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Field of the Invention

This invention relates in general to radio communication systems,
and more specifically to a method and apparatus for determining a
response to a control value periodically transmitted by a communication
system for controlling a receive operation of a receiver operating therein.

Background of the Invention

Modern selective call signaling systems can provide periodic control
signals for adjusting a receive operation, such as the operation of battery
saving circuits in battery powered receivers operating within the system.
Such control signals can modify the length of battery saving “sleep”
intervals, thereby trading battery life for reduced latency (i.e., mean delay
for receiving a message), and vice versa. Other control signals are used for
further adjusting the receive operation in accordance with, for example,
low traffic conditions and repeat message configuration.

The control signals preferably are sent in code words having error
detection and correction capability. While this capability markedly
decreases the probability that an erroneous control signal will be acted
ﬁpon by the receivers, certain error conditions, e.g., certain bit patterns, can
pass without detection. Undetected errors in receive operation control
signals can result in missed messages (due to excessive “sleeping” or
improper configuration), lower sensitivity (due to missed . repeat
messages), and reduced battery life (due to not “sleeping” enough).

Thus, what is needed is a method and apparatus for determining a
response to a control value periodically transmitted by a communication
system for controlling a receive opefation of a receiver. Preferably, the
method and apparatus will improve the probability of detecting and
rejecting erroneous control values, thereby reducmg the problems
associated therewith.

REPLACED SHEETS  SG

: paged ...\... to paged ..7...
: paged .14, 1o paged .20.

i Description
¥ Claim(s)

This Sheet Has Been Reﬂlaced .

¥ Drawing(s) : paged . 316 to paged ...

II ' f Abstract

pCTES0AbRS 10 &



Such control signals can nodify the length of battery saving "sl eep”
Intervals, thereby trading battery life for reduced |latency (i.e., nean
det ay for receiving a nmessage), and vice versa. O her control signals
are used for 20 further adjusting the receive operation in accordance
with, for exanwos‘,”09831 low traffic conditions and repeat NMeSsEEEEs96/10765

conhfi gurati on. The control signals preferably are sent in code
wor ds havi ng error detection and correction capability. Wiile this
capability markedly decreases the probabil2ty that an erroneous

control signal will be acted 25 upo RX Sﬁﬁofﬁfeeiﬁﬁﬁ-&n pcertain error
conditions, e.g., certain bit patter a ass W t hout detection.

Undet ected errors in receive operation control signals can result in
m ssed messages (due t Are%8 ?éétl diemespmnaghvmnon is a nyethgd rof deternumng a
|

configuration), sens Vi TP

reduced battery I | :‘Ngs}f aﬁB{%D&g &ﬁ% d by E‘%ﬁﬁﬁﬂﬁ% P
needed is a met Bod sgmttmppatdem dner UD oif rigframe of da@sqfomsemmualcahon
control val ue peri f’éjﬂo@@édl.y T‘f\@%ﬁtrbl %lt'ié’;@f&f)@aﬂ&bﬁﬁ?oﬂrkecewe Sperhfbh 6 a

controlling a recei've operation receiver. Prefer met hod
and appar atus wil | r@F&WB‘I/QP?Wé‘“&’&b&'S QIR CAHIONS)SHETY- aﬂ'&? methoql LB
erroneous control Jal thesredeharethy stepk of rapcepiing rankll stosingSearlies atatatfeom an
therew th. earlier transmission of the frame of data, and receiving current data from a
10 current transmission of the frame of data. The method further comprises
the steps of thereafter making a comparison of the earlier data and the
current data, and selecting from (a) performing the receive operation in
accordance with a current control value received in the current data and
(b) performing the receive operation in accordance with an alternative

15 control value, in response to the comparison.
Another aspect of the present invention is a communication receiver
for determining a response to a control value periodically transmitted by a
communication system in at least one code word of a frame of data of a
communication protocol. The control value is for controlling a receive
20 operation of the communication receiver while operating in the
communication system. The communication receiver comprises a battery -
for supplying power to the communication receiver, and a switch coupled
to the battery and coupled to a processing system for controlling the power
to a receiver element. The communication receiver further comprises a
25 memory for accepting and storing earlier data from an earlier transmission
of the frame of data, and the receiver element coupled to the memory and
coupled to the battery for receiving current data from a current
transmission of the frame of data. The communication receiver also
includes the processing system coupled to the memory and coupled to the
30 receiver element for making a comparison of the earlier data and the
current data. The processing system is programmed for selecting from (a)
performing the receive operation in accordance with a current control
value received in the current data and (b) performing the receive
operation in accordance with an alternative control value, in response to

35 the comparison.
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2 _ Summary of the Invention An aspect
of the present invention is a nethod of determ ning a response to a
control value periodically transmtted by a communication 5 systemin at
| east one codgoWjuekspf @ frame of data of a communication pero§seheRs! -

The control value 1s for controlling a receive operation of a receiver
operating in the comruni cati on system The nethod conprises in the
recei ver the steps of accepting and storing edlier data from an
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code word of a frthe reflial atcummmcatlon system in accordance with the preferred
embodiment of the present invention.

10 FIGs. 4 and 5 comprise a flow chart depmtmg a first operation of the
communication receiver in accordance with the preferred embodiment of
the present invention.

FIGs. 6 and 7 comprise a flow chart depicting a second operation of the
communication receiver in accordance with the preferred embodiment of

15 the present invention.

Description of the Preferred Embodiment

Referring to FIG. 1, an electrical block diagram of a communication

20 system in accordance with the preferred embodiment of the present
invention comprises a fixed portion 102 and a portable portion 104. The
fixed portion 102 includes a plurality of base stations 116, for
communicating with the portable portion 104, utilizing conventional
transmission techniques well known in the art, and coupled by

25 communication links 114 to a controller 112 which controls the base
stations 116. The hardware of the controller 112 is preferably a
combination of the Wireless Messaging Gateway (WMG™)
Administrator!™ paging terminal and the RF-Conductor!™ message
distributor manufactured by Motorola, Inc. The hardware of the base

30 stations 116 is preferably a Nucleus® Orchestral™ transmitter
manufactured by Motorola, Inc. It will be appreciated that other similar

. hardware can be utilized for the controller 112 and base stations 116.

Each of the base stations 116 transmits radio signals to the portable

portion 104 comprising a plurality of communication receivers 122 via a

35 transmitting antenna 120. The radio signals comprise selective call
addresses and message transactions between the base stations 116 and the
communication receivers 122. The controller 112 preferably is coupled by
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: communication receivers 122 preferably utilize an outbound protocol such
as the Motorola FLEX™ digital selective call signaling protocol described
more fully in U.S. Patent No. 5,168,493 issued December 1, 1992 to Nelson

10 et al., and assigned to the assignee of the present invention and which is
hereby incorporated by reference. This protocol utilizes well-known error
detection and error correction techniques and is therefore tolerant to bit
errors occurring during transmission, provided that the bit errors are not
too numerous in any one code word.

15 Transmissions comprising data and control signals from the base
stations 116 preferably utilize two and four-level frequency shift keyed
(FSK) modulation. It will be appreciated that, alternatively, other error
detecting and error correcting signaling protocols, modulation schemes,
and transmission rates can be utilized as well.

20 FIG. 2 is an electrical block diagram of the communication receiver
122 in accordance with the preferred embodiment of the present
invention. The communication receiver comprises a receiver antenna
202 for intercepting RF signals from the base stations 116. The receiver
antenna 202 is coupled to a receiver element 204, which includes a receiver

25 utilizing conventional demodulation techniques for receiving the
communication signal from the base stations 116. The RF signals received
from the base stations 116 use conventional two and four-level FSK.
Radio signals received by the receiver element 204 produce demodulated
information, which is coupled to a processing system 230 for processing

30 messages received from the base stations 116.

A conventional power switch 206, coupled to the processing system
230, is used to control the supply of power to the receiver element 204,
thereby providing a battery saving function.

To perform the necessary functions of the communication receiver

35 122, the processing system 230 comprises a processor 208 is coupled to a
random access memory (RAM) 212, a read-only memory (ROM) 210, and
an electrically erasable programmable read-only memory (EEPROM) 214.
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3 Brief Description of the Draw ngs FIG
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timng diagramof a conmunication protocol utilized by the radio
comuni cation systemin accordance with the préferred enbodi ment of

th t ent Fl Gs. and. 5..co chart

degl (F:)'[ ?ﬁgna :‘ |mr/st I-t)per a% e prppessor 268 é%m% CQ%Q@SE@W‘FW'mnHOHQ
accordance with tHBapg &rﬁécb)emdmhmhcof It will betapprecisted: thabother similar
FIGs. 6 and 7 conprogesserd lcaw B@ﬁiﬁhi&ﬂ%&f ItHs 65&?%30 'tREt Qiid?ttﬂ?%al

fﬁmp;ggm Olnmr/gﬁﬁ:rgﬁessors SF sda%?ecgr terna ve g?es[){vi% RS R-tl“g!?ﬁeeq‘i’
Enbodj nent 5 can berefldedi agyrequifédcio handie the processinghtequireshergs ah i‘l’lfe a
communi cation 20 prpeésifg ByfterP296.NCR Wil ibe! BRoPigieERAMH BROGIHE Yy pal dée
present : memory, e.g., EEPROM or FLASH, can be utilized for the ROM 210, as well
as the RAM 212. It will be further appreciated that the RAM 212 and the
ROM 210, singly or in combination, can be incorporated as an integral
10 portion of the processor 208.

The processing system 230 is programmed by way of the ROM 210 to
process incoming messages. During message processing, the processor 208
decodes in a conventional manner an address in the demodulated data of
the message, compares the decoded address with one or more selective call

15  addresses 232 stored in the EEPROM 214, and when a match is detected, the
processor 208 proceeds to process the remaining portion of the message.

Once the processor 208 has processed the message, it stores the
message in the RAM 212, and a call alerting signal is generated to alert a
user that a message has been received. The call alerting signal is directed

20  to a conventional audible or tactile alerting device 226 for generating an
audible or tactile call alerting signal. .

The message can be accessed by the user through user controls 224,
which provide functions such as lock, unlock, delete, read, etc. More
specifically, by the use of appropriate functions provided by the user

25 controls 224, the message is recovered from the RAM 212, and then
displayed on a display 228, e.g., a conventional liquid crystal display (LCD).

