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transmit power level and data transm1ssmn at a variable rate.
In CDMA systems, communication between users is conducted via one
or more base stations. A first user on one mobile station communicates to a
second user on a second mobile station by transmitting data on a reverse link to
25 a base station. The base station receives the data and can route the data to
another base station. The data is then transmitted on the forward link of the
same base station, or a second base station, to the second mobile station. The
forward link refers to transmission from the base station to the mobile station,
and the reverse link refers to transmission from the mobile station to the base
30 station.
Data transmissions for CDMA systems occur in frames of data. To
enhance system capacity, the rate of each frame can be selected from one of a
number of possible rates {(e.g., full, half, quarter, and eight rates), depending on
the amount of data to be transmitted. For some CDMA systems, transmission
35 occurs in specified {e.g., 20 msec) time intervals, with each interval comprising a
single larger (20 msec) frame or a number of smaller (5 msec) frames. Each
frame can include a data transmission or no data transmission. A frame with
no transmission is commonly referred to as a zero rate {or empty) frame.



capacity by decreasing the transmt power |evel, and thus reducing
interference, when smaller anounts or no data is present for transm ssion.
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25 adj ust ed™® $Pi@Aler ent information available at the receiver. These
features increase accuracy in identifying zero rate-franes by taking into

account the operating cHgAIMATRY OF HISETANVERTIOAN enbodi ment of the
invention provides a method for identifying zero rate frames in a received
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metrics computed for received frames identified as good, and 3) dynamically
25 adjusted based on current information available at the receiver. These features
increase accuracy in identifying zero rate frames by taking into account the
operating conditions of the receiver.
An embodiment of the invention provides a method for identifying zero
rate frames in a received data transmission. In accordance with the method, a
30 modulated signal is received and demodulated in accordance with a particular
demodulation format to generate demodulated symbols. The demodulated
symbols are partitioned into a number of received frames. For each received
frame, the symbols are decoded and certain decoding metrics (e.g., symbol
error rate, CRC, and so on) are checked to determine the success of decoding. If
35 decoding fails, or if a rate determination algorithm (RDA) needs to distinguish
between zero rate and erased frames, a quality metric is computed and
compared against a threshold value. The threshold value is selected based, in
part, on the quality metrics of received frames. A particular received frame is
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25 the received frames to generate decoded frames, 2) a CRC circuit that receives
and checks the decoded frames to identify good frames among the decoded
frames, 3) an encoder that receives and re-encodes the decoded frames, or a
combination thereof. The quality metric can relate to an energy, a distance, or
other metrics of the received frame.

30 Yet another embodiment of the invention provides a receiver subsystem
used in a CDMA communications system and operable to identify zero rate
frames in a received data transmission. The receiver subsystem includes a
demodulator, a decoder, a CRC circuit, and a metric calculation unit. The
demodulator receives and demodulates a modulated signal in accordance with

35 a particular demodulation format to generate demodulated symbols. The
decoder receives the demodulated symbols as a plurality of received frames,
and decodes the received frames into decoded frames. The CRC circuit receives
and checks the decoded frames to identify good frames among the decoded
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the plurality of received franmes, conpares the quality netric for a

particul ar woeehyed frame against a threshold value, andediigbidotes t he
particular received frame as being a zero rate frane or not a zero rate

frame based on the 5 conparison. The téreshold value is selected based, in
part, on the quality netrics of received frames. BRI EF DESCRI PTI ON OF THE

DRAW NGS  10grzhhes. fﬂ@é Hc88a cAlalibich uAl GoRhad! @gaﬁu?fmédme fBF e5@Néf fhavent i on
will beco rr? ren romthe detai, ed h bel ow

n set_for
When ¢ akerPIRFEG A UIREEVER SO (BRI Sy P ROWRIRIC frke PRFEHlce
characters rec&ieeftt frhmecagamiw(bhdsh@ﬂ watuey @n@mmﬁamwmmminr rqepiged] shows a

di agram of xﬁ}n LF% N 0o %t@%@'&ahbtoasze%bfszta%ﬂfra& bhald sﬁrmtel ses
e BIG

Itipl nmbodi t
of o basd OTHAFERT ofbGEHERAN NG RN PRIeE RaTE SneaobOitr o

channel f ormeties of exwimed flaimek. t ransmi ssion; FIG 3 shows a bl ock di agram of
an enbodi ment of a portion of a nobile 20 station for processing the

fundanent al and cont i nk

transm ssion; FIG gkﬁmgﬁmfﬁﬁgéiﬁﬁémmsm of a decoding
unit wthin the nobile station; and FIG 5 is a plot show ng two

probabi 1oty dengiheyfeatires,i Rarare| %S):ldfrzﬁ{tagewof 2he Iptpanhasesntidio wdlid H) of a

recei ved dgg %o{n%m O¥e Qﬁgff n{gtEgoRE%%RgF BIQ‘I c@écr}rg_t‘ﬁm EA%QOﬁthx_ﬁW%MEWS FI G

1 shows a I on 30 100 t hat
conpri ses nﬁﬁk‘?ﬂ PR copiineson poish -t Q.I‘JGQWHE‘&CW (‘,@P‘F 1Xg %€ r%IEFv ?F‘ﬁf? a
correspondl1ﬁgnm&en%bﬁindm%1§kﬂamuyadsutmm&e stations 130 are di spersed

throughout the GRETHOAAR! L Q2 Yt S erlbb e RIBOM AR Rhani SRGHS

station_130 comuni cat es nore base stations 120 oﬁ%t he forward
and r evepschpf opmprisgs EHEPKGEYH whet her the nobile station is in soft
handoff. 35 In FHG 2 $howhe Hadki diagraneofibst eribbdimentad a potitioateds asdat a

LY ansm si Ol dd M2 M5 Sing" afghef?ﬁnérﬂaﬁcﬂg?ﬂi Gnd 'Ll MahOkRR dhkne wi th

t he arrowm station 1s receiving the pilot signal,
but no dat AforwvaikinlksEremiseiem t he base station. The reverse |ink
comruni cati on i FIGM stedwasablook Blagrard of an esibogimernittof a paBieI 617 dEBile

PoT! 1508962338%n Ror'ProtlBitg ¥ GhEmdntaPASd BARE HAhbBMebAled bAMRE T data

to one or i A
forward link transmission;

FIG. 4 shows a block diagram of an embodiment of a decoding unit
within the mobile station; and
FIG. 5 is a plot showing two probability density functions (PDFs) for two
25 hypotheses (H, and H,) of a received data frame.

