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METHOD AND APPARATUS FOR DETERM NI NG THE RATE OF RECE! VED DATA IN A
VAR ABL NI CATI ON . 5
BACK SB2HE | NVENTI ON L Field of the Inventll’%Tl‘ﬂlU@gﬁ-gagl The

present invention relates to conmuni cations. Mre particularly, 10 the
present i NVEETHOD ANDAPPARAT USFOR RETHERMENINGJIEHE RATE '

transm ssj i ' r h [

beacr pt 10 BECHEY BET AT SN A ¥ ARABEERATE COMBRUNICATION ¢ o1
access (CDVA) nodul ation t echnBY$EEM one of several techniques for
facilitating comrunications in whi ch a | arge nunber of system users
are present. Althou ' | division multiple
access (TDWRA) , frequmkﬁmmﬁgwmmgw), and AM

nmodul ati on schemes such as 20 anplitude conpanded singl e sideband ( ACSSB)

are known, %&eﬂ?ﬁfﬂxe Flﬁ‘i,&mgﬁpant advant ages over these other techniques.
The use 0 techniques in a multiple access conmmuni cation systemis

di scl osed in S, at ent,. No. .90 ntit.l "SPREAD SP RUM
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| ncor por al ek iikofol BEMR DAL rall EraSfiGlioRYheChN ques in a

mul ti pl e access conmuni cation systemis further’disclosed in U S. Patent

No. 5,103,459, entitled "SYSTEM AND METHOD FOR GENERATI NG SI GNAL
VWAVEFORMVALI N ADeswiptom pteRelatewbidskE SYSTEM', 30 assigned to the
assignee of the present invention and incorporated by ref erence herein.

CDVA 19y its i riftes ense roft gpde oflivieiong mauliipkebaantess QRIMA)f encdalaftinm of
frequenc ' L ts | ' SRR ] i dt h.
The(r:]ef or g?%@é%%r%f%e?ﬂg%%ép? %%Pﬁaﬁg§? géctf S Orﬁ%ggl‘(gzﬁarﬂxfﬂggﬁ? ng he CDVA
35 si gnatvhisindnilarge ropaber of sxElendi yearsi a5 ipseyBtai ndlheyshr ether ng
twhl ti pLettechnﬁliuﬁQalsucE}ﬁtibS tlirli?léo!tﬁbiﬁd)ﬂgu Infglitipels abéeggfgf%m)a fﬁtéﬁhéﬁcyl; er

rou .Qr e cell- ur r.nor e iversi e
obt ai ned SRR BIEHRE acess; FOEAY paéﬁ] B Rbn, SPRSRS ShcBate
spect20um pmpliesde npniyyanded ainglwi siglebasd glfeCSSH)r iavé igrownh CDMArbas
propagatig ﬁf‘c'aﬁ)’sa%‘{%fxl'ij%{setsg%f’ iecﬂe%eo gtﬁé}d tBORRGEsEd $RRANSL &fY comlP! es of

path diverSity are ) .. ... .
techniques in a multiple access communication system is disclosed in U.S.
Patent No. 4,901,307, entitled "SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL

25 REPEATERS," and assigned to the assignee of the present invention and

incorporated by reference herein. The use of CDMA techniques in a
multiple access communication system is further disclosed in U.S. Patent
No. 5,103/459, entitled “SYSTEM AND METHOD FOR GENERATING
SIGNAL WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”,

30 assigned to the assignee of the present invention and incorporated by
reference herein.

CDMA by its inherent nature of being a wideband signal offers a form
of frequency diversity by spreading the signal energy over a wide bandwidth.
Therefore, frequency selective fading affects only a small part of the CDMA

35 signal bandwidth. Space or path diversity is obtained by providing multiple
signal paths through simultaneous links from a mobile user through two or
more cell-sites. Furthermore, path diversity may be obtained by exploiting
the multipath environment through spread spectrum processing by
allowing a signal arriving with different propagation delays to be received

40 and processed separately. Examples of path diversity are illustrated in U.S.
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2 P . 5,101,501 entitled "METHOD AND SYSTEM Fﬁ,ﬁ%k%NG A
SOFT HAWS%\% COMVUNI CATI ONS | N A CDVA CELLULAR . TELEPHONE SYSTEM',

and U S. Patent No. 5,109,390 entitledy"DI VERSI TY RECEI VER I N A CDVA
CELLULAR TELEPHONE SYSTEM', both assigned 5 to the assignee of the present
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25 One technique for the receiver to determine the rate of a received data

frame is described in copending U.S. patent application Serial No.
08/233,570, entitled "METHOD AND APPARATUS FOR DETERMINING -
DATA RATE OF TRANSMITTED VARIABLE RATE DATA IN A
COMMUNICATIONS RECEIVER," filed April 26, 1994, assigned to the
30 assignee of the present invention and incorporated by reference herein.
Another technique is described in copending U.S. Patent Application Serial
No. 08/126477, entitled “MULTIRATE SERIAL VITERBI DECODER FOR
CODE DIVISION MULTIPLE ACCESS SYSTEM APPLICATIONS,” filed
Sept. 24, 1993, assigned to the assignee of the present invention, and
35 incorporated by reference herein. According to these techniques, each
received data frame is decoded at each of the possible rates. Error metrics,
which describe the quality of the decoded symbols for each frame decoded at
each rate, are provided to a processor. The error metrics may include Cyclic
Redundancy Check (CRC) results, Yamamoto Quality Metrics, and Symbol



Redundancy Check (CRC) results, Yamanbto Quality Metrics, and Synbol
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3 Error %4[ es. These error netrics are well-known in comruni cations
systens. The processor analyzes the ergor netrics and determines the nost
probable rate at which the incom ng synbols were transmtted. 5
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25 Broadly stated, the present invention embodies a method for use in a

'~ communication system having a transmitter and a receiver. - The

tranSmitter transmits a signal at a current rate, wherein the current rate
corresponds to one of a plurality of rates. The receiver generates a plurality

of check error values and error rate codes, and at least one decoding code,

30 each based on whether the signal has one of the plurality of rates. The

method determines the current rate of the signal and includes the steps of:

(a) determining if only a first check value of a selected rate favorably checks,

wherein the selected rate is one of the plurality of rates; (b) determining if

the selected rate corresponds to a predetermined rate; (c) if the selected rate

35 corresponds to the predetermined rate, comparing a selected decoding code

to a selected value; (d)if the selected rate does not correspond to the

predetermined rate, comparing a selected error rate code to a first value

based on a predetermined operational relationship, wherein the selected rate

code corresponds to the selected rate; (e)if the selected decoding code
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checks T ok id RbRjuddn with the drawings in which like reference characters
25 identify correspondingly throughout and wherein:
FIG. 1is a block diagram of the communication system of the present
invention;
FIG. 2 is a flowchart illustrating a method for selecting the decoded
frame when the CRC checks for two different rates;
30 FIG. 3 is a flowchart illustrating an alternative method for selecting
the decoded frame when the CRC checks for two different rates;
FIG. 4 is a flowchart illustrating a method for selecting the decoded
frame when the CRC checks for one rate;
FIG. 5 is a flowchart illustrating an alternative method for selecting
35 the decoded frame when the CRC checks for one rate; and
FIG. 6 is a plot of rate decision regions for symbol error rates i and j
where the CRC checks for both rates i and j.

ki



FIG 6 is a plot of. rate decision regions for synbol error rates i and j

where t ecks for both rates i and j. WO 9§chR 5918625
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25 embodlment the generator 8 generates the set of CRC and tail bits in
accordance with the Telecommunications Industry Association’s
TIA/EIA /15-95-A Mobile Stations-Base Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System.

The data frame is provided by the generator 8 to an encoder 10 which

30 encodes the data as symbols for error correction and detection at the receiver.
In the exemplary embodiment, the encoder 10 is a rate 1/2 convolutional
encoder. The encoded symbols are provided to an interleaver 12, which
reorders the encoded symbols in accordance with a predetermined
interleaving format. In the exemplary embodiment, the interleaver 12 is a

35 block interleaver, the design and implementation of which is well known in
the art.

The reordered frame is then provided to a modulator 14 which
modulates the frame for transmission. In the exemplary embodiment, the
modulator 14 is a CDMA modulator, the implementation of which is
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described in detaﬂ in the aforementloned copending U. S. Patent Application :
Serial No. 08/126,477.

