals, said filter apparatus comprising:

4 a table containing an FIR filter output value for each of a
predetermined set of unique permissible input bit stream patterns; and
6 an input unit for successively applying portions of the input digital

signal stream to the means for storing the table to output a sequence of
8 output values corresponding to a filtered version of the input stream.

2 7.  The apparatus claim 6 wherein the predetermined set of
permissible input patterns includes only patterns containing either leading
4 antipodal signals followed by trailing null signals, leading null signals
followed by trailing antipodal signals, all antipodal signals or all null signals.



16 Tabl e mcorresponding to the "+ - + - + -" input _a ﬂ!ﬂﬁﬂl"l"""m lII,
conbi nation. Note that the output for the conpl enent i

+" s +59. Hence, only one val ue need be stored for each _co Ierrent ary
pair of i nquV%?F%?é The nost significant bit of each E‘H"ésg%t‘ si X
“input values is used to determine 5 wheth@l the input stream needs to be
inverted. If the MSBis -1, the input address is inverted, then the
.output value is inverted. If the MSB is +1 then no inversion is

required. Al though t separatel str h.er n ratet

"are provided for thegquagﬂ%ﬁ a%ﬁ‘«’fs %"s&“’r‘ﬁ‘st*ﬁé ﬁ‘?’L ure
phase tabl es ZrayompnrsesadROMmthe quadrature phase val ues of 10 TabI ell.
The manner in which the foregoing features are |rrpl enented will now be
described with refergnce j.0 the diagramof F] G il lustrates a
FIRfilter unit 400 fravi nf)heaaPH r §i Whereip th&ngbg ﬁtﬁ ﬁtﬁré’ ek e
portion 404. Qucetresponding o a\spmmetricdIR filter. cobi ned onto a singl e out put
15 -signal path 406 by a nultiplexer 408 for subsequent conversion to

anal og signals for transm ssion. Power contr groups caqonpQsed entirely
of +1's and - 1' s1Gr e The-apraratus laign §w mﬁﬁmﬂm@s qﬁr@&-«v 2lues ate
value of G or2 substntislly mBérMeaeQB&desMaﬂﬁﬁodnes@% gating value is
recei ved for each Chlp of the input power control group. If the gating
value is G then the 20 power control group is gated and the correspondr ng
chip may be regardedlhs A mpthody for @iltesingean | inpith Signak steearn somprised; of NG
then the chi [ vaédifenicés of antip Gdileﬁ Braélaited by iseqhéiives of FUIE signals) said - 1.
Now, the in- phas 8%?}}% té’s gpscri bed. Thé stream of input

chi ps received o é&’ﬁ s i combined with |-PN and U-PN signals
25 to perforrﬁspreadtet:glmméhmm@ﬂi@%llmg!tmb% wdgals are shifted in
using a  shift re&h&hﬁivd}?&pplymgtpomons Sb ehestripiut digimal 3;\_;14&&@&&53

twelve bits | 4

cont ai ns. bi 1 5 5 P18 ghERL ugqﬂr@ﬁ?@é@ca\rﬂesaﬁe@?g #tlof A Brédefermyindd sef o1
first six bits amiquepemmissibledoputibitsiresny patterps 4o autput aseguenceofiqutput
the symetry ©f vhiifesicotiespondiig1¥s al fRéredRarsion df the inpitasteiant18 sel ects
either the lower six bits or the upper six bits dependi ng upon the val ue of
an odd cl ock signal received along line 420. If the clock is odd, then
the | ower bits e sEhemethod clim,H whereinthe émpncemeﬁnpﬂemppwm ts
are sel ected.2 Tbﬁbstannangsﬁax@terum;&relaqheﬁhebldfanhpoaﬁmgmmd onto a line

422 for use in controlling a

13. An apparatus for converting a digital signal into an analog
2 signal, said apparatus comprising:
means for receiving a digital signal comprised of individual
4 Dbits;
means for sub-dividing said digital signal into streams each
6 containing a plurality of bits, said streams being of equal length;

means for storing a table containing a digital value for each of a
8 predetermined set of unique permissible bit patterns of the streams, with
each value being representative of a finite impulse response filter output

10 value corresponding a unique one of the permissible set of streams; and
means for successively applying each stream of the input digital
12 signal to the means for storing the table to output a sequence of digital

values corresponding to the unique bit patterns within the streams.

