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Background Field [0001] The invention relates to digital conmunications.
More partwouBasicy3 the invention relates to disconti nuou®Crrnanynisssi on
(DTX) detection. Description of the Retat ed Art [0002] Wreless

comuni cati on systens are wi dely 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 (CDMA), tine division multiple access
(TDVA), or some OPISCONTINUOUS TRANSMISSEON (BTCONBETECIHONT ovi des certain
advant ages over other types of systens. For exanple, a CDVA system provides
i ncreased system capacity. [0003] A CDVA system nmay be designed to support
one or nore CDVA standards such a£agdgro Tel ecommuni cati ons I ndustry
Associ at |19g (TIA)/Electronic Industries Association (EIA) "TIA El A-95-B
Mobi | e St n- Base Station Conpatibility Standard for Dual - Mode W deband
Spread Spect r ugo@e]l | ulTae iSwestieiirelbfel € Uigidbcommanidatahs, Ndje parecidadydar d

of fered by a consortium nanmed "3rd Ceneration Partnership Project" (3GPP)
and enbodheéhvientien ratesgp dirsentiraeus trppranisdemhdP DO daiesionNos. 3G TS 25. 211,
3G TS 25.212, 3G TS 25.213, and 3G TS 25. 214 (the WCDMA standard), (3)

the standard offer , consortium naned "3rd Generation Partnership

Pr oj ect Leoly Fovgddied in a set of docunents including "C. S0002-A
Physi cal Layer &ﬁnd% QT cSATRREARRYSaMs FRE Gl RpidyBITo probiRle

"C. S0005- A Upper Layer Layer 3) Signaling Standard for cdrrazo%o Spr ead
Spect r um Gyisuegpes oft nokntnlumcéﬁbrﬁﬂ&hzhs voihea 280.0and sghonRalleesPaysans May A r
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t el ephone systéns are parti ed to carrying data over the

al | ocat edadvantapes owdri atherc e alf ssystemsi s Fopesaimplee af GPMAesystgst pravides

dedi cate a channel to a user, via the user's Mobile Station (M), in order
to acconplmp’?ﬁsedasb’ﬁemrcéﬂ%crﬁ’ssr on. 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) "TIA/EIA-95-B Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System" (the IS-95
standard), (2) the standard offered by a consortium named "3rd Generation Partnership
Project" (3GPP) and embodied in a set of documents including Document 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 offered by a consortium named "3rd Generation Partnership Project 2"
(3GPP2) and embodied in a set of documents including "C.S0002-A Physical Layer
Standard for cdma2000 Spread Spectrum Systems," the "C.S0005-A Upper Layer (Layer
3) Signaling Standard for cdma2000 Spread Spectrum Systems,” and the "C.S0024
cdma2000 High Rate Packet Data Air Interface Specification" (the cdma2000 standard),
and (4) some other standards.

[0004] Wireless telephone systems are capable of carrying both voice and
data over the allocated communication channels. Digital wireless telephone systems are
particularly suited to carrying 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 continuously



preferabl e when the anticipated data transm ssion is continuous. Wth a
conti nuously WO 03/065613 PCT/ US03/ 02914 2 active channel, the user is
able to eWDiosioewsid y transmit or receive a continuous dataPsmresasm2oover the
al | ocated active channel of the conmuni,cati on system However, the
exploding increase of packet data appli cations, such as those used when

ing of packet data_ ons, such as |
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sent fronoeerhhs sllehediaotive chaanslolf tHeccosdmiinicationrsystems FRgvever, yexphatling onl y
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systens have recogni zed the desire for (gacket data applications over
wi rel ess BISA¥REEIEs Mayhece Snlyh & qHetly andat maycerinbey slgsitable tpadleeate dat a and
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to a receiver over a channel does not occur continuously but may be cycled
on and of o copmectrteceicyote Reswprkeil a dogtipepusiachve phanpelopis heciedigated ianthe ng

when a Si@&%ﬁmW%? transmtted or when there is a lack of a signal. A
recei ver nay eAst y make the DTX detection decision under ideal channel

condi tions. Thegostei VEe Waididrsdefmaaitiesk etelepRorer %‘&&iﬂﬂst hek sdcBpabad ag t hey
arrive and realize that lack of a signal to denodul ate indicates that the

transmi t t desitesfor gnagleayidatp ApPLOFUONSaPNET | wirglessf lennalst Theadesignensi haye salso gnal .
[ 0007] However. r eal rld ¢ ni catj | ink does. not operate under
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i deal  depRdUbiahAéls thit @rel @Rl comBihehsAPRLHGAHuP Rathst, iRk oY His@sHiRuodsadi ng,
path | oss, noise, and interference corrupt the signal incident on the