In the exemplary embodiment, the decoder 30 decodes the symbols for -
each of the four possible rates to provide four separately decoded frames of
data, each of which is provided to a CRC check detector 32. The CRC check

30 detector 32 determines under conventional techniques whether the cyclic
redundancy check bits for each frame are correct for the decoded data. The
CRC check detector 32 performs a CRC check for the CRC bits in the four
decoded frames to help determine whether the currently received frame was
transmitted at the full, half, quarter or eighth rates. As a result, the CRC
35 check detector 32 provides four check bits, C;, C;, Cq and Cg, where a binary
value of “1” for a given CRC check bit can indicate that the CRC check
matched or checked, while a binary value of “0” can indicate that the CRC
bits did not check. As used generally herein, the subscript or indication “1”



35 check detector .32 provides four check bits, (Jerr], (err], (err] and

Cerr], Wﬁ%ﬁzﬁnbi nary val ue of "1" for a given CRCP&Q.%‘SE,”BMS can

i ndi cat e CRC check mat ched or checked, while a binary val ue
of "0" can indicate that the CRC bits did not check. As used generally
herein, the subscript or indication "1" WO 98/ 18242
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t he déBodi ng pFuctwrniere, dhetdrroder S0verovidesT irfoymadivat dodet ¥amama®, as

with the dRbachgtiotsehidtprovides AIBAHABACE BUtri¥dABAR LA Hal deR Lo each

of the foyr possible rates: Ylerr], Ylerr], Ylerr] an ough

the det ecPePEeesy theselgstad Rath thr efid éﬁgrtgﬁé‘e& &lpsgetspath thropgh

det ect or is tia fretiés. | WiditetheaCRA &hetcﬁi is delpendantivnrthe (bﬁtstiheeaiihc@fdﬂfe gﬂhr
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storage i &gmee\gng?%ﬁ f?’;ﬁgﬁuffgr@g%r gﬁ\{/\khhpéfe)meac f f tglk?g@?%%rg gh%g?ﬁ S

decoded uRBErig pughdhe detectorsci2, 3 Bare HIOWR A8 SERREAIERIFEEHS, t he 30

Br ??essor tB@mﬁetéﬁﬁ)x@Qﬂhrhd ingorea el withiy ithe hasdwhenef tHeodédfuaedsgoded 1; rame
uf fer 40, i | Q. r r t he stor a ecoded at
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received frame was sent. The decoder 30 provides four decoded frames for

storage in a decoded frame buffer 40, where each of the four frames is
decoded under one of the four rates. Based on the rate determined by the

30 processor 38, the control processor provides a signal to the decoded frame
buffer 40, which in response thereto, outputs the stored frame decoded at the
determined rate or outputs no frame if an erasure is declared. In an
alternative embodiment, decoder frame buffer 40 outputs a signal indicative
of a frame erasure if an erasure is declared.

35 Under the communication system of FIG. 1, the signal transmitted by
the transmitter 2 to the receiver 4 can rapidly change between the four rates.
As a result, the transmitter 2 does not include within the transmitted signal
an actual indication as to the rate at which the signal is currently being
transmitted. To do so would require unnecessary bandwidth. Therefore, the
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a firgP rahe fulland eighthcmiesnanenk Ezaf 1 bigs GirsCorailh hutathec GBCsedoinat CRC,
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its CRC. )
However, if the CRCs for less than two or greater than two of the rates
check, then in step 104, the processor 38 determines whether the CRC for
30 exactly one rate checks. If so, then in step 108, the processor 38 performs a
one CRC check routine as described below. However, if the CRCs for none
of the rates check, or if the CRCs for three or four rates check, then in step
106, the processor 38 declares the currently received frame an erasure. In
general, if the CRCs for none of the rates check, then the current frame is
35 erased. Alternatively, if the CRCs for three or four of the rates check, then,
while the processor 38 could still determine the current rate of the currently
received frame, such a determination is computationally difficult, can have
a higher probability of error, and generally requires too much processing
overhead to rapidly and accurately determine the rate for the current frame.
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In general, the weighting value W provides an increased level of .
confidence as to which of the two rates the currently received frame was
transmitted. Simply determining that the current rate is equal to the rate

30 having the lower SER can result in incorrectly determining the rate of the
current frame. Therefore, the SER; value must be less than the SER; value
plus a weighting factor for the processor 38 to determine that the rate of the
currently received frame is equal to the rate L.

Sometimes, it is less desirable to decode a current frame at an

35 incorrect rate than to declare a current frame an erasure. This is
accomodated in the present invention. If a current frame is decoded at the
wrong rate, the decoder 30 will output a noisy signal that can be amplified
and broadcast to a user’s ear. Such a noisy signal can be perceptually
undesirable to a user. As a result, the present invention sacrifices a little
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detail.

Referring to FIG. 3, the routine 120 performs the same steps 102, 104,
106 and 108 as described above with respect to the routine 100. In step 124, if
the CRCs for two of the rates check under step 102, then the processor 38

30 employs a more accurate comparison between the SER values for the two
rates identified under step 102 to further ensure that the current frame is
decoded under the appropriate rate. Specifically, the processor 38 in step 124
employs a multiplicative factor k;; in equation (1) above, to provide the
following comparative function:

35 SER; > k;; * SER; + Wj;. (2)
As with the weighting value W, the multiplicative factor k;; is preferably
determined through experimentation based on empirical data for the four
transmission rates. Therefore, six possible multiplicative factors are possible
based on the four transmission rates (i.e., k; 2, k14, k1,5, k24s kog, and kyg). The
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decoded under the appropriate rate. Specifically, the processor 38 in step
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provide the @ follow ng conparative function; 35
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SER, value an ! the SER values for the other rates (e.g., SER;).
In general, the routine 120 and the other routines described herein
30 employ functions based on two rates and two SERs, SER;, SER;(i.e. f(i, j, SER;,
SER)). Under the exemplary embodiment, the present invention employs
linear equations such as equation (2) above, and as represented in FIG. 6.
The weighting value W, the multiplicative factor k, and the maximum and
minimum SER thresholds (discussed below) are preferably stored in
35 memory as a look-up table (not shown) to be accessed by the processor 38.
In step 124, the processor 38 essentially determines on which side of
the line in FIG. 6 a point defined by the two SER values (SER,, SER;} exists, to
thereby determine the most likely rate for the currently received frame. If
the SER; value is less than k;; times the SER; value plus Wj;, then in step 126,
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above2>' 1 ndkE %‘é&rméq“d%%ﬁw SRS DRt s 300 ey Fisosaor
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2 AeEReE G CRle BhaR Aol el BB BEPTREShit fchor e
whet her t ebeckedeundiércstep 202 corresponds to the eighth rate (i.e., i = 8). If not, then
in step 206, the processor 38 determines whether the SER value for the
30 determined rate is greater than or equal to a maximum SER threshold for
that rate (i.e., SER; > MaxSER;). If it is less than the maximum, then in step
208, the processor 38 determines that the rate of the currently received frame
is equal to i; otherwise, in step 210, the processor declares an erasure.
If in step 204 the processor 38 determines that the indicated rate is
35 equal to the eighth rate, then in step 212, the processor examines the
Yamamoto value for the eighth rate (Ys). As is known, a frame at the eighth
rate has fewer CRC bits than frames at the other rates, and as a result, the
CRC more- often. Therefore, the routine 200 employs additional checks to
confirm that the current frame was transmitted at the eighth rate.
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rate. Thesteps 228, 230 and 232 determine if the SER values for the other rates are
greater than minimum thresholds for that rate, and if so, declare an erasure
because the probability that the current frame was transmitted at that rate
30 outweighs the probability that the current frame was transmitted at rate i.
Therefore, in step 228, the processor 38 determines whether the SER;
value is less than or equal to the minimum SER threshold for the
determined rate i and the rate j (i.e.,, SER;;). If it is, then the processor 38
declares the current frame an erasure under step 227. The reason for doing
35 so is that the low SER of another rate (j) indicates an increased probability
that the frame was transmitted at that rate (j). If it isn’t, then under steps 230
and 232, the processor 38 compares the last two SER values (for rates k and 1)
to corresponding minimum SER thresholds for the rate i and rates k or 1
(SER;x and SER;;), respectively. If the SERy or SER, values are less than the
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. i ght'er . SERl err e and SER[ er.r refore, for
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For exa”p'wi, %ﬁ%ruﬁé&pst%ﬁ%é Bt processor can compare the SER; value to the .
function k;;* MiIinSER;;+ W;; Moreover, a nonlinear function can be
employed under steps 206-232. However, any improvement provided by a
30 nonlinear function will likely, at best, provide only a small incremental
benefit to the routine 220 and will lead to processing complexity and thus
increased processing time.
While the Yamamoto values are checked only for the eighth rate, the
routine 220 can be modified so that the Yamamoto values for the other rates
35 are also checked. As a result, corresponding tighter or looser maximum and
minimum SER thresholds would be employed for each of the other rates. A
larger lookup table would therefore be required under such an alternative
embodiment by the processor 38. Additionally, the routines 100, 120, 200 can
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Al t hough speci fAltthermgimdspmifics epfbodinmenéx aofplazsi fesamplese foredeatpresent

