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(DTX) DETECTI ON Background Field [0001] The invention rel at®s ﬁal
conmmuni catwonsoesbsr e particularly, the invention rel ates gq/usesn2914

di sconti nuous transm ssion (DTX) detection. Description of the Rel ated
Art [0002] Wreless comunication systéms are widely deployed to provide
various types of communi cation such as voice, data, and so on. These
systens may be based on code division multiple access (CDVA), tine

di vi si on mul tipl e (AQERRST AR ' echni ques. A
CDVA system provi é%g certﬁqw%?/gﬁyages 3\@/%?82% erﬂilgitcpe?a%r? systens. For
exanpl e, a CDVMA system provides increased system capacity. [0003] A CDVA
system may be designed to support ddekewounre CDVA standards such as (1)
t he Tel ecommuni cations Industry Association (TIA)/Electronic |Industries
Associ at i MEI A "TIA El A-95-B Mobile Station-Base Station Conpatibility

'S705 st andar JVOR2) TRCSSOERA PRER0 SERT oM ERCl L IR RRG 40

Gener at i ofheRavéntidh $élkiPs toiioatiniovs Habihissios (BTRpditedionn a set of
docunent s including Docunent Nos. 3G TS 25.211, 3G TS 25.212, 3G TS

¥ 25,213, and 3G TS 25.214 (the WCDMA standard), (3) the standard offered
by a consDetdripiion Redateld Setner ati on Partnership Project 2" (3GPP2) and
enbodied in a set of docunents including "C. S0002-A Physjcal Layer.
Standard for clii®3bo0 ‘%ﬁ?‘ggtﬂ COPEMNIGHITPETIERS  are rigely cleglsys %ﬁﬁ@fz

Layer (Laygs i ling: St QL. C 25}{&% cl

Systens, " M%%Jsft %%é%%g%%uéglgﬂngg%gﬁ ﬁlﬁ% q%‘t e é)(?ﬁ{é?ﬂ%g‘?gﬁiﬁyﬁﬁ? g?f ace
Speci fi cabased” of tdoele cdinBRD0 Budtipla daocads, (CRRIAY 4)mes alivisioh hewltpiaradessds.
[0004] Wreless tel ephone systens are capable of carrying both voice and

dat a over (PRMA 105 same pthes inpdplatian Behrigusen e AsCDM 4| sysipmyprogides gertain
t el ephone apart | Ui tg rryg _ %

2l 1 coat od SHRHEEP oT6: B el Heobysieut' P8 skBnER GO AT Bofl Blovids®
dedi cat e incedasathgkteincapadiger, via the user's Mbile Station (M), in

order to acconplish data transm ssion. A continuously active channel is
0003] A CDMA system may be designed to support one or more CDMA

standards such as (1) the Telecommunications Industry Association (TIA)/Electronic
Industries Association (EIA) "TTA/EIA-95-B Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System" (the 1S-95
standard), (2) the standard offered by a consortium named "3rd Gene:ation Partnership
Project” (3GPP) and embodied in a set of documents including Doc‘ument_Nos'.' 3G TS

| 25.211,3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA standard), (3)

\) the standard offergd by a consortium named "3rd Generation Partnership Project 2"
(3GPP2) and embodied in a set of documents including "C.SC002-A Physical Layer
Standard for cdma2000 Spread Spectrum Systems," the "C.S0005-A Upper Layer (Layer
3) Signaﬁng Standard for cdma2000 Spread Spectrum Systems,” and the "C.S0024
cdma2000 High Rate Packef Data Air Intefface Specification” (the cdma2000 standard),
and (4) some other standards.

[0004] Wireless telephone systems are capable of carrying both voice and
data ovér the allocated communication channels. Digital wireless telephone syétems are
particularly suited to catrying data over the allocated communication channels. It is_
possible for the system to dedicate a channel to a user, via the user’s Mobile Station
(MS), in order to accomplish data transmission. A continuously active channel is

preferable when the anticipated data transmission is continuous. With a coritin_uously



. preferable when the anticipated data transm ssion IS conti nuous: zvéfm-%

continuously JUL 2006 WO 031065613 PCT/ US03/02914 2 active chdnnel 006
t he. user vl@"?]ﬁ}ﬁ%z’to efficiently transmt or receive a cor}témy/ﬁzgqi’?\ta

stream- over € al l ocated active channel of the conmunication sysStem

However, the exploding increase of packet data applications, such as

those used when communi cating over the Internet, nake allocating a

cont i nuous#afivachanpel. dreauseics abls te eHictagtly tuswmit anreesize a centinyons dagmstofam

resources. _Contr L gnal ent, froma base station t0o a nohile st Ation

o e ssag e tisronRed R M ot Bl kR rRO AT Ry HoloRe rdeRdie o

al | ocat e aincfeQit! dMPHRKS! datPSIpl¥A] dho 20UoR as fitise Asdd Whif BoRHUBRAhg over the

Addi tional |y, because wireless te|lephone rates are often tledg to

connect i onlntdmets make uallncativgy ancantineowsly lactige thamsk ta dNlsBgle esaroamestrto a

renot e net\lﬁ)l‘k,if continuous active chagnnel nust be dedicated to the

connect i or clc%ﬁ’faf??@u?fési P& Sighalgsend | 2 base T HEMEtosq, BoRY: SRR O
recogni ze - desi r : icafi , rel

Channel o. PEetnEnhe S P aKELaRahT A G ACDe WSl 18 fR8g 4
associ at edcdatinséusty actbi ctminaelsforey lingitedr purpodet t ediditivpnelly,chaansel wirklead are
not continuously active, but rather, allow for discontinuous

t r ansni ssi i§lepbederrtes afeodies [editd ponIIesiYINEmPR, 8 HSSTRAAGHDE SYIBAE to use a MS
conmmuni caty ' E el .. r ngl |y

but my beeepap@s B FARYY BeomiEie oAl Bllel plER (it e

pr obl em ofcah@é®ionl ni ng when a signal was transmtted or ‘when there is a -
lack of a signal. A receiver may easily nmake, the DTX detection decision _
under ideal cHARE cdhelidesigners of hwirelessetelaphon sysieroe MR recogniestk the )
transmtted signals they ,.arrive and.reali,ze that. .l ack. of sigpal to
dermdul at et FoaPaet ke BHRaObin Syt VP ER. g hg M e bR, | 7

fact not treasimmdettthfiCpaskatidaiPdnd he A0stkiddABMEG! tran8mi@Rns Woly! b transmitted
comuni cation |ink does not operate under ideal channel conditions, nor

does a reatvenwshhrnelse thal ey nop eontingously ractive,i s afathed eattosu Ifert discontinuens eal

wor | d appl.ication il,%ﬁal mul tipath, fading, path |oss, noise, and

i nt erfer_entEaélSWIrOH@ e signal incident on the receiver. Additionally,

the receiver dapegiul atgih diScdrBhudidefhsAREIRGIRniSG U 18 hebiWEFPY at e
every received signal. The result of non-ideal characteristics is that a
recei ver cdaoahlidats my oacur cnttinposiy byt may e sydled edasd gfifaThevdckiver is then -

occasi onal e. unabl e to recover .the transm.tted data. .
fagecp with the pr&)lcm of eterm{mng when a ngnal was-transml%ted or when there is a

Jack of a signal. A receiver may easily make the DTX detection decision under ideal
channel conditions. The receiver would demodulate the transmitted signals as they

‘arrive and realize that lack of a signal to demodulate indicates that the transmitter is

_engaging in DTX, and is in fact not transmitting a signal.