In accordance with the present invention, the RAM 212 comprises
locations for storing earlier data 218, i.e., at least one earlier control value
and additional information such as an earlier frame and cycle number,

30 received in a received frame of data preceding a current frame of data. In
addition, the RAM 212 includes locations for storing current data 220, i.e.,
. at least one current control value and additional information such as a
current frame and cycle number, received in the current frame of data.
The RAM 212 also includes a location for a candidate control value 222,
35 which is described herein below. Optionally, the EEPROM 214 can include
a predetermined control value 234, also described herein below.
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The frame information code word 306 preferably is a 32,21 BCH (Bose-
Chadhuri-Hocquenghem) code word on which 2-bit error correction is

10 performed. Specifically, the 32,21 BCH code word is processed in a manner
well known in the art to detect and count one bit error, two bit errors, or
more than two bit errors, and to correct up to two bit errors. When there
are more than two bit errors, the code word has uncorrectable bit errors,
the exact number of which is unknown. The frame information code

- 15 word 306 comprises a frame number 312 and a cycle number 314 for
identifying the frame and cycle, there being fifteen transmission cycles per
hour of the one hundred and twenty eight frames, by way of example. The
frame information code word 306 further comprises a control value "A"
316 for adjusting battery saving intervals utilized by the communication

20 receiver 122 in response to system. parameters such as traffic volume and
repeat message configuration. In addition, the frame information code
word 306 includes a check character 318 for helping to ensure quality of the
received information.

Because the control value "A" 316 affects the battery saving operation

25 of the communication receiver for an entire frame 302 of data, it is possible
to miss messages if the frame information code word 306 is received with
errors that are undetected. While the error detection and correction of the
protocol is intended to minimize undetected errors, certain combinations
of errored bits can produce a code word 306 that appears to be valid when,

30 in fact, the code word 306 contains erroneous information.

Briefly, one aspect of the present invention greatly reduces the
probability of accepting erroneous information in the frame information
code word 306 even after the error detection and correction processing has
indicated, incorrectly, that the code word is valid. This improvement

35 preferably is obtained by making use of the fact that the frame number 312
and the cycle number 314 count in a sequence that is predictable from one
frame 302 of data to the next. Before accepting the control value A" 316 as
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4 conventional tel ephone links 101 to a public switched tel ephone

net wor k (PSTN) 110 for receiving selective call nessages therefrom
The sel ective call nessages conprise voice and data nessages received
fromthe PSTN 0 using, for exanple, a conventional teIP%qJ;t%g 4
coupled to the'® 110 in a manner well known in the art. 8710%5

Data and control transm ssions between the base stations 116 and the
comuni cation receivers 122 preferably utilize7zan outbound protocol such

as the Motorola F err. igital selectjve call,si i r ot ogol
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o o1 oFol 5, 00l 545 4G el MGV TR LANGS ol i
conmuni cat i on1P ec €ptrent frame of data instead of using the earlier received control value
"A" 316.

In the frame information code word 306 of the FLEX™ protocol, for
example, the above described aspect of the present invention reduces the
probability of accepting an undetected error in the control value "A" 316 by

15 a factor of 2,048, thereby advantageously reducing the probability of a
missed message (or wasted battery energy) resulting from an incorrect
battery saving operation.

The first block (BLOCKO) of the plurality of blocks 310 preferably
contains, among other things, a block information code word 332, which

20 preferably is also a 32,21 BCH code word on which 2-bit error correction is-
performed. The block information code word 332 comprises a control
value "B" 320 which affects battery saving operation. The block

‘information code word 332 also contains a check character 322 for
improved error detection. Continuing with the example of the FLEX™

25 protocol, the control value "B" 320 is a “system collapse” value, which
affects how long after the current frame 302 the communication receiver
122 will battery save (i.e., “sleep”) before “waking up” to receive a
subsequent frame 302. Clearly it is important to minimize the probability
of accepting an erroneous control value "B" 320 having undetected errors,

30  because sleeping too long can cause a missed message, while sleeping too
briefly will waste battery power.

. Briefly, a second aspect of the present invention makes use of the facts
that (a) the system collapse changes infrequently in a given system and (b)
the information of the blocks 310 can be transmitted in a plurality of (e.g.,

35 four) multiplex phases 324-330. In accordance with the present invention,

. the fixed portion 102 of the system transmits the control value "B" 320 a
plurality of times in the plurality of multiplex phases 324-330. Preferably,



122 in accordance with the preferred enbodi nent of the present

I nvention. The communi cation receiver conprises a receiver antenna 202
for intercepting RF signals fromthe base stations 116. The receiver
antenna 202 is coupled to a receiver elenment 204, which includes a receiver

25 utilizi nng%?atli onal denodul ation techniques for recei p&poisdehierss
communi cation signal fromthe base stations 116. The RF signals received

fromthe base stations 116 use conventional two and four-I|evel FSK
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messages received from-the base statlons . ) onventional -
power switch 206, altemptadto seceiee sheceondrolgvalpe: By 320 “‘23@l & Rlugadity gof
control the suppl mﬂtimats@s t324-330¢ eiTher vehenatilizéd by tthe céhafuplivation
Punctiong of ¢ he CESAR L2k foh b aurys} value 18 320 iRyl whbf E50AR)
conprises a prbcesbangefionm sncearlier teceived value undessoniad ecsivglennenw rvalyaRioy
212, a read-only ARITRSMr&RMe2H. 307 receivediat b d b ierntihad ahirkber of
programmabl e read_(qu.l, )ﬁ) "mes %igﬁlieps%q\ﬁbanz& %redetermined number of (e.g., 2) errors
' from the plurality of multiplex phases 324-330 of the block information
code word 332 of the frame 302, or (b) if the number of errors is equal to or
10 greater than the predetermined number, a single new value for the control
value "B" 320 is received at least the predetermined number of times from
each of two pluralities of the multiplex phases 324-330 of two block
information code words 332 occurring in two successive frames 302.
By making the control value "B" 320 resistant to changes when there
15 are too many errors detected, as described above, the probability of
erroneously switching to an improper battery saving operation is
advantageously minimized. It will be appreciated that, alternatively,
instead of utilizing the earlier received value for the control value "B" 320
when there are too many errors detected during:reception of the block
20 information code word 332, a predetermined value can be utilized. It will
be further appreciated that the resistance fo changes in the control value
“B” can be made asymmetric. For example, changing from a first “sleep”
interval to a second, shorter “sleep” interval could, for example, be
designed to meet with less resistance than changing to a second, longer
25 sleep interval (which, if erroneous, could cause a missed message).

With reference to FIGs. 4 and 5, a flow chart depicts a first operation of
the communication receiver 122 in accordance with the preferred
embodiment of the present invention. After power up 402, the receiver
element 204 receives 404 first {earlier) data 218 (i.e., the frame information

30 code word 306) including the control value "A" 316 and additional
information comprising the frame number 312 and the cycle number 314,
which have a predetermined predictable sequence from one frame 302 to a
next frame 302. The processing system 230 error corrects the received
earlier data 218 and, if there are no uncorrectable errors, then stores 406 the

35 received earlier data 218 in the RAM 212, and awaits the next frame of data
that the communication receiver 122 is scheduled to receive according to
the battery saving operation programmed for the communication receiver
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5 Preferably, the processor 208 is simlar to the M68HCO5

mcro-controller manuf actured by Mdtorola, Inc. It will be

appreci ated that other simlar processors can b? gailized for the
rocessor 208, at additional processors o es

glternatlve typegﬂ%gﬁmell as a hardware decoder, 5 can b$@ﬁ3¥*”””s
required to handl e the processing requirenents of the processi ng
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and the cycle number 314. Then the flow returns to step 408, where the
processing system awaits the next scheduled frame of data.
If, on the other hand, there are no uncorrectable errors detected in the
frame information code word 306, then the processing system 230
15 compares the frame number 312 and the cycle number 314 received in the
current data 220 with the frame number 312 and the cycle number 314
received in the earlier data 218 and stored in the RAM 212. The processing
system 230 then checks 416 whether the frame number 312 and the cycle
number 314 received in the current data 220 conform to the predictable
20 sequence. If not, the frame information code word 306 is likely to contain
undetected bit errors even though the code word 306 appears to be valid
from the viewpoint of the previously applied conventional error detection
process; therefore the processing system 230 preferably ignores the control
value "A" 316 received in the current data 220 and performs 418 battery
25 saving in accordance with the control value "A" 316 received in the earlier
data 218. It will be appreciated that, alternatively, in step 414 instead of
performing battery saving in accordance with the control value "A" 316
received in the earlier data 218, the processing system 230 can perform
battery saving in accordance with the predetermined control value 234.
30 Next, the processing system 230 checks 420 whether the frame
number 312 and the cycle number 314 received in the current data 220
. have failed to conform to the predetermined sequence in more than a
predetermined number of the most recently received frames 302. If not,
. the processing system 230 returns to step 412 to increment the frame
35 number 312 and the cycle number 314 of the earlier data 218 according to
. the predetermined sequence, and then updates the corresponding portions
of the earlier data 218 with the incremented values of the frame number

or




20 to a conventional audible or tactile alerting device 226 for generating

an audi ble or tactile call alerting signal. The nmessage can
be accessed by the user through user controls 224, whi ch provide
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nunber, 30 recei ¢8d the cyclecnwmber 314 éﬁ@‘\‘ﬁdaﬁha? prerentAak %hﬂ%fﬂ’%&rt&n\e
of data. OII n 250 ednfforinoto thé reddlerhined sbquinrel incatorerthahica predetermgined
current data e t . t I .
addi tional infornma .n}?ﬁrsqcﬂmggn%s?%ceﬁ% rr?éér’%{r&? rﬁé%eggéir?gh’c%ﬂé%ﬁ%%%ﬁssmg
received in th® caystem: cancindespthatshe. frame numbeir3i? and Hieseyale snumher 314
| ocation for a capgi : ; ' ' i in
B%ﬁ?ﬁ%ﬁgﬂ?&ﬁﬂ fiedPartiodo102 oftthe BystenmiIRSEit JIRtp Rt

bel ow. tionall t can i | ugde a predeterm ned.co ol
val e 234, al o U FoREpETan, refsrgey, 122. " responsd tRe FrbeSdsing Syteeih 140

updates 422 the frame number 312 and the cycle number 314 of the earlier
data 218 with the frame number 312 and the cycle number 314 received in

10 the current data 220. Flow then returns to step 408 to await the next
scheduled frame of data.

If, on the other hand, in step 416 the processing system 230
determines that the frame number 312 and the cycle number 314 received
in the current data 220 do conform to the predictable sequence, then the

15 processing system 230 performs 424 battery saving according to the control
value "A" 316 received in the current data 220 and replaces the control
value "A” 316 stored with the earlier data 218 by the control value "A" 316
received in the current data 220. The processing system 230 then returns to
step 422 to update the frame number 312 and the cycle number 314 of the

20 earlier data 218 with the frame number 312 and the cycle number 314
received in the current data 220. _

By refusing to adjust the battery saving operation of the
communication receiver 122 according to the control value “A” received
in the current data 220 unless the frame information code word 306

25 includes the expected frame number 312 and cycle number 314, the
reliability of the control value "A" 316 is greatly enhanced. In the FLEX™
protocol, for example, the frame information code word 306 has 131,072
valid bit combinations. The inclusion of the expected frame number 312
and cycle number 314 as a further validity test for the control value "A"

30 316 reduces the number of valid frame information code word bit
combinations to 64. This advantageously reduces the probability of acting
upon an erroneous control value "A” 316 by a factor of 2,048.