'eSﬁ.eCtai e R A AN N e I
and s&Bpe mpdifications can be made wit out eparting from the spirit and scope of :
the invention, as will be recognized by those skilled in the relevant art. The
teachings provided herein of the present invention can be applied to other
communication systems, not necessarily the exemplary spread spectrum
communications system described above. The present invention can
30 employ the systems and methods of various patents and applications
described above, all of which are incorporated herein by reference as if set
forth in their entirety.
These and other changes can be made to the invention in light of the
above detailed description. In general, in the following claims, the terms
35 wused should not be construed to limit the invention to the specific
embodiments disclosed in the specification and the claims, but should be
construed to include any communications system that operates under the
claims to provide rate determination. Accordingly, the invention is not



the invention, as will be recognized by those skilled in the relevant art.
The wonabkisags provided herein of the present invention can be applied
to ot her comuni cati on systens, not necessarily thelgagﬁfﬂgyysspread
spectrum communi cati ons system deggri bed above. The present invention
can 30 enploy the systens and nethods of various patents and applications
descri bed %éél bathe gisclpgne bat insteadbitpscapeid thdreod etehyiineaf REEREIY i f :
set f tHe Poligwindetlhigatirety. These and ot her changes can be
made to the invention in |light of the above detailed description. In
general ; in the followng clains, the terns 35 used should not be
construed } OVE) GLAEMe invention to the specific enbodi nent s

di sclosed in the specification and the clains, but should be construed
to include any communications systemthat operates under the clainms to
provi de rate determ nation. Accordingly, the invention is not WO

98/ 18242 :

PCTI US97/ 18625 16 limted by
the disclosure, but instead its scope is to be determ ned entirely by t he
foll owi ng cl ai ns. I (V) CLAI M WD 98/ 18242

PCT/ US97/ 18625 17

CLAI M5 1. In a conmunication system having a transmtter
that 2 transmts to a receiver, said transmtter transmtting each of a
plurality of frames at a current rate, wherein said current rate
corresponds to one of a 4 plurality of rates, a nethod at said receiver
for determining said current rate of a current franme conprising the
steps of: 6 generating a plurality of error check val ues each
based on whet her said current frame has one of said plurality of

rates, wherein only a first 8 check value of a selected rate favorably
checks, and wherein said selected rate is one of said plurality of
rates;



10 generating a plurality of error rate codes each based on whet her
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2. erein the step of generating a 2
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and wher ei ﬁocdfheorg@mp tasaid selpstad rate; said selected rate of said

sel ectggl error HateenGAlEy GOl 408 PRl&Eed Orate bf sﬂﬁedek@{e@tl Rerbr’ 3hf @%H@r m nes
if said selected r te corr(f% onds to,said eighth rate.

The net hodSOFERAGR 012 RReFSFMEIRE @ty of generating a

18 if said selected rate corresponds to said predetermined rate, comparing
said selected decoding code to a selected value;
20 if said selected rate does not correspond to said predetermined rate,
comparing said selected error rate code to a first value based on a
22 predetermined operational relationship; )
if said selected decoding code corresponds to said selected value,
24 comparing said selected error rate code to a second value based on said
predetermined operational relationship;
26 if said selected decoding code does not correspond to said selected
value, comparing said selected error rate code to a third value based on said
28  predetermined operational relationship; and
determining that said current rate of said current frame is said
30 selected rate if said selected error rate code has said predetermined

operational relationship to said first, second or third value.

2. The method of claim 1 wherein the step of generating a

2 plurality of error check values generates a plurality of cyclic redundancy
check values, wherein the step of generating a plurality of error rate codes

4 generates a plurality of symbol error rates, and wherein the step of



2 plurality of decodi enerates a plurality of Yamanoto check
codes, wo sﬁmzmﬂmm\“‘smgg@@;B! f conparing said sel ectgernskd66k99 code to
aselected94 v ERE 1R e step of determining if said selected
Yamanot o code checks acceptably. 18 5. The net hod of claim
1 wherein said first, second and third 2 values are error rate code

t hr eshol dgen¢rating apbizality oh sleseding esdes geparatpy 2 pluralify jok Ypsrateater r or
rate cgde t&1S@dbsfirst, second and third values determnes 4  whet her
said selected error rate code is less than said first, second and third

t hreshol d val ues, respectively nd wherein saj econd threshold value is
6 greater than sai etIﬁFﬂ‘tﬂ)C{ Rf égr%‘l 4 Wheremn sa1ddpfu:aﬂty of rates UGRt hod of

claimal wuergalh gherted &id eiglaht ited, Andgwheéin2the stipdof det@fiinirat 4f of said
current fra Ilrs?FE‘%r gtﬁgeelgefct ed ratle i pcl udes _t he shep of &Iet{erm ni ng
that sai d5¥fr 58 | &SPk plected JPTHOE o FfEr £QUE, FOTIEFRORAS © (Bde does
not haye paedetpraitaidermatnelbtapsinesi ifnsdidr sélattednedie pedreespoindsf to' said

second or thisd ¥al ue. 7. The met hod of claim 1, further

conpri si nﬁl g ee’ps of : 2 conparing at |east another of said error

rate codes to a m ni num threshold error rate code based on a sel ected
oper ational relatioffbki method dof claim 1 whersini theigstepaof sgengratimg emt fr ane

. na rex : t : od
oper at ? onkluraliy bf kbl AdciYcfierates STIfFall & PRURIAR RBUL cadegiCt o0 |
a communi eadiwhereiy she stephal, rorgpasing: sid selectad derpding code de @ spdected ai d

transnitt ¢hldd 3RSl i the stepi @M dleterniRirgd!! if e8id F @llstedeiRathtal dode
current rg%e corresponds to one of a plurality of rates, and wherein said 4

receiver e 2cerPtabPlyt ur al i ty of error check values and error rate codes
and at | east one decodi ng code each based on whether said signal has
one of said 5. Ve Ofelltol f claim 1 wherein sai@GyYst/S8atlohd62hd third

.19 6 plurality of rate a r.det erm.ni ' r .rate of
sai d s?anP{ues are Ehr s ?\%de[ ﬁ‘e%%}glcgﬂstl%ﬁeg’ %‘%E%IQ‘ ﬂge g%b grorc#ﬁ ?’ffgéﬁ‘ 15 only a
first cheskidvselentederrar sateaotedo Isaidgﬁtsa\ﬂmcabd;and third vades, deteemings sai d
sel ect gd Lﬁ%hézssﬁaesegctéﬁbﬂop|rb.'feaédcie)’isqfassr @S saidGirst, second GeldefHIkA@! Ng. 1 f
said selecte r@ie orresponds to a pr det,erqr?é%ed r@t X Jf said
sel ected tareshelt valyssndelnestvalyd ApACHBEE SR Srens thxsspald vglus is
sel ect ed deendi Hearcesid thirdatimesiesitechlual ue,; if said selected
rate does not correspond to said predeterm ned rate,

6. The method of claim 1 wherein the step of determining that

2  said current rate of said current frame is said selected rate includes the step

of determining that said current frame is erased if said selected error rate

‘4 code does not have said predetermined operational relationship to said first,
second or third value.

7. The method of claim 1, further comprising the steps of:
2 comparing at least another of said error rate codes to a minimum
threshold error rate code based on a selected operational relationship; and
4 determining that said current frame is erased if said another of said
error rate codes has said selected operational relationship to said minimum
6 threshold.

8. In a communication system having a transmitter and a

2  receiver, said transmitter transmitting a signal at a current rate, wherein said
current rate corresponds to one of a plurality of rates, and wherein said

4 receiver generates a plurality of error check values and error rate codes and
at least one decoding code each based on whether said signal has one of said



14 conpar error rate code to a first value based on a
pr edet ewﬁmﬁzgpimbgﬂkul ﬂmiglwnshl p, wherein said sel eectragdoy/glsss code 16
corresponds to s if said sel ected decodi ng
code corresponds to said sel ect éd val ud9 18 conparing said selected error
rate cqde to ai second val ue }lé)%'fg gln sai d redeterm ngg oper.ati onal

rel ati &nsHylpralify of rates, a met Og, detRrrining Sgif AYITEBH&ateo tsiggat espond
to said sed ﬁgin the qu}su@f corrparl ng said selected error rate code to a

third I b i d. .22 :and
G B e o By S, LARIEL SR T, 08 R Bl A
24 sai d chetles; tveberein saidrselestabdeteiaons aif dajsd phﬂahtyrmfhmﬂes;per ati onal

| at hi i
The mibhod bf eteitsify g Sifi SkecRRERRE BrdsBbhds Yo dedotermined rate; ||
hal f, quarter dheridsgirdted aqtés;oneﬂsaonﬁer@sar tpredetespiined gatee companing f

sai d sel e%ﬂeété&@e@@d @Qg éébléct@&%ﬁi@r mned rate determnes if said
4 selected rate corre Egn s t.o said rate. The

met hod of cl ai i §2igheglestRd Safey dé’é?é\?[te%?r GHFinH’ é@d&?@e&err&meé%mt 0

check Mon;onqmtm\@eh&s@lectdib &irep @ziteCQﬂSﬁér tBgaa fied eedlad based d@ﬁOCH ng
code to a sel,e |l ue inclu et er mi,ni

