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Adaptive Radio Receiver Controller Method and
Apparatus

Field of the Invention

This invention generally relates to radio receivers and
more specifically, to a method and apparatus for adaptively
controlling the power consumption of a time division multiple
access (TDMA) radio receiver used in a portable digital
radiotelephone.

Background of the Invention

There are two fundamental modes of operation in a digital
radiotelephone, namely, a control mode and a communication
mode. During the control mode, the portable radiotelephone
intermittently receives paging information from a remote
transceiver while waiting to either receive or place a phone
call using the radiotelephone. After initially powering up, the
portable radiotelephone turns on the radio receiver until the

« radio receiver receives a frame of information from the remote

transceiver, which contains all of the timing information for
the radiotelephone. Once the timing information is received,
the portable radiotelephone receives paging information on an
intermittent basis. FIG. 4 is an illustration of the timing
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Appar at us Field of the Invention 10

sThi st invention generally relates to radio receivers and nor e
specifically, to a nethod and apparatus for adaptively controlling
t he power consunption of a time division nultiple i access ( TDVR)
radio receive used in a portable digital 1 5 r adi ot el ephone.

Background of the Invention There are two fundanental nodes of

operation in a digital 9

requirements for a particular radiotelephone system defined
by the RCR specification (second generation cordless telephone
- system standard specification, August, 1992, section 4.2.7).
Timing graph 401 is an illustration of the timing requirements
5 for a remote transceiver and timing graph 403 is a timing

graph for a radio receiver used in a portable radiotelephone.
Typically, the portable radio receiver is on for one slot every
four seconds, or 0.0156 percent as derived from the RCR
specification.

10 It is well known that lowering power consumption and
extending battery life of a portable radiotelephone is desirable.
Thus, it would be advantageous to shut off as much circuitry
as possible during this four second stand-by period to reduce
the power consumption of the portable radiotelephone.

15§ Additionally, it would be advantageous to inexpensively
implement this power saving feature in the portable
radiotelephone.
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20 r-adi ot el ephone, nanely, a control node and a conmmuni cation
ghode. During the control node, the portabl e radiotel ephone

intermttently receives paging information froma renote transcei ver
while waiting to either receive or place a phone call using the

radi ot el ephone. After initially powering up, the 2 5 portabl e
radi ot el ephone turns on the radio receiver until the radi o receiver
receives a frane of information fromthe ﬁennte transcei ver, which
contains all of the timng information fo t he radi ot el ephone. Once
the timng information is received, - the portabl e radi ot el ephone
recei ves paging information on an 30 intermttent basis. FIG 4 is an

illustration of the timng
Brief Description of the Drawings

FIG. 1 is an illustration in block diagram form of a
5 radiotelephone communication system.

FIG. 2 is an illustration in block diagram form of a
controller for use in a radiotelephone in accordance with the
present invention.

FIG. 3 is an illustration of a process flow chart in

10 accordance with the present invention.

FIG. 4 is an illustration of a timing dxagram in accordance

with the present invention.

Description of a Preferred Embodiment
15
Generally, the preferred embodiment encompasses a

portable radiotelephone operating in a radio communication
system. The radio communication system has two modes of
operation, namely, a control mode and a communication

20 mode. During the control mode, the radiotelephone system is
designed such that the portable radiotelephone needs to only
intermittently receive paging information from a remote
transceiver. In order to conserve power and cost, the
radiotelephone utilizes a low cost, low power 32kHz watch

25 crystal or an inexpensive RC.(resistor/capacitor) oscillator in
conjunction with hardware and software for shutting down a
portion of the radiotelephone, when not receiving information
from the remote transceiver. The portion of the radio receiver
shut down includes the reference oscillator.
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2 * requirenents for a particular radiotel ephone system defi ned
=zby tshe RCR specification (second generation cordl ess tel ephone

system st andard specification, August, 1992, section 4.2.7). Ti mi ng
graph 401 is an illusion of the timng requirenents 5 for a renote
transceiver and timng graph 403 is a timng graph for a radio
recei ver used in a portabl e radiotel ephone.

4

FIG. 1 is an illustration in block diagram form of a
radiotelephone system in accordance with the present
invention. In the radiotelephone system, a remote transceiver
103 sends and receives radio frequency (RF) signals to and

5 from mobile and portable radiotelephones within a fixed
geographic area served by the remote transceiver 103,
Radiotelephone 101 is one such radiotelephone served by the
remote transceiver 103.

) While receiving signals from the remote transceiver 103,

10 the radiotelephone 101 uses the antenna 105 to couple the RF .
signal and to convert the RF signal into an electrical RF
signal. The electrical RF signals are received by the radio
receiver 107 for use within a radiotelephone 101. The receiver
107 demodulates the received electrical RF signal and outputs

15 a symbol signal for use by the controller 111. The controller 111
formats the symbol signal into voice or data for use by the user
interface 113. The user interface 113 is used to convey
information between a user and the radiotelephone 101,
typically including a microphone, a speaker, a display, and a

20 keypad.

Upon the transmission of RF signals from the portable
radiotelephone 101 to the remote transceiver 103, the voice
and/or data signals from the user interface 113 are processed
by the controller 111. The processed signals are input into the

25 transmitter 109. The transmitter 109 converts the data into
electrical RF signals. The electrical RF signals are converted
into RF signals and output by the antenna 105. The RF signals
are received by the remote transceiver 108 and converted for
use within the land line telephone system.

This Sheet Has Been R,
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Typically, the portable radio receiver is on for one slot every f our

.Secoids, or 0.0156 percent as derived fromthe RCR speci fication. 10
-1t is well known that | owering power consunption and ext endi ng
battery life of a portabl e radiotel ephone is desirable. Thus, it
woul d be advant ageous to shut off as nuch circuitry as possible
during this four second stand-by period to reduce ~the power
consunption of the portable radiotel ephone, 1 5 Additionally, it would
be advant ageous to i nexpensively i mpl ement this power saving feature
in the portable r adi ot el ephone.