14. The apparatus of claim 13, further comprising:
2 digital to analog conversion means for converting the sequence
of digital values into an analog signal. '



o0 B oL xR gates w24 and 426 ves ™ 'oun 1 HVREHRHMEHN K

-five bits are inverted to yield conplinent thereof to exploit the
linearity fSMPAMIBumuari ze above. The resulting five bitsPer@s9710925r out ed
*into a DBR gate address mask unit 426 whic2 al so receives the G or '
» WD 97/ 50174 PCT/ US97/ 10925

17 ‘NG bits froma twelve-tap DBR shift register 428 connected to input
" line 412. The DBR gate address nmask matches the G and NG signals from

- shift" regi ster 498 wlhp appatapis &f pdiaimndd furthess cemprisingutmeansy for gnal
recei ved 2 f nedfsaEtien %aﬂeglamamate address nask al so receives a
filter phase signal 5 along an 1nput line 432 for selecting the appropriate
phase. Al t hough not separately shown in FIG 6, I-FIR ROM100a is
conposed of four sepfrat Theapparatus of glaimcly wheprin dhagneans: for ttansmistipgr at e
phases. The PBRofifirses @irafismitRatit bf'8kellalas télophore.s and -1's of the chip
signal for each phase, with the correspondi ng and NG val ues of the DBR 10
signal to yield an address suitable for selecting the correct correspondi ng
filter value from an7l - FTReRappdréfss. of lolainct13awhereinnithef digitel adighals sare
depends upongh a h Sosdct dwitd hd th@n’ﬁg}{l ' | geddr

are descri be ovg&ﬁn&lt rhe?%grengg r)(‘gu{Tadlaee I'V. lﬁu'lthﬁpTﬁus, t@gg ress
gener ated by t He'MBR-gate address nmsk uniquely 15 identifies one entry

Wi thin ROM 100. ROM 100 contains 378 entries. uni quel y address each

To
entry, atotal of nijge adfcoibabafus of'caifi ™3 Whkhein! ifie meard! R diblingdlecSS

is generated_ fromthe siXx t ar val ues | t rnto t
The nine bi t2adaPlecomprises 3 rea W?Rﬂ\ﬁ{ © 100a to generate a

si ngl e uni que out put value represented digitally using eleven bits. The 20

el even bits of the qgt pu%w&%pwmﬁﬁ%%%em&%%ﬁgﬁg;t ch

inversion if_the ori.gina esulting value 1's stored
2 comprises:

means for transmitting an in-phase analog signal; and
4 means for transmitting an quadrature phase analog signal.

- 20. The apparatus of claim 19 wherein the means for sub-dividing
2 the received digital signals into streams comprises:
means for generating streams corresponding to an in-phase signal;
4 and
means for generating streams corresponding to a quadrature phase
6 signal.

21. The apparatus of claim 20 wherein the means for storing the
2 table further comprises:

an in-phase table for storing sets of digital values corresponding to
4 permissible in-phase streams; and

a quadrature phase table for storing sets of digital values
6 corresponding to permissible quadrature phase streams,

22.  The apparatus of claim 13 further comprising:
2 means for duplicating streams of the digital signal; and

means for selectively eliminating a portion of the duplicate streams
4 within a predetermined time period.



428 for subsequent conbination with the output val ue correjmuu:ﬂuﬂ"ﬂummm
upper six bits of the input chip stream During the next s s
‘cl ock cycle, the upper six bits are processed, in nuch the sane manner as
“the 25 | oweWOIRMBEts to yield a second output val ue. Th@CITUSIVIONS put
.val ue stored in latch 428 is conbined @th a second output value by an
‘adder gate 434 to yield a digital signal for outputting. The two | east

.significant bits of gghe The ?ib'oéﬂrhﬁis of Tl PE Whetefint éidh afiﬁﬁcét@esééapﬂ

at
is fed into gulti | exer 408 subsequent out put onto ne 406 al ong
“with output 4alSoBYPTiSes A POWer ptrol EIOMP re phase portion of the filter.