| f
sel ected \PéﬁﬁﬁJcFEH“BS@eOBﬁ’éa&?é‘agc eé%?%‘b? B Whefeth ®Liiy i@gete‘iﬂs?ge n%?%d of
cl ai m168 wioerespondsital sdidreelectebeated and th| rd 2 values are error rate

code tr eshol d i ale Selhel Yol SHABS Ao GRIRR 1%aid, sl gt o

error rate code to sal ues determ nes
whet hd8 sfiompating tw8dd delested greorcarie fode 29 sepomds ¥ahie jhased opesaisd and

third Itea@@hqhgdv@étgﬁonapgggﬁbhm y, and wherein said second

thres | d value I S. a han s third threshold, v

e mot nfi i splefteiatEinding el Hots gied SoHHERORS o Sl selectsd o
of f r ames valoé,usinmpam@ng saideseledted eerorate whde ¢ a thived stlee bisededresaidhi ng
WO 98/43482
PCT/ U%g %grg&lgtermmed operational relationship; and that said
current rate ofdeiermpiningihat $9éd§aﬁrEFf§éla€%9ééa§daﬁlgn@1nk§lF@éféé‘?e]teﬁ@dsltaé@ ibf 4
det er ri4ni n@id b@lbcteale@r&%r@mdé hadEaill pretletethihbd SedaBOhACEARBRERp rat e
code 0es. (ggja . have d‘;’“ dgﬁ r.ﬁde er mned operational relationship to said
first, OSBEOHES o PETRY &F THILE 13.  The method of claim 8,
further conpr|5|ng the steps of:

9. The method of claim 8 wherein said plurality of rates include

2 full, half, quarter and eighth rates, and wherein the step of determining if
said selected rate corresponds to a predetermined rate determines if said
4 selected rate corresponds to said eighth rate.

10.  The method of claim 8 wherein said selected decoding code is a
2 Yamamoto check code, and wherein the step of comparing a selected
decoding code to a selected value includes the step of determining if said

4 selected Yamamoto code checks acceptably.

11.  The method of claim 8 wherein said first, second and third
2 values are error rate code threshold values, wherein the steps of comparing
said selected error rate code to said first, second and third values determines
4  whether said selected error rate code is less than said first, second and third
threshold values, respectively, and wherein said second threshold value is

6 greater than said third threshold value.

12.  The method of claim 8 wherein said signal includes a plurality
2 of frames including a current frame, and wherein the step of determining



2 conparing at |east another of said error rate codes to a m ni num
threshol‘gogg{l&ru.rate code based on a sel ected operati onalpcralsdb/igpshi p; and
e

4 ermning that said signal is erroneous if said another of said
error rate codes has said sel ected2gperational relationship to said
m ni num 6 t hreshol d. 14. The nethod of claim8 wherein the

steps of ctmsmaidgurrent gdte of said isignal dp safd sdagiadimate indludecithe step of r or

rate coge Hgﬁzfrﬁ{iﬁfné 866QaM anftehbiffline is e¥ied Nt s YUMES ePldtSratdcldli r st
second and t dv me

Ir ues, .respecti vel . 15. .. The t hod of .
clai m 8 whéPgs Mot havg éﬁé‘{ @Fg‘g%fﬁﬁéﬁ%jg qnfzptigmal rEIattWé‘SE%ptooFaléog‘ﬁ%ﬁi ng
sai d sef ect@dngr 6pthirdtvalgode to first, second and third mul tiplicative
factor times said first, second and third val ues, respectively.
16. ‘The net hod_ of aim erein said first value i.s an error rate 2
code threshol d V&l ue&kﬁﬁﬂetﬁﬁaﬁgi“ﬁaﬁzf ﬁ&tf\%rdcmpmgrg thecFteRe ofi he steps of :
gpﬁpariﬂg Sﬁi fld&@xln _t‘@@f aalqagt anlaﬂmregﬁ saigd éﬁbg;rﬂg (ojzodes to derfeiastipg said
irst threghold value if sai.d,selected rate.and sai . previous, rate are
appr oxi mat BPSSReRGROST fafe £04€ baSed o 3 pelBttE Pherpfonal relatiohsBi A ate i1
sai d sedected rdetermidingaibat said signal/isoersonetwes af saidanotbermbf said error
17. In a NELLHSC BhS OdRid Y ' a I Ldd ng: 2 at
transmts f%tga recse%ée(r)ﬁéic%kgrgdalbﬁ%ra @ngkﬁ@%g%@ﬁ%ﬁc%}%n Y at e,
wher ei nb sathresheldent rate corresponds to one of a plurality of rates, said
4 recei ver conprising: nmeans for generating a plurality of
error check val ygs eqpB Haed OfclGim 8MIBeRSh H@! Hefd'bf & gfafi?ageiﬂfb?édé’”e of

said plurality of rates, wherejn only a first® chec al a

sel ect el rgi"es?eﬁ/b{r%fﬁwa’&ﬁéc? ,S%lﬁﬁfea/rf‘é'F%‘i Fatg fodedo gfé&lséﬁ? al“ﬁt*é“?% one
of said pl weighting ohluatplas said first, secondeans thied vabws| adspegtivelpl ural ity of
error rate codes each based on 10 whet her said current franme has one of

said plurality rates, er.ei n .a. sel.ected .errof rate codg
corresponds to gél d tsrg‘faé&’\é@‘ﬂ’dr%{]‘él?lm 8 wheggindaie sisps,of comparing include
PCT/ US9Z/ 18625tep of comparing said selected error rate code to first, s2tod® and third neans
for generaty i$2%1ctOP Anfle Garl BosC ollen P26 fRoHId 959 ely,Pei ng
based on mkgp%g%rc%g?d%cuﬁent frame %égg%r?e gff; saﬁgo‘gapu?séﬁlgt Célfve})git es, 14
wherein a sel ected decoding code corresponds to said selected rate;
neans, coupl ed &6 salhermehodsof clgbndr wheneinasaid fizst valueois am esrorr xate

2 code threshold value, and wherein the method further includes the steps of:

comparing said selected rate to a previous rate;
4 decreasing said first threshold value if said selected rate and said
previous rate are approximately equal; and
6 increasing said first threshold rate if said selected rate and said
previous rate are not equal.

17.  In a communication system having means for transmitting
2  that transmits to a receiver each of a plurality of frames at a current rate,
wherein said current rate corresponds to one of a plurality of rates, said
4 receiver comprising:
means for generating a plurality of error check values each based on
6 whether said current frame has one of said plurality of rates, wherein only a
first check value of a selected rate favorably checks, and wherein said
8 selected rate is one of said plurality of rates;
means for generating a plurality of error rate codes each based on
10 whether said current frame has one of said plurality of rates, wherein a

RN R

selected error rate code corresponds to said selected rate;



16 codes, for determ ni n’E if said selected rate of said selected error

rate coge m;m Mﬁmredeterm ned rate; ns,
coupl ed"P34834 ﬂ'ﬂmm ing a plurality of deco(lrl:'rmswu%azzg des

for conparing said s &l ett €d decodi ng cggde to a selected value if said 20
selected rate corresponds to said predeterm ned rate; nmeans,
coupl ed to sai dnema;nﬁorf genayeting attilegptaone dealdity cotleeeadr deemchngZCOdecodes,

f fi

b edet or mEtE Bt OR PR Pt Bt Corte bE SRl YlrBnf 8RSt 5,
cor r edpondvherebna dehc&ded@%@dodat:@rrﬁspor&fm@aﬂam geleglied rad¢;ect ed error
rate COdeéﬂé’arfs sal @Ehﬁdﬂgﬁﬁgéﬁf‘fﬁéﬂtﬁ g ﬁfa'ﬁtg%? &REF dhtPnal

rel ati onshi ecte ecocL code .Correspontls to sai
sel ecfléd \mria% oar@tﬁennung oo Selasted srte efosaidise Cé‘?d GFTaratatecerfie to a

third val ygy ggﬁidgqbg I@dgﬁmﬁé@(iig@eer m ned operational relationship if
sai d sel ected decodi n correspond to said,.sgel ect ed

val nelBhrg 5o means, SRl «o'38R means 40L seperiiic o plutaBfh of HesSdin

first, secodds,do0€é com arirtg sddvsadleteed dfeoodnlxgt @de agseldmﬁd valuke dfi lsmht rate
of saisd cur t 1 i f said selected error
rate &Bde SELEP {a&g g’gds to° 19 ﬁr%dg er g{xéd'aﬂ'ft