With reference to FIGs. 6 and 7, a flow chart depicts a second
operation of the communication receiver 122 in accordance with the

35 preferred embodiment of the present invention. Following power up 502,
the receiver element receives 504 first (earlier) data 218 including a first
(earlier) control value “B” 320, which is transmitted a predetermined
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-6 FIG 3 is a timng diagramof a comrunication protocol 300
utilized by the radi o conmunicati on systemin accordance with the
preferred enbodi ment of the present invention. The protocol conprises
a pluralit ranes 302 (one hundred and twenty eightp y
of'pexarrpl e%l. vgos:@gg% frame 302 includes a syncl field 304, aé?rarre,msswa
i nformati on code word 306, a sync2 field 308, and a plurality of
bl ocks 310 (el even bl ocks shown by way ofllexanpl e). The

frame information_co e d 306 bl a Bose;
Chadhur i - Hocqueng &P, grP l&%b?)?‘ik qtg?a]tbo Vards 332 during
per f ormed. Speci f ithalﬁ'gme Bﬂ% ofiziaza, 3G plaised harein sbcmeoc'éhs progessingnsystem

vel | known in the23pitheR s@cﬁ%@%bG%ﬁ@'r@ééWHd eMiePicbn&bl Phluel 1> @zotmem&mwr
nore 't han two bltzﬁé or F 0 cor ect
A

tO t
are nore than two ha % tﬁ‘%é’f’m‘é"“ﬁ?‘i‘mbf‘?"ﬁ?‘?r
t he exact nunbgr dﬂZv&blachedaledntmmmweTh'e aécurdammmthrbatterry sadng léperation

306 i f N
Cdonti{ying the  PAOErdt anc& ufe}zu@ Wherf ¥fib et BEREA LA frfine 302 arrives, the

there e|n een transms 1 0 cx
per hour- of TRECIETcCIgTIcRE g‘iﬁ‘% %T B~ 30
exanpl e. The the q:redeinfmirmii numbencbf twnesi nSQBe phutamwy otthkpark efermation

control value "A" @éa@&ngasysm 256%&9 m@&&ré@' whiiter! thed

by the conmuni cati one% rece| Ver tem paraneters such
as traffic voRfne cifrent control value “B” 320 was rece:ve at least once. If not, the

processing system 230 continues to battery save 516 according to the earlier
control value “B” 320 stored with the earlier data 218, and the flow returns
to step 508 to await the next scheduled frame.

If the control value “B” 320 was received at least once, then the

15 processing system 230 checks 512 whether at least one control value “B”
320 received is equal to the earlier control value “B” 320 received in the
earlier data 218. If so, the processing system 230 continues to battery save
516 according to the earlier control value “B” 320, and the flow returns to
step 508 to await the next scheduled frame. If it is not true that at least one

20 control value “B” 320 received is equal to the earlier control value “B” 320
received in the earlier data 218, then the processing system 230 checks 514
whether at least P current control values “B” 320 received are equal to one
another, where P is a predetermined number. If not, the processing system
230 continues to battery save 516 according to the earlier control value “B”

25 320, and the flow returns to step 508 to await the next scheduled frame.

If in step 514 the processing system 230 determines that at least P
current control values “B” 320 received are equal to one another, then the
processing system 230 checks 518 whether there are less than a
predetermined number of (e.g., 2) bit errors in the plurality of block

30 information code words 332 received in the current data 220. If so, the
processing system 230 battery saves 520 according to one of the at least P

: equal current control values “B” 320 and stores the one of the at least P
equal current control values “B” 320 in place of the earlier control value
“B” 320 stored in the earlier data 218. Flow then returns to step 508 to

35 await the next scheduled frame.

- If, on the other hand, in step 518 there are not less than a
predetermined number of bit errors in the plurality of block information



repeat nessage configuration. In addition, the frame information code

word 306 includes a check character 318 for helping to ensure quality of

t he recei ved i nformation. Because the control value "A" 316
affects the battery saving operation 25 of the communication receiver for

an entire fran% f data, it is possible to m ss mssﬁﬁﬁ?sﬁm&?e
t

Boxs
frame informatl(ﬂf ('—vaord 306 is received with errors at are
undetected. Wiile the error detection and correction of the pr ot ocol
is intended to mnimze undetected errors, ceriami n conbi nati ons of

crrored biLs can Loyt SHRLd G Wl BRESAD by B YRl et
Br-i efly, one aspec23bichetks 5223swhethenve mandidafeceontyok adlusesvashgenerated in
Code vord 406 evert oy Lot e he oty o ot et on B cedacortiy 48l 730 LR
ndi cat ed, | ncor r o etz ihe pbleas eqpalrarey gomitrol Yaues | B PA Brceied:are
preferably is dbteaequad toythenkamdidate caftrolhealuect Ift bayt thehprdcessing mystent 2302
T " R S S o YRR Rl ST ot A4
as : current control values “B” 320 and stores the one of the at least P equal
current control values “B” 320 in place of the earlier control value “B” 320
stored in the earlier data 218. Flow then returns to step 508 to await the

10 next scheduled frame. If the at least P equal current control values “B” 320
received are not equal to the candidate control value, then the processing
system 230 battery saves 528 according to the earlier control value “B” 320
stored in the earlier data 218. Flow then returns to step 508 to await the
next scheduled frame.

15 If, on the other hand, in step 522 no candidate control value was
generated in response to the last received frame, then the processing
system 230 generates 526 a candidate control value equal to one of the at
least P equal current control values “B” 320 and then battery saves in step
528 according to the earlier control value “B” 320. Flow then returns to

20 step 508 to await the next scheduled frame.

If will be appreciated that, alternatively, in steps 516 and 528 instead of
battery saving according to the earlier control value “B” 320, battery saving
can be performed according to the predetermined control value 234. This
is useful, for example, when it is possible to select a value for the

25 predetermined control value 234 which is considered to produce no
deleterious effects.

By refusing to adjust the battery saving operation of the
communication receiver 122 according to the current control value “B”
320 unless the block information code word 332 is received consistently as

30 described herein above, the reliability of the control value "B" 320 is
enhanced. This advantageously reduces the probability of incorrect battery
saver operation, which can result in missed messages, reduced effective
sensitivity, and shortened battery life.

It should be apparent by now that the present invention provides a

35 method and apparatus for determining a response to a control value
periodically transmitted by a communication system for controlling a
receive operation of a receiver. The method and apparatus improve the
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7 truly valid, the acconpanying frane nunber 312 and cycl e nunber 314
are checked to determ ne whether they conformto the predictable
sequence. |f not, the frame information code word 306 is considered to
contain d errors, and the control value "A" 316,

the current 5 ﬁzn%é?nfornatlon code word 306 is ignored. Préﬁﬁ&sg 5
earlier received control value "A" 316 is used instead for adjustlng
the battery saving intervals during the cd&rent frane 302 of data. It

w il be appr ' .t hat 5 al ternativel r edet er m ne

control value " . Pto 35@,‘:1;,{% of etpeting ggd,, Ee]‘m%irrlg F]%ronﬁﬂ'jl‘ﬁﬂ’?ﬁ@fitv ﬁg‘“ﬁa&'my
saving interval s dedneipgt the poblems) assaciated dherewithiatWhilesbe aday bf example,he
earlier received tibAk oftRE FLEX™ taddl: h

i nforfrati on code wg qw;éf%%sﬂf‘h (tihe Flgq?ﬁ:grrwg rg‘t,%(?gen utd:ﬂe& i é [meg tpﬁ
above described adp: QAT tdﬁ"?%%‘?fbé%“fﬂ%é’e apprec:lated that
probapility of 5ac@ébeli rm‘omolmdduehtm ¢raremit rcotﬂumlcm‘lueﬁlthualaﬂfk& Aec@ive

by 15 a factor ofp [=YoLVaNE: t

of a m ssed éf o?gwas gdt}%dg?f&gﬁ}er ay pﬁgﬁ?igﬁ r!l a$

i ncorrect - pat¥ b‘gg ﬂ@“‘??p?!i t ,present mventmrq:he fi rst bI ock (BLOCKO)
of the plurality of blocks 310 preferably cont ai ns, anong ot her

things, a block information code word 332, which 20 preferab'ly is also a

32,21 BCH codfoword owh\ghllggla%mghtmerror correction is



Val ue "5 320 whi ch af fects battery saving operation. - he | IANAN IV
i nformati on code word 332 al so contains a check character 322¢ot " 5 *

i nproved error detection. Continuing with the exanple of the FLEX 25
protocol, thevﬁ(g%@l value "B" 320 is a "system col | apse" VptpEsosibresn
affects how lohg after the current frame 302 the conmunication receiver
122 will battery save (i.e., "sleep") before "waking up" to receive a
subsequent frame 302. Clearly it is inportant14o mninmze the probability
of accepting an erroneous control value "By gidehaving undetected errors,
30 because sleeping too | ong can cause a m ssed nessage, while sl eeping
t oo ‘briefly will waste battery power. Briefly, a second
aSptect ofllthe pr eﬁentLi nwe]phie@noarafsesqetaﬁnﬁ{ingha i‘@étiicﬁ'lse to (at ;‘@htfcﬂ) ﬁ]h@
system col | apse chanagss_ i.nfreque in a given s n e
"1 ormt i on of -t nechbaelyrgEitor . et ikt SRy ey one e
35 four) nultBpl svorgrfsefrageiof:data ofra coppmunication pretocoh dhe contsel value for

i nventi on, t RentrolRAgP Q' treBivEO optiratib ©fSiac Pebéivies Moperdtivey CRN! Y
val ue "B 320 2 ot sl oy B, % bl SorhHblg i 8 ndlbhr & breps
or:

accepting and storing earlier data from an earlier transmission
10 of the frame of data;
receiving current data from a current transmission of the
frame of data;
thereafter making a comparison of the earlier data and the
current data; and
15 . selecting from (a) performing the receive operation in
accordance with a current control value received in the current data and
(b) performing the receive operation in accordance with an alternative
control value, in response to the comparison.

20 2. The method of claim 1, wherein the alternative control value is
an earlier control value stored with the earlier data.