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

FIG. 1 shows a diagram of an embodiment of a communications system

30 100 that comprises multiple cells 110a - 110g. Each cell 110 is serviced by a

corresponding base station 120. Various mobile stations 130 are dispersed

throughout the communications system. In an embodiment, each mobile

station 130 communicates with one or more base stations 120 on the forward

and reverse links, depending on whether the mobile station is in soft handoff.

35 In FIG. 1, the solid line with the arrow indicates a data transmission from a base

station to a mobile station. A broken line with the arrow indicates that a mobile

station is receiving the pilot signal, but no data transmission, from the base
station. The reverse link communication is not shown in FIG. 1 for simplicity.
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station for generating a fundamental channel and a control channel for the
forward link transmission. The fundamental channel can be used to send
primary data from the base station to the mobile station. In the case of speech
transmissions, the fundamental channel carries speech data. The control

30 channel carries control data such as status and signaling information to the
mobile station. For clarity, the invention is described for forward link
transmissions from the base station to the mobile station, but is equally
applicable for reverse link transmissions from the mobile station to the base
station.

35 As shown in FIG. 2, a message generator 212 generates and provides
control messages to a cyclic redundancy check (CRC) and tail bit generator 214.
Generator 214 appends a set of CRC bits used to check the accuracy of the
decoding at the mobile station. The CRC bits are parity bits generated based on
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a frame-by" VAWL%MTE VOCODER,” ass1gned to the assignee of the present

25 invention, and incorporated herein by reference. Variable rate speech encoders
are popular in wireless communications because their use increases the battery
life of wireless communication devices and enhances system capacity with
minimal impact on perceived speech quality. The Telecommunications
Industry Association has codified some popular variable rate speech encoders

30 insuch standards as Interim Standard 15-96 and Interim Standard 15-733. These
variable rate speech encoders encode the speech signal at four possible rates
based on the level of voice activity. These rates are referred to as full rate, half
rate, quarter rate, and eighth rate. Each rate is associated with a particular
number of bits used to encode a frame of speech, with the full, half, quarter, and

35 eight rates respectively using one, one-half, one-quarter, and one-eight a
specified maximum number of bits to encode the frame. The rate can vary ona

frame-by-frame basis.
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25 Transmitter 252 amplifies, filters, and upconverts the signal. The forward link
signal is then provided through a duplexer 254 and transmitted from an
antenna 256. The elements shown in FIG. 2 are described in further detail in the
1S-2000.

FIG. 2 shows a simplified block diagram of the fundamental and control

30 channels. Other channels are also available for data transmission on the
forward link but not shown in FIG. 2 for 'simplicity.

FIG. 3 shows a block diagram of an embodiment of a portion of the
mobile station for processing the fundamental and control channels received on
the forward link. The forward link signal from the base station is received by

35 an antenna 312, routed through a duplexer 314, and provided to a receiver
(RCVR) 316. Receiver 316 downconverts the received signal to a baseband
frequency in accordance with a demodulation format that is complementary to
the modulation format (e.g., QPSK) used at the base station.” The baseband



frequency in accordance with a denodul ation format that is conplenmentary to
the nodul ation format (e.g., QPSK) used at the base station. = The baseband

WO 01/ 17158“,5@{7%%(0) 0123926 8 signal is then provided tgyradc@godul at ed
by, a denodulator (DEMOD) 318 to provide denodul ated synbol s. Denodul at or
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a CDVA <80 ¥NaF™%at is nodul ated in accordance with the | S 2000
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format can B b R o R codi ng
ot can b ool g Sa ikl o Lerall SRR et hacodng.
with the | $r208@dsabmedilatr (MOD) 332 that combines the EIBs with the traffic data
25  at particular locations defined by the 15-2000 submission. The combined EIBs
and traffic data are modulated by modulator 332 using a particular modulation
format. The modulated data is provided to a transmitter (TMTR) 334 that
upconverts, amplifies, and filters the signal prior to transmission to the base
station via antenna 312. In an embodiment, the reverse link signal is a CDMA
30 signal that is modulated in accordance with the [5-2000 submission.
To enhance system capacity, the CDMA system is designed to transmit
data using frames of various frame formats and rates. Each frame format can be
defined by a particular frame length, a particular coding format, and (possibly)
some other attributes. For example, in accordance with the 15-2000 submission,
35 data is transmitted in 5 msec or 20sL msec frames, where L is 1, 2, or 4. The rate
of each 20sL msec frame can also be selected from one of a number of possible
rates {e.g., eight or more rates), depending on the amount of data to be
transmitted and other considerations. For an IS-2000 compliant system,



35 data is transmtted in 5 cosec or 20L nsec franes, where L is 1, 2, or
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nunber ofWPBKK1H ¢ rates (e.g., eight or nore rates), aepascigeson the
anount of data to be transmtted ang other considerations. For an IS 2000
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a combined soft decision symbol that is representative of the original code
25 symbol.
Within each frame decoder 410, the demodulated data is provided to a
symbol accumulator 412 that accumulates sets of N received symbols based on
a hypothesized rate of 1/N. For example, if the frame decoder is configured to
decode an eight rate frame, symbol accumulator 412 accumulates sets of eight
30 received symbols to generate a soft decision symbol for each set. Each soft
decision symbol is representative of the original symbol at the transmitting
device. The soft decision symbols are provided to a decoder 414 that decodes
the symbols to provide decoded data. Decoder 414 is designed based on the
encoder used at the transmitting source. For example, a Viterbi decoder is
35 preferably used to decode convolutionally encoded data. Decoder 414 or other