SR e |ona|erelat|onsh|pto sai d
first, second oneans, rqwu\pé@cbéo sald means rgsneratmgea pdumalifprofotrror ante 17

wher eih Sglfe geapeog?ar&ﬁgwgaﬁtga&t@d egror ﬂaw&@aé &daqfrs@%me Bﬁﬁoﬂ% ues

generates a alit cli¢ redund g %&épéia ues erein said
neans for RjeAetesmin aoﬁletﬂtbﬂf} refationsBip i §a1d4 5 geater dees not
pl urabist y @krespohaltosaldp récbét@ﬁnu&ﬂ&a\t@é@ﬂ@n@étﬁ rrm:msereefed error gafer ati ng

a plurality ,of decodi S erates _a.plurali check

o Bl ol SRRl I SR TR 8 PBrRu L B U RSty of
rates 26nc|1fjderd Qelf:ctleﬂ derading gode teorrespands dfiot Saldases}:ectefémhluheraadnf@al d
means for g n%% selectéa‘ e'i?drd rifl €64&%o! atﬁuﬂi éﬂh@ ﬁsée%i%ﬁd sgid Or

rate code corres eterm ne e, I nc des nmeans
det er @8ni dgeﬂ?teémlﬂeéé?%ﬁgﬂn? ffga’fwns hipo} r%é%éﬁlfgtqdo gerding; @%8%& e.
20. The ritairkepontl tolsaidrsdléctebevatiug aal d means for generati ng a 2

plural,ty of decodi ng cQ epat, al it a t odes,
plurapty. of degedna. ages et akes,@ il WAk oL RRIOLE GPCl
WO 98/ 1824hird values, for determining that said current rate of said current frame is

PCT/ Ugg7/ ]séﬁféelected rate if said selected error rate code has sa1d2 réheteﬁﬁir?éa ed
val ue i ncludes ne ?1 eterm n& sai d S\ ecte not o code
checks acc‘&%ﬂréfﬁ??a relat1ons 1p to sail f1rst second or third va ue

.18. The receiver of claim 17 wherein said means for generating a
.2 plurality of error check values generates a plurality of cyclic redundancy
check values, wherein said means for generating a plurality of error rate
4 codes generates a plurality of symbol error rates, and wherein said means for
generating a plurality of decoding codes generates a plurality of Yamamoto
6 check codes.

19.  The receiver of claim 17 wherein said plurality of rates include

2 full, half, quarter and eighth rates, and wherein said means for determining

if said selected rate of said selected error rate code corresponds to a

4 predetermined rate includes means for determining if said selected rate
corresponds to said eighth rate.

20.  The receiver of claim 17 wherein said means for generating a
2 plurality of decoding codes generates a plurality of Yamamoto check codes,
and wherein said means for comparing said selected decoding code to a



21. The receiver of claim 17 wherein said first, second and third 2

val ues are ror rate code threshold val ues, wherein sai

conpari H&%ﬂi{"a&sm ected error rate code to said first, sg%oﬂnﬁgpglr?g%{ hi rd
values 4 includes neans for determ npmpg whet her said selected error rate
code is |less than said first, second and third threshol d val ues,

r espectd vedelectechdrahierinclnde$ meams dos deterdhinimge shehidl selkbetedi ¥agmesdter t han

said third thr 22. The receiver of claim17
wherein saﬁoﬁéggg%ggﬁc?g&rm ning 2 that said current rate of said

current frame is said selected rate includes means for determ ning
that said curre&it frEne receivensédldim 47 whemdincsadd fast, secdnd arat ¢hixrdde does

not ha ' rede ' ' r | ONSRIP.:t.0 ' |fst,
Cecond or (ifef S7 bEFO BER B6E AlrgiRbia’ FoRMGTNHeRC 3 Tmeane 7,
conpri si ngeormpparing said sedegied peor gatpperdenty said|fizsbiseeonsd rod thirds yaliaes r or
rate codesintfide ey Hk'ﬂ@rﬁl'ihﬁ&%" Wt Sid lseletedloftSoP i | ect ed
operatiqgna rC4 ,snTIegItli onsgig‘;1 ?l%g S r?eans for_o Z?%?Cogr%ilﬁééfshat
sai d cur r RRNSRIFETSE S q fruzd;threspold yalese respectiyely. apdowheseia codes
has saigd sgli¢cbeshd Baresholdnedluedt gréates than baid third gaesholdnyaluen t hr eshol d.
24. In a communication system having a transmtter that 2

transmts a sigpal a current, rate,..and wherein said current rate
corresponds to “ne ot & TRTEiYed Pf 9@)‘?‘ 7’72{” Ten ?@geWéPscfgﬁr#qtﬂwmg

an err@ ctheelsaithcuerege natatodrsaid rtirgante fratree genseidateleatef! rutal inlchudds

error chec ch. : l.d :Si -has: said 6

ol ural ity %F%@i?%ﬁ@#@?ﬁ%ﬁl%?%ﬁ 20 5 8080 P30 R B

f avor alfl y rate codthdeksnothavevseidepredesemninedcoperationak relationshipr ta aaid

plurality @fstrsak68d of third valuedn error rate code generator configured to
generate a plurality of error rate codes each based on whether said

signal has one of said plurality of 1 rates, wherein a selected error
rate code correspondshg BERed %fél@élﬂégfﬁéﬁ er comprising: 5 decodi ng code

gener ator configgars fop coaiRirtige adlledstafiothes aifesdi@ eridr ratteesdésnen Gode,
based on whet.her sal,d s{ | has said s IeDct e(g rate; 81ndt . %la

decoder co‘ﬁ‘bﬁué%lu% ‘h’ieaf‘ gl:&?oerrr%rhercage v%ﬁ(ffe gaé?l r&toft, SeFt Sfi PREEAVIHY 14
gener atdor watiateddpi mydcode generator and configured to (a) determine if
sai d sel ect ed rrﬂ'e@néi’ffo?a&éite?ﬂiﬁﬁggdd&gf lsaid rc%trf‘erﬁoﬁ‘in?é)rigegxgﬁggsift Qafy 16

redeterm ned. rate, (b) compare se| ect.ed decodi n 0 a sel ected
\B\O 98/ P82 s3nother oF saigi grror rhte codes has said selecteg operatic?na relationship to

PCT/ US97/ 1&6@ Sminimum threshold. 23 value if
said selected rate corresponds to said predetermned rate, (c)

24. In a communication system having a transmitter that
‘2 transmits a signal at a current rate, and wherein said current rate
corresponds to one of a plurality of rates, a receiver comprising:
4 an error check value generator configured to generate a plurality of
error check values each based on whether said signal has one of said
6 plurality of rates, wherein only a first check value of a selected rate favorably
checks, and wherein said selected rate is one of said plurality of rates;
8 an error rate code generator configured to generate a plurality of error
rate codes each based on whether said signal has one of said plurality of
10 rates, wherein a selected error rate code corresponds to said selected rate;
a decoding code generator configured to generate at least a selected
12 decoding code, based on whether said signal has said selected rate; and
a decoder coupled to said error check value generator, error rate code
14 generator and decoding code generator and configured to (a) determine if
said selected rate of said selected error rate code corresponds to a
16 predetermined rate, (b) compare said selected decoding code to a selected

RER 0 AR A



18 conpare said selected error rate code to a first value based on a

predet e perational relationship if said selected ot 20
SRAE PEspARRY

correspon Said predetermned rate, (d) conpare.said ror rate
code to a second val ue based on said ppgdeterm ned operational relationship
22 if said selected decodi ng code corresponds to said sel ected value, (e)
conpare valuesaif dsaidl eelectdd erater comesparutie tbosaidt Ipredeteaminiredasetd, do) sai d
pr edetgrm ' | &k 0 L psd 5 S@I hegt cQdi ng code
Goos. 15t SR safP SRRl Bk B T0OR N 2 ﬁki St
current r@redetermined spgaeationgl orelatienships cif e s2idd selected fragei doese| net ed

error gpat %oﬁ@ggomscossahdi pRécRABHRIMED 8ste, (d) cORBRAL sOIRbelb&bAl é28S Rhfe t O
said first, ond or ,th val ue, a.n&i decode 28 . said nal., based on

se rd I g
sai d sel oEPER t @ gecond value based G said prrdletercaingd ORsrationalieladonripe;
saijd gzr Ofif ﬁi&@ﬁle‘t&{d&ecaﬂing gedecdirespagels étb%hfds séiealedr\&iliéé,y(é)fco@ﬂ ateC
redundancy_chegk .val ues erein .sai d, ercor_rate cqde generat or
gener at es%ﬁldgi;%?gﬁat?r%% r%%rﬁ? et Ad Hfgtvggl,e %ﬁﬁfzd an Sﬂﬁé?req T eSecodi ng
code @énenpevatigmaleredationship|ifisaid selecdted Yiacadiigocode doehaok awtespond
26. The i ' SHbehai I d-nl | f .as_.lpngl yde 2
full, hal Tt é?%@a%‘?é?@gn‘ﬁglg?gﬁﬁh r at egi,enztalzﬂl g@%grégﬁﬁéﬂsttalyacf.gd%i{:%édgrmglg@e#m nes
if 26 sapid selectedemiraif saibsplestsh@sraroralai epdei hag Isaidipredetermined 27,
The recei \ersfiondlatdiatidnsNig 0l daid FHrst, de6siH b8 tﬁ&@evgﬁﬁ?_ra%{&r(%) decode

generates & plurality of Yapganpto .check codes, and wherein sard decoder
det er AP ne$31% SIgHA b%%fiélﬂ%adggﬁlr‘?ﬁw&@?%ode checks acceptably.