Additionally, the controller 111 is used to control the power

to the receiver 107 and the circuitry contained therein. FIG. 2
is an illustration in block diagram form of the power
consumption controller circuitry 200 contained within

5 controller 111. The microprocessor 201 receives clock pulses
and interrupts, and generates address bus signals, data bus
signals, and bus control signals AS, R’'W, and E_CLK. The
address and data bus are coupled to a ROM (read only
memory) 245 which supplies instructions and data to the

10 microprocessor 201. In the preferred embodiment, the
microprocessor 201 is a MC68HC11 available from Motorola,
Inc.. All the bus outputs of the microprocessor 201 are
received by an address decode register 240. The address decode
register 240 generates select lines for a count-duration register

15 211, a count value register 207, and a memory-mapped control
register 241. The memory-mapped control register 241 latches
data from the microprocessor 201 when the select from the
address decode register 240 is active. The memory-mapped
control register 241 outputs timer start and timer resume

20 signals. These outputs and a key-press indication are received
by the interface logic block 242, which generates puises on the
rising edges of the inputs based upon the current state of the
oscillator timer. The interface logic block 242 also generates
the control input for the adder/comparator 250.

25 There are two primary counters in the power consumption
controller circuitry 200, namely the oscillator counter 203 and
the keypad timer counter 251. These two counters are clocked
by a low frequency oscillator 237. In the preferred
embodiment, a 32kHz oscillator is used as the low frequency

30 oscillator.
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BFief Description of the Draw ngs FIG 1is anillustration in
<block diagramformof a 5 radi ot el ephone communi cati on system,

The oscillator counter 208 is reset upon a start signal being
received from the interface logic block 242. The output of the
oscillator counter 203 is compared to the count duration value
programmed into duration register 211 by comparator 217,

5 The oscillator counter 203 changes asynchronously to the
E_CLK from microprocessor 201. A flip-flop 205 and the count
value register 207 are used to line up data changes of the
oscillator counter 203 with the E_CLK signal. The output of
the comparator, the power control signal, is used to turn on

10 the reference oscillator 233 through a control flip-flop 231. The
reference oscillator 233 is turned off when control flip-flop 231
receives either a start pulse or a resume pulse from interface
logic block 242. The key-press pulse from interface logic block
242 is OR'd with the output of the comparator 217 so that it too

15 can turn the reference oscillator on in control flip-flop 231. The
output of reference oscillator 233 is divided down and used as
the clock input for microprocessor 201. The oscillator counter
2083, the count value register 207, the count duration register
211, the comparator 217 and the low frequency oscillator 237

20 make up what is referred to as a timing device 253.

The second counter in the design is the keypad timer 251.
The keypad counter 251 is used to delay the interrupt to the
microprocessor 201 after a keypress. The output of the keypad
timer 251 is fed into an adder/comparator 250 which generates

25 an interrupt to the microprocessor 201. The interrupt to the
microprocessor 201 is delayed by a programmed delay time
after the reference oscillator 233 is turned on. The
programmed delay time allows the reference oscillator 233 to
stabilize before circuits are brought up by the microprocessor

.30 201. After receiving the interrupt, the microprocessor 201
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FIG 2 is$ an illustration in block diagramformof a controller for
wuse i"n a radiotel ephone in accordance with the . present invention.
FIG 3 is an illustration of a process flowchart in 1 0  accordane wth

t he present invention. FIG 4 is an illustration of a timng
diagramin accordance with the present invention.

Description of a Preferred Enbodi nent 15 General ly, the .
preferred enbodi nent enconpasses a H;porta_bl e radi ot el ephone operating
in a radi o conmuni cation system The radi o comunication system has
two nodes of operation, nanely, a control node and a communi cation

determines whether the interrupt was due to a keypress. If
there was no keypress, the microprocessor 201 sets up the
hardware to receive the expected UW. .If there was a keypress,
the microprocessor 201 processes the keypress. Next, the
5 microprocessor 201 reads the current oscillator counter value
and compares it to the count duration value. The
microprocessor resumes the sleep interval if difference
between the current counter value and the count duration
value is great enough. If the microprocessor 201 does not
10 resume the sleep interval, the microprocessor 201 monitors the
oscillator counter value until it equals the count duration value
plus the programmed delay time.
The adder/comparator 250 receives the following inputs:
- the output from the keypad timer 251, the output from the
15 oscillator counter 203, the count duration value from the
duration register 211, the delay compare from the duration
register 211, and a control bit from the interface logic 242, If
the control bit from the interface logic 242 indicates a key-
press, then the adder/comparator 250 compares the keypad
20 timer 251 to the delay compare from the duration register 211
to generate the interrupt. If the interface logic 242 does not
indicate a key-press, then the adder/comparator 250 compares
the count value from the oscillator counter 203 to the sum of
the count compare and the delay compare from the duration
25 register 211. The output of adder/comparator 250 is received by
IRQ (interrupt request) interface 243 which also uses the
reference oscillator control signal and the low frequency
oscillator 237 to generate the actual interrupt pulse that is
received by the microprocessor 201.
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20 node.

During the control node, the radiotel ephone systemis

desi.gned such that the portable radi otel ephone needs to only

intermttently receive paging information froma renote

In order to conserve power and cost, the r adi ot el ephone uti |
| ow cost, |ow power 32kHz watch 2 5 crystal or an inexpensive RC

(resistor/capacitor) oscillator in conjunction with hardware and
software for shutting down a portion of the radiotel ephone,
receiving information fromthe reffote transceiver. The porti

the radi o recei ver
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This interrupt pulse is also ANDed with the inverted
control bit from interface logic 242 to produce a signal that

. shows the interrupt was caunsed by a key-press. This signal is

used to set a bit in the memory-mapped control register 241.
The memory-mapped control register also sources the timer
set signal and the timer resume signal. The microprocessor
201 reads the memory-mapped control register 241 to
determine if a key-press caused the interrupt. The bit in the
memory-mapped control register 241 is cleared after the
microprocessor 201 reads the register 241.