Thus, to briefly sumari ze operation of the in-phase portion, during

each odd clock withipg a ' ‘Hacingr : .

cor r,espondi ng tq t.hez%’ ou?ﬂ?ﬁﬁgﬁéﬁmﬁ%ge . ,r%g QP%%O%%%Weéagﬁvee%ch
stored withif |Siminating apppertion Ofe e;‘!lphﬁiﬁ slireams feomprisesi ai datarburst-ues
35 are output fahdomizds(DPBR)0a corresponding to the four phases. The first
sets of val ues generated during the odd clock are based upon the | ower
six bits of the input_chip stream_ The second four val ues generated
during the even 25| oc The appawbesiof gaim i Bewherein the meanssfogsubidividipgt

chi p stream 2 Thenpfitesstpéams havingN bisbatk adddvHedeiit thetfRard! FfbstoiAg the! d a

total of four ut _val u r 97/ 50.17. < . .
PCT/ US97/ 1092 SOtaUEal% Hrored vafites Habed upon un\fgxe pemQ.lssigle combipations ofpg}er Nsbit
cl ock signal4. stxeams: her inplenentations, it may be desirable to
generate all four output values within each clock period. This may

achi eved, by exanpl by.doubling th lze l,- ROM 1004a. apnd thereb
elininate the need ?8 sea‘g‘Faﬁpeﬂ Ioguﬁsl%% %Mdaﬁpgﬁ&gu‘f \oid ~\§é’5‘és. 5
The operatiod ovithire the aveansufor sioring ther tablm comprise finite dimpufise: resporise

i n-phase porti qiltedNGuBpityvdlaed ireprseiiative’ 69 6linedlr) lsyRndlfie CAh#E GmpiiRe

guadr ature phase_portjan i udes _a i ff reqgister 462 which outputs bits
in par al elreB%? éa%ﬂ?e@%ﬁﬁ&%&?ﬁéga’l‘gﬂ, 465 and 466 to a

mul ti pl exer 468.

27. The apparatus of claim 13 implemented within an integrated
2 circuit chip.

28. The apparatus of claim 13 wherein the means for storing the
2 table stored separate values for four separate filter phases.

29. The apparatus of claim 28 wherein the means for storing
2 values stores partial sums representative of a 12-tap FIR filter employing
forty-eight coefficients and wherein each value for each phase represents the

4 sum of the product of six binary input values and six of the coefficients.

30. In an apparatus for converting a digital signal into an analog
2 signal employing a finite impulse response filter, an improvement
comprising:
4 implementing the finite impulse response filter as a table containing
a digital value for each of a predetermined set of unique permissible bit
6 patterns of input data streams, with each value being representative of a
finite impulse response filter output value corresponding to a unique one of
8 the permissible set of streams.



Tgn'ce unlike nultiplexer 418 of the in-phase portion whi ch “wﬂ“mﬂu ml "IIII

two inputs corresponding to the 5:0 and 6:11.input bits,
168 recelves three different inputs corresponding to the 5: 0, 6:1 and
6:11 bits. WOMZ4 | s provided to acconmodate for the sli gaorussymezstry in
*the quadrature phase filter coefficienggs summarized above. Milti pl exer
‘468 sel ects signals fromone of the three input |ines based both upon

the odd cl ock signalz;420 I al ,432. . For, the first
filter, phase dur| ng he]’%\%ﬂ}ﬁow Sc éfe&?ﬁbgﬁ’lwg‘%e"@ewgc%wg 146 11
‘are sel ect ed2d ed e invageopdancr . with code dirdsionhanultiplec apteas CDMA)
selection is ba’omatsthe 5:0 and 6:11 bits as described wi th reference
to the in-phase portion. The six bits selected by the multipl exer
are routed to an XOR gate 474 20 and the MSB are routed along a |ine 472.
The XOR gate invert $2t heThet slmprovemﬁpénmﬁwgdaqmm 30hewh®iein arthe r dables ishe

resulting bigs 1&1@“@&&@&&@0“13@‘@&@2 475 whi ch operates in the
same nanner as 1'Pﬂ:;at of mask 426 of ase portion. A nine bit