28. The receiver of claim?24 wherein said first, second and third 2
values are erngr rdJie gecdvenreShidich Xalwhereinhedidi Rrroyaichecld ARy

det er miynes _whet her_sai d sel ergor.rate cqde is,less than said first,
Socona? 4 EehiOf e Btajes § ofitly i SlcukibBublaRcy, Snaf valnd) B Refein

t hr eshol d seil emrot sate codegeparator gemeratesi aiphirality ohspwmbol drnoaxl taces, and

29. he . [ - Of j otk g@ﬁé@{ ' i g | 1

pl ural %tyvg?&%;ﬁéerr%g dle%{):%g]l %g a currec%t g??%%éffg a:}%hﬁlg?epg%%@gng%tgoder
det er mi neshedlafodes d current frame is erased if said selected error rate
code 4 does not have said predeterm ned operational relationship to said

first, sepgnd dhet fekéidey BF Rim 24 whereMOs8id pR24Bty of rates include

PCT/ USB?/ Jf8ﬁ2?l . . . 24 . .
ull, half, quarter and eighth rates, and wherein said decoder determines if
said selected rate corresponds to said eighth rate.

27.  The receiver of claim 24 wherein said decoding code generator
2 generates a plurality of Yamamoto check codes, and wherein said decoder

determines if said selected Yamamoto code checks acceptably.

28. The receiver of claim 24 wherein said first, second and third °
2 values are error rate code threshold wvalues, wherein said decoder
determines whether said selected error rate code is less than said first, second
4 and third values, respectively, and wherein said second threshold value is
greater than said third threshold value.

29. The receiver of claim 24 wherein said signal includes a

2  plurality of frames, including a current frame, and wherein said decoder

determines that said current frame is erased if said selected error rate code

4 does not have said predetermined operational relationship to said first,
second or third value.

) O )



The receiver of claim?24 B,[Erei n sai d decoder conpares at |east 2

30.

anot her _ of |d e t t% 0 a mnimmthreshold sel ected
operati Wr?asfsﬁ%ﬁgat nmwtﬂm S rmnes that said.si gnallb@ﬁg&gap%geous i f
said 4 another of said error rate cc%es has sai d sel ected operational
relationship to said m ni mum t hreshol d. 31. The receiver

of claim 24 whgpei nThairdceleendeclaimrfdawbereinisdid decciiel eohgghres adleasat e code

(2, 3L BGERASAR BB JolPL % LSRRl L leigond and

third _ ] ] recerver 24

wher ei n sapératizradigelatio endadetepminesdhet said signdris rextenemgeiftsaid i r st ,
second,an ' Pl | td Al R cond and
third ba Gagier brEld foriaté UacRACLAd pliRfed operaBBHdl tehBbnsREF 87
wher ei n s&tid minimam ¢b - said 2 selected rate to a previous rate and
decreases said first value if said selected rate and said previous
rate are approximat g% fiffler of claim 24 whe?éin said &&M‘éf‘!&ﬂaﬁfﬁ-@s%ﬁ em
conprising:. 2 atransrptteré% |gur,edto,transmt signal _at a
curren? r aelectedirarey rate code daifyst seeat apdtbirdopweighiing valussoplis gaid

plural ity feét cedods ad@ddhitd values, req;écei@ely\(er configured to receive said
signal, said receiver including: an error check val ue generator

configured to nergte a pluraljty, of 6 error check val ues each based on
whet her said sggﬂal k‘ésr%ﬁg%f"ééﬁé&n 24 Wt}?FE‘PaF?‘fCin%Odﬁét@é‘}P%‘vﬁér%ﬂ only a
first ghegkevteuareo rate sellecs fiesty sdcentlaatnl etiky maltipleakive faetbraftinesn said
selected rate,.i s one qf_ saj urality of.. es; - an error rate
code genef%\ltdoﬁlrsz’oﬁcpﬂﬁraé‘éﬁlgr%gﬁié"raeﬁtE%Eef)t?{]eﬁ lity of error 10 rate codes
each based on whether said signal has one of said plurality of rates,
wherein a sel eB8ed dheoreceister chdirira@dr edeoeits sdid dedodes aloaspads rsaid; 12

a decodin t G Lour r . | i t V-

decodi gg g%%ggae%g%?%%sg{? vg(%fg %1%.4hegl(r21 Eg?%gﬁgs%}acfﬁ ég‘t %{ﬁg 1%%X1gg‘%eéec5f%r ality
of 14 ratete antgheaidi preyions wate are ppwEimgtedpauelor responds to sai d sel ect ed
rate; and a decoder coupled to said error check val ue generator,

error rate codgygl6 A geRghahRatisAk e&gcﬁdmpﬁgg . generator and confi gured
to (a) . determne if sai.d séaeted rat e of %aid sel ected error rate
pesed &

code c®rrespon8dTaRSMRItEs con Hansrnit a signal gy a CYrEeRt dates WheksiRct ed
decodi ng eaidiecir@ent gt eciresbonds tovarhaief a plerility selates;ethd ate corresponds to

saiq pyedeter mar}%gei&%} %Onfi re%loto re%gmasrﬁd %%1 I,Sseakc? (f%cee%eerrﬁ%chfl.ﬁ%e CO;Ie tp
a first value "based on a predeterm n operational relatPonship if
sai d sel ected materrapebedlovahe geperater gentigureds & geperatetaepirality odt e, (d)

conpar g SakfbrSEh&M 8AleEd Yachabsded on whether said signal has one of said
plurality of rates, wherein only a first check value of a selected rate favorably
'8  checks, and wherein said selected rate is one of said plurality of rates; -
an error rate code generator configured to generate a plurality of error
10 rate codes each based on whether said signal has one of said plurality of °
rates, wherein a selected error rate code corresponds to said selected rate;
12 a decoding code generator configured to generate a plurality of
decoding codes each based on whether said signal has one of said plurality of
14 rates, wherein a selected decoding code corresponds to said selected rate; and
a decoder coupled to said error check value generator, error rate code
16 generator and decoding code generator and configured to (a) determine if
said selected rate of said selected error rate code corresponds to a
18 predetermined rate, (b) compare said selected decoding code to a selected
value if said selected rate corresponds to said predetermined rate, (c)
20 compare said selected error rate code to a first value based on a
predetermined operational relationship if said selected rate does not
22  correspond to said predetermined rate, (d) compare said selected error rate
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second val ue based on said predeterm ned operational relationship 24 if
sai d sel ected decodi ng code corresponds2® o sai d sel ected value, (e) conpare
said selected error rate code to a third val ue based on sai d predeterm ned
26  oper acP@min aserend Ak prsed enpadspredetemined smermfierd ore ip

corr esmandlf said sélectéaldtcsah%cédﬂie dtkéto net;)to @afdegélba&i Wadke,S ﬁg;zﬁ%nt
is 28 sai,d sel ai d sel ec ed ror, rate

rate of said | f

code has sﬁ?‘é ?%g%q EFTRTnERfe code th%q‘g’tr f & bpsed BRI RIS §%ﬁr8‘1f‘FFlst
sef:ondzg)r op erahom]l welatmdh{ )if deidosbdecdéd desadﬂ\gSctcgimaﬂoéEiﬁed c@ﬁre&pbﬂd

sel ected r a aving a
transmtte S?lﬁastelecﬁe‘i tarl%rfs&r? dgt%ﬁ'mg%r te}k .%‘? ng’é {ﬁt?ar?i nc]lles?gnal i3
transn8ti aagdewiected laltepliil said se¢legfed errorf raderemdat has caid gredetdreineter ei n

sai d Cu”eag i 3l tB%a?d‘?i o s@conﬂd or %ﬁﬁ%él@é fndf ) CdecoRe™! hod
at said rec |ver eterm ni ng sal current frame
conpr i 89 ngsaife ﬂ@ on sgid selected rgterating a plurality of error check
val ues each based on whet her said current frane has one of said

plurality of rages, whegeidnonh, en§ ha%ﬁfg)nq LU mGRGC KR! ues

of first and second rates favor {AH&L wherein sald fi rst and
second £ at &@ngpdtsy F%ﬁqr%@la%l%ﬂ |trwn&hﬂerarré§sm1f@mg each of goplpralitn@fa

plurality ﬁfaneésr@tra ear&nchﬁs vemhubaaﬁﬂcafremera&emﬁaspbnds to w@rsﬂh frame

has one, of It mhereln finst and.s er.ror
rate co'%jesP f@gﬁgﬁ%e o"y c?ﬁfg?l aelgggg%dpéﬁrggnmg said C““emcfﬁf‘-ﬁaru ng
said first oéarqmrrerﬂtfeamectempnsngdheetﬁpscbfer ror rate code plus 14 a first

val ue based on Rér%ﬁ?‘gﬁ%:plﬂﬁﬂﬁgp&r @#ﬂosal Resleﬁ'ﬁéf%?gﬁ%as@cﬁ'don whether

det er m ni ng tha sal ent r curren r ame second 16

rate i f sapaidfqursentefragie has engpfesaid Plued Hym faadase wherein Oéibélﬁaﬁti andl
rel ati ogshigednd sficd ElR&RNUakielObf [fAEE afB0SeddnUS rated ifhFbrabd) WhecRNEnd

ot herwi se 1 det e ni ng,that sai.d curfent t sai.d_first rate.