external circuits may further be designed to provide a frame quality metric such
as a symbol error rate, a CRC check, a Yamamoto quality metric, or a
combination thereof, that can be used to determine the quality of the decoded



the synbols to provide decoded data. Decoder 414 is designed based on the
encoder used at the transmtting source. For exanple, a Viterbi decoder is
35 preferabyysissed to decode convolutionally encoded dat apefpesueesss 414 or
other external circuits may further be designed to provide a frame quality
metric such as a synbol error rate, a0CRC check, a Yamanoto quality
nmetric, or a conbination thereof, that can be used to determ ne the

qual ity of fiahe. mmmwam@l&&rfa@g LISROL2E926 ful ¥8r TvaiRated heXananot o
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i ndi cat es @partf PN&A Sﬁasdmbegn@dnplerrentede(le@dﬂ-%f& emi®- 9900)D§teldl ng unit
322 can be cd@sidanest, CRO/éfchQUﬁé%BanHgélé %hb«%ﬁ%‘esﬁpfor e%mam&ed ffﬁ&n@n |'S- 2000

conpl i ant st e deco c | ud decoders
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parti cul@r caed@ddtfgtehypgnonefme afithe logit onel €116} rﬁthe{.‘ll?éhchechmd;eatp&aaf or med
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metrics, other tri.cs conbinati on thereof. One decqder design
'S di sol osed i n Pro Rl %Canslb?fglesﬁ’@d lé’nY?rt‘?‘esdmrl\%‘\—&? NBOAPPARATUS
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decoder design is disclosed in U.S. Patent No. 5,774,496, entitled “METHOD
AND APPARATUS FOR DETERMINING DATA RATE OF TRANSMITTED
25 VARIABLE RATE DATA IN A COMMUNICATIONS RECEIVER,” assigned to
assigned to the assignee of the present invention, and incorporated herein by
reference.
In FIG. 4, for ease of understanding, decoding unit 322 is shown as
having multiple parallel paths for processing the demodulated symbols.
30 However, a single decoding path using shared circuit elements is preferred in
some implementations to reduce the amount of required circuitry. In the
shared decoder implementations, the demodulated symbols are stored in a
buffer (not shown in FIG. 3) as they are received and repeatedly provided to a
frame decoder for decoding. The frame decoder is reconfigured for a different
35 decoding hypothesis for each pass of the data. Other implementations of
decoding unit 322 can be contemplated and are within the scope of the
invention.



sone inplenentations to reduce the anount of required circuitry. In the
shared decoder inplenentations, the denodul ated synbols are stored in a
buffer (nWOWABHEh in FIG 3) as they are received and r eqgzaiseegzepr ovi ded
to a franme decoder for decoding. The frane decoder is reconfigured for a
di fferent 35 decodi ng hypot hesi s for“each pass of the data. O her
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one good 5 nsec frame w thout detection of any bad (i.e., erased) 5 nsec
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2) The EIB is set to “0” in the second transmitted frame following the
detection of at least one good 5 msec frame without detection of any bad
(i.e., erased) 5 msec frame.
3) The EIB is set to “1” in the second transmitted frame for all other cases.
25

The IS-2000 specification is tabulated in Table 1 for various decoding scenarios.
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10 Empty Good Empty Good | Bad/Empty 0

11 Empty { Empty Good Good | Bad/Empty 0

12 Good Good Good Empty | Bad/Empty 0

13 Good Good Empty Good | Bad/Empty 0

14 Good Empty Good Good | Bad/Empty 0

15 Empty Good (Good Good | Bad/Empty 0

16 Good Good Good Good | Bad/Empty 0

17 Bad 5 msec frame(s) anywhere Bad /Empty 1

18 Empty | Empty | Emply | Empty Empty 1

10

15

As shown in Table 1, the EIB is set to logic low if: 1) the received 20 msec
frame is decoded as a good frame, or 2) at least one received 5 msec frame
within a 20 msec time interval is decoded as a good frame AND a bad (i.e,
erased) frame is not detected. A frame can be identified as being good by
performing a CRC check on the decoded frame. For the second case in which at
least one 5 msec frame is detected as being good, the remaining 5 msec frames
in the 20 msec time interval need to be identified as being either bad or empty.
Zero rate detection is thus needed for this case.

Referring to Table 1, when the EIB is set to zero, the decoder has
information from at least one good frame. In accordance with an aspect of the

invention, for improved detection accuracy, the information from good frames

can be used to assist in determining whether a decoded frame is bad or empty.
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accumulator 412 are provided to a sum of squared symbols element 422.
Element 422 squares each received soft decision symbol in a particular frame
25 and sums the squared symbols within the frame. The sum result represents the
computed energy for the frame and is provided to processor 330. In an

embodiment, processor 330 considers two hypotheses for the computed energy
value, which are:

30 H, - the computed energy contains only noise, and
H, - the computed energy contains signal plus noise.

Specifically, processor 330 determines whether the computed energy is likely to
contain only noise (i.e., hypothesis H,) or signal plus noise (i.e., hypothesis H,).

35 Based on the result of this determination, a received frame is indicated as being
erased or zero rate. The zero rate determination is described in more detail
below.
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encoded symbols in a manner known in the art, and provides the result to

25 processor 330. The dot product result is indicative of the distance between the
received and re-encoded frame. Processor 330 then considers the two

hypotheses (described above) for the computed distance.
In a third method for zero rate detection, which is a variation of the
second method, the decoded data bits are correlated with the soft decision
30 symbols. For a systematic code, the encoded data includes the original data and
coded (or parity) data. This property allows the decoded data bits to be
correlated with the data portion of the encoded data (ie., the soft decision
symbols). This method eliminates the need for re-encoding, which simplifies
the decoding circuitry and shortens the processing time to detect zero rate
35 frame. This method is especially applicable to an IS-2000 compliant system,
which employs a systematic turbo code for the supplemental channel on the
forward link.