recei ver . tragiaiissiondPTX). t he receiver denodulator is not ideal and may not
accurately de | ate every received signal. The result of non-idea
charact or | st o8t » P48 s ol Fafistion R HTBHET RO CEFPS PYSom tt ed
si gnal W tlanfelcds ABAbdcHr %tﬂﬁ&@lﬁbﬁﬁnﬁﬁﬁ@&’ﬁ:ﬂedt&Paﬁdrcffﬂs'mlé teebiveak@hen -
faced with the problem of determining when a signal was transmitted or when there is a
lack 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 tran;nﬂtting a signal.
[0007] 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 ephone system
all users transmt in the sane bandwi dth at the sane tine and each user's
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t he probl enms asso iate ewhth g.snon-.idegl link fromthe transmtter to the
recei ver . “XHIBEES 166 PO IPERKES i s used to control transmission

power on both ydypef or V&@_rt?pi_@ﬁldcmﬁr&ﬁmhhﬂkﬁidn%ﬁte@@'\ﬂ%@sﬂéﬁis&ﬂlodﬂ‘g&x‘vé&sed
| oop control, a transmSsion is nade, a neasurenment is made at the

recei ver, cenitblf e Hblac klldviate rthey i pdelelems cassdpdated awithiat nen-iddadding] from theosed

| oop power control, the recejver acks the performnce o denodul at or
and cal culETORUE bt REelfa s FOSeHIoRE ORI RECFa R g Greoniel yRBET ey
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bit to nolise power ratio (E(err)/N(err)). The receiver perfornance may be

char act er a zrdsroissipn isamadsd a Bfeasurpmbiitas m)ade at the seceineh antl iegdbackois pbeadldd t y of
det ecti on itzl known. for a given Eb/Nt value. Alternatively, the receiver
may esti it BCEAYRYSE signal error rate based on its ability to correctly

recover the regapyed RiceRad lcﬁa@%o%}‘cb&ﬁf‘ol,ttﬂé SeRivVePlradi@like ﬁe?f&r&%née%eai ved
signal metric. Then, the receiver comunicates a power control signal back

to the trdesodtloter abdetlcilstehaseadric that pabdsed ontthe quality ol 8ot weagvel sigmtlr i c.

For exanple, when the received Eb/Nt is high or the denodul ated signal
error raté TiyglcF‘]oW,etr’cCHése&é‘bgie\fﬁ‘fel%rﬁr{]ﬁi rE%Ft“geéi %&%’rpeﬁé’ﬁttf’&‘nseiWﬁﬁﬁ onto
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power to the particular receiver. versely, when the received Eb/Nt is
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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 Ey/N; is high or the
demodulated signal 'error rate is low, the receiver communicates power control
information to the transmitter that allows the transmitter to decrease the transmitted
power to the particular receiver. Conversely, when the received Ey/N; is low, or the
recovered signal error 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 actually
transmitted. The receiver uses a DTX detection algorithm to determine whether or not
data was transmitted.

[0012]  Errors in the DTX detection algorithm of a single receiver potentially
affect the entire communication link. The DTX detection algorithm of a particular

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



recovery. In addition to the problemof not being able to correctly

denodul ate transmtted data, the receiver nust al so determ ne whether or
not data we3acteunl |y transmtted. The receiver uses a DPETAS0&eMiHN

al gorithmto determ ne whether or not 4data was transmtted. [0012] Errors
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detecting discontinuous transm ssion (DTX) over a communication channel. A
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Summary

[0014] Novel techniques are disclosed for detecting discontinuous
transmission (DTX) over a communication channel. 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 second 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 dinmension and re-encoded
synbol error count as a second dinension. Alternatively, normalized

r e- encodewOgMtsii3 energy may be used as the second di men®caruse$/odme
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
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di rension. The conmputed value is conpared agai nst a predeterm ned
threshold and the franme is characterized based on the results of the
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Description of the Drawi ngs [0015] The features, objects, and advantages of
t he i nventmoonapparént feswo the datajled depgriptiontset fasth belew ddteai thleed idsoujunplioron set

forth bel o en taken in conjunction. with the drawn i n_which.like
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[0016] Fi ﬂiﬂé@%hl)ui SndBwhdragram il lustrating a wirel ess conmmuni cati on system

i npl enenti ng DTX detection. [0017] Figure 2 is a block diagramof a

recei ver inpl ef@¥ds6] ng Figxe det 2diagom 1l00k8hg @i yireless3cansmunitdtow syktent of a
DTX detectiqn algor'ﬁﬁgﬂ Det ai | ed Description of Enbodi ments [0019] The
CDMVA 2000 BR'EHES lbng GE8%Rine radi o configurations for the Forward
Traffic C*"'annepoﬁre spighel 8 Lhatpigay cﬁ%rﬁr‘haﬂﬁrﬂ t &P NinipandrinpapdxTr af f i c
Channel are defined to include a Forward Dedi cated Contraol Channel