During the control mode, the portable radiotelephone 101
intermittently receives paging information from the remote
transceiver 103. At initial power up, the portable
radiotelephone 101 powers on its receiver 107 until the receiver
107 receives a frame of information from the remote
transceiver 108 which contains all of the timing information
for the radiotelephone 101. Once this timing information is
received, the portable radiotelephone 101 starts receiving on an
intermittent basis as illustrated in FIG. 4. In this intermittent
receive mode, the portable radiotelephone 101 can conserve
power consumption by turning off as much of the circuitry as
possible.

FIG. 3 is an illustration in flow chart form of a process 300
implemented in the radiotelephone system 100 for controlling
the power consumption therein. Process 300 begins by
powering the radio receiver 107 continuously in function block
303. In function block 305, the remote transceiver 103
transmits a slot containing a unique word (UW), transceiver
ID and timing information as defined in the RCR specification
to the radiotelephone 101. The UW is a predefined sequence

transcei ver.

izes a

when not
on of

shut down includes the reference oscill ator.



4 : FIG 1 is an illustration in block diagramformof a

<radi%ot el ephone systemin accordance with the present I nvention. In
t he radi otel ephone system a renote transceiver 103 sends and
receives radio frequency (RF) signals to and 5 from nobil e and
portabl e radi ot el ephones within a fixed geographi c area served by
the renote transcei ver 103. Radi ot el ephone 101 is one such
radi ot el ephone served by the 9

indicating the beginning of each slot. At function block 307,
the radiotelephone 101 receives the slot containing the timing
information. Additionally, the controller 111 reads the current
sleep counter value from the count value register 207. The

5 radiotelephone 101 then waits to receive the next slot
transmitted from the remote transceiver 103 based on the
timing information received. During this time the reference
oscillator 233 and the microprocessor 201 remain powered up,
providing the timing control for the intermittent receive

10 interval.

At function block 309, the sleep duration value is
calculated. With the reference oscillator 233 running, the
controller 111 waits for the reception of the next slot. Upon
reception of the next slot the controller 111 reads the current

15 oscillator counter value and subtracts the previously read
oscillator counter value. The sleep duration value is equal to
this difference less a set up time. The set up time is
determined by the characteristics of the specific receiver and
reference oscillator in the radiotelephone. In the preferred

20 embodiment, the set up time is equal to 30mS. Reading the
oscillator counter values, using the reference oscillator 233 as
a timing reference, automatically calibrates the oscillator
counter 203 to the intermittent receive interval independent of
the exact frequency of the low frequency oscillator 237.

25 At function block 311, the count duration register 211, is
programmed with the previously calculated sleep duration
value.

At function block 313, the controller 111 shuts down a first
portion of the radio receiver 3138. In the preferred embodiment,

30 the circuitry shut down includes the entire receiver 107 and a

ecet Has Been laced
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renote transceiver 103. Wil e receiving signals fromthe renote

«transceiver 103, 10 t he radi ot el ephone 101 uses the antenna 105 to
couple the RF signal and to convert the RF signal into an
electrical RF signal. The electrical RF signals are received by the
radi o receiver 107 for use within a radiotel ephone 101. The
receiver 107 denodul ates the received el ectrical RF signal and
outputs 1 5 a synbol signal for use bysthe controller 111. The
controller 111 formats the synbol “Signal into voice or data for use
by the user interface 113. The user interface 113 is used to convey

I nformati on between g user, and t he, radiot el ephone, 101, typically
i ncl udi ng a ni cr opAEHen of the contxoller 11, § %I%Gha@mopm%ﬁ% 1,
Upon the transm sandrthef reféretice watilldtop 288N T fdiakiprocessor 201 is

shut down with a STOP instruction, shutting down all the
internal clocks. The microprocessor 201 is only awakened at

5 the execution of an external interrupt. Note that the amount
and specific circuitry shut down may be modified for a
particular application while still operating within the scope of
the invention disclosed herein.

At function block 315, the timing device 253 turns on the

10 reference oscillator 233, waits a predetermined amount of
time, then sends an interrupt command to the microprocessor
201. The predetermined amount of time is equal to the startup
time as previously discussed. After receiving the interrupt
command, the microprocessor 201 turns on the circuitry

15 previously shut down.

At decision block 312, the controller 111 checks to see if a
false UW is received while the radio receiver 107 is fully
powered. There are two potential causes of a false UW
detection, namely, random noise and reception of a UW from

20 another remote transceiver. The causes and probability of
receiving a false UW in the preferred embodiment are
discussed in detail below.

If a false UW is received, the timer value is increased at
function block 314. By increasing the timer value, the window

25 in which the receiver 107 could potentially receive a false UW
is reduced. Once the timer value is increased, the process
returns to function block 311. '

If a false UW is not received at decision block 312, the
process 300 checks to see if a valid UW has been received at

.30 decision block 321. The controller 111 validates the UW by

This Sheet Has Bee
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radi ot el ephone 101 to the renote transceiver 103, the voice and/ or

sdataesignals fromthe user interface 113 are processed by the
controller 111. The processed signals are input into the 25 transmtter
109. The transmtter 109 converts the data into el ectrical RF
signals. The electrical RF signals are converted Into RF signals
and output by the antenna 105. The RF signals are received by the
renote transcei ver 103 and converted for 1 use within the land line

t el ephone system

checking the contents of the data that follows the UW. The
data contains such information as remote transceiver ID that
the controller 111 can use to verify if the information is from
the correct remote transceiver 103.