address is applied to a Q FIR ROM 100b, outputs of which are routed

t hrough a second XOR3gat & mthadhfar mﬂwrﬁrg@&igxtaﬁslﬁd intd uaSarlaldg %a
during the ogld glidPaietdE tl’ﬁ% ygkues output fromthe {oob
during the even clockt f n,a E ut, sdg als for transm ssi on
onto output line 406“%l hprised of individpal bits;al t er nat i ve
arrangenent ,4i nst eaaub#dmi‘dmg m;xd)odignﬁBl%tgnﬁlednmétreamsur&éﬁeéuﬂtHﬁﬂ%

val ues within ated 30 output val ues
are stored. mﬁ@bﬁg‘g Qﬂ&rg&&gt )){]1 %{)‘%Fgﬁgl ues are conput ed
fromthe outPut val ﬁ@%?r@ﬁ&ﬁﬂﬁﬁ@“ﬁoﬁ%tﬂ!@h{%@ﬁ eashtof a pregdeterarinkg
summi ng two sumetefuniquecpermissibleobiRPuttenis o5thbOfifeait] willdRach valublBeihj ' St

access uses gh r n ad addr
second accesg ereng&t %qjilvgputyvvlHa dnk) ggchl g’ | nve&?@fl a%etgbtfrpa‘faéﬂe%
to those of th&OFeERPN S&EI“QBEI?FPFH& ﬂPeF@!FG’be#?R}QMpm dval ues

together th#defore lsaeces.heelyeap;dyﬁ'tgcéadwsmaiﬂmg finkpX igfal B the :
i nputs. Theg r;Fde, i on to r uce
t he val ue b)l mﬁa f q“ %‘F&{déeof ‘ﬁg-ﬁ%llmf)&lggsapl ng 1 n ergi{’% g as
a result of %hepaﬂ.em%m ithe sBeambe two out put val ues.

34. The method of claim 33, further comprising the step of
2 converting the sequence of digital values into an analog signal.

35. The method of claim 33 further comprising the step of
2 transmitting the analog signal.

2 36. The method of claim 33 wherein the digital signals are
formatted in accordance with code division multiple access (CDMA)
4 formats.

37.  The method of claim 33 further comprising the step of:
2 duplicating streams of the digital signal; and
selectively eliminating a portion of the duplicate streams within a
4 predetermined time period before successively applying the streams to the
table.

38. The method of claim 37 wherein each duplicate stream
2 comprises a power control group.
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In this alternative inplenentation, because two reads frq

are required for each half-filter output, the ROMword wi'dth néeds to be
two results WORS01i#th twi ce as many bits accessed per out REIUSEHIISed. Two
"phases are summed in parallel to maintain 25e sane FIR filter output rate.
‘5 As such, ROM 100 itself is sonemhat nor e conplex than the ROM of the

_precedi ng enbodi ment Howgy, Qﬂﬁén

stores only 128 unrrag's ed va ues arr gﬁ{ % S@efrgf &gie‘hglsf‘g[h
‘words of Fl G2 6geeetates streamsphasing abi?ss%ré\mﬂrvuh? @@%éﬁm ofgiringothe
whi ch incl udes BBR ser@svalabsbasedipon unique\Yezinissible kombintaivnsidiate IN-bin

i npl enentatign of an FIR filter configured as a table. Specific

i npl ement ati ons S{eMBSheen descri bed herein with reference to a digital
cellular tel ephone enploying COMA = transm ssion techniques in accordance
wth I S-95-A protocols wherein the nunber of entries required in the
FIR table are limted by exploiting unique 15 characteristics of the
signals to be filtered. It should be noted that addition power
savi ngs can be attained by not accessi ng ROM 100 when the input
sequence is all zeroes. Wth variable rate data, this is the case the
majority of the tine. The previous description of the preferred
enbodi ments is provided to 20 enable any person skilled in the art to nake
or use the present invention. The various nodifications to these