( F- DCCH) , detectfeax: war d Fundanent al Channel (F-FCH), a Forward Power Control
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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 capabl e of
di sconti nuous transm ssi onDetailed Pesargsienof EnfbedFadBCH, 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 Fundamental Channel (F-FCH), a Forward Power Control Subchannel,
Forward Supplemental Code Channels (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 frame 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 Channel are defined to include a Reverse Dedicated Control
Channel, a Reverse Fundamental Channel, a Reverse Supplemental 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 transmssion is made on a franme by frane
basis. [0020] The CDVA 2000 standard al so provides for six different radio
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the 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.

[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 more 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 frane does not contain bit errors. [0025] Erasure -
the algorithmindicates a frane was transmtted but the decoded frane
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[0029] A BS 110a may communicate 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 order to accurately determine when the BS 110a is
transmitting data and when the BS 110a 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 a 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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capi tal i zegn@npdthe Thé kédryhed22a hdMissign a signal from a particular signal path to a
particular finger 2243—224c depending on the signal strength from that particular signal
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-224c¢ 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 to a second initially uncorrelated multipath signal

that corresponds to a second path length from the transmitter to the receiver 200. Each



systemto differentiate between snmall tinme differences of received signals
by assigning each finger 224a-224c of the rake receiver 220 to a different
ti me del ayod3maepy3 of the desired signal. A searcher 222 iPSTUS501904
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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
receiver thus represents an aligned signal.

[0034] The coherently combined output from the rake receiver 220,
representing the aligned signal, 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 méy
be caused, for example, by a fast signal fade due to destructively combining 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 to interleaving at the BS. The deinterleaved symbols are then coupled to

the input of a decoder 240.



The correlation also is used to despread the signal assigned to the finger
224a-224c. After making the tine alignnment determ nation, the finger
224a- 224cwariBine®13 he despread signal val ues to a correspeadiusgs/meisf er
226a- 226¢c. The despread signals val uei witten into the correspondi ng
buffers 226a-226c¢c represent tine align % versions of the sane desired
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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 Ep/N;, may
be used in the DTX determination. However, such a single dimension quality metric
may not perform as well as a multi-dimension quality metric. A single dimension
quality metric based on E,/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
quality 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



turbo encoded. The decoded bits that are outputted fromthe decoder 240 may
al so include other signal quality indicators such as parity bits or Cyclic
RedundancyOo@imeie13 (CRC) bits. [0037] The decoded bits arePcadsozo a DIX
detector 250 that may make a DTX det e{{n' nation on a frame by frame basis

because that may be the sane rate that"the DTX decision is nade at the BS.

The DTX d 250 ; S ! ) e
o make ¢ RECFParnoY Bt SECoded ol Besiforle s B ofLAGHR, LEGRR Uil ©r et

char act er iygfile &% dcolidientasls aifviel) skhighdbrwiaed behputatidie TheefOl i@giredess oft i on.
As described in nore detail below, the DTX detector 250 calculates a
nul ti - di mensicodimg thgudecoded it pnd cemparingethetmengedad; synihels ethereeived

determ nation., The DTX detector 250 may .us i | - oder
260" as. werTHAYS PG REHEDM Erile REprorr Rty Epg oRbA bl B B BBEC T
cal cul ati g Rbodd?24a4R! felehchBdNistrg thO I FEC 2igegitien dketBiRghOBS ATahd, the
metric, such as one based on Eb/Nt, nay be used in the DTX determ nation.

However, Reeincadesi26fiperfdimeowivointipnal éncgdingif the deneder 340 ppdeundnYidabivel | as
[ ti-di i it tric. A Si di i i ic, b d

o M1 Ourenton Shall L T 4 S e LB 90 aual i MRk eu boset

receiver alfo '&9&0(&% rehaREInc ittt 280 %%b%%ﬁelgﬂeﬁna%-%ﬂ%e@-g m®6f &fekdyONThe

performance when there are correl ate ngers in the rake receiver. It is
possi bl e t®enddéd sgmbolDI¥érgie eyt beocrlallged by Hakingisagh bothcwled ghmbdli mehsi on

quality nmetrics and nulti-dinmension quality netric er si ngl

di mensi on RUEPYIDG by Garrespanding iﬂz‘t ‘%ﬂlsg}%@%@&\)’?fi%ﬁ %ﬁ%‘?fﬁ%&?g‘?% BarﬁBF
correl ate i t 1 hadi i 1 ‘he o