5 reverse link to allow the receiving station to performvarious functions.
As part of the signal processing, the pilot signal is recovered and used
to coher eMAY 1738 pdul ate the forward |ink signal. Thus,PGTASs2Ieul at ed
synbol includes a factor that is rekated to the pilot energy. FIG 4

I ncludes circuitry used to conpute séveral quality netrics (e.g., 10

energy and distance) far .identifying zero rate frames. T |caIIy only one
qual ity metri ? a@‘ SrSTPHED aglr?aet He Arality metdcsepre sompp ed4 foxapiche
sinplifi e@celqunéraq@alhlquemx thegpiatignmatricahdecompuitedifira frationws amanner s

such as bgamBaF %@ﬁﬁltﬁ:ﬂ’@ﬁhﬁieg alrldineas '\,\thgxq tﬁeoscgﬁé b Lﬁpﬁ'\&{oﬂn ctions

descri bed herein war.e progranmme ormt escri bed

functi ons, %!é’ E%ar‘félgéﬁ‘%ﬁ YgFmes %?ngrpéﬂs ’é?(’éﬁ%‘l”@d oy the dorweagdaited synbol s
el emenb mze@a&mbéo rHipivelre neceiving gtatiof tovperfoan eatibasifiantiphgocas past 330.
Processor f3§,@ 3Bk [ocessor, a
di gi tal s0 Egogl n gnﬁwp?@?;:legf?l IH‘rQEO%PéH ﬁl% @%%ﬁgscggg{e?' HX

i ntegr at e § feit M%F@gﬁ Bey tbéfi?mu@%’féd symhek inglwdes adescri bed
her ei n. %cmthmusadlaiexbbcethetmbtenquyt ed quality metric for a particular

frane is Comnce@ ﬁ&ﬁﬂ@s'shréluﬁ? &Sﬁ%bﬂcg\égé ? sEQerQFhﬁﬁmynr%emgt(f: %r a zero

rate ﬁ@ er ased s _rece can g ener gy
d

conpu Tty af‘ﬁ ‘%S'iaf‘vgt fqrrE‘LdﬁBH IR, ZCE §%t8nfé'%m§% npUtrsenllys ionly one second
and t hi r dqusdith owsric srconugpited, anedt thecfsamé'fdeccﬁfemg)FIGnd céih bt enfplifil.r i cs have

an inver Send hé‘ﬁ tyORR B3 c£f5 af¥Resé fch lté’d u@x/zagiro% r%&!ﬁ?érg%% n & fgpre likely

f th I F
Si mp .ecf’ﬁe?’” Hmaae f%ﬂec?fﬁ%}lxgdeamﬁr et o e i b
ener gy, treftwaag poegramdnéd tripexforn e desteibed dumpationd, ¢t s taxnbihation ®f her
t | PDF
met ri gs. H?Otﬁ%[ For Eiagrg %e@%?wfg%uage& gqnmg@geménmz Qg&pu,%giémﬁq]{tg%ns ( PDFs)

recei ve
i dentifi e SHBvATe gceg SthBe implemented iy & h t he

conput ed ®mifsecpptrolen, ai microproedssat, madigityl sigrid rocmssing (BBF) &iig, 60sf esponds to
hypot heSlaEp;ﬂicathdh \éflé@iﬁc tiRfegr&RAPLERS: Sﬁsrcgy w&&h{bﬂ %6 g&bglfo %L%@ noi se. PDF
st andard devi atP of a I5 G’_’L

510 has asd X n‘gcplae 2 has a
mean of x S 85‘\“ ation 35 of a,. The nean of PDF 510 is | ess
t han #fe rrean P@rncrtmt aboye, the We@diuaMyemeﬂnsfmrmpaﬂwMefmme imnd xo

(F:) CC)[I_ /r (LEE 88/&@&1 paded Againgtanthsedivdd vaine rt@Heﬁf:mHéEwhéﬁl@?h \ét@fi) fa"t@@éragéﬁl) 01/ 1t7)15 8
set at a f\?/%ﬁg tag JcheNecPD}lj?et aé?q‘% “aee%‘.c &Y 58 Ltl}i“{:]g?v%g}' §°5'B’1’? BHng Hy gi gnp?e,
T the ddUPt Bt Shirsisance ommtas risingetheasesond kot fixddmethodet et o o
for eit hesthérymetriesiThe éne@gy and distance metrics have an inverse relationship.
25 Specifically, a zero rate frame is more likely if the computed energy is low or if
the computed distance is large. For simplicity, the following description is
directed toward the computed energy, but may be modified to cover the
computed distance or other metrics.
FIG. 5 is a plot showing two probability density functions (PDFs) for the
30 two hypotheses (H, and H,) of a received frame, which are identified above. A
PDF 510 corresponds to hypothesis H, in which the computed energy contains
predominantly noise, and a PDF 512 corresponds to hypothesis H, in which the
computed energy contains signal plus noise. PDF 510 has a mean of x, and a
standard deviation of o, and PDF 512 has a mean of x, and a standard deviation
35 of 6,. The mean of PDF 510 is less than the mean of PDF 512, as expected. The
distance between x, and x, corresponds to the mean signal energy of the
received frames.
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25 in the actual operation. The mean and standard deviation can also be
computed for the metrics associated with empty frames. Initially, statistics for
empty frames can be estimated from the total noise power Nt on a known
channel (e.g., the pilot channel). The estimation of Nt is disclosed in the
aforementioned U.S. Patent No. 5,903,554,

30 In an embodiment, the PDFs are assumed to be Gaussian. The shape of a
Gaussian PDF is uniquely defined for a given mean and standard deviation.
PDF 512 can be determined from the mean and standard deviation for good and
bad frames, and PDF 510 can be determined from the mean and standard
deviation for empty frames. Based on these PDFs, the threshold value x;, can

35 Dbe selected such that the desired outcome is achieved, as described above.

For zero rate detection, the computed metric for a particular frame is
compared against the threshold value x,,. If the computed metric is less than
the threshold value x,, the frame is identified as a zero rate or empty frame.
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qual ity a@adnal AdSRAMPOEIH theAd RMrHShed hha swr@&%e“at DNeter @ thd©
transmttin 30 urc uch h@t t he si | qual.it mal ntal ned at the
set poi nt'sC mﬁm Se‘ﬂ‘éené E}}et‘é‘?}“gﬁ@ﬁ ?‘gﬁ? f?rhé ?)‘g?iai“éﬁsp‘@?‘f mance is
achi edd offiset hyhﬁl@s mﬁmﬂéﬁ@m&ttpmnvehaesm%@ﬂ the vadandfor had feareedj ust ed, for
exanpl e, T@Mthfé@holdlvfaiﬁ&ﬂ&ﬁerbsé Y@ ®asdd6n BRtesARlIMPmERN (MM Ritfledad frames.