enbodi nents will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other

enbodi nents wi thout the use of the inventive faculty. Thus, the present
invention is not intended to be limted to the 25 enbodi nents shown herein
but is to be accorded the w dest scope consi stent with the principles
and novel features disclosed herein. | CLAI M
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20 CLAI MB 1. Afinite

i mpul se response (FIR) filter apparatus for use in 2 filtering an input

si gnal streaWo®®s#74 sed of sequences of antipodal signals PCTABIUOES: ed by

"sequences of null signals, said filter apparatus conprising: 4 means
for storing a table containing an FIR filter out put val ue for each of

a predetermned set of unique perm ssibligei nput biitistream patterns; 6 "and

"means faor successivgly applying portions of the input digital 8 _si gnal
‘streamito the mansWﬁMﬁMput a sequence of
out put val ues corre porﬁ gtoafiltered versign of the input stream

2. The apparatus claim Lasberegin predet erjm neds set of 2 permissible
i nput patterns includes onfy pat tler ns “cypnt ai ni ng eit r | eading

anti'podal signals follo by=trdili grted | eadi ng null signals 4
followed by trailing angi podal] sijgngl s nti pod signals or all null

si gnal s. 3. gppdr atjus cl wher ¢in t he nmeans for
storing a table 2 conp ig g RQM 4. The apparatus claim1
wherein the neans for gg a tlabl filger val ues correspondi ng

to a symmetric FIR fitist pris i appagatus claim1l wherein

t he sequences of null vl % gqre {2 Iy | pnger than the sequences
of antipodal signals. O 6. i npulse response (FIR)
filter apparatus for usp in 2} fi}l te put sfgnal stream conprised
of sequences of anti poda I gnal s eted by sequences of null

a
signals, said filter apparptus cqnprisihg:

ENCODER
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FIG. 1
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4 - a table containing an FIR filter output value for each of a
predeterm ned set of unique perm ssible input bit streampatterns; and 6
an <input unit for successively applying portions of the input digital

signal streaM2%5 ¢ neans for storing the tablée to out put m%% of 8
*output values corresponding to a filtered version of the input stream 2
7. The apparatus claim 6 whereipthe ppedeterm ned set of

perm ssi bl e i Nnput pPad-t-ers 2 @ pat-te{ Ns cont ai ni.ng ei ther | eading

"4 antipodal sidml$ folfowed by txgling null \signals, |eading null
"signal’s foll n by 'Er ai ling anfM podal sign&ls, all antipodal signals
or all null signgk ¥ WD 97/59174

PCT/ US97/ 10925 . - 21 8.

The _apparatus cl 6 wherein the ngans for storiYig a table 2 conprises a

== The apparatus claim6 wherei\ the table stores filter

val ues 2 corres ng to a symetric FIRfilter. 10. The
appar at us cl ai mi{eawherei n the sequences of null val\ues are 2 substantially
| onger than the ggeyences of antipodal signals. 11. A nethod
for filtering a ut signal stream conprised of 2\ sequences of anti podal
si gnal s brackete sequences of null signals, said met hod conpri si ng
the steps of: 4 e recei ving anei nput signal streemto be filtered; and

successi vely appl ging portions of tee input digital si\gnal streamto a 6

table containing gn FIR filter outpyt value for each o{ a predeterm ned set
of

y(n)

FIG. 2

x(n-2)

h(2

x(n-1)

h(1

x(n)

x(n)—piz-1/4H{Z-1/4Z-1/4H{Z-1/4 T' 7-1/14H7-1/417-1/4H7-1/4 - 1/4H7z-1/4H7-1/41{7-1/4
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uni que perm ssible input bit streampatterns to output a sequence of out put
8 val ues corresponding to a filtered version of the input stream