5 Once a valid UW is received, a new count duration value is
obtained at function block 326. The new count duration value
is obtained using the current count duration value.
Specifically, the process checks the amount of time elapsed
between the previous start signal was generated by the

10 interface logic block 242 and the time when the UW was
received and adjusts the count duration value accordingly.
Once the new count duration value is obtained, the process 300
returns to function block 311.
If a valid UW is not received when checked at decision
15 block 321, then at decision block 325, the process 300 checks to
see if 10 seconds has elapsed since the last UW was received at
function block 315. If 10 seconds has not elapsed, then the
process 300 decreases the timer value at function block 323 and
returns to function block 311. If 10 seconds has elapsed, then
20 the process ends at 327. In the preferred embodiment, when
the 10 seconds has elapsed, the process returns to function
block 303,
An alternative method of calculating the timer value at
function block 309 may be substituted. The alternative
25 calculation depends upon the type of low frequency oscillator
237. Preferably, an Epson C-type crystal is used for low cost.
This crystal has error criteria of plus/minus 20 ppm (parts per
million) error at 23 degrees Celsius and plus/minus 200 ppm
over minus 10 fo plus 60 degrees Celsius. The plus/minus 200
.30 ppm results in significant timing error after the four second
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Additionally, the controller 111 is used to control the
.epower to the receiver 107 and the circuitry contained therein
2 is an illustration in block diagramform of the power
consunption controller circuitry 200 contained within 5 controller
111. The m croprocessor 201 receives clock pul ses and interrupts,
and generates address bus signals, data bus signal s, and bus
control signals AS, RRW and E CLK The 12 address and data bus are

coupled to a ROM (read only

10

15

20

stand-by of plus/minus 0.8 mS (milliseconds). This timing
error translates to the receiver turning on 2.5 slots earlier than
necessary as explained in detail below.

The timing error due to the large frequency tolerance is a
problem when the portable radiotelephone 101 is attempting to
synchronize to the remote transceiver 103. The problem arises
because the portable radiotelephone 101 is attempting to turn
on its radio receiver 107 at the appropriate time to receive the
intermittently received information from the remote
transceiver 103 based on the timing from a crystal oscillator
having a large error. In order to compensate for the worst
case timing error of plus/minus 0.8 mS, the portable
radiotelephone 101 must turn on its radio receiver 107 at least
0.8 mS in advance. This early turn on time in conjunction
with the 0.8 mS timing error means that the radio receiver 107
can be on for 1.6 mS before receiving the information from the
remote transceiver 103. This 1.6 mS translates to 2.5 slots as
defined by the RCR specification. During this 2.5 slots, the
radio receiver 107 can pick the synchronization sequence
unique word (UW) in error, potentially introducing a false UW
detection.

Specifically, the timer value is calculated as follows:

This Sheet Has Been Re
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menory) 245 which supplies instructions and data to the 10
<M croprocessor 201. In the preferred enbodi ment, the m cr opr ocessor
201 is a MC6BHC11 avail able from Mot orol a, Inc.. Al the bus
out puts of the m croprocessor 201 are recei ved by an address decode
regi ster 240. The address decode regi ster 240 generates sel ect
lines for a count-duration register 1 5 211, a count value register 207,
and a nmenory-mapped control regi ster 241. The nenory-mapped contro
regi ster 241 | atches data fromthe” m croprocessor 201 when the
select fromthe address decode register 240 is active. The
menor y- mapped control register 241 outputs timer start and tiner
resune 2 0 si gMlass =THex& out Ut Tah¥ Ga key- press indication are
recei ved by ' rface | ogiC ck 242, which generates pul ses on
t he risingh%%ggghg%gfﬁgﬁﬁﬂpu g zgguuhpon the current state of the

where:
L T = adjusted intermittent receive period
2. T, = timing information in the form of the

number of TDMA frames between receptions
3. T, = aTDMA frame period = 5ms
4. T,, = Currenttime since the last receiver turn-on
5. T yma = Watch crystal period
6. C,, = Crystal tolerance in ppm x E-6
Once the proper UW is received, the sleep duration value
may be set using previous counter values read from the
oscillator counter 208 as discussed above concerning function
5 block 326. The microprocessor 201 can dynamically read the
number of 32kHz clock pulses between successive UWs and
can use this value to program the next sleep period. As the
crystal resolution slowly changes over time, the
microprocessor reads different counter values between UWs
10 and programs the count duration register accordingly. This
method works because the crystal stays stable between
successive UWs,
Without the current invention employed in the preferred
embodiment, the probability of receiving a false UW from
15 either random noise or receiving a UW from another remote
transceiver causes problems in the system. First, the chance
of a false 32-bit UW reception caused by random noise is
extremely low. If the receiver is continuously on, the
probability of receiving a false UW is Bit rate per second/32 bit
20  sequence match which is equal to 384,000/232 = 0.000089 per
second. Which equals one false detection per 186 minutes.

This Sheet Has Been Reﬂlaced
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oscillator tinmer. The i-nterface |logic block 242 al so generates t he

<cont¥ol input for the adder/conparator 250. 2 5 There are two prinmary
counters in the power consunption controller cjrcuitry 200, nanely
the oscillator counter 203 and t he keypad tinmer counter 251. These
two counters are clocked by a | ow frequency oscillator 237. In the
preferred enbodi nent, a 32kHz oscillator is used as the | ow
frequency 30 oscillator. 14

Since the receive window is open for 2.5 slots per four seconds,
the actual probability of receiving a false UW is, 0.000089 x 2.5

. slots times 625 uS (microseconds)/four seconds. Which is
equal to one false detection per 331 days.