For exa set poi nt St 5 dB when a frane is correctly decoded
and 4 dggv\ﬁeﬂﬁegast ecEdmean YR é’ rr%lgﬁ decoded, the threshold val ue can be

adj ust ed domﬁh?dh!gﬁhqelddBalueT pan t‘aﬂﬂoebhcﬂdjusted d@sc@mraloﬁmerbevahjalested based
on a deciisfosmafiee HrBkas éldtdiﬂnﬂqhﬁiﬂhaubﬂ' tTid kdnsthiigpdéeshled val ue can

e ke SRR L5 ISR S PR T g o =
particular level of performance (e.g., a partlcular frame-error-rate FER) at the
receiving device. In one implementation, the power control loop measures the
quality (e.g., the Eb/Nt) of the received signal, compares the measured signal
quality against a set point, and adjusts the transmit power of the transmitting
30 source such that the signal quality is maintained at the set point. The set point
is adjusted such that the desire performance is achieved. In this
implementation, the threshold value can be adjusted, for example, by the
difference between the set points for good and bad frames. For example, if the

set point is 5 dB when a frame is correctly decoded and 4 dB when a frame is

35 incorrectly decoded, the threshold value can be adjusted downward by 1 dB.
The threshold value can also be adjusted based on a decision feedback
decoding scheme. Initially, the threshold value can be set to a particular value
based on information then available, such as the initial estimated statistics for



18 enpty franes and bad franmes. Thereafter, decoding is perforned
iteratively whereby information fromincorrectly decoded franes is used to
update the statigtics for PDFs 53.0 and 512. For exanpl Gecyshé2o%
|ncorrectly ecoded can be estimated as either an enpty franme or a bad
frame, and the conpute netric 5 for tbh8s franme is used to update the
statistics for PDF 510 or 512, respectively. In this manner, the decoded

data is usggl fﬂ%‘e@qirﬂgbg Fzﬂﬁ{%sdqq@re(a?teg, decdd @ 19%&@9&1@&'[1{&?:&'&\/ t he

t hreshol d v settlpg the thr a %Gﬁgj C{ga iérerrents
conputed at ef é( RRHAN TPReINGHERC AR ﬁrf“c?n?‘bsle tiCul ar
recei ver astetistideefor PRXFe 510@nd 621 Her mamplej o fraedel mg)mmblyzdacodﬂht@

det erm nat {,01 txrﬁgﬁredea? fan lafn ﬁ.afn%(‘tﬁl v%d &gﬂ@l é{vg{ent]@ mai nt ai n
a partlcul ar Jev per r% tak to account in
set ti ng X h&rithisdzaneg i§ upsd Eféulr’%f%ﬂterﬁ*%? €Pr Fu%m %(Irgipeﬁté" ¥n1a’?n cal | y

adj ust ed ashiopedraier, e derodéd dansisalzedde. d&bdirgofututcedhts t(agi, stia d¢ke (e. g.
mean and sg‘?ﬂg&g&t%@m@&k&%m\;ﬁu% n be determ ned based on a wei ghted
u

aver age of mer ous wei ghti ng schenes can be
i npl ement ed. FoBY é‘@ﬁ‘ﬁltbe thugghald waluesn: basedye mepgRemansfemmyied @i ght ed
nore heavi ke teovies) th@ cﬁefaemgrtbndﬂhasmfem;)aﬂxc(ﬂareeceuaar dreadseh imwer age), or

We' ght eg) “%é é}sﬁ &8 &‘rooraﬁ m&%%&edw%&aﬁggd if wres may be
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set U ng t héecfewieémnasmra@owpbro mé;zﬁwadmtlﬁéa%*étfe ﬁé?ﬁffgr%‘?@f
correctly anredwilbetdkeatihy sdenodadseting teshrdskoldusbeb. t 0 adJ ust the threshol d

val ue. The set ?Qnéeg{‘&sﬁ&a pﬁuﬁvﬁﬁaﬂﬁg He glmcha i,@st%e irf%ﬁ ove. The
81&

anount of adjus resho d, va can dent on, for
exanpl e, t RGitiABLEhagges }%@rgwﬁ S308HE E o dnesy andsjantas HERbdul at e
t he si gital carfFbe ddtermingd Habed ionvendightel asvelpsgen ofl ¢éisc m:hpd*eﬁomedmsectl ng

zero rate :Ha
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possi bl e syteashreheast fiena. ldaky” A0eage)rpt eveidlaed asggtdﬂwexaichemeafsgrj ssi on,

each code ?rmglloéa‘ge tﬂe%??ﬁ%& ﬁggl %a?riw% ﬁézght%ﬂgmre@@ | e symbol |ocations,

with the | ocat1gn ecte n t the_base
stati or®d ecei veVarl%ll%‘é‘Tg‘%’b B‘iorﬁﬁ?ﬂtafsé’é?ee‘éﬁeg '{lﬁ%mégd’%e 'SWPE‘GFCCV alge.- Fole proper
| ocati ons bessplepihetsbepdiypdbhirameecreatly. anbhinsgrrdciy deesdedstaatalanbe decoder

for the | O\A/gerdT?]%l rdagl ggér lﬁ%@&l{ﬁ%s‘gll@ect q-lhel%éi. RJO%g of gehgve}yggaoln

accunul at or e reverse |
systemis PUARRECe] a&"é’é{e 4 HeouRt Rt é%ﬁf’?@fﬁé’g&f‘ﬁhme ds‘(?i‘r‘r‘? & on. For
clarity, naly tesqgendent ot hfer ieraeplel tre anmbdest finged ihor rakesyeedivéd ¢

25 used to demodulate the signal.