12.. The nethod claim 11l wherein the sequences of null values are 2

subst anti al | WAGHBEA t han t he sequences of antipodal si gnal BCT/US9/10925

*13.  An apparatus for converting a digital signal into an anal og 2 signal ,
‘sai d apparatus conpri sing: nmeans for receiving a dlgltal
signal conprised of individual 4 bits; means for
“sub-dividing said digital signal into streans each 6 containing a plurallty
‘of bits, said streans being of equal le h; " neans for
storing a table containing a digital val for each of a 8 predeterm ned

set of unique permssible bit pgtterns of the streans, with each val ye
bei ng representative of a finitagtnpmméuLJuaqqugqnﬂskgghmguLpuL.JiLA&ﬂJﬁ;
correspondi ng a unlque one of tlle perm ssible set of streanms; and

means for su S €ach stream ol tne put argrrar I 2
to t.he neans ?#grln tat44»44+4uﬂﬁ*ﬂ—4}-seq£§£eﬂ of—di-gi-t-al 12

val ues correspondlng to the unique bit patterQpo hﬁngtreans

14. The apparatus of claim 13, further corrpr|5| ng: TSON F T
digital to anal og conversion neans for converting the sequence of
digital values into an anal og signal. WO 97/50174

PCT/ US97/ 10925 22 15.
The apparatus of claim 14 further conprising neans for 2 transmtting the
anal og si gnal

— 96 BITS (20 ms) —

4800 BPS
FIG.3B “RRaME 80 8|8
INFORMATION BITS F T
< 48 BITS (20 ms)- >

2400 BPS
FIG.3C ‘RRaME 40 8
INFORMATION BITS T
< 24 BITS (20 ms) —p

1200 BPS
FIG.3D ‘mame 16 8
INFORMATION BITS T
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16— The apparatus of claim 15 wherein
conprises a transmt unit of a cellular

apparatus of claim 13 wherein the digital
accor dance WW®%¥WE¥ di vi sion nul tiple access (CDVA)

< 18. The apparatus of claim 13 wherein

‘conprises a read-only nmenory (ROM.

14 wherein the neans for transmtting 2
“transmitting an in-phase anal og signal;
‘an quadr ature phase anal og si gnal
19 wherein the neans for sub-dividing 2
streans conpri ses: means for
an in-phase signal; 4 and mea
corresponding to a quadrature phase 6 s
of claim20 wherein the means for stori)
an in-phase table for storing sets of d
perm ssi bl e i n-phase streans; and
storing sets of digital values 6 corres

the means for transmtting 2

t el ephone. 17. The
signals are 2 formatted in
i or PET/US97/10925

the neans for storing the 2 table "

19. The apparatus of claim
c ri ses: means for
and 4 means for transmtting
20. The apparatus of claim

the received digital signals into
penerating streanms corresponding to
s for generating streans
wgnal . 21. The appar atus
g the 2 table further conpri ses:
gital values corresponding to 4

a quadrature phase table for
pbondi ng to perm ssi bl e quadrature

phase streans. 22.
conprising: 2
and

means for

claim 13 further
si gnal ;

' The appal -
upl'1 cating streans of the digita
nmeans for selectively eIL\'nating a portion of the duplicate

streans 4 within a predeterm ned tinme period.

3
' n
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23 23. The apparatus of claim 22 wherein each duplicate stream
2 conprises a power control group. 24. The apparatus of claim
22 wherein tW@ 4 for selectively 2 elinminating a port REFP710925
duplicate streans conprises a data-burst- random zer (DBR).

25. The apparatus of claim13 wherein the neans for sub-dividing 2

generates streans having N bits each and wherein thée means for storing the

"tabl e stores val ues based upon unique p§§n155|ble conbi nations of the N-bit

"4 streans. 26. The appar at us

claim 13 wherein'the digital

val ues stored 2 within the nmeans for storing the table conprise finite

i mpul se response filter output val ues representative of a |inear,
symmetric finite inpulse 4 representation of the perm ssible streans.

27. The apparatus of claim 13 inplenmented within an integrated 2 circuit
chi p. 28. The apparatus of claim 13 wherein the neans for
storing the 2 table stored separatgyy for four semmy filter phases.
29. The apparatus of claim 28 whergin the neans for st@ring 2 val ues
stores partial suns representative off a 12-tap FIRfilt enpl oyi ng
forty-eight coefficients and wherein jeach value for- each|phase HEPERsent s

the 4 sum of twggﬁwf si x binarfy i nput val ues and ix[fegLﬂ?UT

coefficients. ’,102
SEEﬂHﬂﬂCE
VALUES
104
L/
,f106
- ®
N-BIT
: 20M
SHIFT 7‘.-
REGISTER .
® FILTERED
SBNPUT OUTPUT
TREAM STREAM
\ 100
FIG. 5
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30. In an apparatus for converting a digital signal into an anal og 2