[0607] However, a real world communication link does not operate under
ideal channel conditions, nor does a real world receiver operate with an ideal
demodulator. In a real world application, signal multipath, fading, path loss, noise, and
interference corrupt the signal incident on the receiver. Additionally, the receiver
demodulator is not ideal and may not accurately demodulate every received signal. The
result of non-ideal characteristics is that a receiver demodulating a continuously
transmitted signal will occasionally be unable to recover the transmitted data,

[0008] As an example, within any cell of a CDMA wireless telephone
system, all users transmit in the same bandwidth at the same time and each user’s
transmission contributes to the interference experienced by all other users. A power

control process is used to adjust the transmit power to achieve a minimum desired signal



[ 0008] As an exanple, within any cell of a CDVA wirel ess tel ep eJULd 2006
system all users transmt in the same bandwi dth at the sanme tine an

each userwg o3loe8d13M ssion contributes to the interferencepexpgiieased by
all other users. A power control process is used to adjust the transmt
power to achieve a m nimum desired si gﬁal JUL 2006 WD 03/065613'

PCT/ US03/ 02914 3 quality at the receiver. The interference contribution
exper i encAy2ly Hitheresrders The H}ﬁ?ffﬁr?ﬁcféiﬂmﬁ'@t‘:‘&ﬁ% EXPFENCRh RY AtReX PR ISt o
each user e c z t he
nunber of ﬂ&?ﬁ%teéﬁq‘%gﬁgﬁ t (g%?}]sfg %Eéchon?réu}nﬁcgn#ﬁﬁg%/ééf It'% %%aﬁ%el IS
maxi m zed inttdeeAde Ae\teypllscﬁhm@@éﬂ CENHhBat bPNusy'st M uaa'S sigdutaRsbukigop
power control to help alleviate the problenms associated with a non-ideal
| i nk fr omcpmEnunicagaayer theshannsl isheaxi@izéflver . A cl osed | oop control process

I's used to con trapsm s ower oth t everse
links in a cwgt&é@i?%t LR 8D |%°6‘E>m818ﬁ$’r°6‘| Syspeéﬂ t“F%F\ABf;?F“égPOSR PVtade,
a measur egBhtoll f HeLe anémtt@ethé e;ﬁ@lbwﬁé asshté® 8ARAGK nbidREP Yink efom! fhet he
transmitter. [0010] 'In closed I'oop power control, the receiver tracks the

per f or mand&@ngrhitiar todberoateivar. ok Chmti Tvap contetl @socesyis sécttotcoatrol teanimissivnon

oceiver POEHEn PORARS B ang vpme ikt R ECHBIA Ttmer SiieddOon 8B The

. receiver Rerhoh{WBR6S AR, Q%&Qﬁ-&ﬁ@ﬁﬁ& h7agd apt}‘n@ ‘_’rec\é%f &fd F&’dﬁﬁck‘i@hfé%ﬁieﬁuc h

that a probability of detectlon s known for a given Eb/ Nt val
Al t er nat i vethe tranbwitter.ecei ver - estimate an actual si gnal error rate

ased on it ity t ctl Lh 3
PSR ThTS b ror b)Y accien Bopimbast Soiom thhBerEr EakE e IRBIIEE S for
communi CaESoduldtdSha EABNARL 2 ShetRe P Rkasbd oh n%@?f%{ehg%ﬁm?g based

in part on't received si na metric. exa I'ved
Eb/ Nt is I gipical mictie usd&mfodmlrectembr% gmarbcee\rerdwnef@zt;&r bit tb dwvise pbwer eiel ver
comuni cates power control _information to the fransmtter that allows

the transf¥Ner khe reestyes pedommance maydw; Cth@@ateﬂa%fb@vert\@ned Fe/No ¥plpecsHchy
receiver. %Vg{o%%lﬁgy ﬁ%ﬁﬂﬂ &{bﬁ 5950y %bg]%'nff% 'ESbII\IT Qeiued Aﬁﬂaﬁlau(,aﬁ%%f ed

Sl gnal error e recelver nic tes a power
si gnal  basdsivep rap@sfithitd aiTiatfuel siged ¢t fargbasd b i abisiey tdbddaetlgt tea0®eri t t ed

power to the particular receiver. [0011] The use of DTX conpounds the
pr obl em ofhenEaeivefbsienaljagd may use this efror raté as the received signal metric. Then, the -
receiver communicates a power control signal back to the transmitter that is based in
part on the received signal metric. For example, when the received Ep/N; is high or the
demodulated signal 'er.rof rate .is low, the receiver comrﬁunicates power conirol
information to the transmitter that allows the transmitter to decrease the fransmitted
:) . power to the particular receiver. Conversely, when the received EyNt is low, or the
recovered signél exror rate is high, the receiver communicates a power control signal
back to the transmitter requesting an increase in the transmitted power to the particular
receiver. | _
[0011}  The uée of DTX compounds the problem of non-ideal signal
recovery. In addition to the problem of not being able to correctly demodulate
transmitted data, the receiver must also determine whether or not data was actuaily
transmitted. The receiver uses a DTX detection algorithm to determine whether or not
data was transmitted. |
{00121  Errors in the DTX detection algorithm of a single receiver potentially
affect the entire communication link. The DTX detection algorithm of a pai-ticular

receiver may inaccurately determine that DTX occurred when in reality the received



recovery. Jn addition to the problem of not being able. to cf rfgmllé
denodul ate transmtted data, the receiver nust al so deternTne e %r or
not data wesomesesl |y transmtted. The receiver uses a DE¢TgENseivion
algorithmto determ ne whether- or not [lgata was transmitted. [00121
Errors in the DIX detection algorithmof a single receiver potentially

af fect the_ i ' i ' T cii al,gori t. f.a
parti cul ar Slgl?%(%asvtg? ﬁgn%{-gh]&ﬁ{gc@l@ P")a%(%ﬁ?ted;eéﬁ %\IBH: glghff%fgf tg%ﬁ(lt%c%g?lp‘go& When

i n realityndthenmaatiaes reljest40 & DR &b Mbgeab e USRSh 29%4r betbaust theral
was too degraded to all ow accurate recovery. In this instance, the

recei ver dieaiverhss detsrmined dhat & agcuragliedacodasl 2 R ecgheencet dihe perfomennease

the transm ower because the . recei,ver has.determ ned that .it

acour at e yPldbE SRR BRSE G MR s (GO Bt BPTR SER & Fete FPE LS a
receiver tRaRMIS RQ\@EF AR AR vaRt sR! Bl E6nRrdeCiBRin his 'ngﬁfc‘?aa%l%ﬂs@e
transmt power should have been sent. The converse situati on has greater
adverse eéffestst @ the comenueationilint ilorhis isitkationn theHVEX sicteation algerithieof A X

detection al gor,i t hm_of articular recegjver determ nes that, it S
unabl e to PERGE:eeseerdeiaies (Al Sy By HIEDIR G fecove bF ansrpied piggal when,
transm tt eg, iy Rt tr%ﬁs?ﬂ]?t@? did ﬂotsﬂré}@&lllilt Phibhl Bfd HRGEINRE sikhithile1AYiEated
indicated DIX “1n this situation, the recelver conmuni cates a request to
t he transnDTXer It ahisi sitmtiais ethe hrecdi veansmrhuricates al mgedst to thd erapsmittec id ar
receiver. This results [n a transm ower level that is higher than.
the recei v@FfeP%‘EF STy ROVYST dRpe!l P -éﬂe&g‘ﬁl SFCRAYFTs i [gHiafosuli /2y 7 frgnstiih e
excess po ' ' and .
thus. deor et 1EFEMRERs hitfel BREHAERGE SR BRERCPYs BionAkiRoa il BUY
[0013] Thugualityt Tha eheess pewert inateadel elicintafaaenvedeve atendgCall ather B¥eXs and
detection in _receivers that operate in_ DIX capable channels. The DTX
det ect i on-RBhRsHRASESthA saRcity thahtbe gRamumigelion Upk 19 ab8GaRYt 0 fit into

portabl e devic ch L &éﬁr‘%-'-'rral '
resour ces withie@{)%%]g r32’2?’32‘%"b%#’%‘%@?ﬂf@%%‘%&iﬁ‘%%ﬂ%@%e Pglél%sed
for det ectiebgveths Sio® vhemtecisDTX rcapsbié Slgnaéls.( FhK)D TN @ktedti Do igtne Ak meed

channel. A received data frane is_characterized as one of a Good frane,
Erasure, de toTphysicpliy smelenpyginte fisinteportahle davicss. serdt ascinebiile telephones,

mul ti-di meps I ty. r.c 1 cterize the received
frame as %ﬁ;ﬁtsﬁQ@dgﬁﬂ%@gs%}ngﬁélrﬂe%}lges%ﬁ ?’\gﬂmﬁ]gir%?‘;se?onal quality netric may
be generated using