nel ght ed sy R b R o e e et b BER L 3e pu
of the degosléy o246k inpuakignalc cipkreplained belRe-ienchden t@Figure Thhisdie codilug

process may be much npre conputationally_jntensiye than e odi WO
03/ 065613 tatmaydesprpyided tosthe Syl &@?tﬁﬁﬁé a3 1 HmErion H£ gﬁeﬁﬂge‘ﬂu es

decisionsn?eﬁ o the probability of each bit while the encoder entails a
fairly strarghtforward conputation. Therefore, the process of re-encoding
t he decoded bi {@048nd COPREIAGOdeh260 provides diedresstbdéd dite té hSymboEExred
synbols may be used to generate an error netric. The decoded bits that are
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decoder 240. The SER detector 270 compares the re-encoded symbols to the estimate of
the received symbol data and counts the number of discrepancies between the re-
encoded symbol data and the received symbol data. In addition to any CRC bits, the
SER values help provide a determination of whether the frame has errors. The SER
detector 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



decodi ng and the Re-encoder 260 perforns turbo encoding if the decoder 240
performed turbo decoding. The Re-encoder 260 al so generates a re-encoded
synbol ernwogy/065bhe re- encoded synmbol energy may be cal culpardasobg2otaki ng
each re-encoded synbol and nmultiplyi n?% by a correspondi ng soft deci sion
val ue derived in the decoder 240 as part of the decoding process. Thus,

the re-encpded s ol _enet vari.es  as.a. functi 0 I t he
i nput si gﬁg WrgAg}“e{(t))() ﬁlngﬁlﬁlégﬂ[v)c IPB% tﬁﬂCkr gﬂtgnl %hrr% {eg&%rg%?de%g ,a t?%‘l%éél\lt)% @%al ue
that may kgow)a%t daskht e kdreiver 2061 &t I TRS R BSoril GedHdeR24M0 itp@frotities DTX
quality metri'c. [0040] The Re-encoder 260 provides the re-encoded data to

a Synbol BpssthilitiReare n¢SERWndhepkpokes etelarity270. The SER detector 270

recei ves the re- oded synbol s rom,t re-enc r 260 and,an esti mate of
the recei ved si‘?ﬂeﬁ@ da‘gaplé?est“l"rezﬂﬁ?ﬂ%ffd;?q H@moﬁ%ggﬁerpa& 6.“8%4@0 §Eﬁl‘éf‘et ect or
270 Coma@%eésm‘gt E&ﬁér&%ﬁﬁoﬁfﬂi‘%ﬁéust BlodiRewRihi thBtReREr 2001eThEpRIYQE: Sy Mol

data and counts e nunber of discrepancies between the re- encoded synbol

data and ©2B8@ mayawentrebths yanhlop geat &f. variouaedplificrstiges amyheatlos stagch210 SER

val ues hel p provide a determ nation of ther_the frame_has errors. The
SER det eét @fm?f@nnéytoﬁ%aaﬁi%nt%t@ag@@&i‘%of\raﬁ)% PEQFEINE 2Bf Y8 DERA 250

as a di ”93:?519{1 collds 51{]ﬁnnﬁrg<{%gx%getsyus@§tiﬁitﬁe r&l&oéééivécbwlogl hatyI¥EaLEed 1o

i npl enent at1 ons nay 'ty to use S count as di mension in
the si gnalpréytidd tht ohatit sumniap fiktiba 228 aTHwadterconfcaorndiahe progesson80
saturate the SER count to a _nunber of hits in order tolimt the resources
used to dupborariope skers aadihe cpresronde Broctipis of ithe dBiEIRoARGHENR 30l ue to

ed to Suih B aadrife o | t PERTch
" epr osent PRGNS oy abiekimple b BE M7 AR 006 LATEOIBAEH, o 1

t he dynamigedcangetibiedr faBotidne of gpmesesioed8®y the count. Thus, depending on
the dynam c range required for DTX detection, eight bits nmay not grovi de
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Returning to the bl ock diagra .he. oyt fe ot h £ so be
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within the receiver 200 or a transceiver (not shown) for which the
recei ver 200 calledh Phe algofithen wdidgallyi meesedsitocdsgisiorptlock 31§ wheredtitesisgo see

possi bi 11 tlf z? &ogcrl ?raPn%twgshr%\c,\Qvécf " ARG Re r%fay cble a\%{‘i idd 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
errors, or the number of bit errors may have been small enough to be corrected 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 algorithm proceeds to block 320. In block 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 +g2*¥Y