5 Second, the potential of receiving a false UW from another
remote transceiver is alarmingly high when the portable
telephone has the receiver turned on to receive the incoming
slot in advance to compensate for the crystal tolerance. Since
the remote transceiver in the preferred embodiment transmits

10 eight times a second at most, the time window of interest is 1
second/ 8 slots = 125 ms/slot. For one neighboring remote
transceiver, probability of receiving a neighboring UW is
calculated as follows:

P = Trxwin/Tixwin= 0.01248 = 1.25%

15 where:

1. Trxwin = Tixclk x 2.5slots x 240clocks/slot = 1.56 mS
= portable radiotelephone's receive window

2. T&xwin = neighboring base transmit window for 8
slots/second

20 =125mS
3. Tixelk = transmit clock period = 2.6uS

4. P = probability of receiving a neighboring UW

25 Therefore, the second cause of neighboring remote
transceivers are the major cause of the alarmingly high
probability (1.25%) of a false UW reception. A false UW
reception causes the real UW to be missed, potentially causing
the incoming phone call to be missed.

eet Has Been Reﬁaced
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6 . The .oscillator counter 203 is reset upon a start signal

bei ng _ received fromthe interface |logic block 242. The out put of

t he oscillator counter 203 is conpared to the count duration val ue
programmed into duration register 211 by conparator 217. 5 The
oscillator counter 203 changes asynchronously to the ECLK from

m croprocessor 201. A flip-flop 205 and the count val ue register
207 are used to |line up data changes of t osci lator counter 203
with the E CLK signal. The output of t he conparator, the power
control signal, is used to turn on

Using the preferred embodiment with the alternative timer
value calculation described herein, any timing error from the
low frequency oscillator 237 is reduced to the resolution of the
oscillator timer 203. This resolution error exists because the

5 UW can be received during any portion of a single period of the
timer. The maximum error due to the oscillator counter
resolution during the shut down period is two clock periods:
One clock period for the timer being set during any portion
within a clock period and a second clock period because the

10 previous timer value could have been read during any portion
of the clock period. This error translates to a time of 62.5 uS for
a 32kHz (kilohertz) plus/minus 0 ppm crystal.

The total error to be compensated is equal to the sum of the

error caused by the oscillator counter resolution and the error

15 caused by the remote transceiver timing. The remote
transceiver 103 must generate the UW every 4 seconds with an
accuracy of 3 ppm, resulting in worst case error of 12 uS.
Thaus, the total error to be compensated is equal to 75 uS.
Because of this resolution error, the receive window must be

20 open for 150 uS. This is a fraction of the 1.6 mS required
without the use of this invention.

The probability of receiving a false UW due to the
conditions discussed above; while employing the preferred
embodiment with the alternative timer value calculation, is

25 calculated as follows:

1. Due to random noise

0.000089 x 150uS/4 S = 1 false UW per 9.5 years.

2. Due to UW from other remote transceiver

20.8 e -6 x 58 = 0.12%**

.30
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10 t-he reference oscillator 233 through a control flip-flop 231. The
.reference oscillator 233 is turned off when control flip-flop 231
receives either a start pulse or a resune pulse frominterface

| ogi ¢ bl ock 242. The key-press pulse frominterface | ogic block 242
Is ORd wth the output of the conparator 217 so that it too 15 can
turn the reference oscillator on in control flip-flop 231. The

out put of reference oscillator 233 is diviged down and used as t he
clock input for mcroprocesor 201. The osCrllator counter 203, the
count val ue register 207, the count duration register 211, the

conparator 217 and.t requenc OSCIJ tor ke up what is
referredtoaatlmtg'beﬁéﬁ‘it"@I ‘ﬂi@ﬁ%é’bﬁ&c&}gﬁter in the
design is the keya@éhstmadrpra‘éébmty would H@eldseyma@ef@umoersnﬂﬁéssful used to

delay the interru t he m_croproce 201, af t press. The
output of the keyg‘éﬁ? %onsoftheUWﬁ'omtﬁgremo%%ranscewer ﬁf.‘i@oﬁf&' |

interfere with the reception of a false UW from the other
5 remote transceivers.
Thus, employing the preferred embodiment with the
alternative timer value calculation, the probability of receiving
a false UW is reduced from 1.25% to 0.12%. Additionally,
utilizing the preferred embodiment with the preferred timer
10 value calculation reduces the probability of receiving a false .
UW further. The reduction in the probability is accomplished
by freeing the timer value calculation from the accuracy of the
low frequency oscillator as described above. The invention
disclosed reduces the power consumption of the radiotelephone
15 101 while sufficiently protecting the reception of the unique
words using a low frequency oscillator.

What is claimed is:

umlu‘ \i‘i‘iun m‘ﬂ



timer 251 is fed into an adder/ conpar at or 250 which generates 2 5 an
.interrupt to the mcroprocessor 201. The interrupt to the

m croprocessor 201 is delayed by a programmed delay tine after the
reference oscillator 233 is turned on. The programed delay tine
allows the reference oscillator 233 to stabilize before circuits
are brought up by the m croprocessor 30 201. After receiving the

interrupt, the mcroprocessor 201 17

1. A radio receiver controller for controlling the power
consumption of a radio receiver, the radio receiver
intermittently receiving paging information from a remote

5 transceiver, the radio receiver controller comprising:

a logic device for generating a start signal;

a timing device, responsive to the start signal, for timing a
sleep time interval and generating a second signal; and

a controlling device, responsive to the start signal and the

10 second signal, for controlling the power to a portion of the
radio receiver, the portion of the radio receiver including at
least a reference oscillator.

"“‘ﬁfiiiﬁ‘fi‘iilf”li‘rﬂll
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7 - determnes whether the interrupt was due to a keypress. If

.there was no keypress, the m croprocessor 201 sets up the har dwar e
"to receive the expected UW If there was a keypress, t he

m croprocessor 201 processes the keypress. Next, the 5 m cr opr ocessor
201 reads the current oscillator counter val ue and conpares it to
the count duration value. The m cr opr ocessor resunes the sleep
interval if difference bet ween thg, current counter value and the
count duration value is great enough. If the mcroprocessor 201
does not 10 resune the sleep interval, the m croprocessor 201 nonitors
t he

2. A radio receiver controller in accordance with claim 1
wherein the timing device further comprises:

a low frequency oscillator for providing a first frequency

5 signal;

an oscillator counter coupled to and clocked by the low
frequency oscillator and having a counter value;

a count duration register programmed with a count
duration value; and

10 a comparator for comparing the count duration value with

the counter value and generating the second signal responsive
to the counter value equal to the count duration value.