3. The method of claim 1, wherein the alternative control value is
a predetermined control value.
25
4. The method of claim 1,
wherein the control value is transmitted along with
additional information having a predictable sequence from one frame of
data to a next frame of data, and
30 wherein the receiving step comprises the step of receiving the
control value and the additional information, and
wherein the step of making the comparison comprises the
step of comparing the additional information received in the current data
with the additional information stored with the earlier data, and ,
35 wherein the selecting step comprises the step of performing
' the receive operation in accordance with the control value received in the
current data, in response to no uncorrectable errors being detected in the at
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8 in accordance with the present invention, the commnl I “Il

122 attenpts to receive the control value "B" 320 in allF the pluralsity
of mul ti pl ex phases 324-330. The value utilized by the communication
receiver 122 f ontrol value "B" 320 preferably is not ,(#yaq
change from anaé’é’?)ﬁi;‘éf recei ved val ue unless: (a) a single new value 0')kor
the control value "B" 320 is received at | east a predeterm ned nunber of
(e.g., 3) tinmes with less than a predeterm nedl&unber of (e.g., 2) errors

f th | ity | tiple se 24- 330 of t.ha. bl.ock of
code word 332 of 168t Do SHollh W o it B yial e Tidifional,
oF 10 greater twaﬁonm@tlm geceivedi ite dhe avszent datsi ngmf@m@wto/ethaepmﬂmtahle

control val uege gBenee0 Is received at | east the predeterm ned nunber of
times’ from each of two pluralities of the multiplex phases 324-330 of
two bl ock I nformati on code words 332 occurring in two successive
frames 302. 5 5py Fh& mathod of clainy 4 vaI ue "B" 320 resi stant to
Changes when there 15 are mréiﬁnﬁheeéél&’tﬁ't Cédi??ns'k% 9RS&tet

the probability of .Lrroneou SW t roper batt r saV| ng
operation is ° the mereiX (ﬂﬂf§‘l‘t§7°rf‘r¥‘hlaﬁf‘}' nc wi a‘e B%"@c‘? ‘%/"’A

al ternatively, respmseam thé aomparisory mdlu@aﬂagl that thecaﬂdzitidnahlmﬁ)rfmmmhe
control value "B" s ftadRs 1R BRI e pridictIe edliird?
reception of the bI ock 20 |n ormati on code word 332, g)regetergng% \?% ue
can be utilized. It wll

6. The method of claim 1,
wherein the control value is transmitted a predetermined
plurality of times in a plurality of code words during the frame of data, and
wherein the earlier data comprises an earlier control value, and
15 wherein the receiving step comprises the step of attempting to
receive the current control value the predetermined plurality of times
from the current transmission.

7. The method of claim 6, wherein the selecting step comprises the

20 step of performing the receive operation in accordance with the

alternative control value, in response to failing to receive the current
control value at least once from the current transmission.

8. The method of claim 6,

25 wherein the step of attempting to receive the current control
value results in receiving the current control value at least once from the
current transmission, and

wherein the step of making the comparison comprises the
step of comparing the earlier control value with all current control values

30 received, and

wherein the selecting step comprises the step of performing

. the receive operation in accordance with the earlier control value, in
response to at least one of the current control values received being equal
. to the earlier control value.
This Sllieet lilii“?oeelnlll{eﬂliced




be further appreciated that the resistance to changes in th
"B" can be nade asymmetric. For exanple, changing froma fi
interval to a second, shorter "sleep" interval could, for exanpte,t
designed to neet with | ess resistance than changing to a second, Ionger 25
sl eep intervaly, Wdlgﬁi I f erroneous, could cause a m ssed rrEﬁ@ggggknoﬁs
Wth reference to Gs. 4 and 5, a flow chart depicts a first operation of
t he conmuni cation receiver 122 in accordance with the preferred

enbodi nent of the present invention. After polfer up 402, the receiver

el ement 204 receives 404 first (eaflier) data 218 (i.e., the frane

i nformati on 30 code word_306) clu &I nhg the caontrol value "A" 316 and
addi ti onal i nf orfmat i ﬁ’B%WB g fe frame nunber 312 and the cycle
nunber 314, whi ch havsvlmrpi:eﬂﬁtﬂ:emaf@tqmpihg;tmhémmthecmeﬁirmnﬁnie

frame 302 to a g, gefégulftg ﬁg‘??l i\ ga g it %éhﬂ’g %%(ﬁferégl?g’c dride¥rom the

corrects the recel ve
uncorrect abl e 2r r umrent frapnsmissian apds the 35 received earlier data 218 in

the RAM 212, and awaits t heviéreéin thé¥eepiof dRaking the bdvpafibén Cc@mpﬁﬂeﬁeﬂhbon
ecolver 122 1 SR gL 0 Ao AT AL g s Dl s VA
received, and
wherein the selecting step comprises the step of performing
10 the receive operation in accordance with one of at least P current control
values, in response to the at least P current control values received being
equal to one another and different from the earlier control value, wherein
P is a first predetermined number, and no more than a second
predetermined number of bit errors having been detected in the plurality
15 of code words.

10. The method of claim 6,
wherein the step of attempting to receive the current control
value results in receiving the current control value at least once from the

20" current transmission, and

wherein the step of making the comparison comprises the
step of comparing the earlier control value with all current control values
received, and

wherein the selecting step comprises the steps of:

25 generating a candidate control value equal to one of at
least P current control values received and performing the receive
operation in accordance with the earlier control value, in response to the
at least P current control values received being equal to one another and
different from the earlier control value, wherein P is a first predetermined

30 number, and more than a second predetermined number of bit errors
being detected in the plurality of code words, and no candidate control
value having been generated in response to an immediately preceding
received frame of data.
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9 122. When the next schedul ed frame arrives, the rece I ”III
204 recei ves 408 the current data 220 incl udi ng the co sA

316 and the additional information conprising the frane nunber 312
and the g, Lbogaynber 314. The processing system 230 th {)
conventi onal error detection and correction on the frane 1n orna 1'on
code word 306 and then determ nes 410 whet her any uncorrectabl e
errors are detected therein. If so, the fp¥ocessing system 230

I ncrements 412 the frane nunber : 312 and the cycle nunber 314 of the
earlier data 218 according to the predeterm ned sequence, and then.

updat es t he correspondilng Ibermetbod eficlai 10he earlier data 218 with the
i ncremented val ues of the fmeﬂﬁm@rst %f makmgaﬂ{é E&ﬁgﬁi‘iﬁbﬁ éHHEﬁ&esE’E

Then the flow retur,ns t ste 408 roc n m awal
the next schedul ed*FPa pp the earher COW'OI galuey, qih@ 9%4%3“% feRigol

are np uncorrec abvduerwnhsllcﬂemmntmm values rbceivmi iamidor mat i on code

word 306, then the processi g, SeRdtine s émﬁéﬁfes . hunber 312
and the cycle nunber 314 receive 'ﬁ@t E rr cfh?ae?% wth the
frame nunber 312 and the cycle nB%@?mm e rec%%am%fl% mmcce&hm@rwaﬁta
218 and stored in ofeoRAhe 212easﬂlkcm'renewnugl values,SinSie%pbﬂQé)td il a€ Ne:mk P

d i iy
the ourr ent E“f o ?%‘f%ﬁt ALt .‘%Pﬁkﬁ e%a‘ BT brothéy BEEE et
frame infornmath arlies congral |Y@§ nthe candldate control value,
and more than a second predetermmed number of bit errors being detected
in the plurality of code words, and the candidate control value having
been generated in response to an immediately preceding received frame of

data.

15
12. A communication receiver for determining a response to a
control value periodically transmitted by a communication system in at
least one code word of a frame of data of a communication protocol, the
control value for controlling a receive operation of the communication
20 receiver while operating in the communication system, the
communication receiver comprising:
a battery for supplying power to the communication receiver;
a switch coupled to the battery and coupled to a processing
system for controlling the power to a receiver element;
25 a memory for accepting and storing earlier data from an
earlier transmission of the frame of data;
the receiver element coupled to the memory and coupled to
the battery for receiving current data from a current transmission of the
frame of data; and
30 the processing system coupled to the memory and coupled to
the receiver element for making a comparison of the earlier data and the
current data, wherein the processing system is programmed for selecting
from (a) performing the receive operation in accordance with a current
. control value received in the current data and (b) performing the receive
35  operation in accordance with an alternative control value, in response to
the comparison.
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fromthe viewpoint of the previously applied conventional err
process; therefore the processing system 230 preferably ignores e con
value "A" 316 received in the current data 220 and perfornms 418 battery 25

saving in acco ﬁa,g&gssgnpth the control value "A' 316 received gcpniddgndes | 1 er

undetected bit errors even though the code word 306 appears t p “ﬂ Im L”“III

data 218. It preciated that, alternatively, in step 414 instead
of perform ng battery saving in accordance with the control value "A"
316 received in the earl i er data 218, thel&rocessing system 230 can
perform battery e n

val ue 234. 30 ?‘?‘g‘g‘g‘g %q‘ "‘4&.{&%&23@* ﬂ&ﬁ,ﬁ &'gﬁ%%?%e&ht Fhe
frame nunber @te;nahﬁe tCﬁEtl‘Q l@enarmeﬁrar Eﬂcﬁ?le%@ﬁ valye istored avidhy the earligs: o
220 have failggkat 0 conformto the predeterm ned sequence in nore than
a predet er mi ned nunber of the nost recently received frames 302. |f
not , the processing system 230 returns to step 412 to increnent the
frame 35 nunb&d 312 dd4d The cprtmunicaiion 3tereiven hef cdaimel2dawhepdip the
according to $18EmRE§E ebfifrB] PEReSE AU FRMRteriied REAIPFALES { he
correspondi ng portions of the earli'er data 218 with the increnented

val ues of the frame nunber
15. The communication receiver of claim 12,

wherein the control value is transmitted along with
10 additional information having a predictable sequence from one frame of
data to a next frame of data, and
wherein the receiver element is further for receiving the
control value and the additional information, and
wherein the processing system is further programmed for
15 comparing the additional information received in the current data with
the additional information stored with the earlier data, and for performing
the receive operation in accordance with the control value received in the
current data, in response to no uncorrectable errors being detected in the at
least one code word, and the comparison indicating that the additional
20 information received in the current data conforms to the predictable
sequence.

16. The communication receiver of claim 15, wherein the processing

system is further programmed for performing the receive operation in

25 accordance with the alternative control value, in response to the

comparison indicating that the additional information received in the
current data does not conform to the predictable sequence.