[ 0043] A processor 280 coupled to nenory 290 may be used to provide
processi ng power or control for various blocks within the receiver 200. The
processorw028063my control the anal og gain of various anplPCiEN3/e9ages in

t he RF/ anal og stage 210 as part of an, Automatic Gain Control (AGC) | oop.
The processor 280 nmay generate Wl sh 1: des or timng references used in
the rake receiver 220 or may be used to provide the coherent summ ng
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The signal |inkOWE) bellsicopspniscghrayghgg?ymayhs theisame onpwy ke dHfarenter r or s,

or the nu f_.hi y: . he ear ted

during dg@gcgllgﬁgatEéésﬁgqlégeﬁsﬁem@g%gg andf)%l' gnaquilejahlﬁ)t%i §/ﬁé}n%§gaateor S,
such as CRérd¥pbisding BeksEand fin ilkagcoidgeefanadpdlymumiatiaicarthatrthé tvon genevaoy | ow
probability. Thus, the DITX detection algorithm 300 proceeds to block 312
and is doﬁ@lymmtaﬂﬁearamgbkdiemmﬂ-dEh%v%ﬁqﬁé§aglcu@5@anqrataﬁﬁolmnﬁab@ea%@m 3 0045]

Fecer ved. e e, ¥l dy dbady JIOHE BRBGROR br el Bfvep BRSO |
prepares fither \Gatdilabdlow. t ITAE vahjes d6eiie thistaitsyey0sigdnand g2t e each of the

mul ti-di mensional signal quality netric. In block 320, the algorithm
i npl enent generatoo PalyRemiAlo AEY &G gefarmiged erpjriGaly r psingHatningg algeyithgys that

di mensi on 1S, .an r. bi I L

ai monsi oncoRerdsig e b R prtidrad 3 JROLAE, RREBOLRERLS A TSRRIR,
earlier, ag HERnebod oMRYstBguaresili gided HEttraRed Lagkdn@t Miteipotati®R COMsbme
di rension. The two di nensions are used as variables in a generator

pol ynoni abthsapelgomaiayappspsimation iechaiane to dejermyne the.pepynenyg 3starseEach

PCT/ USD3/ %gl%gnﬁa%?i’s optimized for the particﬁlar choices of dimension. In the 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 gl0 = -290, gl1 = 0.014, and gl12 = 53.
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 from 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 per 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



[ 0046] The values g0, gl, and g2 represent predeterm ned constants. The
DTX detection algorithm 300 may use nore than one generator polynomal to
gener at e womBe6ishan one signal quality nmetric. The DTX detreatisosomigorithm
300 shown in Figure 3 uses two genera%gr pol ynom al s having the form

gl (X Y)=gl Otgl | *X+gl2*Y g2(X, Y) =g + g21 * X + g22 * Y [0047] The

constant s me%o nﬁ?@%ﬁ?&&cﬂ%ﬁﬁe@ml tZ)?hetr r&?%’lsdﬁ 'aﬁalﬂ OIﬁ?/t}[icQ €1 i tfsl(%] Nagm.d tdatle?t?ér} hough

at | east one cons I'Tst gererator nom a oul'd er from

a corresprodihng 3005w tin Pigurd 8, asconite gaal gldity PN @ohcddted usifg tthat t he
two generator polynomi als are not identical. The use of a particular

gener at or gt Bphmenial. 23 CgeXeristmugally exelagive ohvuse wf e sigoalygualige tEr on t he

configuration.of t.he receiver.. a plAain i furth ' e The
Cal uea"t ol shBE i€ Coyf bopfmERAL" S, Vihust it ek REGIN
pol ynoni akig s@tlondeifesmknay Sapsa(Ke af)l vhtill She ehetricdi 4k R@tuall@aeditednm 4 hat

converge to a value based on an iterative process. The pol ynom al
appr oxi mablesk: may use the nethods of |east squares, divided differences,

Lagrange inter i on,, Or. SO ot her .pol yhom appr.axi nat i t echni que
Fo dot ormi ne-« ABL) v bt HeSeBRupdies 2 KOO 20 (SRRARSH BREKRRANIER s o
the parti eqdl AforiBR GBSkb sé MBAS kQBivet 1R dpBtRFRPHirARE tonfilRkAionQHatiuded he
flow chart of Figure 3 where the first dinension is energy per bit to noise

power r at comvahdionhecasretudionendéigo rTieslenodarafartheltwecalindypes epemioin
energy, the...constants f a first generat ol ynom.al ar. 19 = -290, g11
2o 01, ' ARG st andihu® e it e SRR b B AR S Y s i For
the sane ggRodi 358 Bty Tmetrid &at 1 98Micardd 93 pARBuIARE 2 pe HAOAS]