3. A radio receiver controller in accordance with claim 1
15 wherein the controlling device shuts off power to the portion of
the radio receiver responsive to receiving the start signal.

4. A radio receiver controller in accordance with claim 1
wherein the controlling device turns on power to the portion of
20 the radio receiver responsive to receiving the second signal.
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oscillator counter value until it equals the count duration val ue

plus the programed delay tine. The adder/ conparator 250
receives. the follow ng inputs: t he output‘frontthe keypad ti nmer
251, the output fromthe 15 oscillator counter count dur at’i on
value fromthe duration register 211, the J‘ the
duration register 211, and a control bit fro ﬁ e Ioglc
242. |f the control bit fromthe injgerface | ates a
key- press, then the adder/ conpar at 250 conpares the keypad 2 0
timer 251 to the delay conpare fromthe duration register 211 to

I ndi cate

generate the interrupt. If the interface |ogic 242 does not
a key-press, then the adder/conparator 250 conpares

t he count val ue

fromthe oscillator cbuml efiethed dfeohlrollitigafadio receivel forc@sé)in @onpare and
the delay conpare {f{am éo%m%ng tﬁgﬂ system, the radio communication

5

10

15

20

25

system including a first radio receiver and a first remote
transmitter, the first remote transmitter transmitting timing
information and unique words, the radio receiver receiving
unique words and including a first low frequency oscillator, a
reference oscillator, and a user interface the method
comprising the steps of:

A) powering the radio receiver

B) receiving the timing information at the radio receiver;

C) calculating a count duration value responsive to the
timing information;

D) programming a timing device with the count duration
value;

E) shutting down a first portion of the radio receiver
circuitry, including at least the reference oscillator;

F) waking up the first portion of the radio receiver
circuitry in response to an indication from the timing device;
G) increasing the count duration value responsive to
receiving a false unique word via the radio receiver circuitry;

H) repeating steps d through g until a first condition is
met, the first condition selected from the group consisting of a
first predetermined time is lapsed and a valid unique word is
received;

I) decreasing the count duration value in response to the
first predetermined time is elapsing;

J) repeating steps a through h in response to said step of
decreasing;

_—
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25 regi ster 211. The output of adder/conparator 250 is received by

L RQ (interrupt request) interface 243 which also uses the ref erence
oscillator control signal and the | ow frequency oscillator 237 to
generate the actual interrupt pulse that is recei ved by the

m croprocessor 201.

2

K) calculating a new count duration value responsive to
receiving a valid unique word; and

L) repeating steps d through j responsive to said step of
calculating a new count duration value.

6. A method of controlling a radio receiver in accordance
with claim 5 wherein step F further comprises the steps of:
M) waking up a second portion of the radio receiver
circuitry in response to an indication from the user interface,
10 the second portion of the radio receiver circuitry a subset of the
first portion;
N) processing the indication from the user interface;
O) comparing the count duration value with a current
state of the timing device, resulting in a first decision; and
15 P) repeating step E or step F responsive to the first decision
of step O.

mf’l’fiﬁlii’ilﬁﬁl mTin
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8.

This interrupt pulse is also ANDed with the inverted

.contfol bit frominterface logic 242 to produce a signal that

the interrupt was caused by a key-press.
a bit in the nenory-nmapped contr ol

shows

This signal is used to set
register 241. 5 -The menory- mapped

control register also sources the tiner set signal and the tinmer
resunme signal. The m croprocessor 201 reads the nenory-mapped
control register 241 to determ ne 2]]‘ a key-press caused the
interrupt. The bit in the menor y- mapped control register 241 is
cleared after the 1 0 m croprocessor 201 reads the register 241.

During the control node, the portable radiotel ephone 101
intermttently receives paging information fromthe renote

10

15

20

Adaptive Radio Receiver Controller Method and
Apparatus

Abstract of the Disclosure

A portable radiotelephone (101) operating in a radio
communication system (100}, the portable radiotelephone
including power consumption controller circuitry (200). The
radiotelephone system (100) is designed such that the portable
radiotelephone (101) needs to only intermittently receive paging
information from a remote transceiver (1038) during a control
mode. The power consumption controller circuitry (200)
utilizes a low cost, low power, low frequency oscillator (237} in
conjunction with hardware and software for shutting down a
portion of the radiotelephone (101) for a sleep period, when the
radiotelephone (101) is not receiving information from the
remote transceiver (103). The current sleep period is adapted
depending upon the timing accuracy of the previous sleep
period.
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transcei'ver 103. At initial power up, the portable 5PCTIUSJQDQ|AR]IC03037
1

101 'powers on its receiver 107 until the receiver 107 receives a

franme of information fromthe renote transcei ver 103 which contains -
all of the timng information for the radiotel ephone 101. Once this
timng information is recei ved, the portabl e radiotel ephone 101
starts receiving on an intermttent ba g?gs illustrated in FIG 4.
In this intermttent 20 recei ve node, the 3 tdbl e radi ot el ephone 101
can conserve power consunption by turning off as nuch of the
circuitry as possi bl e. FIG 3 is anillustration in flow
chart formof a process 300 I npl emented in the radi ot el ephone system
100 for controlling power consunption therein._ Process 3Q0_
begi ns by , eN i of recéi ver 107 gntinuouslyyjgn functipn
bl ock il - ?ﬁ\ | |
| i
user | |
) ! CONTROLLER INTERFACE| |
| |
I |
l |
L o e e T v e g G e G S G CEe W e - o+
101
100
FIG.1