Summary
[0014] Novel techniques are disclosed for detecting discontinuous

transmission (DTX) over a -communication chanmel. A received data frame is
characterized as one of a Good frame, Erasure, or DTX. If a Good frame is not initially
detected, a multi-dimensional quality metric is used to characterize the received frame
as either an Erasure or DTX. A two dimensional quality metric may be generated using
energy per bit to noise power ratio as a first dimension and re-encoded symbol error
count as a sgcond dimension. Alternatively, normalized re-encoded symbol energy may
be used as the second dimension of the quality metric. The multi-dimensional quality
metric may be generated using a polynomial having a number of variables equal to the
number of dimensions. More than one multi-dimensional quality metric may be used to
correspond to more than one processing mode iﬁ a receiver. The value of the multi-
dimensional quality metric is computed based on the values of each dimension. The
computed value is compared against a predetermined threshold and the frame is

characterized based on the results of the comparison. The communication channel may




energy per bit to noise power ratio as a first dinension an@"ﬁqﬂﬁ_n@@@&d
synbol error count as a second dinension. Alternatively, normalized

re- encodew@siprtiosdi3ener gy may be used as the second di menBComsasko2hie
quality nmetric. The multi-dinmensional 3ua| ity nmetric may be generated
using a polynom al having a nunber of variables equal to the nunber of
di mensi on & al\@f)ﬁlﬁ %%m%é“éormﬂuk caﬁ%ﬂ%haq%gabqyg‘f btﬁl& g‘ﬁffhé Qe gbgsaed to
correspond to nore than one process a recelver.

t he rrultibaséismimimalstaqu&boﬁtmlmtdrmbﬂssmﬁﬂmut ed based on the val ues of
each di mensi on. The conputed value is conpared agai nst a predeterm ned
threshold and the franme is characterized based on the results of the
conpari son. The conmuni cati qQ. nnel. nma 1 UL 2006 WO 03/ 065613:

PCT/ US03/ 02914 5 be a CDMESftereds=Comn &n channel capabl e of
DTX and the deyygs] WBYTﬁbefe%tm&a%ﬁjeéﬂsahﬁ@ Hdan&%@s of fel PReMRAWR b&omeOr
mobi |l e station. Brief Descriltion of the Drawings [ 00151 The features,

obj ects, amge aplwe:ntefg:&s thef dethikedi deseniptionrseifdrth tedavo wehen akes imppajnaciionf r om

the detaile dsc tion_set for ow when t aken unct i W t h
the drai MO0 (O WHFBHSS! Kb Viirer B delatiche Rrarac Tty CorroopdRgivngl v
t hr oughouty, g oS Flierein®016] Figure | is a diagramillustrating a

Wi rel ess conmuni cati on syStem inplementing DTX detection. [0017] Figure

.2 is a block di[éigehm dfigarer kised diprannpllestratihg agvictiess adatrmaticagion syGehs]

_Figure 3 is a flowchart of a DIX detection a].-criffim Detailed

Descp~pt i YRplsme H%QTM%CUPGMQ] The CDVA 2000 standard pI’OVI des nine

Fadi o confi gur s f hg . .For I]§T5(hat
be transm g? %‘értngrl\R/afgd rafd;l-:gg%éf(al%g%&gar%l% |ne o I'ncl ude

a Forwar dd&egticmt ed Control Channel (F-DCCH), a Forward Fundanent al

Channel (F- chma Forward Power Control Subchannel, Forward

~ Suppl enent al 8thanfigus Jisa Somghartoh @ TEX defeetion dgeréh@nt al  Channel s

(F-SCH). Any one of the nine defined radio configurations nmay have all or

a subset of all of the defined channels within the Forward Traffic

Channel-. The F-DCCH and F- mﬁﬂems%ﬁpﬁgmoaﬁn@@conti nuous
transm ssion. In the case of the F- t he

[0019] The CDMA 2000 standard provides nine radio configurations for the
Forward Traffic Channel. The signals that may be transmitted on the Forward Traffic
Channel are defined to include a Forward Dedicated Control Channel (F-DCCH), a
Forward Fuﬁdamental Channel (F-FCH), a Forward Power Control Subchannel,

Forward Supplemental Code Chanpels (F-SCCH), and Forward Supplemental Channels

(F-SCH). Any one of the nine defined radio configurations may have all or a subset of
;) all of the defined channels within the Forward Traffic Channel. The F-DCCH and F-
- SCH may be capable of discontinuous transmission; In the case of the F-DCCH, the

decision to enable or disable transmission is made on a frame by frain’e basis.

[0020] The CDMA 2000 standard also provides for six different radio
configurations for the Reverse Traffic Channel. The signals that may be transmitted on
the Reverse Traffic Chanpel are defined to include a Reverse Dedicated Control
Channel, a Reverse Fundamental Channel, a Reverse Supplementeﬁ Channel, and a
Reverse Supplemental Code Channel. Only some of the channels will be present in any
particular radio configuration. The CDMA 2000 standard allows an operating mode
(referred to as P2 mode) in which the Reverse Dedicated Control Channel (R-DCCH) is
used together with the Reverse Supplemental Channel (R-SCH) without the

transmission of a Reverse Fundamental Channel (R-FCH).



decision to enable or disable transmi ssion is nade on a fraf ?YJU PEl%e
basis. (0020] The CDVA 2000 standard al so provides for six different

radi o - conyp@gsmesions for the Reverse Traffic Channel. Thegadlser hat
may be transmitted on the Reverse Traffic Channel are defined to include
a Reverse Dedicated Control Channel, aSReverse Fundanental Channel, a

Reverse Suppl e . npel , an Rev, e S | enment a annel .
Only sone of tﬂgﬂ%ﬁi&m ﬁgia‘g&m?mﬁge ﬁPé‘égr%ﬁbé ﬁtaaﬁ£‘8 agﬁ?’f ?’@(llj‘llgﬁs%fqgg R
confi gur at kPR 1ol pggl\yl]j 0 ; rad LAG e rred
to as P2 rrgggl) mi %ﬁp\/\hi ch fiﬁe@%{/gﬁ@g}a%elg#éggﬁ%ga ﬁr)fa?rgc}?é EQ%H{\IE? ?fé%}vi S
used t oget haurmantehduchie FREeamme et By eaee taakmibied foyed MoRHSSHYiomi(M$OLUThis he

transm ssi on of Rever Fundament al Channel (R-FCM 1 JUL 2006 WD
03/ 065 61305F) Ve s B as go dutsio b tAFPRE Sy & casp of BoR-S5db 0V aandhgiar d

al | ows bot %9%: @%%:% ] el s i ndependently
have t he pg/lsssRE1 |Iit]?/ﬁgf‘3§% ﬂ%%%ﬁ@?%ﬁ%g%lﬁ?%% rane not havi ng been

transmtted by FOORRDI | dnSodi therfofwds) linkhind rewgseulisk vhafels képalsSohBIXN0
data to be transmtted or, in case of the R-SCH, when the NS does not
have enougthezegisioamioeignstmi or oot ttiapsiBitia fratpe ideteppinedaiothp tlapsipiden ghe

forward |i . eve ' a S L D ecisiQn to
transmt o%%%lo?rdlf“{r‘sarrll% Eﬁ%& %ﬁ?%g% &sr\glaeent %?‘%aﬁlelg og%urt -kll_ﬁe%cfl ?S%Plo?ntﬂ ?éec'r%f.vgrl'ﬁe
recei ver hagk 60 kRbwRHzk 0 tBEl ganittvhedecideh W trins@GCDTX, Rasanpe odDIDe
receiver's lack of know edge as to the transmtter's decision to

transmt Digtectivarpscesy gethgfre@iver tojdeteming thequessnee af DTKe D'EX detgeiion may

determ ne fhe presenge.of . DIX. DX, det ect i he.inpl emented directly
' the N SPORBRPRECD S amatr o o8 B PRyt Rk o bR
Al ternati VB, Aﬁé%aﬂ%lﬁqjmﬂeﬁwﬁ/orﬂﬁgwbcchﬁilﬂa SibA1 ProREDEL /8IS DuPled §6 an
coupled to an output of the M5, and in general rmay be T nplenented in any

si gnal pr oewpst efgthstMFeand ol gangiah guayhee Mrdemented it ary) signd\proREYing sees ver .