17. The communication receiver of claim 12,

30 wherein the control value is transmitted a predetermined
plurality of times in a plurality of code words during the frame of data, and
wherein the earlier data comprises an earlier control value, and

wherein the receiver element is further for attempting to
receive the current control value the predetermined plurality of times

35 from the current transmission.
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\1/\60 o7t 092% and the cycle nunber 314. If, on the other handpﬂmmﬂnﬁﬂ""lm

nunber 312 and the cycle nunber 314 received in the current datta 220
have failed to conformto the predeterm ned sequence in nore than a
predeterm ned &{T‘o of the nobst recently received frangscbssendgen

t he processi ng gmys em concl udes that the frame nunber 312 and the cycle
nunber 314 being transmtted by the fixed portion 102 of the systemis
out of step with t he conmuni cation recei @ 122. In response t he

processi ng system 230 & dates 422 the fra the c
nunber 314 of the ear W-‘(_ar omatg{rgc ﬁ‘ﬁcﬂ}mfﬁg (ﬁ’g}r? n‘ﬁﬁ’ﬁ gll Péﬂ?fg?lﬂg
cycl e nunber 314 systenyisiprogrammed forcpenfemningthe recaive pperationcim acsordancet o
tsth ep fg8 tﬁ a\cAi/alt Mnts mexatemanvé e Sshlhé amerésfpgggé 3o fallm to recéive ttﬁl@t
e ot her han in s es et.er.nmi nes a
the frame nunber §f§reé'ﬁ&°{'ﬁ8i &’9'&1% aqﬁ'ﬁ?(%e‘?’%%ﬁo Ztgl]glcyérc?nttransp}*ﬁx% current
data 220 do coRformto the predictable sequence, then the 15 processing

syst em 230 performs 424 bﬁ{é@éﬁnﬁﬁﬁb%r@fé‘&i‘%r&m he cont roI val ue

"A" 316 received in the current .data 220 and k ces tgﬁf’

val ue "A" 316°stored with tWReEep recgiven ¢ “g?‘ 1 fupther prvr(gcgjé(mg\--thgm

received in the cumrremt cdatrel 28llie afleastronre feomdhe wutrrent mnhﬁmm,enn& ns to

step 422 to update the fra Efh e | & f]mii)@,r a?ﬂm 0

earlier data 218 wi th the 1[% etk {IT]S ?,Z%é? gzg}{?\%iﬁczﬁ nung bl o
comparing the ear 1er contro value with current contro values
received, and for performing the receive operation in accordance with the
earlier control value, in response to at least one of the current control
values received being equal to the earlier control value.

15 20. The communication receiver of claim 17,
wherein the receiver element is further for receiving the
current control value at least once from the current transmission, and
wherein the processing system is further programmed for
comparing the earlier control value with all current control values :
20 received, and for performing the receive operation in accordance with one
of at least P current control values, in response to the at least P current
control values received being equal to one another and different from the
earlier control value, wherein P is a first predetermined number, and no
more than a second predetermined number of bit errors having been
25  detected in the plurality of code words.

21. The communication receiver of claim 17,
wherein the receiver element is further for receiving the
current control value at least once from the current transmission, and

30 wherein the processing system is further programmed for

comparing the earlier control value with all current control values

. received, and for generating a candidate control value equal to one of the

' current control values received and performing the receive operation in
. accordance with the earlier control value, in response to the at least P

35 current control values received being equal to one another and different
from the earlier control value, wherein P is a first predetermined number,
and more than a second predetermined number of bit errors being detected

ThlS Sheet Has Been Reﬂlace
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received in the current data 220. By refusing to a “mummllu IIIH“l
battery saving operation of the conmuni cati on receiver

to the control value "A" received in the current data 220 urf eds f'
frame informati on code word 306 25 includes the expected frane nunber 312
and cycle nunbg; ;??néss t he reliability of the control valpErRishendd i s
greatly enhanc ¢ tlhe FLEX[ err] protocol, for exanple, the frane

i nformati on code word 306 has 131, 072 valid bit conbinations. The

i ncl usion of the expected frame nunber 312 20and cycl e nunber 314 as a

further validity tes#het 6’#’ &degl,%]yt{gl UE3 i ca égldﬁéﬁoﬁﬁ&%ﬁemwm

of valid frame inf&t I ons 64. Thi
advant ageous| y. redg@lé@=v1ﬁ€1‘i’e'-ﬂpl’9éb@ll's\ilf'fIfptﬁl ’é‘i‘m&éﬁt UPrece %B??e‘é’ﬁdefﬁ‘ﬁﬁé’éﬁl@ta
control value "A" 316 by a factor of 2,048. Wth reference to

e on Sty O 2035 SR RiB6 s o BB, e b rocemine
of the present % nveystemnis fﬁoﬂieo\plwg}‘apm@d fomcapparing the earlier gentrobvalueansht
receives 504 f,', rst g(&%ﬁﬁdﬁa}e dahRoR+alukNwithOAIN Ghé chik¥et control GaRiesi REdived,
control value . 28 "for pleg onlr\?ngt h?enéserpe{vteed etafion 98 aREdFaRSS with one of the at
least P current control values, in response to the at least P current control
values received being equal to one another and different from the earlier
10 control value and equal to the candidate control value, and more than a
second predetermined number of bit errors being detected in the plurality
of code words, and the candidate control value having been generated in

response to an immediately preceding received frame of data.

This Sheet Has Been Reilaced
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11 nunber of tinmes in a plurality of block information code words 332
during the frame 302 of data, as explained herein above. The
processi ng system 230.then stores 506 the received earlier control

val ue "B" 320 4§ ohstias"AM 212, and awaits the next frane pg@ristdnodigt a
that the communrcation receiver 5 122 is scheduled to receive In
accordance with battery saving operation programed t herein. \Wen the
next schedul ed frane 302.arrives, the receiver elenment 204 attenpts to
receive the current control value "B" 320 t he predeterm ned nunber of
times in the plurality -of block information _code words 3%35 The
pr.ocessi ng system 230 then checks 510 whether the 10 CUr#EMt ontrol
val ue "B" 320yWds TEeCerved-at 1€ast Once. If not, the ~ processing
system 230 cottinues to battery save 516 according to the earlier
control vaIue:"B" 320 stored wthieRe earlier data 218, and the flogé
returs o step 508 to a next schedul ed frane. 122 | ¢
the control v@lue "B" 320 was d at | east once, t th

processing sy$tem 236-1@Recks 5 her 422! east one £ontr ol "B
320 received iis eq the earlier cphided val ue "I
earlier data 218. Cﬁﬁ{ t he processi nj§ '/_ em 230 c(

. [}
re in tihe
i¢s to battery |
save 516taccokdiiat o the ear | i erl2eMBiol val ue 0, and the fllow
returns to 1 st 508 to await the dext scheduled fré&ge. If it is noti
true that at Beast pne 20 control vgdlue "B" 320 receiyed is equal to tihe
earlier contr@l valfue "B" 320 1
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received in the earlier data 218, then the processing system 230 checks 514
whet her at |l east P current control values "B" 320 received are equal to one
anot her, where P is a predeterm ned nunber. If not, the processing system
230 continues to battery save 516 according to the earlier control value

"B" 25 320, ‘%gpy&?‘nflow returns to step 508 to await the Rpfluss&ivagy! ed

frame. step 514 the processing system 230 determ nes that
at least P current control values "B" 320 received are equal to one
anot her, then the processing system 230 checks 518 whether there are
| ess than a predet erm ned nunber Ofw()ffég" 2) bit errors in the
plurality of block 30 .nfornmation code s 332 received in the current
data 220. If so, the processi ng system 230 battery saves 520 according
to one of the a%-l.e_fiS;.t__P ______ egual__current_contral-.values "B" 320 and
stores the one pf the at lea P OC‘EﬁS?(LIGCSV contr val ues "B" 320
in place of thel earli eugm’r%r;llﬂ va Ad i =u %g%.ustoded%% the earlier
data 218. Flow then rdturns to st g§pm08 to 35 awai t & next schedul ed
frame’ ) 121&n |t he ot her hand, in step i 8 therg are not |less than a
pr edet er m ned n}myﬁﬂ bit eEARIIERDATAe plurdlity of {bl ock infornation
| o2 CURRENT DATA 1210 _-228
! CANDIDATE CONTROL VALUE ROM E ~ DISPLAY
i
) )
| EEPROM I_,/214 1 L i 226
! 232 208 |
|| [EELCALLARRIT 554 ——\ | ALERT
1 { L DREDET. C.V, ; I
| Sm——— PROCESSOR & 224 ~
_____________ -
H ! USER
CONTROLS

| RECEIVER
205 | ELEMENT 122
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12 code words 332 received in the current data 220, then the
pr-ocessi ng system 230 checks 522 whet her a candi date control val ue
was generated in response to the last received frane. If so, the
processi ng sy;hggm%%@ checks 524 whether the at |east PBepgisthofed’ rent
control val ues O received are 5 equal to the candidate contro

value. |If so, the processing system 230 returns to step 520 to battery
save according to one of the at |east P equal current control val ues
"B" 320 and stores the one of the at |east P equal current control
values "B" 320 in place of the earlier corggol value "B" 320 stored in
the earlier data 218. Flow then returns to step 508 to await the 10 next
schedul ed frane. |f 1302 at | east P equal current control values "B" 320

recei'ved are not_efual to the candi dm‘ e control wval then. ssi ng
system 230 batth %fﬁ Sﬁ;m 'FWEPZ IB 320
stored in the eqrlier %@ a gl o ﬁﬁﬂ QS eaq§: t. the

next schedul ed ffane. 15 If, on the ot her hand, in step 522 no

candi date contr val ue v generated in response to the last received
frame, then the Jprocessing 230 generates 526 a candi date
control value equal to one of the at t P equal current contro
values "B" 320 and then battery saves in step 8 according to the
earlier control jalue "B" 320. Flow then returns to 20 508 to await

t he next .schedulled frane.

f 304 f 306 Ve 308 /.310

SYNCT Fm%E sync2 | BLocko | BLOCKd 5 BLOCKS | BLOCK10

ﬁ

318 324
312 314 L/ 326
4 [ 316 E2 }—"
FRAME CYCLE CONTROL |, PHASE 3 |— 32844,
VALUE A PHASE 4 |———

300 320 322
FIG. 3 cogTROL A

VALUE B CK
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If will be appreciated that, alternatively, in steps 516 and 528 instead of
battery saving according to the earlier control value "B" 320, battery

savi ng can be performed according to the predeterm ned control val ue
234. This is useful, for exanple, when it is possible to select a

val ue for the determ ned control value 234 which is ¢ | to
produce no vgé%l.'éqgéﬁeri ous effects. By refusing tgeglgjgﬁéﬁfhe
battery saving operation of the comuni cati on receiver 122 according
to the current control value "B" 320 unl ess the bl ock information code
word 332 is received consi st Q descri bed herein above, the
reliability of the cont rpl’\'{al POWER UR20) i s /6 enhanced. This

advant ageousl y reduces 4gge p . i ncorrect bajt gpy saver
operation, whi oSl 0. 0l ffective
sensitivity, aphd RECEMERELEMENT RECEIVES FIRST (EARLIER)shpul d be apparent by
now t hat the p}esent DATAANCLODINGCONTROL VALVEWANDI and ppparatus for
determi ning a | ADDITIONARINFORMATION\HAVING A PREDICTABILE] | Yy transmitted by

a communi cati op syst eSEQUENCE FROMIFRAME TO FRARMERI ve opgration of a
recei ver. The ' .
' 406