For clarity, the invention has been described for detecting zero rate
frames on the forward link. For some CDMA systems (e.g., IS-95-B), on the
reverse link, the code symbols at lower rates are transmitted at full power but
pseudo-randomly transmitted in one of N possible symbol locations. For

30 example, for eighth rate transmission, each code symbol is transmitted in one of
eight possible symbol locations, with the location being selected by a long PN
sequence. At the base station receiver, a selector unit selects the code symbols
at the proper locations based on the hypothesized rate. Thus, the base station
decoder for the lower rates includes a selector in place of the symbol

35 accumulator. The decoder for the reverse link signal in an 15-2000 CDMA
system is further described in the aforementioned 15-2000 submission.

For clarity, many aspects of the invention are described for a specific
implementation in a CDMA system that complies with I5-2000. However, the



I npl ementation in a CDVA systemthat conplies with | S-2000. However, the WO
01/ 17158 PCTNS00/ 23926 19 invention can be adopted for used with other
CDMVA syst eYROVIFHE specific CDVA systemis disclosed in BCBUS@AIR6t No.
4,901, 307, entitled "SPREAD SPECTRUM.MULTI PLE ACCESS COVMUNI CATI ON SYSTEM
USI NG SATELLITE OR TERRESTRI AL REPEATERS" and U.S. Patent No. 5,103,459, 5
entitled "SYSTEM AND METHOD FOR GENERATI NG WAVEFORMS | N A CDVA CELLULAR
TEL EPHONE IS8t can Rerdapted fat nsed withvathey SIMA pysterss.c Qe spdcifidl. S.
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present i ﬁ HE % TERRESTBIA bt REPESFIERS b?drlésePehenéNd;ﬂﬂmsiﬁg,t ens can
be desisgneﬁitltll@i csrfgmwnmmmm@ua PORCCENERATING! $7 AVERORRN® 18f andar ds,

and currep . F exa le, CDVA system can
be desi gneg) to con%%tﬁ%ﬁ??éf@g ‘%50 f@tcollbp@h SE4e® St ation
Conpat i bi Isi tdgsaibgddin dUiSr Pajgnt - ﬁ@ﬂbﬁ?—%@e@@nﬂl N;pr é’éd9®p$86t rentitled! | ul ar
§ys;em or'M”EtTHcﬁDA/AﬁfWBMPAI&T@Bd F(ﬁ{eflﬂdsﬂle(iiA'Iﬁeqmﬁf’Oel ed)Ng 'Pgusmwbb_ |
er f or man ,or e p rum an ile
St ati ons, ‘j ere| na (?N rfg% bé) elés t ﬁgs) %SeApéFFd‘tﬁ %8 RAteHdar ds,
r espedtdi vapglicationm azg sassignedaito atheo aMspén@d presgit dovérdiom tandt he
| S-2000 oincbiforXEBMereh Bdafetitncbei ng proposed by the standards bodies ETSI
and ARIB. Thesg stgndards. are . incorporated ere| n by
reference. The mven?%{grrr]g?z\ia/ﬁ% aes‘%% aooﬁ?réfarrpoﬁo %é’émwef t]'Vypes of
comuni cafefines CIAMAnstandandsagnd | qvsrent \drsfunrenpraposed sa&mhxsés (Hovh), 25
frﬁquencye)chnvplsltﬁe ADMA $fsterncar be debighed ,toaﬂﬁifoﬁﬁ%l 4198 EM%L?A]?H (AM
sche S | e . foregoing
descpﬁgt i }g%%gg%t%{& EEISP %?agog‘p%cﬁ%b ?talmsdsarg g’é‘af’?@ %‘b‘l-[’ gny person
skill ed iPPrepd S&’FF“W@ relldap Systean't pe TEAéEBhﬂSrﬂMntﬂ oand -Vanitided
mlzd: }‘ | gat tRevorinterideds Mipiraad MBerfarmiinké Sandsadifby Paavead Sprehaose 30
skilled i Gi rei
applied t? ot eFElénlngnHﬂQE Mve%élﬁcst%ﬁ%‘% l%rgﬁ‘aﬂg{ #}gg%&]g%?f’@én@;cul ty.
Thus, the OB SEARCHFI% ReSPECiERlY | FPMAGsteasisan alseibecdpsigmediie
enbodi2frentanfainovio ther E5-2000udr itle WQDDEAastandgrdd Hegg W QpcséedSB?Ftﬁe consi st ent

with the QuidehP! Boai@ERPVEld ARM. U $Redl SEHOSECHRAL Rindd?ds are

incorporated herein by reference.

The invention can also be adopted for use with other types of

communications systems such as time division multiple access (TDMA),
25 frequency division multiple access (FDMA), and amplitude modulation (AM)
schemes such as amplitude companded single sideband (ACSSB).

The foregoing description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to those

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

35
WHAT IS CLAIMED IS:



PCTI USOQ/ 23926 20 CLAIMS 1. A ifying zero rate frames in
a received transm ssi on, r| Sing: &S

nodul at ed s‘?gnar”%4 denodul ati ng the nodul ated signal in accos;rébanc‘i1 with a
particular denodulation format to geférate denodul ated synbols; 6
partitioning the denodul ated synbols into a plurality of received franes;
8 conputing a quality metric for e&JmMABMShe plurality of received frames;
conparing the quality metric for a particular received frane agai nst a 10