Ret ur ni ng%{yg blsg%? %1%0 (?heyg}legtgri t tt#n rra;/ca; ecei vepvari abl es ngtrg'g?n t he

f unct i onalhebhlgokithnh rtot ptimize eihe egenatatore polyegmind efoy she rchpesdterigiasephdhd vel y,

the algorithm recei ye c onents of the variables fromthe functional
bl ocks anﬁ%?%n&%iogertlﬁg’\fenéﬁ% D-yariabl e val ues. In block 320, the

al gori thm receypgzp] t herr GRAFRARNIS nlkbd RMRE, theNLL §ﬁ‘thﬁP‘ﬁ%ceed%“@ dRigaroded
synbol energy and cal cul ates the energy per bit To noise power ratio value

(Eb/ Nt) abtbckh330noiesd ileedalue-antod¥dvalabtolis ehekgy againge a fithdeteratigedt i t hm
ey COMBUL At ShnhShelL X TELCCo. 0. Block, 220 Cr ot delartie
aual 1Y, "SkEk ) U PRAEI 1 1 ol 62k 008 TRt sore
anot her makesniged of losne Thugnbd couespotding 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 E,/N; was less than the predetermined
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 predetermined threshold, the algorithm makes a closer examination of the received
frame before characterizing it as an Erasure or DTX occurrence. The algorithm
proceeds to decision block 340 where the value of the second signal quality metric is
examined.

[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 prior block has not already

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



WO 03/ 065613 PCT/ US03/02914 14 nmetric nutually exclusive of all other
signal quality netrics. In the DTX detection algorithm 300 shown in Figure
3, use ofwoDl/eieghal quality metric generated using the fcratSopaddyhoni al ,
gl (X, Y), is nutually exclusive of use of the signal quality nmetric
generated using the second pol ynom al ,1 2(X, Y). Thus, it may be preferable

to del t | cul at i f gl d : ' '
bt usl 1y aiedreaRny satond Beftle By TRES SrdRitmintt 4Bold picife BENAES, 205
to deci si gyleosdt B2hyiied doigtadl BP mdnipfilahiectke Muesop thd gheonistari ver is

operating in a radio configuration that uses convolutional coding or turbo
codi ng. Thewiseoothermsedatermings seepndemelitia ghreshrdd mayepayaniantly bg sefi tp fzesodit

manner and thus a djfferent . Signa uglity netric may, be used.f.or ch
Coding -t sseipoacisghe,vEhg BE i itRianf AL i e i s To el Rl 1 R
parti cul ar Gode At $¢PRd &lchfV§uality BieRlcdo mivt s HinORk, MeZ & 1k el NRAAbOT
pol ynom al for the characteristi'cs of the particular decoder

i npl ement atjiabmo z¢OOBR] algdrithimeprbearde fios denidion blvekdda to thheckaddgovhart the

D 00ES el Bl ot RGeS Beble OB R

cor  ospondt B S BT BRI P ihi ch the pr obabi ity of & frame bei ng
transmtted i s[0054] ThRsurdime te biccksPndf tige decsiabiblodky dethrantings K thier ame
b1 ook 530 Seren PIEHLATARAIICTIGs 153y PHLPE0 XIP & FERENARBR oS HRRSERH nod
DT occur PERa s e Al P LRy, e IBRAREDIEER ST £

pr edet er miwhesk it ishdo@s batcthe o it bearfioteivedi s characteri zed in bl ock 332, the
al gorithm proceeds to block 370 where it is done. [0052] Returning to

deci si on bl ock [#58] i fRetHEiRgiqudecstorERork 324, e Ala0EEYN thgphmippG o use a
pr edet er mdl}feder}tgr %fsaprg{la%t hagicak %rﬂre{‘rgéqs%h%ﬁu@o@llg%ﬁéod%ﬁa BRIt b18dk the
% ne % ore 8(1 r

received aracterizing it as an sure or DIX occurrence.

The al gor i3phietcphies aids tHeofrdae ek @bt hirac koddd Ghavhtheefrantte waatorvohiftionsigy second
signal quality metric is examned. [0053] In the DIX detection algorithm
300, the §Q@@1§d Thealgprithaathen progseqds; te decision block 350.

[0056] Decision block 350 checks to see if the data rate is above 19.2 kbps
and 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
bits that are part of the Forward Supplemental Channel frame structure. Decision block
350 initially 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.
Decision block 350 examines each LTU to see if any individual LTU within the frame
passes CRC. If an LTU passes CRC the algorithm proceeds to block 354 where the
frame is characterized as an Erasure. The algorithm proceeds from block 354 to block
370 where it is done.