PROCESSING SYSTEM STORES RECEIVED
FIRST DATA IN RAM AND AWAITS NEXT FRAME

+ 7~ 408

WHEN NEXT FRAME ARRIVES, RECEIVER
ELEMENT RECEIVES CURRENT DATA

INCLUDING CONTROL VALUEAND [ °
ADDITIONAL INFORMATION
412
~
PROCESSING SYSTEM
INCREMENTS AND UPDATES
ERRORS DETECTED IN \YES | ADDITIONAL INFORMATION
CODE WORD OF CURRENT PORTION OF EARLIER DATA
WITH INCREMENTED
ADDITIONAL INFORMATION
| 422
NO -
PROCESSING SYSTEM sygﬁgﬁ’f,s.fgﬁ?gs
COMPARES CURRENT ADDITIONAL
DATA WITH EARLIER INFORMATION
DATA FROM PORTION OF
PRECEDING FRAME EARLIER DATA WITH
416 : ADDITIONAL
INFORMATION OF
DOES CURRENT DATA
ADDITIONAL
. INFORMATION OF No , 418
G R D T ONFORM, PROCESSING SYSTEM
. SEQUENCE? PERFORMS BATTERY
SAVING ACCORDING TO e
CONTROL VALUE OF .
YES EARLIER DATA

Y  FIG. 4
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13 probability of detecting and rejecting erroneous control val ues,

t Her eby reduci ng the problenms associated therewith. Wile, by way of
exanpl e, portions of the FLEX[err] protocol have been utilized in
describing th referred enbodi ment of the present invegp4 odeeWM | |
be apprecigat e??%’zﬁ”ﬁS ot her protocols which cag transmt cgﬁ?@o m\%ﬁsues
that affect receive operation of the comrunication receivers in the
system can be utilized as- wel | in accordance with the present

i nventi on. 10 is clainmed %5'
- @ 6 ’
. f 424

' PROCESSING SYSTEM PERFORMS BATTERY SAVING ACCORDING TO
' CONTROL VALUE OF CURRENT DATA AND REPLACES CONTROL VALUE

» OF EARLIER DATA WITH CONTROL VALUE OF CURRENT DATA
POWER UP
C DI W
Y £ 504

RECEIVER ELEMENT RECEIVES FIRST (EARLIER)
DATA INCLUDING A FIRST (EARLIER) CONTROL
VALUE TRANSMITTED A PREDETERMINED NUMBER
OF TIMES IN A PLURALITY OF CODE WORDS

Y 506
PROCESSING SYSTEM STORES THIS RECEIVED EARLIER
CONTROL VALUE IN RAM AND AWAITS NEXT FRAME

Y

WHEN NEXT FRAME ARRIVES, RECEIVER | >

ELEMENT ATTEMPTS TO RECEIVE - __@
CURRENT CONTROL VALUE THE

PREDETERMINED NUMBER OF TIMES

Y

510

IS
CURRENT
CONTROL VALUE RECEIVED
AT LEAST
ONCE?

NO

512

LEAST ONE CURREN
CONTROL VALUE RECEIVED EQUAL
TO THE EARLIER CONTROL
VALUE?

YES

Y

©®© rFres ©



14 CLAI M5 4. A nmet hod of

determ ning a response to a control val ue periodically transmtted by
a ‘comruni cation systemin at | east one code word of a frane of data of
a conmuni cati on protocol, the control value for 5 controlling a receive
operation of gaheegiver operating in the connunlcatlgengﬁﬁhgﬂ% t he
nmet hod conprising rn the receiver the steps of :

accepting and storing earlier data froman earlier transm ssion of the..
frame of data; 10 receiving current data froma current
transm ssion of the frame of data; t hereafter
conparing the earlier datagesd the curreﬁ?'data detecting
errors in the at |east on:‘saie word of. the current data; and 15
selecting from (a) perfor g the receive operation accordance
with ‘a current control val ud recelved Iin the current\dafa and (b)

perform ng the receive ope cordance gpunsa alternative
contrl val ue, onpari son, wher ei n
control value is . ] AENT ™ .odB 'g ‘Y$AN%r tion having
a predictabl e ¢

of data, and -
of receiving the

ises the s
ti on, and

520
BATTERY SAVE ACCORDING
TO THE AT LEAST P EQUAL Y

CURRENT CONTROL VALUES,
AND STORE SAME IN PLACE

OF EARLIER VALUE

P CURRENT CONTROL
VALUES RECEIVED EQUAL
. TO THE CANDIDATE
CONTROL
VALUE7,

GENERATE £
CANDIDATE CONTROL BATTERY SAVE
VALUE EQUAL TO ONE OF THE |——»] ACCORDING TO ->®
AT LEAST P EQUAL CURRENT EARLIER
CONTROL VALUES CONTROL VALUE

FIG. 7



Wwherein the conparing step conprises the step of conparing EQEﬁLheﬂMLA“"‘HﬁET
jadditional information received in the current data with thd

additional infornmation stored with the earlier data, and
wierein the selecting step conprises the step of perforning 3pﬁgan99
*recei ve operation in accordance with the contlrol val ue receijvdd.in the
current data, in response to no uncorrectable errors being detected in [the

30 at | east one code word] said step of detecting errors, ard—+the

Curront data  COPVINICATION HECHIER HOR CONTRAFIANG'A " '™

15 5. TREGHIME OPERATION IN RESPONSE TO A\CONTROE

sel ecting step conprises the step of pe {ggm ~ the receive operation
in accordance with the alternative contr e, in response to the

conparison indicating that the additional information 5 received in the

current da5ta does not conformto tpelci)o?thgtlggleﬁuggquence

This invention relates in general to radio communication systems,
and more specifically to a method and apparatus for determining a
response to a control value periodically transmitted by a communication

10  system for controlling a receive operation of a receiver operating therein.

Background of the Invention

Modern selective call signaling systems can provide periodic control

15 signals for adjusting a receive operation, such as the operation of battery

saving circuits in battery powered receivers operating within the system.

Such control signals can modify the length of battery saving “sleep”

intervals, thereby trading battery life for reduced latency (i.e., mean delay

for receiving a message), and vice versa. Other control signals are used for

20  further adjusting the receive operation in accordance with, for example,
low traffic conditions and repeat message configuration.

The control signals preferably are sent in code words having error
detection and correction capability. While this capability markedly
decreases the probability that an erroneous control signal will be acted

25 upon by the receivers, certain error conditions, e.g., certain bit patterns, can
pass without detection. Undetected errors in receive operation control
signals can result in missed messages (due to excessive “sleeping” or
improper configuration), lower sensitivity (due to missed repeat
messages), and reduced battery life (due to not “sleeping” enough).

30 Thus, what is needed is a method and apparatus for determining a
response to a control value periodically transmitted by a communication
system for controlling a receive operation of a receiver. Preferably, the

method and apparatus will improve the probability of detecting and
rejecting erroneous control values, thereby reducing the problems

35 associated therewith.



6. A nethod of determning a response to a control val ue

periodically transmtted by a communication:systemin at |east one code
wdrd of a frame of data of a communication protocol, the control value for
1Q controlling a receive operation -of a receiver operating in the
‘cQmmuni cation system the nmethod conprisifng in the receiver the steps

of : accepting and storing earlier data froman earlier

e Oy eRiON ot vir rom GoNTRBLLINES T

thereafter conpar RECEIVEQPERATIONIN RESPONSETOIA CONTROL

selecting from (a) performng the recwrat lon in accor dance
with a current control value received i urrent data 0 ‘
REPLACEMENT SHEET

perform ng the receive operation in accordance with an alt

control value, in response to the conparison, wherer s
control value is transmtted a predeterm ned pl uralitjy jof W bR a
plurality of code words that are included in at |east two:'J a?df?x
phases during the frame of data, and wherein the earlier 25 L _data
conprisesSan earlier control value, andAbstract erein the

receiving step conprises the step of attenpting to r

control value the predeterm ned plurality of tinmes fromthe current
transm ssi on. A method and apparatus defermine a response to a control value

(316, 320) periodically transmitted by a communication system (FIG. 1) in at
least one code word (306, 332) of a frame (302) of data of a communication |
10 protocol. The control value (316, 320) is for controlling a receive operation
of a communication receiver (122) operating in the communication
system. The receiver (122) accepts (404, 504) and stores (406, 506) earlier
data from an earlier transmission of the frame (302) of data, and receives
(408, 508) current data from a current transmission of the frame (302) of
15 data. The receiver (122) thereafter makes a comparison (414, 512) of the
earlier data and the current data, and selects from (a) performing (424, 520)
the receive operation in accordance with a current control value received
in the current data and (b) performing (418, 516, 528) the receive operation
in accordance with an alternative control value, in response to the
20 comparison.
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30 7. The metH&T&R claim 6, wherein the/& (G5 FaRY
ttle step of performng the receive operati giy/l 1N the
al'ternative control value, in response to failiff@ tgjr’ecel ve frHle cur'rpeﬁfz
control value at |east once fromthe current tn sm §sﬁ”0n - +
16. _ 8. The nethod of cl ai m 6, SR e"\'gl‘é'ﬁs
of attenpting to PEH ve the Hgre |acernent
receiving the current
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Ameﬂwdandapparamdemrmmearespmmtoacomrolvalue
(316, 320) periodically transmitted by a communication system (Fig.
1) in at least one code word (306, 332) of a frame (302) of data of a
communication protocol. The control value (316, 320) is for controlling
a receive operation of a communication receiver (122) operating in the
communication system. The receiver (122) accepts (404, 504) and

stores (406, S06) carlier data from an earlier transmission of the frame
(302) of data, and receives (408, S08) current data from a current I DAVA A AN ANATE NERT PR

transmission of the frame (302) of data. The receiver (122) thereafter L it
makes a comparison (414, 512) of the earlier data and the cumvent data, e o |
and selects from (a) performing (424, 520) the receive operation in INCLUDING COMTECL YALUE 00> J
accordance with a ctrrent control value received in the current data T
and (b) performing (418, 516, 528) the receive operation in accordance o Pl
with an alternative control value, in response to the comparison. ARE PROCESSING SYETEM
UNCORRECT. MCREMENTS AND UPDATES
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to the earlier control val ue. 9. The net hod oA ﬁ t £
conprising the step of det ecti ng errors’ ' Wi f:L 0?05
one code wor PBRMAY current 15 data, M@ t il EMR 1997
of attenpting to receive the current control - val ue resuflts

receiving the current control value at |east once fromthe - current '
transm ssi on, and V\/nerel n the step of making the '

conpari son conprises_the 20 ste gg})arl n the earlier _control val ue o
with all current CAMMUNECAL] NRECF &R EOR GQNTROLLING A RECEIVher ei n-

the selecting step CQPERATIONEINSRESPONSE TONCONTROL VALUECEi ve
operation in accordance with one of at |least P current control val ues,

in response to the at least P current control val ues received being 25
equal to one another and different fromthe earlier control .value, wherein

predet ernbned number of bit er 1 or ERANeHaER Bt ea 1 n he plural ity
of code words. '
‘This invention relates in general to- radio communication systems,
and more specifically to a method  and apparatus for determining a
response to a control value periodically transmitted by a communication
10 -system for controlling a receive -operation of a receiver operating therein..