Conversel y, .DTX det I on. be jJmlenmented.in t t at i on ase
Stat on: CofrtPane e TG Aoy sFEtats et BT ttiongins BE o
of the reveifiembhtBi it HRMSABe Bthteh, PAREBiatibe ddhitolEd RS alf §ighal GRocdkiiRy
reverse |ink. /5[980231 The DTX detection algorithm may provide one of T he
fol | owi ng stpgsskollpivingugteipinefshé maverse diny trangmissien wWheartee DIX02gial:Gosir 61 ane

- the al QO{ithmi dicates a frane was transmtted and the
he reverse link.,

[0023] The DTX detection algorithm may provide one of the following
~possible outcomes for every received frame:

[0024]  Good frame - the algorithm indicates a frame was transmitted and the
successfully decoded frame does not contain bit errors.

[0025] Erasure . the algorithm indicates a frame was transmitted but the :)
decoded frame contains bit errors. A

[0026] DTX - the algorithm indicates no frame was transmitted.

[0027] Operation of DTX detection, as outlined in more detail below, may
be implemented on both the forward and reverse links of a communication system. A
communication system 100 is shown as a wireless communication system, such as a
CDMA wireless phone system. The communication system 100 has one or ino_re base
stations, 110a and 110b, here shown as antenna systems typical of a wireless phone
system. Although only two base stations 110a, 110b are shown, it is understood that the
communication system 100 may support any number of base stations. Each base station
110a, 110b provides coverage for a corresponding cell 120a, 120b. The coverage areas

or cells 120a, 120b supported by the two base stations 110a, 110b are shown to be



successfully decoded franme does not contain bit errors. [0025] Erasure -
the algorithmindicates a frane was transmtted but the f@m?
contains bit errors. [00261 DTX - the algorithmindicat es no - f B&ge
transm ttwed o@®A3l Operation of DITX detection, as outli nedrtiug8osxmn e
detail below, may be inplenented on bgoth the forvvard and reverse |inks
of a communi cation system A communi cdtion system 100 is shown as a

wirel ess comuni cat i st wireless ne system The
comuni catd"6nt rﬁ?ﬁWﬁaﬂg n%r’llgg?ff’m . atb‘éfE%re 1P 3RO D1%0p,
here showyy, rﬁtﬁhﬁﬂﬂ@c@%ﬁflﬁﬁh&y E’j}s%%jl 196 ﬁe%ﬂ?kﬁ%’%n@@‘g?%acl§¥§stses@non

Al t hough on two base stations 110a, 110b are I s under st ood
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phones operatl ng thin vehicles, fixed position phones, wreless |ocal
| oop phonddsS 130a, 136, mteherformapielﬂ clmonehani eath MiS 158 £30b chheniasatessbat i on
110a conmuni cates to 130a,..130b, over . a forward, |ipk channel and
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link to a Public Sw tched Tel ephone Network (PSTN) not shown.
communication link to a Public Switched Telephone Netwoik (PSTN) not shown

[0029] A BS 110a may commumicate to a MS 130a using discontinuous
* transmission on the F-SCH. Additionally, Forward Error Correction (FEC) applied to
' the data on the F-SCH may be either convolutionally encoding or turbo encoding

depending on the chosen radio configuration. A receiver in the MS 130a receives,

demodulates, and decodes the signal in order to recover the data.. The MS 130a
incorporates DTX detection in orderr to accurately determine when the BS 110a is
transmitting data and when the BS liOa is not transmitting data to it over F-SCH. The
DTX detection algorithm uses multiple variables generated from the received signal in
order to generate a multi-dimensional signal metric. The multi-dimensional signal
metric is used to characterize the received data frame.

| [0030]  Figure 2 shows a functional block diagram of a receiver 200. The
receiver 200 may represent one half of a transceiver such as may be used in a wireless
phone operating in a system that is compliant with the CDMA 2000 standard. A data
signal is modulated at 2 BS in accordance with the forward link signal standards and is
then transmitted to the receiver 200. An antenna 202 at the front end of the receiver 200

interfaces the receiver 200 to the free space wireless communication link. The received
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signal is then coupled to an Analog to Digital Converter (ADC) 212 where

the si gnaFhq diffeanpmudtinaths nredncererliras of the degjradignad ghas gwrnftet dighty ke

digitized output of the, ADC 212 is cou d.to.a rake,receiv
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path. The path assignments are continually updated as the received signal changes.

Thus, each finger 224a-224c is assigned a time offset copy of the same signal that is

assigned to the other fingers. Although only three fingers 224a-224¢ are shown in the
rake receiver 220, the actual number of fingers may vary according to the desires and
design constraints of the receiver designer.

[0032] . Ideally, each finger 224a-224c is assigned to a multipath signal that is
not correlated to any other multipath signal assigned to any other finger 224a-224c.
.However, there are conditions where the multipath signals assigned to separate fingers
224a-224¢ will be correlated. One condition where multipath signals assigned to two
different fingers 224a-224b may correlate is where the multipath signals merge due to
changes in the multipaths. A first finger 224a may be assigned'to a first 'multipath
signal that corresponds to a first path length from a transmitter to the receiver 200. A
.second finger 224b may be assigned t0 a second initially uncorrelated multipath signal

that corresponds to a second path length from the transmitter to the receiver 200. Each
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*“coherently combine in the summer 228. Thus, the rake receiver 220 increases the

desired signal to noise ratio by time aligning and coherently summing the time offset
versions of the desired signals that are produced by multipath. - The output of the rake
\D receiver thus represents an aligned signal.

[0034] The coherently combined outpui: from the rake receiver 220,
representing the aligned slignal, is coupled to a deinterleaver 230. The forward link
signal is interleaved at the BS in order to lessen the effects of a burst of errors that ma;y

."be caused, for exaﬁple, by a fast signal fade due to destructively corﬁbining multipaths
at the receiver front end. Interleaving the symbols before transmission and
deinterleaving after reception causes bursts of errors to be spread out in time and to
appear to the decoder as if they were random errors. The deinterleaver 230 performs
block deinterleaving on the received symbols to rearrange the symbols to the order they
were in prior fo interleaving at the BS. The deinterleaved symbols are then coupled to

the input of a decoder 240.
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decoded in a manner consistent with the encoding process used in the BS.
As noted edRG)its. the different channels on the forward link may use
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turbo encoded depending on the “supported radio configuration. [0036] The
recei ver Z200Xidepisionds mdaatctheBSL UFhedNBX detector230 accumblates the bild definbig a
decoder, as the decoder, 240 when the synbols are convol utjonal I%Qencoded

and the r pesigoeriefoematt Sealrimg éﬁea@eaa@r- d8e IFEX gistesior 259 Agesin en
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t he decoder
+described in more detail below, the DTX detector 250 calculates a multi-dimensional

+quality metric and uses the metric in the DTX determination. The DTX detector 250
may use signals from the Re-encoder 260 as well as the Symbol Error Rate (SER) block

270 as dimensions in the calculation of the quality metric.