S6 oo Iheret i Gt Avd setineb Rt S18 50 dif updi it eley & 5

plural i@y of er gemenaheg_ka ‘pizhnamy g)érmmrt e gogdesipadh bysedf on ywhethereshiddancy
check ‘éal Uﬁﬁrreﬁp‘hé&ﬂér Ebiséa‘f? {% 69&&1@9 ﬁrh%kéihahrétyaﬁ’é s%"c&@{; rate

4 codes generates a ura grror rat
The methodeHPr satgGadss C°¥"GPP‘PF§¥ t%éﬁﬁﬁ‘? izt apdisgeond éi)'@srof 2

Colrmar ing said Emmptarmglrsaﬁd h@ﬁtﬁbr@@ldfaté Qode td rs@ﬁf'@éc@ndaérﬁ& ?ﬂ%%dgrplﬁs
celect g OBt et L oAl LA QMR SEh kLol S ahe SOl Toes ot
rate code detesmaning Btat waldueyrrantrate of said current frame is said second
16 rate if said first error rate code has said predetermined operational
relationship to said second error rate code plus a first value, and otherwise
18  determining that said current rate is said first rate.

36. The method of claim 35 wherein the step of generating a
2 plurality of error check values generates a plurality of cyclic redundancy
check values, and wherein the step of generating a plurality of error rate

4 codes generates a plurality of symbol error rates.

37.  The method of claim 35, further comprising the steps of:
2 comparing said first error rate code to a threshold value based on a
selected operational relationship if said first error rate code does not have
4  said predetermined operational relationship to said second error rate code
plus a first value; and

RN YRR



WD 98/ 18242

(Fj)g/egi ﬁ/‘)#gﬁ?% tmlllmlumuuulllulmma is erased if said fllzr’GlE BrrePsrat e

code has said sel éctéd peratlonal relggionship to said threshold val ue.

38. The nethod of claim35 wherein the step of conparing 2 conpar es
said fgrst errdeteratiningdbat saislaculrrent dredneris @ragedt & saaxﬂién-st enes rate

mul tiplic stem havi ng
a transm ?{’Hg%ag%é{&)gdicmd oé’(%at\l/%trmﬁ%hnaor{ﬂgﬂt&%terlr ran al?'Tyng a signal
at a current rate, wherein said current rate corresponds to one of a
plurality of ra&es Taed métdwodi nofs allaimi35 mdwezeirerthge stapat afs canppamngi ty of
error ghe n r C ald

si gnal 2h %m%%“-’%eﬁaﬂﬁﬁ G985 - GRrEr R Theond, i ERNeRb A hERE, BT g

sai d cur r omaltiplicatiye §€1‘i0(§ signal conprising the steps of:

determning that only first and second error check values of first and 8
second rates fg ora ya @%&ufﬁ*&ﬁﬁ@hn s?%{éﬁ\f hﬁﬁ}g‘an&l ﬁ-‘iﬁ%ﬁt&atﬁdaée from
said plurality of rate ﬁ error rate code to a
second2er regeives: éaléloaenimu’seratransfrgtttmg a sigppliet »gyEgnbhats, phegeinesaidned

oper at i ong{;riedt %t@aéﬂbg,aoﬂdsef@ldhes ?f th ﬁamzsahtyl?of raaéwl HRE YHeRin ogauaat e
codes correspond to sai [ nd.rat Igrm ni ng

Chat s dreT e eeat 85 Grrluiity SRR fasckiyeies A8 srapr ot codes o3
second er based ahavhaﬂer baiel sigmal hprseoted ef shideplurpktyadf rates, a rlethodnfeli p t o
sai d sgco ‘lqr . det er m ni ng
that 16 Ceuififing SR ARl oPeu Sl Toipridf L SRYGE et LT

met hod of cl ai ﬁl\ete;mm ghat apdy dirst ppd sgrend ezmrdachack gralpes Oérf@s,kandl ues
are figst sghghd eaesdavorablye che&dURWRBRIN CH8E Hird@bHASsec8Ad rates ai'@hﬁrcﬁhn sai d
first and second error rate codés are first and second synbol error
rates. said plurahty4q rateSihe et hod of claim 39, further corrprl sing the
steps10f: 2 comparingoarfisstiertpromitel cbde & asecord emberatodedeqlas =firar rate
code thre v e ipif
caid fi rssag.l}e?%arsed & Cﬁfgd@%g&qng@ o?:e?g{xgﬁ%v%l%% %er@ﬁx @51&!(){1?41

oper afl2 onandrserend Gn@lii irpte epdegicaresspend to said frst gpdsgeend safesis a fir st

value; and 6 determmuigeﬂf&%hm E\grrbﬁﬁi'até%f daidll GpAal 1b%aﬁf h@ﬁ%‘t’é if §a1§a| d
first error r alds ctedﬁ‘gperat hgtlons pto

said t re§13|‘Eﬂ'la§1t \?’é‘ioiferate code 18R & sa1d@re t g2 B?a BehiphdPei n
the step chidsapadiergor fate codeplues foat salue; and e]thmwmaﬂetemdmrtg)t}saetl

secongger ofy LAkentR9e s ddifBEsPrate. MUl tiplicative factor.

40. The method of claim 39 wherein said first and second error
2 check values are first and second cyclic redundancy check values, and
wherein said first and second error rate codes are first and second symbol

4 error rates.

41.  The method of claim 39, further comprising the steps of:
2 comparing said first error rate code to an error rate code threshold
value based on a selected operational relationship if said first error rate code
4 does not have said predetermined operational relationship to said second
error rate code plus a first value; and
6 determining that said signal is erroneous if said first error rate code
has said selected operational relationship to said threshold value.

42. The method of claim39 wherein the step of comparing
2 compares said first error rate code to said second error rate codes times a
multiplicative factor.
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43. The net ﬁ“(’i of claim 39, further conprising the steps IFSWIQGZS
generating at | east a sel ected decodi ngycode based on said first rate;
determining if said first rate corresponds to a predetermned rate; 4
I f- said first rate corresponds to said predeterm' ned rate, comnparing

said sel ected dgc odlgg_. [oTelr, 9. | Q)f%da%ﬁ{ ggtﬁgg.y ‘%‘a&’ﬁ%q& t?ue steps of: if said

sel ect ed decoding code corresponds to. sal altering
sai d fiZst val generating at leastaaeiecte idecadingends baseflom sajd fisst ratesvi ng means

for transm tti ndetedninihfaf sdiderrate &@fé& @Bd@t@'a?féhb?e)fnﬁf\ecflrﬁ@s at a
curr,ent e correspongs to one of a

t t
oi'ur el hy of r of éaid Brsteiad sorresBpfs stpn@al predetermiinedprate, FOMPREHTS at i ng
a plural i tsaidbelectedrderbding sodaisa elebteasdde;athd whet her said current
frame S one @ ah d | j t rat.es, wherei nly.,6 first .and
second%gheck ve{F %éa oﬁeﬁ)%c:tj%gtdeﬁg%c@ﬁl& FAEEP o?%b%%fi (ﬁ?&?&eé Sradue,
wher ei n salterppigusaitlifingt wklueat es i ncl udes said first and second rates; 8
nmeans for generating a plurality of error rate codes each based on

whet h d ty. . f f I | i t rates, wherein

fi (rast erlOSal ang%szlreggn é%ﬂﬂﬁ}@&% gfsq g‘gg%fﬁj I{%allsalfﬂrfﬁr?g?méﬁiiﬂigsecond
rates; 2 that transmitsapach obapplugality Qélfdim&ans af Qurremin eataf wlgpreuplsuichl | ty
of error Céﬂﬁféhtlrate cd’l‘i‘ééiﬁﬁuﬁrl@ Sl 8f i%ﬂﬂﬁali‘t?rof‘&ﬁfé@ré‘tré@v& égngéﬁ% Lo d

error rate codes al’l rst error rate

second%error réP@a%é%r 5?%%’351‘&? U ty of gring %@d"%ﬁesaeﬂﬂécb@’ﬁ%d ®imed
oper at i onavhegleatdaihetitent draine has one of sﬁﬁﬁpﬁu‘aﬁﬁu Bf ?ﬂe& Qvﬁ@i‘éi‘n NBARS for