Baékgfdund’ of the Invention

‘Modern selective call signaling systems can provide periodic control:
15 | signals for adjusting a receive operation, such as the opérat_ion of battery
" saving circuits in battery powered receivers operating within the system. .

Such ‘ control sign'alS can modify the length of battery saving “sleep”

intervals, thereby trading battery life for reduced latency (i.e, mean delay

- for recéiving a-messége), and vice versa. Other control signals are used for

o~ 20  further -adjusting the receive operation in accordance with, for exaniple,

o . low traffic conditions and repeat niessage configuration. |

B ~ The control signals preferably are sent in code words having error

detection and correction capablhty ‘While this capabﬂlty markedly-

decreases the ‘probability that an erroneous " control signal will be acted

' 25 -upon by the receivers, certain error condltlons, e.g., certain bit patterns, can
pass without detection. Undetected errors in receive operation control

| 31gnals can result in missed messages (due to excessive “sleeping” or -
improper ' configuration), lower sensitivity (due to missed repeat
messages), and reduced battery life (due to not “sleeping” enough).

30 Thus, what is needed is a method and apparatus for determining a
response to a control value periodically transmitted by a communication
system for controlling a receive operation of a receiver. Preferably, the
method and apparatus will improve the probability of detecting and
rejecting erroneous control values, thereby reducmg the problems

35 associated therewith.
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17 10. The method of claim6, further conprisi ms&élf107°5
detecting errors in the at |east one. code word of the current

wherein the RERIWIAUattenpting to receive the current CW
w s once omthe AR]SS?

‘results in receiving the current- control val ue at | east

current transm ssion, and © wherein the step of making the
conpari.son conpri-ses the step of conpgging the earlier control value

with all current control values ~ recei ved and 10 wherei n
“the selecting step conprises the steps GHAIMS ' - :
generating a candj, da;qs feHsd! o‘faHH&rﬁﬁH 9 9@9}‘?&fseatto a cohfidf! vRlue

current. control Cﬁ ulﬁz recei veﬂcﬁ erfor recejve oper at | on
“in accor danc P& FE transmitte f mmrggatlon, $¥sternite at deaskone codet
-l east P curr embrd oﬂtarf@ém\eaiﬂx@@tardf@wmﬁﬁcaﬂoﬁwto&@ OeccomesIRaIuaTer 15
di fferent _.from cantrol _va WQ is a fir

predet er P ne(fonttmqhﬁgnb%r recelie noIREIA Qﬁ a® e@on@cﬁ\ygﬂet%ﬂ"r’rﬂ?ﬁﬁg b ERe of
bit errors - comipeinicptien esyséaj the rethbdr edmpyisirg i dhe weceiver cthe steps

candi dat e conjgr ol val ue having been generated in response to an
i medi-ately preceding received frane of data. 20

_ - _ accepting and stormg earlier data from an earller transmrssron
~ of the frame of data;. _
«~/ 10 . - receiving current data from a current transmrssron of the

frame of data;
thereafter companng the earlier data and the current data;
. detecting errors in .the at least one code word of the current
data; and S ' : ._ ._ _ - ot
15 selecting from (a) performing_ the receive operation in
| accordance- with a current control value received in the current data and
(b) performmg the receive operation in accordance with an alternatrve
control value, in response to the comparison,
wherein the control value is transmitted along™ with
20 additional information ‘having a predictable countmg sequence from one
frame of data to a next frame of data, and

()

wherein the receiving step comprises the step of receiving the
control value and the addltronal information, and
“wherein the comparing step comprises the step of comparlng'
. 25  the additional information received in the current data with the
addrtlonal information stored with the earlier data, and
' wherein the selecting step comprises the step of performing
the receive operation in accordance with the control value received in the
current data, in response to no uncorrectable errors being detected in [the
30 at least one code word] said step of detecting errors, and the comparison
| indicating that the additional information received in the current data "
conforms to the predictable countlng sequence.



11. The method of claim 10, further conprising the step W 0765
‘

detecting errors in the at |east one code word of the cur

whérein the stppxfigueki ng the conparison conprises them’!"sp (}- aMaAR ]997
conparing the earlier control value and the candidate. c val ue -
with all the.current control values received, and ' wherein
thé selecting step conprlses the steps of: ' .
‘performng the receive operation in accordah%e W th one of the at
‘least. P current c@nt r Theviaetlasd ofalariﬁstp,onse to the at | east P 30 current’

trol I d di f.f .
The earl o control vl qehetin A elodtind Seefl omgkisBl Ik qep < pepforming "
and nore than theseceivd gperdtiverin actdrdandeewitf the alternative kontngl de!tlee,t nl
in the plural 'JE &fnsec‘i?geth\éofz&’fﬁga?i;%gnt 18 d@t%?éf&%”&&&iﬁd@l“ ﬂPr tldb: o

~ been generate response to rec recel ve
dat a. recerved in the aqurrent data does not conform to the predictable sequence.

,._>

35

6. A method of determining a response to a control value
periodically transmitted by a communication system in at least one code
word of a frame of data of a communication protocol, the control value for

TN
o 10 .controlling a receive operatlon of a receiver operating in the
communication - system, the method comprising in the receiver the steps
ot o : _
accepting and stormg earller data from an earlier transmlssmn'
of the frame of data; . :
15 . receiving current data from a current transmrssron of the

_ frame of data; - o
thereafter comparmg the earlier data and the current data; and
selecting from (a) performing the receive operation in
accordance with a current control value received in the current data and |
20 (b) performing the receive operation in accordance with an alternative
control value, in response to the comparison, :
wherein the control value is transmitted a predetermmed g
plurahty of times in a plurality of code words that are included in at least
two multiplex phases during the frame -of data, and whereln the earlier
25 data comprises an earlier control value, and _ '
" wherein the receiving step compnses the step of attempting to
recewe the current control ‘value the predetermined plurality of t1mes
~from the current transmission.

©

30 - 7.0 The method of claim 6, wherein the selecting step comprises the
step of performing the receive operation in accdrda'nce with the
alternative control value; in response to fallmg to receive the current
control value at least once from the current transrmssron
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18 -15. A communi cation receiver for det QL iMis %/} N7 AR
response to a. . control value periodically SQL Lt ed m iy
cofmuni cat i on BEOA1e4U n at . .| east one codei EIRIVIoN a Anggz
data of a conmuni cation protocol, the . : - control value for S
controlling a receive operation of the conmunication : 5 receiver

while operating in the comunication sygtem t he :

comuni cati on. receiver conpri sing: ' a battery for -

suppl Ki ng ploWgr t(s.';]hﬁ'geaﬁaﬂtdctef'thﬂlnre,cei ver: _ o a
t " Cco! to t | | ' '
cont ol 11ng the power Aol dd SRR dE BIea EUR LT Sprrpl,

accepting and valee resplémin regeivimgathier aamrent control value at least|onee from the
transm ssi on Q:B‘r{.é}ﬂ. {%-Eﬁéﬁié%ﬁoﬂ 3 ' . | t he receiver

el ement coupled to the nenory ‘and coupl ed tQ : . the battery for
receiving eurrent data Wherein therstep of makingsthen, compagison comprises ¥he _

frame of dat asté@séf comparinglbhe earlier control viali@e R¥idle @35twGeht BoRFOL aphes t o
the menory and caupled to ~ the receiver elenent for nmaking a
compari son of 'EFAVEdr 80 data and the ‘current data, wherein -

t he processi.ng system i wherein aheesldotingsstepctomprises the step of pdrformireg)

perform ng the.Lece , ' i hth g eurr .
céanrol val ue%lrléec%%%% : ?’%S?%Eedrg{}? r gﬁ‘ta&gg{‘gé%@h%e ngﬁor r%sﬁgmtl h‘éalru seerVe
20~ oper al? on respansedpddrieast inenof theycumensiconéral ovalues recsived heing egpahse

to .  to thB%atRePasnE8\value. | ~ wherein the
control value Is transmtted - along with : addi ti onal :

.information having a predictable counting sequence from one :
9. ' The method of claim 6, further comprising the step of -

detecting errors in the at least one code word of the current®

15 data, S | ] . |

wherein the step of attempting to receive the current control
value results in receiving the curfent control value at least once from the
current transmission, and | ; __ )

__ wherein the step of making the comparison comprises the

20 step of comparing the earlier control value with all current control values -

-received, and _ N _

" wherein the selecting step comprises the step of performing
the receive operation in accordance with one of at least P current control
“values, in response to the at least P_current control values received being

25 equal to one another and different from the earlier control value, wherein -
P is a first predetermined number, and no more than a second
predet;r_minéd number of bit errors having been detected in the plurality
of code words. o
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_ frame of data to a next frane of data, and 25 61&?076!:
the receiver elenment is further for receiving the

vakue and the REOp104tnal informtion, and 'PEA@U& R\SW

the processing systemis further program*red for ari ng t he
addi tional information received in the current data with . t he
addi ti onal information stored with the earl V ~data, and for performng
30 the receive operation in accordance with the control value received in
t he L 10ur Thetmetdtoal of dlaimsf)fasthet conprisingrthe stegobé errors

bei ng detected in the aty ttect“ﬁ‘§ errars %ﬁﬂfaﬁtleﬁ’él &g%%dwﬁ*,% %h&irrent' '

conmpari son indicating tha
received in thhta;urrent data conforns to the predictable

sequence. 35 wherein th of attem to rec 1ve the current control ©
16.  The conmmuni cati on .recel ver ? te[%l m 1 R/\Hleg | n t rocessi

systemis Purt eﬁqes(ngsawemng wwmtgcemo é@m/@t ta_mrcgr#g TR the

current transmission, and
wherein the step of making the companson comprises the
step of comparing the earlier control value with all current control values '
—~ rece1ved and -
o 0 - wherem the selectmg step comprlses the steps of:
generating a candidate control value equal to one of at
least P current control values received and performing the receive °
operation in accordance with the earlier control value, in 'résponSe to the
at least P current control values received being equal to one another ahd"
15 . different from the earlier control value, wherein P is a first predetermined -
number, and more than a second predetermined number of bit errors
being detected in the plurality of code words, and no candidate control
- value havmg been generated in response to an immediately preceding -
received frame of data.