[0057]  Alternatively, 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



is optimzed for turbo codes. Block 340 cal cul ates the value of the second
signal quality netric based on the second generator polynomal, if a prior
bl ock haswoat/ioedsnkady cal cul ated the val ue. The second quealriusp3/mdtsic is
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[0059] With the first metric threshold set to be zero, the algorithm, in
decision block 360, checks to see if the first signal quality metric is greater than zero. If
so, 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 quality 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 block 370 where it is done.

[0061] Thus, it can be seen that a multi-dimensional signal quality metric
may be used to provide accurate DTX detection. While the discussion above
concentrated on a receiver operating in a 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.



370 where it is done. [0057] Alternatively, when processing power or DTX
detection speed is at a premum block 350 may be omtted and the
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[0064] The various illustrative logical blocks, modules, and' circuits
described in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a diéital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or transistor 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 processor, controller, microcontroller, 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
Microprocessors, 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,



362 the algorithm proceeds to block 370 where it is done. [0061] Thus, it

can be seen that a nulti-dinensional signal quality netric may be used to
provi de awousatxm1DTX detection. Wil e the discussion abovecTamsages at ed on
a receiver operating in a Ms on the F-%CH signal, it may be seen that the
general concepts of a nulti-dinensi onal® si gnal quality netric for use in a
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di scl osed herein may be inplenmented or perfornmed with a general purpose
processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programable gate array (FPGA)




or other programmabl e | ogic device, discrete gate or transistor |ogic,

di screte hardware conponents, or any conbination thereof designed to

per f or m tWe oBwesstis ons descri bed herein. A general purpos@Cprisode®os my be
a mcroprocessor, but in the alter natl\é? the processor may be any
conventional processor, controller, ocontroller, or state nachine. A
processorm%ﬂ%mm ed as a conbi nation of conputing devices,
e.g., ac i P and a m croprocessor, a plurality of

m Croprocessors, one or nbre m croprocessors in conjunction with a DSP
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al gorithm descri bed in connection wt h the enbodinents disclosed herein

may be enisonipasingi rectly in hardware, in a software nodul e executed by a
processor, or |n a onbi nati on Oj{bthe tvvo A oft\éx?l dule may reside in
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CD-ROM or any other formof s orage medi um known in the art. An exenplary

st orage nedi umquslityaegitied to the processor such the processor can read
information from and wite information to, the storage nmedium In the
alternative, the storage nedium may be integral to the processor. The

processor and phe Stﬂéaﬁ&lé@(ﬁfuﬁwﬁy 1re\§lﬁéﬂ&n' Q ﬁﬁt%SIIﬂeofA‘%ecmﬂﬁy
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t he al t er Waneénsenal qﬂ@ltjpmmsan‘ecan@dtehagspaﬂagw nmeshi powemgatio: esi de as

di screte conponents in a nobile station, base station, or base station
controller. [0Q66] The preV|ous description of the di scl osed enbodi ments is
provided to erabl e TRAydpéses gh %Rﬁml?edwhqfelﬁlhé sgeend dimensionopf (e mHE-

br esent i BB @l oV e IVRILLRGAL) Qi @rbPESe eTbodi ment s wi 11 be

readi ly apparent t ose skl the generic principles
defined herein may be applied to other enbodinents wi t hout departing from

the spirit or gcopeTpb &diecd BF allhin®®, Whdtsin b hRcol anthéRibd of AR rhuitiended
to be linmited to the embodi ments shown herein but is to be accorded the

wi dest scdpeensimakqualisnhmetgictiph a nhanyized od-pcodedsianbm ep¢ref.eat ur es di scl osed
herein. WO 03/065613 PCT/ US03/02914 19 WHAT IS CLAIMED I S:

5. The device of Claim 1, wherein the multi-dimensional quality metric is a

two dimensional quality metric.

6. The device of Claim 1, wherein the means for generating the multi-
dimensional quality metric comprises:
means for generating a first quality metric based on a first polynomial; and

means for generating a second quality metric based on a second polynomial.

7. The device of Claim 6 wherein both the first and second polynomials are
of the form g0 + g1*X + g2*Y, where g0, g1, and g2 represent polynomial constants and

X and Y represent two dimensions of the multi-dimensional quality metric.

8. The device of Claim 7, wherein the polynomial constants for the first

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

0. The device of Claim 7, wherein:
the first polynomial is —290 + 0.014 X + 53 Y; and
the second polynomial is —181 + 0.021 X + 24 Y.