[0038] A single dimension quality metric, such as one based ¢on E,/N;, may
be used in the DTX determination. However, such a single dirﬁension quality meiric
may not Perform as well as a multi-dimension quality metric. A single dimension

~ quality metric based on Ey/N; provides good DTX detection performance when fingers
in the rake receiver are not correlated, but provides diminished DTX detection
performance when there are corrélated fingers in the rake receiver. It is possible to
define a DTX detection aléorithm using both single dimension quality metrics and
multi-dimension quality metrics where the single dimension quality metric is weighted
more heavily when there are no correlated fingers and where the multi-dimension

| guality metric is weighted more heavily when there are correlated fingers.

[0039]  The output of the decoder 240 is also coupled to a Re-encoder 260.

The decoding process may be much more computationally intensive than the encoding



i ncl ude other signal quality indicators such as parity bits .3r @%cﬁmﬁ
Redundancy Check (CRC) bits. [0037] The decoded bits are o p13 to a
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the BS. The DTX detector 250 accunul ates the bits defining a  single
frame in order to make the frame determ nation. The DTX detector 250 uses
si gnal charaeser Thisiic beazfisd the deecdrr nerdtes depividnst & thehg probikilityhel dAEXbit
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encoded symbol data and the received symbol data. In addition to any CRC bits, the

(_ SER values help prdvide a determination of whether the frame has errors. The SER
) ; detecior 270 may provide the SER count value to the DTX detector 250 as a dimension
of the DTX quality metric. _
[0041] . Actual hardware implementations may limit the ability to use SER
count as a dimension in the signal quality metric. Particular hardware implementations
may saturate the SER count to a number of bits in order to limit the resources used to
support the SER count. The trade off made in saturating a value to a limited number of
bits is in the dynamic range that the count may represent. As an example, saturating the
SER count to eight bits limits the dynamic range that may be represented by the count.
Thus, depending on the dynamic range required for DTX detection, eight bits may not
provide enough dynamic range for a usable signal quality metric dimension.
[0042]  Returning to the block diagram, the output of the decoder 240 may

also be provided to a user interface (not shown), another signal processing stage (not



mul tiplying by a correspondi ng soft decision value derived j,n, the decoder
240 as part of the decoding process. Thus, the re-encoded Sy'}rhwll. 2085 gy
vari es as veohuossison of the quality of the input signal. paxnesophaiined
belowin relation to Figure 3, this is_a value that nay be provided to
the DTX detector 250 as one di nension &€ the DTX quality metric, [00401
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12 showw), or to another functignal block within the receiver 2700 or a
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‘the receiver 200. The processor 280 may control the_ anal og gain of
vari ous anipRiGqodrirasesyasreceivede Arpvasiaregymay hgeerfied by examining any signal

quality indicators such as parity bits or Cyclic Redundancy Check (CRC) bits included

?'in the decoded frame. The signal link may be of sufficient quality that there are no bit
eﬁors, or the number of bit errors may have been small enough to be éorrected during
decoding using FEC. The use of FEC and signal quality indicators, such as CRC bits,
make an inaccurate Good frame determination. a very low probability. Thus; the DTX :)
detection algorithm 300 proceeds to block 312 and is done if the algorithm determines a
Good frame was received.

_ | [0045] Returning to block 310, if it is determined that a Good frame was not
received, the algorithin proceeds to block 320. In bldck 320 the algorithm prepares the
variables that represent the dimensions in the multi-dimensional signai quality metric.
In block 320, the algorithm implements a two-dimensional signal quality metric where a
first dimension, X, is an energy per bit to noise power ratio and a second dimension, Y,
is a normalized re-encoded symbol energy. As discussed earlier, an SER count may be
implemented as an alternative second dimension. The two dimensions are used as
variables in a generator polynomial having a general form:

gX,Y)=g0+gl *X+2¥Y



as part of an Automatic Gain Control (AGC) |oop. The procEgsPr §83g$ay :
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correspondi ng functions of the interconnections are provided only as
exanpl es and are not intended to be an exhaustive |list of the

i nterconnectio functi gns he processor 280., [0044) Fi qure
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| mpl ement effst ettt RRhm B00CGKaPRQ Hire the SldRnERESR poBnodR 16 38NRatk
Figure 2. The DTX detection algorithm 300 begi‘hs at bl ock 302 When the
al gori t hmuoiese thidnr ete sighhlegualifi enettiqy o rThic hDTKN d¢tectiony algodither 380 tshowednsi on
bl ock 310_where it tests to see if Good. frane was recei ved. A Good
frane rrayFlﬁ'é‘WSr‘%s?ﬁ 8@ g&yerés@mphmﬁ@wéﬁaﬂvgxgdh%fonmua| ity indicators such as

parity bits or Cyclic Redundapfg;q?gcéio(_l_ Digt %fgll;uded in the decoded
Cof Mt fI.ai €
=8 &

frame. The signal link may be? £ T %ﬁéhat there are no bit
errors, or the nunber of bit € e bee |1 enough to be
corrected duri E‘ﬁ’ decodi ng using FEC. The use of FEC and signal quality
“indicators, sut®4db crRbewongants,glRéhrgngh g% sy bedhaermp ormaebe different,

- 500° pr oce etV Y f5hY on YoRn' bl ke e Aekior 1RGN HRLECHEEN 8" 00
franme wascoregpbidal cddfhbln MetsesdhidnBnératod poBiomdd sutH tHat theSwoaieaémiored

that a Good frame was not ,received, the algorithm proceeds to bl ock
320. | n bpdgromts arpeotdiiendicak hkhepise pha paticHar gapgratertpiobaomid to eeraie ant

‘the dinensions in the .nulti-dimensiponal sj I ality metric. . ln block
320, the SEU0 e PREFamn et Shdit FonsiRe e ofdhg reretvhiasicriaineti i ¢
where a firhef deiafTEBEIOWN, THe vhRiedforCiR8l@MstR@s, B! of Oad@ObS Ein AR of Tk 1 O
and a second dinension, Y, is a normalized re-encoded synbol energy. As
di scussedgewradorepolysemigBRmey thet deterningd exnpipicalle using tradning algorigmnathaie
second di nensi an. Th? two di nensions are usegd as, variables.in

dhatelie Polygotial;

. a
gener at or “BBFATOR% o1, 2y JFEHXF PRSP Yo AL FPIORINAROIZY 45 4
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and g2 represent predeterm ned constants. The D etection algorithm 300

may use nother pdpmonuiRkappeorémation teplwiigurdridalermmegha polynemiatroonstantsaFache
stgnal qualit mfaPld bftimikod 162 the parteatar oo Of thiihsion. T e Embodiment
detailed in the flow chart of Figure 3 where the first dimension is energy per bit to noise
power ratio and the second dimension is normalized re-encoded symbol energy, the
constants for a first generator polynomial are gIO =-290, gll = 0.0'141 and gl2 = 53.
J The constants for a second generator polynomial for the same embodiment are g20 = -
181, g21 =0.021, and g22 = 24.
[0048] Returning to block 320, the algorithm may receive variables ﬁoﬁ the
functional blocks in the receiver where they are generated. Alternatively, the algorithm
‘may receive components of the variables from the functional blocks and calculate the
actual variable values. In block 320, the algorithm receives the components bit power,
noise power, and re-encoded symbol energy and calculates the energy pet bit to noise
power ratio value (Ey/N,) and the normalized re-encoded symbol energy value. The
algorithm may compute the signal quality metrics in block 320 or may delay the
polynomial computation until the block that actually requires the signal quality metric

value. Delaying the polynomial calculations may save some processing power if the

conditions for preferring one polynomial over another make use of one signal quality