180T | .
o LI essoN e T
TRANSCEVER | | [ I O I 4
ALBASETMNGIS +- PP
~ PORTABLE 403
e M ;
RECEVER le——TYP. 4 SEC. STANDBY PERICD ———*!
40
FIG4
PRIOR ART-
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303. In*function block 305, the renote transceiver 1O3PCT/U89r$!n}soa037

sl of containing a unique word (UW, transceiver ID and timng information

as defined in the RCR specfication 3 0 to the radiotel ephone 101. The UW

Is a predefined sequence 9

FIG2

START
RESUME

KEYPAD
CONTROL

g gbgg - Eé

\J , L %
; ati

o T

RESUME o
START

This Sheet
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i ndi cating the beg| nning of each slot. At function blpgllgﬁ94/19h937£

radi ot el ephone 101 receives the slot containing the timng

information. Additionally, the controller 111 reads the current

sl eep counter value fromthe count value register 207. The 5

radi ot el ephone 101 then waits to receive the next slot transmtted
fromthe renpte transceiver 103 based on the 3/% timng information
received. During this tine the reference scillator 233 and the

m croprocessor 201 remai n powered up, providing the timng control
for the intermttent receive 10 I nterval . At function bl ock
309, the sleep duration vatu calcul ated. Wth the reference
oscillator 233 running, th C ntroIIer 111 waits for the reception
of the next slot. Upon 308

POWER THE RADIO RECEIVER

TRANSMIT TIMING INFORMATION FROM REMOTE TRANSCEIVER
7

RECEIVE THE TIVING INFORMATION AT THE RADIO RECEIVER
f‘m

CALCULATE A DURATION VALUE RESPONSIVE TO THE
TIMING INFORMATION

311

PROGRAM A TIMING DEVICE WITH THE DURATION VALUE

~SHUT DOWN A FIRGT PORTION OF THE FADIO FECEIVER 313

WAKE UP THE FIRST PORTION OF THE RADIO RECEIVER 315
IN RESPONSE TO AN INDICATION FROM THE TIMING DEVICE

y 314
NO INCREASE THE DURATION VALUE
21 -
VALID
wcue?wono YES
' 326
NO CALCULATE A NEW DURATION VALUE
c 7
10 SECONDS NO
ELAPSED SINCE LAST UNIQUE WORD
9
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-recéption of the next slot the controller

111 reads the current wosas—+

oscillator counter value and subtracts the previously read

oscill ator counter val ue.

The sl eep duration value is equal

to

-this

difference less a set up tinme. The set up tine is
characteristics of the specific receiver and

determ ned by the
reference oscill ator

I n the radi ot el ephone.

In the preferred 2 0O

enbodi nent ,

the set up tine

is equal to 30nB. Reading the
reference oscillator 233 as
calibrates the oscill ator

oscil l ator counter val ues,
a timng reference,

usi ng the
automatical ly

count er

203 to the intermttent

recei ve

I nterval independent of t he exact frequency of the |ow frequency
oscillator 237. 25 At function block 311, the count duration register
211, is programmed with the previously cal cul ated sl eep duration
val ue.
5 Adaptive Radio Receiver Controller Method and
Apparatus
Field of the Invention
10

This invention generally relates to radio receivers and
more specifically, to a method and apparatus for adaptively
controlling the power consumption of a time division multiple
access (TDMA) radio receiver used in a portable digital

radiotelephone.

Background of the Invention

There are two fundamental modes of operation in a digital

20

radiotelephone, namely, a control mode and a communication

mode. During the control mode, the portable radiotelephone
intermittently receives paging information from a remote
transceiver while waiting to either receive or place a phone
call using the radiotelephone. After initially powering up, the

25

portable radiotelephone turns on the radio receiver until the

+ radio receiver receives a frame of information from the remote
transceiver, which contains all of the timing information for
the radiotelephone. Once the timing information is received,
the portable radiotelephone receives paging information on an

30

intermittent basis. FIG. 4 is an illustration of the timing
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At function block 313, the controller 111 shuts down a first

portion of the radio receiver 313. In the preferred enbodi nent, 30 t he
circuitry shut down includes the entire receiver 107 and a

10

requirements for a particular radiotelephone system defined
by the RCR specification (second generation cordless telephone
system standard specification, August, 1992, section 4.2.7).
Timing graph 401 is an illustration of the timing requirements
5  for a remote transceiver and timing graph 403 is a timing

graph for a radio receiver used in a portable radiotelephone.
Typically, the portable radio receiver is on for one slot every
four seconds, or 0.0156 percent as derived from the RCR
specification.

10 It is well known that lowering power consumption and
extending hattery life of a portable radiotelephone is desirable.
Thus, it would be advantageous to shut off as much circuitry
as possible during this four second stand-by period to reduce
the power consumption of the portable radiotelephone.

15 Additionally, it would be advantageous to inexpensively
implement this power saving feature in the portable
radiotelephone.
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portion of the controller 111, including the m croprocessor 201,

and the reference oscillator 233. The m croprocessor 201 is shut
down with a STOP instruction, shutting down all the i nt er nal

cl ocks. The m croprocessor 201 is only awakened at 5 t he execution of
an external interrupt. Note that the anount and specific circuitry
shut down may be nodified for a particul ar application while stil
operating within the scope of t heqi nventi on di scl osed herein.

At function block 315, the timng device 253 turns on the 10 reference
oscillator 233, waits a predeterm ned anount of tinme, then sends an
I nterrupt conmand to the m croprocessor 201. The predeterm ned
anount of tine is equal to the startup time as previously

di scussed. After receiving thBriefDescription of the Drawingsl, t he
m croprocessor 201 turns on the circuitry
FIG. 1is an illustration in block diagram form of a
5 radiotelephone communication system.