20 : " :
11. The method of claix_it 10, further comprising the step of -
detecting errors in the at least one code word of the current

- . 'data, , _
' - wherein the step of making the comparison comprises the
25 step of comparing the earlier control value and the candidate control
- value w1th all the current control values received, and | '
' wherein the selectmg step comprises the steps of:
performmg the receive operation in accordance with -
one of the at least P current control values, in response to the at least P
30  current control values received being equal to one another and different -
from the earlier control value and equal to the candidate control value, -
and more than a second pre_determined number of bit errors being detected
in the plurality of code words, and the candidate control value having
~ been generated in response to an immediately preceding received frame of
35 data. ' ' ' o
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accordance with the alternative control value, in responsw é/ ]50 7 65
conparison indicating that the additional information receive n-t

current data. deEgR114U conformto the predi ctabl e sequence lt/;‘lﬂ
comuni cation receiver for determning a response to a lmo gw‘gg7
periodically transmtted by a conmmunication systemin at | east one

code word of a frame of data of a conmuni ca#kon protocol, the 10 control

val ue for cont rolling a receive operation of the conmuni cat i on '_
receiver while qlserahmnmumciﬁen teveivier dot | determiningma rédponse to-a

pover 1ot he. R KAl ReFiogidily, transmitted by a °°mﬁl‘3ﬁééﬁ§%h Lk

t he battery aridastotmﬂ edde overqoobaefmegpﬂ&atas;fsa @nmmummqmlpmtgccﬂhéhe
power to ar ec&; %Rfée Bdr controllmag Ia receive opefEHioH Yof e Egﬁﬁﬂhh‘l‘&

storing earlier ata er tran m ssion 0O

data; 5 receiver }Hl&e r epareinge| érenthe: o gomerunicatien ne B$teMmund the
-coupled to corﬁﬁﬁlrﬁeéﬁ&nfe&aﬁ,ef%p@lmécurrent data from a current
transm ssion of the 20 dat a; processi ng -
system coupl ed to the a?e T csml)gaxgtgower to the CPEE%P{P&P“QPJ&E?H’ePor

making a conpari son of tahswitehldontplediita thedbatbery and ehttodatprocessingi n

the processi ng, A e rom(a) perform ng
tkr‘\r ecei ve o ﬁ} §n& cor%lgl?g m{r £ A g&te entdﬁ’gl Control val ue

di ved LA the current admemaryi fay) agzaprcmgrang stozingcearlier data fypm anon
| n accordance Hrfibr AANSINiSYIOR 0 tRe FRIThé Of ddhe, 1N response to -

the receiver element coupled to the memory and coupled to
the battery for receiving current data from a current transmission of the
frame of data, and o :
15 - - the processing system coupled to the memory and coupled to
the receiver element for making a comparison of the earlier data and the
" current data, wherein the processing system is programmed for selecting
from (a) performing the receive operation in accordance with a current
control value received in the current data and (b) performing the receive
'. 20 operation in accordance with an alternatlve control value, in response to

the companson, :
_ wherein  the control value is transmitted along with
additional information having a predlctable counting sequence from one
. frame of data to a next frame of data, and | _ '
25 ‘wherein the receiver element is further for receiving the
control value and the additional information, and
_ ‘wherein the processing system is further programmed for
' comparmg the additional information received in the current data with
the additional information stored with the earlier data, and for performing
30 the receive operation in accordance with the control value received in the
current data, in response to no uncorrectable errors being detected in the at
least one code word, and the companson indicating that the additional
_information received in the current data conforms to_ the predictable
sequence. - | | | ' -
35 |
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the conpari son, wherein the control. val u app i it
predet er m ned plurality of times in a plurality of cb g&lf$?6:

included in apthe gﬁUBO two mul tiplex phases during the f ' % m .
wherein the earlier data conprises an earlier control i Wi
wherein the receiver elenment is further for attenpting to . recel ve the -
cufrent control value the predeternined plulallty of times f‘romth.e
current transm ssion. 35

20 18. i’@e ?W@Hﬂirﬁﬁhicﬁﬂohe&%eiﬁ% off clain@i1s) %eréﬁﬁﬂﬁé préél%sm

processing s e r amred perform he receive o eratlon
in accor dancesyste R‘Ftﬁﬂ’g géi?‘rﬂgﬁ‘{/goﬁ e receives BBHE%‘QII) n
failing to reamordancte with ther raéfe&'naﬁvér@bnnoll uvahie,l dastregpomsse oM thee
Lourr ent tra”%ﬁﬁa‘a?ﬂon %ndlcatmg that the additional information received in the

5 current data does not conform to the predictable sequence.

17. ' A communication ‘receiver for determini_rig a response to a
control value periodically transmitted by a communication ‘system in at
least one code word of a frame of data of a communication protocol, the

10 -control value for controlling a receive operation of the communication
- -receiver while operating' in' the communication system, the

communication receiver comprising:
a battery for supplying power to the communication receiver; _
a switch coupled to the battery and coupled to a processmg
15 system for controllmg the power to a receiver element;
" a memory for accepting and storing earlier data from an
| earher transmission of the frame of data; '
 the receiver element coupled to the memory and coupled to
: the battery for recelvmg current data from a current transmission of the
20 frame of data; and '
' ~ the processmg ‘system coupled to the memory and coupled to
 the receiver element for making a comparison of the earlier data and the
~ current data, wherein the processing system is programmed for selecting
- from (a) performmg the receive operation in accordance with a current

25 control value received in the current data and (b) performing the receive
. operatlon in accordance w1th an altematlve control value, in response to
the . comparxson, : :

_ ~wherein the control Value is transmitted a predetermined
- plurality of times in a plurality of code words that are included in at least
30 two multiplex phases during the frame of data, and wherein the earher )

data comprises an earlier control value, and . '
wherein the receiver element is further for attempting to
receive the current control value the predetermined plurahty of tlmes
_ from the current transmission. |
35
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19. The communication receiver of claim17, ’QM§Q '(65
receiver elenent is further for receiving the curreht

least once frBTO2HAEurrent transmssion, and | melel&k
‘prrocessi ng systemis further programmed for 10 conpari ng; Lier -

control value with all .current control val ues received, and for
performing the receive operation in accordagace with the earlier
“control value, in response to at |.east .one of the current control

- val ues received LS. ndheoemmunichtionaeceiver oflaim 17amhereind the procegﬁmgT he

communi cat i ong ﬁ?e N | i}é?ro%ﬁafﬁh?éﬂcy Rerformm% the receive dﬂé?ét%ﬁ‘ ihfechbfdditoee!

el enment is f Ut ecelving t urrent con val ue at Ie st
once from t hewdtly thealternative seandrol yalue, in response to al oo receive t

processi Ng Sys&kReht ohtdl REIuEOHasBREe FASm the curfématrafigmisstorear | i er
contr ol v? ue with all current control values 20 -received, and for

perform ng the receive operation in accordance w th one. of at least P
current control VH.uéfhe comnespirationtreceiver aif dlaiastl7P current control

val ues received being es&;]@l-einot@q'e@&%pe&{emtdg feE bRl I:Jrogggé}gmgn Jhe |

earlier control val ue, redet erm ned
more than a sewwent perirel valienatileashonee &onmthe surend trensmigsione ands

dg_t\ect ed in the pluralijKeRfinCare pYobélsing system is further programmed for

o 10 -comparing the earlier control value with all current control values
received, and for performmg the receive operation in accordance with the
earlier control value, in response to at least one of the current control
values recelved being equal to the earlier control value.

15 - 20 The commumcatlon receiver of claim 17,
| wherein the receiver element is further for receiving - the
current control value at least once from the current transmission, and
wherein the processing system is further programmed for
‘comparing the earlier control value with all current control values
20 received, and for performing the receive operation in accordance with one
of at least P current control values, in response to ‘the at least P current
control values received being equal to one another and different from the
_ earlier control value, wherein P is a first predetermmed number, and no
more than a second predetermmed number of bit errors havmg been
25  detected in the plurahty of code words.
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21 : 21. The communi cation receiver of .claim 17, 5
~wherein the receiver elenent is further for receiving the
control val uePE021KAst once fromthe current transm SSI
wherein ‘the processing systemis further programed for 5 conpar i ng the .
earlier control value with all current control val ues - received, and
fdr generating a candidate control -value eggal to one of .the cu'rrent
control val ues received and perfornming the recei vedr?perat ion.in.

g

accordance with t2le &he cemmunicatipnvzgcgiveriof ¢laimddse to the at | east P |

current -control val ues fv?\% ﬁﬁe%@%@&vﬁﬂuélbxﬁ&tmi@ fareiepe fora Recediririgerthiet 10
fromthe earlier contro %Pd\/ﬂereln fII’St predeterm ned hunber,

and nore thancwfgﬁbéﬂﬁtfﬂl ¥a Hoﬁﬁ?ﬁg@m eurrent, ransmission, cted
in the plurality of codm—l\égélﬁs th@rp}o@@sgmgcbydm Bofdrthér vpiograinaned gfdreen
gener at ed | nT%g‘%E,onse to an 6_ h eced1 1ece| ve ta.
15 RGN t0& t F%’ﬂlql'eEQP e Sglr WHERS c{)ﬁgs % ﬂgegl ng -
fKSt em Id sdf ur tdvetve, ;aglﬁafﬁregbﬁerahngrmmdlgatdﬁeomd valuec equaloto an wof thed

e candidate_contr C 0l Y

and for perfoF"f‘ﬁ ﬁﬁ ngrﬁié{gallve 0 L2era (Ii%g‘dl Eéét?g%‘rug%%% %,ﬁc)ﬁ)euﬁéeféiﬁﬁ*l \{ﬁ

accordance with the earlier control value, in response. to the at least P

Py current control values received being equal to one another and different

SA 10 -from the earher control value, wherein P is a first predetermmed number,

| and more than a second predetermined number of bit errors being detected

in the plurahty of code words, and no candidate control value having been

_generated in response to an 1mmed1ately preceding received frame of data.

15  22. The communication receiver of claim 21, wherein the processing
system is further programmed for comparing the earlier control value and
the candidate control value with all the current cortrol values recelved ,
and for performmg the receive operatlon in accordance with one of the at
least P current control values, in response to the at least P current control
20 values received being equal to one another and different from the earlier
- control value and equal to the candidate control value, and more than a
second predetermmed number of bit errors being detected in the plurality
of code words, and the candidate control value having been generated in
‘response to an 1mmed1ately precedmg received frame of data.

25



control 20 val ues received being equal to one another

v . R . ' . -
[ Lol VA
| east P current control values, in response to the at “*_ uq 1135765

. ' -4 2 la
theé earlier control value and equal to the candi datk A e
angl nore than a second predeterm ned nunber of bit errors being :
detectedpn the plurality of . code words, and the candi date control

val ue ha¥ ng been generated in resp@df$e to an i nmedi ately preceding
received frane of data. 25 2 _ o

302
L ' —
FRAMEO | FRAME1 | FRAME2 | FRAMES {SFRAME1'26 FRA_ME127| '

| ~304 308 -332 |
a0t 308 332,310 | 7
sync1 | FRAME | syncz | [BLocko | BLOCK K{ BLOCKS [BLOCK1 o_]

312 _314 '
(o e )| R
FRAME|CYCLE|CONTROL [ ¢ - Ibrases - 326
NO. | NO. | VvALUEA '

S N — — = IPHASE4]— 328

/3'20. 322 ~
CONTROL/| | o
VALUE B CK}.

 FIG.

3
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