Figure 3 uses two generator polynom als having the form gl (12'_( ) G—%gl O.
Fgl | X +gl2* Y g2(X Y) = g?20 + g21 X + -22 * v [0047§ TrddL’2

const ant s w@odéssi3r ough g22, may be the sane or may be di ffqngddbu14

al though at | east one constant in the first generator polynomal should
differ -froma corresponding constant ild the second generator polynom al,
such that the two generataor polynom als are not identical. The use of a

parti cul armgERePBRaly s5¢lysiseich alk ethegrosianaliquality megics Iguhe iRLX deteetion nay
par g _ : yHom ! ; ! _
epend on 519&1@@25‘% o3 @ggig{lﬁtél%sé %f‘a&evﬁgnaé @ﬁa@%ghg%ga%ﬁwd fub‘Jng Eﬁ% f

detail bel of. ues e’const ant s; gt ~I'h"eath ¢
the generfisopolpabnNEAKS Yiays Bl eixoiugied oFnik rdfahé Isyendb ity hitid Ng
algorithns that converge to a value based on an iterative process. The

pol ynoni al scapigted ysire theseeaayd paligentide s2E% N0 sTIoTs, itanast bespefarahds taiielayied

di fference L nge._in atio f~ S ot her polypomal . ..

appr ox et 1 FEERRRRG ek B G 02k 30, B . S Tgn Bt EatRaTY Zesiregip =

pol ynom alpjhsc. optirinized for the particul ar choices of dinension. In the

enbodi nent detailed in the flow chart of Figure 3 where the first
di mension is er@848] pedheiatgorithm praeweedsgome blackt328 taddcisibe biwk32d where

di mension s nornalized re-engcqQded synbol enerqy, the constants for a
1ot gonchEeBPTTiEh Gk I St reesier doesratig 1 2gdle soniaturiphsbar e
The const o) r L ; L fent
are 9720 TBibEbnR SEREY WEDENah ST TROLKRE, Ry Rkt PURE SR B TE D,
t he al gor i differcaymaseeiaué thiaral differest dgmibqudiicy mburivahayobesbset facash codinghe
recei ver where they are generated. Alterpatiyvely, the algopithm

receive coMondhips b sfenahaiapty maisicdbats deteated oG PRORMIET SRKRAEPSARPWS

cal cul ate a 1 v C t G At

recei ves ttﬁgeaé%crﬁrﬁp%%{e{rﬂ \sé,ﬁg#‘?gpglve\e%%ﬁé?%gﬁ ? glygé‘\%gdrj, i%aﬁge r(gl-%faa%%:egg%dé Qg}%eol
ener gy andpattidudaridateier itydlemamtiagyn.per bit to noise power ratio value
(Eb/Nt) and the normalized re-encoded synbol energy_ value. The _algorithm

may conpute t hd08&3Ynal Hqihg frame Agdyrpe nfeded) Hecalgdithgr prRegedscloagectsin

I . T . B I . - anal
e iy ok 380 et Tl b bF By Situdeietis RELUBY seal S04 bGt-Aindd 00
processi nghielwid. Herd, e vagiabRiX cordpdnis tohebRulateddE MNemgehy fredéteimiaser

‘anot her nmake use of one signal quality i JUL M5 WO 03/06' N613
PCT/ US03/ ¢hsshpld mpy cepespondraadaysl pf Ex® fri whichthegirpbabilif of 8 ifgpme bedigl ity
metrics. | tpanglgﬁteglig( I&gt el%.l.%,oﬁe corresponding probability that a DTX frame occurred is
“likely high. The algorithm proceeds to block 332 if decision block 330 determines that
‘the variable X is less than the predetermined threshold. |
[0051] In block 332 the algorithm characterizes the frame as a DTX

occurrence based on the determination that By/N; was less than the predetermined Q

oo

threshold. Once the frame is characterized in block 332, the algorithm proceeds to’
block 370 where it is done.

[0052] Returning to decision block 330, if the value of E/N, is not less than
the pfedetennined threshold, the algorithm makes a closer examination of the received
frame before characterizing it as an Erasure or DTX occumrence. -The algorithm
proceeds to decision block 340 where the value of the second signal quality metric is
examined. | | 7

[0053] = In the DTX detection algorithm 300, the second signal quality metric
is optimized for turbo codes. Block 340 calculates the value of the second signal quality
metric based on the second generator polynomial, if a pdor block has not already

calculated the value. The second quality metric is compared against a corresponding



al gorithm 300 shown in Figure 3, use of the signal quality tggF 2006
generated using the first polynomal, gl (X Y), is nutually ‘e usi ve of
use of thW&Ia¢i3qual ity nmetric generated using the secoad/ysosymom al ,
g2(X, Y). Thus, it may be preferable tg delay the calculations of gl (X
Y) and g2(X Y) until the netrics are %tually desired in a bl ock.

[0049] Theal.aorid A5 RPRRR, Mo OFhe P0elbatiRsl 2Lom Blepskudagauner e
the al gori m check 0 see it e recerv 'S opera ng in a radi

confi gur ath@nbé ket thsneﬁ dei@dvanstahOBAlmBdslilathgothet vHllO of @ BY cditgant.
decoders for the two coding types operate in_ a different manner and thus

adiffere rﬁovgqvgﬁ élnc @r@%ﬁtﬁwn%%eﬁ%d mratrichbrephald nyaycopyaiengly de g to ﬁ?@é‘»‘}’
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Cype ar 1 ovEayyitiy o alBidrde bdflant 326 S ThE0 SenbRior Bl ap i o
char act er ivalueCsF 1B sddofd s{%\élt quyameﬂﬁcﬁ%f 1dsERRARNRAS lel. fs g[éa&&?%anl ér the

frame is turbo encoded, e algorithm proceeds to deci si on” bl ock 330
wher e t he.equalltaeen, thehadgotithar prabéeds ifront Henitionl bhxghmgtto dlgpkeddtvehens thed

t hreshol d._. Her.e, .t he var,i abl Xcor onds to a cal qul and t he
predet or miSHEE S ChTESHIR ) EEbPFo B IE TR GuRPots KPR T IR an t ho

probabi | i ty @e dhck R kRParadib@pmi tted is low Thus, the correspondi ng
Aprobabilityt at a DIX frame occurred is ,likely high. The algorithm

. proceeds to bl ¢0054332 Rémdmng $0 dinckl Bk 183& dedisiomibleck ddratmindshthaty drei abl e
X is less than the predeterm ned threshol 00511 In bI ock 332 the

al gor i t hm3esPRASegme} 1Ay FREiq isdRts than 2D éziori(r?%zr?@d

def erm natcﬁlgr'ﬁcﬂqar acﬁglf%ev@ssal[gf}gc h“ nkdle Tﬁlre:zﬁg%r | 1%%%986& hg gf&?lf"lﬂ Once

bbb frame 15 ¢ rized 1n 32, the proceeds
370 wher e viiferd i isckivne on¢dhb Zchndeds olizpaongized. deci si on bl ock 330, if the.
value of Eb/Nt is not |less than. the predeterm ned threshold, the

al gori t hm maked0@55¢| osRetumyngiadacisinn blpck A2, the algpathm 15 QofiEnigRsk fgruse a
char act er. 'cﬁ gnt o %qt%{ﬁﬁ@d? \tﬂl}%rfr eiiﬁ efoh ¥ eg&%egl Hakt 1&1%H]blcrck

proceeds to ECI ere e value O SECOI’]

qual i ty m324ideterBineeKRAGHRRamd QAb3dt dufbd EivleDhentnt Qﬁ-&ﬂ@ﬂa@é@%lhhbﬁﬁl@oo
the second signal quality netric is optimzed for turbo codes. Block 340

cal cul at esngaiedy dhealg @lfithtffh@l%@wn@ﬂs@éﬁmm@[mckﬁ@ metric based on the
tho val de. - he (0BT FPe plorksP shpleda REirdBE aiien@ed BP0k 0BT ng
3 1 JUL Mand if any Logic Transport Unit (LTU) passed CRC. The CDMA 2000 standard
- provides for a division of a frame into smaller LTU’s when the data rate is 19.2 kbps or
higher. Each of the LTU’s includes CRC quality indicator bits as part of the LTU. The
- CRC bits in each LTU are separate and distinct from the frame quality indicator CRC

D bits that are part of the Forward Supplemental Channel frame structure. Decision block
350 initiallji checks to see if the data rate is higher than 19.2 kbps. If so, the frame is
structured as multiple LTU’s with each LTU having frame quality indicator CRC bits.