t hreshol d val ue erei ol d _val ue is selected base i,h part, on
the quality et bi \(,:\Ig tﬁ%‘%gebége%&}%sze?n&atfzgiaﬁléﬁtlf‘f §i ’ﬁ’ée’{yﬁ‘g W ticul ar
recei vedZf@ansnesslobeﬁﬁgn%thzécmpamgfrane or not a zero rate frame based
on the conpari Ngeeigin Tﬁ&oag;al?éais a1c| aim1l, wherein the quality netric
relates fo an e h2 L€ 3. The method of cl |m2
wherei n The qua ?‘f@x‘ﬁ’éﬁ% fJre FF%r é‘&é‘aﬂgﬂ aceorplpneg, With éoﬂ%rﬁlf:‘é as a sum
of squar ed deywioladiohdormatdo genmntestbniodulated 4ymbhls; et hod of claim 1,

wherein ¢ he quabididio ke TRERIRSatt® s?n%o?é AAEF a %%LQEE QP Rckifesi ved

frame and codeword corresponding to the received 5. The met hod of

VWHAT IS CLAI MED | S: 11111111111 Mﬁ M‘ﬂﬁlllllllll WO01/17158 CL Ms u

claim4, f t conprising: 2 decoding each received frarre into a decoded
frame; ahd re- ecopplithing 4 healite codted fdrreackeof the pdemiitasfoecaivddframegncodi ng
format to 4 ge&ﬁﬁgﬁﬁn% ae b @5 b rﬁﬁﬁ&dﬁééafvﬁé‘rf?amga 4§ 4ret hod of

claim4 r,.C recei r.anme nt 0, a decoded
Frame. Wha BieRine SR, whebrla s Hedio Febhl s needet bated. 1 &Re: 09 e mat hod
of cl ai m 1quhligytrhetrice ofweréisedfyam@s;dedodi ng each received frane in

accor dage Wit Nt ohd Birlanedbatied HANENE Uk 8 HBNBIE LR gecoded
franme. WO 01/17158 1111 111111 MM cl. M$ PCT/ GS001 23926 21 8. The

net hod of &PhtAFTP,™@ & aSF ENNaF IR ARS decodl ng hypot hesi s

2. The method of claim 1, wherein the quality metric relates to an energy
2 of areceived frame.

3. The method of claim 2, wherein the quality metric for each received
2 frame is computed as a sum of squared symbols for the received frame.

4. The method of claim 1, wherein the quality metric relates to a distance
2 between a received frame and a codeword corresponding to the received frame.

5. The method of claim 4, further comprising:
2 decoding each received frame into a decoded frame; and

re-encoding the decoded frame in accordance with an encoding format to
4 generate the codeword for the decoded frame.

6. The method of claim 4, further comprising:
2 decoding each received frame into a decoded frame, and
wherein the codeword comprises the decoded frame.

7. The method of claim 1, further comprising:
2 decoding each received frame in accordance with a particular decoding
hypothesis to generate a decoded frame.



2 includes a particular frane r““ﬂm‘el cular rate selected from
anong a set of possible fram# \ bes. 9. The nmethod of claim8,
wher ei n t W@ 08a115Hf possible fr cformats 2 71ncludes 5 pogaisoazss2€20L nsec

frames, where L is an integer one or_greater. 10. The nethod of claim8,
wherein the set of possible rates i néfudes full, 2 half, quarter, and

el ght rates. ElTElieBY BPEath 7olvietdid mohiatieht HiGdu Rohghiiyal ue s
sel ect d.baééd 2 ln(ljﬂ%grtnh %n fhe qualit netrlgzeiﬁo e e ranes

i dent i fi 8CREeYRBArGHFTIEama Hrmah andanagticyler rategelscted rPMAMRRE & onpr i si ng:
2 checki regt CR®dsiblsframe doimatedndiratesa decoded franme to identify whether
the decoded franme is a good frame. 13. The nethod of claim7, wherein the

particul ar receiyed fra i S, decoded and identified as not being a good
frame. 14. The- HB‘EJ'LB oéFlé}%%i‘,’V?\‘Rﬁé?g?%efﬁép?ﬁﬂbé%ﬁéF‘&f%W%Fé is selected
based, 2 2nrcludpsb mseoand 2osli sbecfames, viterq lidb ah yntegdrioner @redtecei ved franes.
15. The nmethod of claim 14, wherein the quality netrics of received 2
frames are wei hh_ﬁ(g e(%ua I?/ tgﬂgenerate the statistics. 16. The nmet hod of
claim 14, whereh Pf ¢lgim B¢ wherenythe sgtef Rasgiblexatesinguades fllaei ght ed
unequakl yhdlf) qgerter, ahd eight ratbat i stics. 17. The nmethod of claim 1, wherein
the threshold value is dynamcally 2 adjustable. 18. The nethod of claim
1, further conprising:. 2. denornglizing the depodul ated synbaols with an
energy of a piqiqoltﬁ‘%i"geﬁ]é?d Ofﬁr:lé’l’i%n?ﬁ‘ﬁ’ g therthresholdatalug s splepted based, 19, The
met hod2of ingiaaf, on the ghwdity mmettibeofidaroded atires idemtifiet as gosdéaiddsed 2 by

| S-2000 or LS-95-A standard. 11111111111121211111111111111111 WO 01/17158 C L

M S PCT1UJSO0t 23926 2 20.. A receiyer subsystemin a comrunications
system conpri éﬁng[.%ezneéﬁ%ﬂgﬂmﬂgrﬁg ff fYUPEH"80 recei ve and denodul ate a
modul aed si grehkecking CRECbitslassoeiatdt With gpdedoded |feamel tnioidutifyt wbwmtifeor mat t o

generate ggrgggwég@gnefsas%m&§meand a data processor operatively coupled
to the denodul ator, the data 6 processor configured to partition the

denodul ated synbols into a plurality of received 8 franmes, conpute a
qual ity netri d3f oTheamdthod aof hdaipl dr atherain dhe rppcdculadreceived frame is

2 decoded and identified as not being a good frame.

14. The method of claim 1, wherein the threshold value is selected based,
2 in part, on statistics of the quality metrics of received frames.

15. The method of claim 14, wherein the quality metrics of received
2 frames are weighted equally to generate the statistics.

16. The method of claim 14, wherein the quality metrics of received
2 frames are weighted unequally to generate the statistics.