si gnal enploying a finite inpul se response filter, an inprovenent

.conpri sing: i nplementing the finite |npulse response filter as a
tabl e cont al‘ﬂpﬁlfs“"‘ a digital value for each of a predet er RCRESIHEP25

uni que pernissible bit 6 patterns of input data streans, with each value
being representative of a finite inp e response fllter out put val ue
corresponding to a uni que one of 8 the nlsS|bIe };gmpf streans.

- C L MWD 97/50174 408 . 404
- PCT/ US97/ 10925 94 - 31, The

i mprovenent of clai m 3040herein theldigital S|gnaIMUXre 2 formatte ln
accordance with code divi¥Xgn nmultipre ACCESS - .

32. The inprovenent of i m__30 wheellB

as a read-only menory (ROW
digital signal into an anal og stgna
of : . receiving a digital skg
sub-dividing said digital signaf i
plurality of bits, said streans
table containing a digital valu
uni que perm ssi bl e bODDLALOTI
representative of a finited

se resgonse fH

correspondi ng a uni que one of the per mfssi set of streans; a1q,M05
successi vel y applying each strehm of _tHe/T: digital s]gn 572 the
tabl e to output a sequence of digit gl XOR rrespondi pg t ﬁfﬁﬁé
bit 12 patterns within the strefns. =
100B
~100A Dov'rr
~DOUT
LFIR 422 QER
ROM 384x11
3%84x11 _
ADDR . FIRP s:D .
FIRJPHASE A -,”‘32 $ s
432 DBR GATE o DBR GATE
412 428 ADDR MASK ADDR MASK
DBRYIN 12-TAP SHIFT A A
CHIP TER
cLK (LK A
I-PN A U-PN a4 —3 416
410 a1
INPUT 50 4e:11/”
0 [ IN 2- e
ST gzmmp SHIFT REGISTER
E%g%—-(HJK REKHSTBR. <ieo

7 FIG. 6

400
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“the step manon&%?ﬂ%ﬂ@@% W&WJ@W

34.~—The nethod of claim 33, further conprising the step of 2 converting

. the .sequence of digital values into an anal og signal. 3
nethod-of claim 33 further conprising the step of 2 transmi {5 Q%‘]Dgé%-q
~anal og signal. 2 36. The method of claim 33 whereinfg gogl
signals are PO Tet t ed |nwam; HAECTUAL BROPERTY OBGANBATIONs | on  nul @ e access
tCDVA) 4 formats. ' of clalmpagfurther cog_Brlsmg

sel ect|
“predet {
t abl e.

0| Iteriltiondl MGAtCRGaaU@IT L | on Of| t h¢ ) uGambit i N 'W0197/50174
The met hod of

=rmmgﬁim§e perlod before succgf |ver appl ing the streas to the
@%’-mw% GPreombes 1997 (311297

streaq
PCT/ US
met hod;
havi ng
val ues
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(54) Title: ROM-BASED FINITE IMPULSE RESPONSE FILTER FOR USE IN MOBILE TELEPHONE

The finite impulse response (FIR) filter (20) is implemented MoxX Y
‘a5 a table (104) using read-only memory (ROM). The FIR filter - 2
-table stores a pre-calculated output filter value for each permissibie
.combination of input values (102) to be fltered. Streams of input LATCH
.values are successively shifted into the table using a shift register
(106) and comresponding output values are suceessively output. The 0
telephone employs a.data burst randomizer (18) to provide a data
signal composed of ‘sequences ofnullorOvaluesanduqumes
‘of antipodal values (+1's and -1's), Hence, the permissible input XOR
combinations for the FIR filter include only patiems containing - o
cither all antipodal signals, all null signals, leading sntipodal signals
followed by trailing null signals, or leading null signals followed by
‘trailing antipodal signals, The FIR filter Jook up is configured to
exploit these limitations on the input streams yielding a look up table Ssxit
having relatively few entries.
DBR GATR
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XOR
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