'-ADecision block 350 examines each LTU to see if any individual LTU within the ;frame
passes CRC. I an LTU passes CRC the algorithm proceeds to block 354 where the
frame is charabterized as an Erasure. The algorithm proceeds from block 354 to block
370 where it is done.

[0057]  Altematively, when processing power or DTX detection speed is at a
premium, block 350-may be omitted and the algorithm may proceed from decision block
324 directly to decision block 360 if convolutional coding is used on the frame. The
cost of eliminating decision block 350 may be a higher rate of detection errors where

Erasure frames are mis-characterized as DTX frames. The slight increase in false DTX



WO 03/065613v r PCUUS03/ 02914 predeterm ned second netric éh{ Q|z,hol The
predeterm ned second netric threshold may be set to any de ant
by mani pulwoiowg(v%he val ue of the g20 constant. However, tWer/Us03/02914
predeterm ned second netric threshol d may conveniently be set to zero by
mani pul ati ng the val ue of t he constant @20 in the second generator
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characterized as an Erasure. The al gor| en proceeds to block 370
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bl ock 340, if the i on hl ck det S t cond si gnal
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different signal quality netric if the frame is_conyvolutionally. encoded.

| f deci si dhe pAmefcRovernzg aEFé‘t et readerndt anafysisiworHd ngedstorks periormes Bder t hen

deci o1 on. tF ppEaRy VnelicBRR ibre SERR if M1 SRALIIRASGIBLPSRECS | 0,
rate i s above J005B1KbpRetuaiifls tcfde%ﬁibnltﬂ@kCSSﬁ[ Hnhepadth rdthistledslifidnlo. PRSSLd

CRC. The CDMA 2000 standard provides for a division of a franme into
smal | er LTwikneuseaf thinbTHAs pass 4IRC.ithe aigorithrbproceasls to hlaghS60 tEexsming thehe

LTU i nclud CRC | . i ngj r-b ) f. TU. The
bi ts i edDR feh dreiibh ot o B Su Bhidues s hetal e pdty i &
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frame structure. Decision block 550 initially checks to see if the data
rate i s hiaghist 2 heedetednided fipst mdtfic dloeshohk Asavas the casst fon theuseoondmetric

I | h h | d CRC b :
Doct s/ on BhBetSshe crafsminednint ppi Brenald aghy' #ha ra saroe 0o ni n
the franme ppasses tﬁBthtttIeaaf Ui RASSRRGRE IS AL 90 W BPERBRES 1P

bl ock 354- vvhere the franme i1s charaCterized as an Erasufe. The al gorithm
proceeds fdefing Bleomins@by it dhédfioe lgene3?Or phlgnamial such thenidie Pr@BEThined first

Al ternativel n 0Cessi ower or DTX detection speed is at a

preni um HP?%(F( l@@g W;Paiblée ‘tg¥ % and the al gorithm may proceed from

dect si on bl ock o4 diyiebloy g1 ARG ShiRdlh Gek 1560 L iraCORY Glahiranat,
ock

coding is used on ranme cost o i'm nati1ng decisi
may be a hlegkien bﬂc&:fkéﬁﬂf cltekewtseoif the fint signdl euelity metric is greater than zero. If

350

50, the algorithm proceeds to block 364 and characterizes the frame as an Erasure. The
algorithm then proceeds to block 370 where it is done. _
[0060]  Returning to decision block 360, if the first signal quality metric is
not greater than zero, i.e. the quahty metric is less than or equal to zero, the algorithm is
routed to block 362 where the frame is characterized as a DTX occurrence. From block
362 the algorithm proceeds to biock 370 where it is done. ‘
[0061]  Thus, it can be seen that a multi-dimensional signal quélity metric
may be used to provide accurate DTX detection. While the discussion above
concentrated on a receiver operating in 2 MS on the F-SCH signal, it may be seen that
the general concepts of a multi-dimensional signal quality metric for use in a DTX
detection algorithm are equally applicable to implementation at a base station or base
station controller for DTX detection of reverse link signals. Additionally, the MS may
incorporate the same concepts in DTX detection on any forward link channel capable of

DTX.




-Erasure franes are mis-characterized as DTX franes. The sl i$I1tJli“pc,guggse
in false DTX 3 1 JUL 2006 WO 03/ 065613 PCT/ US03/ 02914 16 ‘“detections,
when t he. Wirgesidhoul d have been characteri zed as an Er asBEEUSIRI206S
characterized as DTX, may be acceptabl g; depending on the |evel of the
increase and the corresponding inprovenent in DTX detection where
previously t he{[ﬁkﬂ%“ UTHBHRY KRS thd %Wiﬂ%ﬁd&stfaﬁél St Rlf8aMon! 40d! sfidhisOn-
Recal| that fal'se DIX indications potentially decrease the signal

gual i ty atmaythe represintel usnig iny dfal weletr afstiff@enindciiatagiessand seokniguad. | or
decrease overall _link capacity and performance for all other receivers
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of the LTU s pass CRC, the algorithm proceeds to block 360 to exam ne the
first si g@aqﬂ0§eenriwy0%bmaaon Bk 360 computes the first signal quality.

metric if a ' | ock ch n al t he val The
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" threshol dlogial Wstks, NBodulas @irbifs, it alg66@RstERY ddseribddinesoinédliontvith the
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. because ofmbhdimentsudiseleseddierainangy bes implomentad @6 efpsiromioiasdwarg.t compptese

i ent define.th tants 4n the first | i gl
such that SOREEr S SO P an g ey bt dhReiienBiablay
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deci sion bl ock 360, checks to see if the first &ggf quality nmetric is
great er t lseps havedeen flescybed shnye gkngsally imrtepasoefdbeis lunctipadick Wh4thanshch
characteri.zes t f.rane, as Erasure. The _.algorithmthen proceeds to

bl ock 370 TIRaPRALTY if dsHaeniido b ARG PR R Ve eSS Gop| Bt wadegrr, |
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quality metric is less than or equal to zero, the"algorithmis routed to
bl ock 362 implement the desertedifsnaivarliytie vanng seyafdEiclh pedicnian epplickiam

bl ock 362 the algorithm proceeds to .blogck 370 where it is done. [0061)
Thus, it i’&‘?ﬁ“ﬁ’é g WCPWHE’EQ"%?‘E% shopldeot PoitsPetegiAsIcaying # fspagare fram gy
be used t%e&'&@%&&ﬁh@@fé@éﬁqrﬁleﬁ}]—%.da ection. Wile, the discussion above

. concentrated on a recelver operating in a M5 on the F-SCH signal, it may
be seen that {004hencllal wdooepflastofiva ogidal - blionkes) smedales,s iagdatirapi@l ity

metric for, use in a DTX
wdescribed 1n connection with the embodiments disclosed herein may be implemented ox

performed with a general purpose processor, a dlgltal signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA)
) or other programmable logic device, discrete gate or tlfansistoi‘ logic, discrete hardware
components, or any combination thereof designed to perform .the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional procé‘:ssor, controller, microcontrolier, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
INiCroprocessors, one Or more microprocessors in conjunction with a DSP core, or any
other such configuration. ‘
[0065]  The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module

may reside in RAM memory, flash memory, ROM memory, EPROM memory,



detection algorithmare equally applicable to inplenentation atﬁ béﬁfﬁ
station or base station controller for DTX detection of revar L|
signal s. Adgissioeasd |y, the M5 may incorporate the same copepphphéysDTX
detection on any forward |ink channel capable of DTX 3 1 JUL 2006 WO
03/ 065613~ PCT/ US03/ 02914 17 [0062] TH8se of skill in the art will

understand_that information and signals my _be represented using any of
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r epresent ethe lpyocessol sadethe processortcan reddeaforoaton €long andwaste infgneddncto,