1. In a communication device, a discontinuous transm ssion (DTX) detector

conprising: neans for generating a nulti-dinmensional quality netric; and

nmeans f orwohamesstieri zi ng a recei ved frame based on the nulpCTAciosre29s4 onal

quality netric. 2. The device of CIain}&W wherein a first dinmension of the

mul ti- dinensional quality netric is a“freceived energy per bit to noise

power ratio. 3. The device of Caim2, wherein a second di nension of the
is,a re-encode o

lti- di [ I lit. . nbol : t. 4.
The. devi ce of i midS itk B Gl b SR EiHRarer 0 P e RarerzEi Mgnsi ona
qual ity nefelsig %@nﬁy REHHB HeARE FeBeiOE REAE isSY ERbIvEIRBAIBYencadedlipnglevi ce of
Claiml, wherein the multi-dinmensional quality netric’is a two dinensional

quality netric. 6. The device of Caim1l, wherein the neans for generating
the mul ti- di mensi oMak dgviat bf ¢laimt 10, wherirpthe saziveddamse fsahagewaratdsng a
first quality netric based on a_first polynom al; and neans for generating

a second iftthe fisst qualitymets i fess thap 06 6913H &9 § REsAetsrmingd thepsholgbyj ce of

Claim6 wherein both the first and second polynomals are of the formg0 +

gl *X + g2*Yy, re 1, a 2 present. pol ynomi.al constants and X and
O ropresent  tuda naneiBrice of Gl MRVREGR Kol RaT Fime Rph ARk Sy “rhe
devi ce of fiFgisileqif thMTREC Ml Bettieliy pefiAthak @ peddRtididearhielld.i rst  quality
nmetric are different fromthe polynom al conStants for the second quality
nmetric. 9. The device of Claim?7, wherein: the first polynomal is -290 +
0. 014 X + 53 Yjil3andThtkleviseobGthipd, whereiratheirscei k@ framdis@haradtertz@Musihg WO

03/ 065613 PCT/ US03/ 02914 . 20 10. The dﬁ/i ce. of Cil) aim i? erein the

recei ved fheaseondaualilymetrismheadheerayed trprae i 3 b rpepied fr4Ber i ¢ when t he

received frame is a convolutionally encoded frane. 11. The device of Caim

10, wherein t h?4.r ec%g %?ﬁlfcé gp%laiggl IC:Sh Wh@r%%ne%l:@ é’%%%\?eﬁ f?amé:)l-giéﬁialfacthg?e fésg_egt The

quality netricrs | ess an or ual 'to erm ned res
devi ce of pfiaifhe Qcondgiitpmieht: ik @Rethead gréde@mitedah@siasier i zed as

15. The device of Claim 13, wherein the received frame is characterized as
an FErasure if the second quality metric is greater than or equal to a predetermined

threshold.

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

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

17. A receiver capable of DTX communication comprising:
a rake receiver capable of aligning a plurality of multipath communication
signals to produce an aligned signal;
a decoder coupled to an output of the rake receiver, the decoder capable of
decoding the aligned signal to produce decoded bits; and
a DTX detector coupled to an output of the decoder, the DTX detector capable of
characterizing a frame of decoded bits as one of a Good frame, an Erasure, or a DTX
occurrence, the DTX detector comprising:
means for generating a multi-dimensional quality metric; and
means for characterizing the frame of decoded bits based on the multi-

dimensional quality metric.



an Erasure if the first quality netric is greater than a predeterm ned
threshol d. 13. The device of Claim6, wherein the received frane is

char act erwpad/oesiing the second quality metric when the recaiusesiofonane is a
turbo encoded frane. 14. The device of ,Claim 13, wherein the received frane
is characterized as a DTX if the secohd quality nmetric is less than a
predet er m ned res i Ny ei ved
frame is char at(I:?erl ;Hé%%ig kit Ogé&e{iggygﬁﬁeq{l ﬁhgc%ccongs %}\%ﬁtl%ﬁ%lpr&(g&?
greater than or equal to a predetermned threshold. 16. The devi ce of
daiml, whereig theneamatel 68¢CIaRR 19Mefdn e RB6dLR s AturbdhdoBase station,
CDVA base station controller, or COVMA nobile station. 17. A receiver
capabl e of DTX comruni cation conprising: a rake receiver capabl e of
aligning a plurality of nmultipath communication signals to produce an
aligned signal; a decoder coupled to an output of the rake receiver, the
decoder capable of decoding the aligned signal to produce decoded bits;
and a DTX detector coupled to an output of the decoder, the DTX detector
capable of <characterizing a frane of decoded bits as one of a Good frane,
an Erasure, or a DIX occurrence, the DTX detector conprising: neans for
generating a nmulti-dinensional quality netric; and neans for characterizing
the frame of decoded bits based on the nulti- dinensional quality nmetric.
WO 03/ 065613 PCT/ US03/ 02914 21 18. The receiver of Claim 17 wherein the
decoder is a convolutional decoder. 19. The receiver of Caim17 wherein
the decoder is a turbo decoder.