17. The method of claim 1, wherein the threshold value is dynamically
2 adjustable.

18. The method of claim 1, further comprising:
2 denormalizing the demodulated symbols with an energy of a pilot signal
transmitted with the data transmission.

19. The method of claim 1, wherein the demodulation format is specified
2 by IS-2000 or IS-95-A standard.



10 frames, conpare the quality \T\ﬁw igg Cul ar received frane
against 12 a threshol d val ue, Hﬂ fﬂwm’m old value is sel ected
based, in pRebmen the quality nmetrics ob received franggr Rpghsdsh | dentify
the particular received frane as being a zero rate frame or not a zero
rate frame based on the conmpare. 21. The receiver subsystem of claim 20,

wherein the datzo g{ocessor 2 incJudes: a synbol accunul ation circuit
configured to recdt (RECNRASUDPYSRELIMA SRR aHeRGYSIeR ERMBYSBE| s. 22. The
r ecei ver2 subsyst éemofluletaiconfiguredhie redeivetdnel dimhadyistecansdulated sigial udes: a

decoder conf hGuFEehed Qi | | i ved
frames 1p geficratca eI feiBa0R Roh Aokl 46 B lemdt S REE
subsyst em ST™EPEi %2, wherein the data processor 2 further includes: a
CRC circuit coupHed proceséte opecaivety, cdupbediddGhe desodultantlieginted 4 to

receive @”%r&é&%ﬁﬁﬁ‘mﬂé&'?@' ity of decoded franmes to identify good franes
anong the decoded frdhes. 24. The recejver subsystem of claim 22, wherein

the data processor PATHRR fes demerdulpsed symbelscistrr plomitspfisceived decoder
t he encdller conframges,ed to 4 receive and re-encode the decoded franes. 25.

The receiver subsyst | Al ef ei h ual, ty. metric. 2. relates
to an efoergy fogr a rcgg%g?{t/%g ?I'rléaﬂrgé%ﬁggo[f?1%&%&?%&%‘?/%%%%?321‘8&1% 26. The
recei vetY subsys¥&Rfdf claim 25, wherein the quality netric for a 2
received frame is caeopipeesithesyalistietic B66Paetofyiedised gtmehgaiecei ved
frame. 2/ The faGeln(f) vatbsuALaM Bl GlahBldnud BRI RE AYbhy Metric 2
relates to a distance hetween the recelved frane ANa - aocoaenor gt
correspondi ng ‘beﬂ'teﬁ?é‘a CBRIFKE Of Fespived framesangd CDMA conmruni cati ons syst em
a receilfer subsyst erdaify did partidulbdrdceived iffayneza il LerbraidBtarhdlon I ecei ved
data transm SSiﬂ’a.ﬁy@rétgﬁgh%%s?éb@ﬁ%s&ﬁg}a onprising 4 a denodul ator

enmodu u

configured to receive and ate a no dated signal in accordance with
a particul ar denodul ation format to generate denodul at ed
21. The receiver subsystem of claim 20, wherein the data processor

2  includes:
a symbol accumulation circuit configured to receive and
4 accurmulate the demodulated symbols.

22. The receiver subsystem of claim 20, wherein the data processor
2 includes:
a decoder configured to receive and decode the plurality of
4 received frames to generate a plurality of decoded frames.

23. The receiver subsystem of claim 22, wherein the data processor
2 further includes:
a CRC circuit coupled to the decoder, the CRC circuit configured
4 to receive and check the plurality of decoded frames to identify good
frames among the decoded frames.

24. The receiver subsystem of claim 22, wherein the data processor
2 further includes:

an encoder coupled to the decoder, the encoder configured to
4 receive and re-encode the decoded frames.

25. The receiver subsystem of claim 20, wherein the quality metric
2 relates to an energy for a received frame.



6 synmbol s; a decoder operatiHHimJﬂHmuHﬂLHHmm denodul ator, the data

processor 8 configured to re U | ated synbols as a plurality

of recei VU@ 0IANSes, and to decode the plurality of rec®C¥ag0d23%6es into a

plurality of 10 decoded franes; a C% circuit coupled to the decoder, the
[

CRC circuit configured to 12 rece and check the plurality of decoded
frames to identify good franes anong the decoded franes; and 14 a netric

cal cul ation upjt erativel oupl .1 he dempdul at.gr or .the decoder,
the metric ca?é‘u a{)fegﬁwﬁrms %X%ﬁ?‘?ﬂeuﬁ?%lﬂ‘o%%w T %ﬂ'éahgy GUEFF ?@f retric for
each o teeeiysidufrang iscompyted e e sum ofrsqrared sygbobafos thee tekeivedial i ty netric
for a pamtdngall ar received frane against a threshold val ue, wherein the
threshold value is selected based, in part, 20 on the quality netrics of
received frames, and identify the particular received franme as being a zero
rate frame or 27-2'fh¢1tﬂceia(ezsxb§ysfatre0§d&,in'92%muein thet dneality mpedrie .

2 relates to a distance between the received frame and a codeword corresponding
to the received frame.

28. In a CDMA communications system, a receiver subsystem operable
2 to identify zero rate frames in a received data transmission, the receiver
subsystem comprising:
4 a demodulator configured to receive and demodulate a modulated signal
in accordance with a particular demodulation format to generate demodulated
6 symbols;
a decoder operatively coupled to the demodulator, the data processor
8 configured to receive the demodulated symbols as a plurality of received
frames, and to decode the plurality of received frames into a plurality of
10 decoded frames;
a CRC circuit coupled to the decoder, the CRC circuit configured to
12 receive and check the plurality of decoded frames to identify good frames
among the decoded frames; and

14 a metric calculation unit operatively coupled to the demodulator or the
decoder, the metric calculation unit configured to
16 compute a quality metric for each of the plurality of received
frames,
18 compare the quality metric for a particular received frame against

a threshold value, wherein the threshold value is selected based, in part,
20 on the quality metrics of received frames, and
identify the particular received frame as being a zero rate frame or
22 not a zero rate frame based on the compare.