fields or particles, optical fields or particles, or anﬁ)gc_onbi nation
thereof . [Doctragnediver dnithe alipmptive, thy,sforags Fpedinay way thgt integeal vartheus

illustratiy gigal ocks i fLeui .al_goyd st
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of both. To clearly illustrate this interchangeability of hardware and

sof t war e, thamprengssor land she storage rassiityo mean wside [2p dkssretareeiupensntscinramobide  and

st eps have been, descr.i bed. above. gene ly interns of their
functi onal ?t?%}?“’bﬁst“ﬁﬁf’n’s‘ﬁ&?se%tﬁ 9°8ﬁ§41‘7r¥y is inplenmented as hardware or
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i nposed on the overall syStem Skilled artisans may inplenent the

descri bed é¢nablet anynpersany skileds ar yhen gt viayrsakieoor . esecthe (raesent uivantierpp Maciaus on,
but such inplenentatign decisions shoul d nat be interpreted as.causing a
depar t ur e FPORFATHS 1 Hi5ss cppotimenty, WILhs b iRBet 1 Bogaibngr Aus (7
11 ustratiyg hogidedl g?ih@léyﬁ,deﬁﬁ&l'h&ém RRAFbE il &S othlr S8P&dIRAE without
connection wth the enpodi ments di scl oseéd herein may be inplenented or
per f or med diptitting fpem EreadpigpiuorzosEe @f the amsorion. aloliy iealnveitipnadk nplr intcedsbr
ODSP), an lication specific integrated,citcuit (ASIC), a fjeld
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di screte N [ b iesGhel BihBEdRESEy. Conmponents, or any
conbi nat i g@?ﬁ%@eoﬁﬁg‘g&?@ng’é&?&% glg‘r“?g?%ﬁt heSf uncti ([}ﬁg descri bed herein.
A general purpose processor nmay be a m croprocessor, but in the
alternative, the processor may be. any conventional processor,

controller, mcrocontroller, or state n'achi.ne. A processor may al so be
i npl enented as a conbi nati on of conputing :




devices, e.g., a conbination of a DSP and a m croprocessor, a pluralit
of m croprocessors, one or nbre m Croprocessors in conjuncti ¥l Zﬂ)ﬁﬁ
DSP core, or any other such configuration. [00651 The steps of a nethod
or algorithm described in connection with the enbodi nments disclosed
herein may be enbodied directly in hardware, in a software nodule
executed by a processor, or in a conbination of the twd. A software
nodule may reside in RAM nenory, flash nenory, ROM nenory, EPROM nenory,
3 1 JUL 2006 WO 03/06.5613 PCT/US03/ 02914 18 EEPROM nenory, registers,
hard di sSRYHATHEGIAIMED d$:sk, a CD-ROM or any other formof storage
medi um known in the art. An exenplary storage nmediumis coupled to the
processor such the processor can read information from and wite

i nformation t?, the storage nedium In the alternative, iﬁ_e sf or age

medi um may be li nt eft ACORPURiGatondeyices 8 discontipuous Eansaussion R Xrfetestol age
medi um MRympAShge in an ASIC. The ASIC nmay reside in a nobile station,
base station, or base station controller. In the alternative, the
processor andnehes ot engtgpingadnulthdimensiongl gheliyometrisiandt e conponents in a

nobile stati ion [ . ) iQn ntrol Ler. .[00661.The
previ ous desc%ﬁ?slb%gg%%&%{éﬁ% %chgggcgﬁ%:}%%g%%eﬁgﬁﬁ@e I gﬁlﬁcrhg{ﬂn %‘é’&gtqggmgnabl e
any per sametskwhéreid thoumehis far genbatin@the narltidatershmapfuaionhetio ¢empties .

Various nodifications o these enpodinments will be readily apparent to
those skilled in tH’@anaSrf%’{ gengring Ry HalitY g b?é?‘b?‘é%ﬁésépi)l\ﬂ/’@@“ﬁ&a&@n Ry

be applied to ot hepeeiagy MRy b ttond UGRAL |Mdrik  GiEkd N %Pisédg‘iédor

scope of the invention. Thus, the invention iIs not Intended to

limted tpolynbmiadnbodi ments shown herein but is to be accorded the w dest
scope consistent with the principles and novel features disclosed
herein. JUL 2096 19 WHAT IS CLAIMED IS: | . In a communi cation device, a
di sconti nuous transm ssion (DTX) detector conprising: nmeans for

generating a nulti-dinensional .quality nmetric; and means for
characterizing a r Egggﬁg‘@ﬁp el Gloim | adhsgein fothbe Bt and geqond Srbmamialy e ¢y

e Ti . WRRHRIGrh B VRARS L0FY, QAR 8, e Jard 2 Rplekdrn BbRRARIsPBista Y
X and Y represent two dimensions of the multi-dimensional quality metric.

3. The device of Claim 2, wherein the polynomial constants for the first

quality metric are different from the polynomial constants for the second quality metric.

4. The device of Claim 2, wherein:
the first polynomial is —~290 + 0.014 X + 53 Y; and
the second polynomial is ~181 + 0.021 X + 24 Y.

5. The device of Claim 1, wherein the received frame is characterized using

the first quality metric when the received frame is a convolutionally encoded frame.

6. The device of Claim 5, wherein the received frame is characterized as a

DTX if the first quality metric is less than or equal to a predetermined threshold.



means for generating a first quality netric based on a first polynom al;
and neans for generating a second quality nmetric based on a Seﬁ%ﬂdJUL 28%
polynom al. 2. The device of Claim1l wherein both the first and second

pol ynomi als are of the formgO 4- gl*X + g2*Y, where gO, gl, and g2
represent polynom al constants and »gand Y represent two di nensions of
the nmulti-dinmensional quality nmetric. 3. The device of Caim2, wherein

t he pol ynom al constants for the first quality netric are different from
t he pol ynom al constants for the second quality netric. 4. The device of
Claim2, wherein: the first polynomal is -290 + 0.014 X + 53 Y; and the
second polynomal is -181 + 0.021 X + 24 Y. 5. The device of Caiml,

wherein the recei Vers §E&ad®of Slafl3! At (BE ookl Gramen® chdrhcibriAH AL ah Y
metric when the received frane is a convolutionally encoded frane. 6. The

devi ce ofEraspeifibs firstiqeplity metticisceeatdr W afpredeterininediibiesholdr i zed as a  DTX
if the first quality nmetric is less than or equal to a predeterm ned
threshold. JUL 2006 20 7. The device of Cdaimb5, wherein the received

frame is characterjzed as Erasure if the first qualjty netric is
greater than & pr etﬁ_é‘? g‘?vﬁ"f%‘gfnamf‘ﬁ‘_? sHEFE" the reﬁﬁ'ge‘iijg@\“gés Bl?ar%/f!t%ﬁzﬁfl ¥i@her ei n
t he receipeadedndamlity meHaiaeh feird R ed Fah@ is 4 RPbS&eNsH BMaéi ty netric when
the received frane is a turbo encoded frane. 9. The device of C aimS8,

wherein the received frane is characterized as a DIX if the second
quality nmetric is less than a predeterm ned threshold. 10.- The devi ce of
Cl ai m 8, wher 8i n thbe dexded v Glaim Bpwwherie therractied frmde dssclamctdiizeadas e i f

t he seco | it tri.c i s .great than,or e t0 predet er m ned

t hr eshol E)fjr}gli@‘e ﬁ@‘%?"@'éngf‘gﬁelﬁ?sﬁflﬂ{a%@&@f’ﬂ‘%&” lbcijrﬁrl'uni cation device
is one of a CDMA base station, CDNM base station controller, or CDVA
nobi |l e station.

10.  The device of Claim 8, wherein the received frame is characterized as an

Erasure if the second quality metric is greater than or equal to a predetermined threshold.

11.  The device of Claim 1, wherein the communication device is one of a

CDMA base station, CDMA base station controller, or CDMA mobile station.