s ol ”9gargﬁan?i%ﬁ}@:ﬁ%a;?ﬁeﬁgﬁ‘gﬁ Mloe{gtm %ﬁ% ahic, and |
pr edet er miwbereimp saigt p tyr efl matéoins st smid dirst s, ategrror rate code
plus agfirst vahigng Wg@h@ﬁa@ﬂgsﬁ Hﬁfrgﬁﬁe%'f Gréd3hteS ?&ﬂis each g%vé]de RE, rate

is said fir rate recelrver o eréin sad
means for ‘@Eﬁ@eéﬁafﬂ; cyrrent frame ahaist g, pf spidoplusaliti Of/éﬁ@és “é’@ﬁélm iast a

pl uralloty amid SE]‘Ohd(Erf(ﬁﬁlalﬁdedS@eS correspongcto saad iest arasbcdhar@tey; sai d neans
Synbal er ?Z'r "0 sfigfaBublel & sl jREad Uk shner RS HIRRHE Ghesior b dher
conpr ilgi ngralpes and said nmgans fior genmratingga qdiuhlityr of emororate actoeies,oﬁﬁ' to a
threshol d cspdpifring salamgeﬁ@r ?‘at%eéo%‘ﬁ %28 AL gﬁjor rrﬁteaé%cpé]gfeursg? el d

flrst rror.ra oes ave salé predet erm ne onal
rel ati nsﬁ’aﬁu? g%%?f&“s%?&'ﬁﬂ?t@?mmed operajiopat selatignshipaandr st val ue; and
means, coupled to said means for comparing, for determining that
16  said current rate of said current frame is said second rate if said first error
rate. code has said predetermined operational relationship to said second
18  error rate code plus a first value, and otherwise determining that said
current rate is said first rate.

45.  The receiver of claim 44 wherein said means for generating a
2 plurality of error check values generates a plurality of cyclic redundancy
check values, and wherein said means for generating a plurality of error rate

4 codes generates a plurality of symbol error rates.

46.  The receiver of claim 44, further comprising:
2 means for comparing said first error rate code to a threshold value
based on a selected operational relationship if said first error rate code does
4 not have said predetermined operational relationship to said second error

rate code plus a first value; and
AN
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for deté/romlﬁ%g%g that said current frane is erased if sai |r9slt8 > error

rate code has said selected operationag relationship to said threshold 8

val ue. 47. The receiver of claim44 wherein said nmeans for

conpard ng 2  meanarfes detrdrifiing tthatr said catrentc fchene ds eaastdsicsandl fasst or rate

code ti m?n-grn rate cc{&él flésﬁ 'séﬁagélé’&ecﬁ %?e?ﬁtl nal rel?ﬁo?shzipA'ﬁ% said threfhold

communi ca avin nanTTter ransmts each of a
si gnal8 atvahtmrrent rate, \/\herel n said current rate corresponds to one
of a plurality of rates, a receiver conprising: 4 an error check

val ue generat oy Con'i'hgtfre&ﬂvéxo denalAla %l‘@f%alsh{% nans f or %fngdraéﬁ{?(:k

val ues each based on sal current, frame has one o sal
pl ur al? t ycemppeasesaid\fist erieroraty codede said speepdderzprdrte, gpdedimesfa rst and
second r agRatibavaredlixcteheck, and wherein said first and second rates are 8

fromsaid plurality of rates; an error rate code generator
configured to gﬁener ate a plurality of error rate codes each based on
whet her said cfrenit f 2 afBIHAYNIKAEOBS §ﬁ?talrp|hmngt ya transgiittent dbat wherein

fi [St Zindg%%&m @aémrofr atﬁgﬁaldas dZ(Ehl’rﬁﬁﬂOBﬂeI iéreth fdaigt ciaentl Zate second
rates,;, an

C to_said error.check val ue generator
and er r or CPEESPOPALS to °§%R ‘Fg}l gﬁ%teﬁ'o%f“?cﬁﬁ'reéc?of’}? T3Bare said first
error 4ate codanteorcrachibck valueegemetatorr configitred ciodgenprate a pluralityvef ue
based on @Bt BELELINAE dadilpasPBhAVhARRE skl AlrOfSlRe A SLLTISalAL Sl d

current sai first

error ¢ at pluality efsatesi whereine oatyrifitst angd secepércaer:bﬁéalufﬁ@qitﬁl@ﬁsanq) to
sai d secogdoRHr Aited MvbraBFecddks and Wheteinalss®y fisdtdand secOhdEFatdss are

deternj ne_t hat e} rate is said first rate. The
recei anbF%ia 1‘11@*%@}&% said error check value 2 generator
gener at es a pl an ekfdryrate cadecgererakdwodéiguyed heginerataie plueiity of erraher ei n
sal d g " Ofatk ABes B GAMAIGH GeIRHALA SRrnb (LA hLd ol oPYERObLERIEY 4

rate recerver o
conpar es ofrafes, whemin frstandosecpnd errsdate eodesteorrespend tQéPlfbflb%ts%!tﬂ on a
sel eci{zd gRehdlla@ddbnd relationship if said first error rate code has

sal predet T L0 SRECSRAT, s cohfLALLONILE heBl 369, St T
14 code generator and configured to compare said first error rate code to said
second error rate code plus a first value based on a predetermined
16  operational relationship, determine that said current rate of said current
frame is said second rate if said first error rate code has said predetermined
18 operational relationship to said second error rate code plus a first value, and

otherwise determine that said current rate is said first rate.

- 49. The receiver of claim 48 wherein said error check value
2 generator generates a plurality of cyclic redundancy check values, and
wherein said error rate code generator generates a plurality of symbol error

4 rates.

50. The receiver of claim 48 wherein said decoder compares said

2  first error rate code to a threshold value based on a selected operational
relationship if said first error rate code has said predetermined operational

4 relationship to said second error rate code plus a first value determines that
said current frame is erased if said first error rate code has said selected

A



said current frame is erased if said first error rate code has said

sel ect perational relationship to said threshol WO
S6] 150430 sl R

29 51. The receiver of clygi m 48 wher ein said decoder conpar es
said 2 first error rate code to a multiplicative factor tinmes said second
error rate 51.codEhe receiver of claim® 48 wherginmsaid oddcodar spsipares sajpd i Si ng:

2 2 fifst SIS Ftb! &IdeCRNE I AUTEGLE AT 39&6'} Yirfles® isgfaakec{?)hdafﬁpf rx%?é rate,
wher ei'h sald current rate corresponds to oné of a plurality of rates;
ahd 4 code. a receiver configured to receive said signal, said receiver

I ncl udi ng: an error check value generator configured to generate

a plurality ofgy 6 Agégfﬂfmﬁﬁ?%ﬁ‘?[?k’%%%ﬁﬁ’%gﬂ on whet her said current

frame has one of said C rat'es, erein only first and
second® check vatiasmittey rorfigused togfransyaitonsignat alsa rutenhpate, wieaskin and

\%erei N sadid cuirfevit ra&dcto&?@s@gﬂdé%%etafﬁ plur?n @f%asg;%al uraltity o:‘ ralt sets;
an error rate . code enerat or conri re (0] ener e.a plurallty
of erhr 3 By RADTIATRA §9 JBREINR SR EIRBAL SAITEE e INANTHRG has one
of said pluralan erio? cheek valtiesgendretari mﬁﬁgnmedam%amtw aepli@ilityabe codes
correspond to said fd.r rates:.._.a 14 decoder
Coun &t ErrbE A valied kalh Based o EHEME FIL A8 kathe has one o o
gener at or phardlityoof irgtese whereiro iopdy dirshiaddf second eshegk valties exfdfirst carshi d 16

secondg er £<%Bnaaxta‘;c’esc eARRbNS cRedd, afld %}E{e‘f@'mb I@gﬁd PR afd LRERY ]‘?fa@eéq gge

oper at 1 ona rel_gtlonshl p, “determne that said current rate of sald current
18 fr amefrom saidPlasaliyPftates it said first error rate code has said

predet@rm ned an erro@ﬁefeaéddmgéndr@{@_tdoﬁﬂgméd t® geRéretes 8GNEhIRY Isfrerrdt € code
plus a Tl £3 chaes'SactPihel on WKL LSS Bl Haife hRSns Bf dafd phbRliey 21 © 'S
sai d firsta¥ §PRE P ty
12 of rates, wherein first and second error rate codes correspond to said first and
second rates; and
14 a decoder coupled to said error check value generator and error rate
code generator and configured to compare said first error rate code to said
16 second error rate code plus a first value based on a predetermined
operational relationship, determine that said current rate of said current
18 frame is said second rate if said first error rate code has said predetermined
operational relationship to said second error rate code plus a first value, and

20 otherwise determine that said current rate is said first rate.
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