FIG. 2 is an illustration in block diagram form of a
controller for use in a radiotelephone in accordance with the
present invention.

FIG. 3 is an illustration of a process flow chart in

10 " accordance with the present invention.

- FIG. 4 is an illustration of a timing dlagram in accordance

with the present invention.

Description of a Preferred Embodiment
15
Generally, the preferred embodiment encompasses a

portable radiotelephone operating in a radio communication
system. The radio communication system has two modes of
operation, namely, a control mode and a communication

20 mode. During the control mode, the radiotelephone system is
designed such that the portable radiotelephone needs to only
intermittently receive paging information from a remote
transceiver. In order to conserve power and cost, the
radiotelephone utilizes a low cost, low power 32kHz watch

25 crystal or an inexpensive RC (resistor/capacitor) oscillator in
conjunction with hardware and software for shutting down a
portion of the radiotelephone, when not receiving information
from the remote transceiver. The portion of the radio receiver
shut down includes the reference oscillator.

This is the replacement shest
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15 previously shut down. At decision block 312, the
controller 111 checks to see if a false UWis received while the
radio receiver 107 is fully powered. There are two potential causes
of a false UW detection, nanely, random noi se and reception of a UW
from2 O anot her renote transceiver. The causes and probability of
receiving a false UWin the preferred enbodi nent are di scussed in
detail bel ow. If a false UWisgreceived, the timer value is

I ncreased at function block 314. By increasing the timer value, the
w ndow 2 5 in which the receiver 107 could potentially rece| ve a fal se

OO s o §Snb oS g gt g PR B I P 0SS0
deci si on bl ock 31xadiotelephone system in accordance with the present
invention. In the radiotelephone system, a remote transceiver
103 sends and receives radio frequency (RF) signals to and
5 from mobile and portable radiotelephones within a fixed
geographic area served by the remote transceiver 103,
Radiotelephone 101 is one such radiotelephone served by the
remote transceiver 103.
_ While receiving signals from the remote transceiver 103,
10 the radiotelephone 101 uses the antenna 105 to couple the RF .
signal and to convert the RF signal into an electrical RF
signal. The electrical RF signals are received by the radio
receiver 107 for use within a radiotelephone 101. The receiver
107 demodulates the received electrical RF signal and outputs
15 a symbol signal for use by the controller 111. The controller 111
formats the symbol signal into voice or data for use by the user
interface 113. The user interface 113 is used to convey
information between a user and the radiotelephone 101,
typically including a microphone, a speaker, a display, and a
20 keypad.

Upon the transmission of RF signals from the portable
radiotelephone 101 to the remote transceiver 103, the voice
and/or data signals from the user interface 113 are processed
by the controller 111. The processed signals are input into the

25 transmitter 109. The transmitter 109 converts the data into
electrical RF signals. The electrical RF signals are converted
into RF signals and output by the antenna 105. The RF signals
are received by the remote transceiver 103 and converted for
use within the land line telephone system.

This is the replacement sheet
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process 300 checks to see if a valid UWhas been received at 30 deci si on
bl ock 321. The controller 111 validates the UW by
11 : checking the contents of the data that follows the UW The

10

15

20

25

30

5

Additionally, the controller 111 is used to control the power
to the receiver 107 and the circuitry contained therein. FIG. 2
is an illustration in block diagram form of the power
consumption controller circuitry 200 contained within
controller 111. The microprocessor 201 receives clock pulses
and interrupts, and generates address bus signals, data bus
signals, and bus control signals AS, R‘'W, and E_CLK. The
address and data bus are coupled to a ROM (read only
memory) 245 which supplies instructions and data to the
microprocessor 201. In the preferred embodiment, the
microprocessor 201 is a MC68HC11 available from Motorola,
Inc.. All the bus outputs of the microprocessor 201 are
received by an address decode register 240. The address decode
register 240 generates select lines for a count-duration register
211, a count value register 207, and a memory-mapped control
register 241. The memory-mapped control register 241 latches
data from the microprocessor 201 when the select from the
address decode register 240 is active. The memory-mapped
control register 241 outputs timer start and timer resume
signals. These outputs and a key-press indication are received
by the interface logic block 242, which generates pulses on the
rising edges of the inputs based upon the current state of the
oscillator timer. The interface logic block 242 also generates
the control input for the adder/comparator 250.

There are two primary counters in the power consumption
controller circuitry 200, namely the oscillator counter 203 and
the keypad timer counter 251. These two counters are clocked
by a low frequency oscillator 237. In the preferred
embodiment, a 32kHz oscillator is used as the low frequency
oscillator. :

This is the replacement sheet
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data contains such information as renpte transceiver |ID that t he

controller 111 can use to verify if the information is from t he
correct renote transceiver 103. 5 Once a valid UWis received, a
new count duration value is obtai ned at function block 326. The new
count duration val ue I s obtained using the current count duration
val ue. Specifically, the process checks the anmount of tine el apsed
between the previous start signal was gengrated by the 10 i nterface

| ogi ¢ bl ock 242 and the tinme when the UWwas recei ved and adjusts
the count duration val ue accordlngly Once the new count duration

Y?l ;evialsi gthJi/i\ll ingd’no:i I:lfﬁee(:‘@él ve vvhen %eos {-{'ﬁeg I SI or?w%%m %’?‘gﬁ g%i
then at decision mw@ﬁpmmemm gwblock: 242, (The output of th
. oscillator counter 203 is compared to the count duration value
programmed into duration register 211 by comparator 217.

5  The oscillator counter 208 changes asynchronously to the
E_CLK from microprocessor 201. A flip-flop 205 and the count
value register 207 are used to line up data changes of the
oscillator counter 203 with the E_CLXK signal. The output of
the comparator, the power control signal, is used to turn on

10 the reference oscillator 233 through a control flip-flop 231. The
reference oscillator 233 is turned off when control flip-flop 231
receives either a start pulse or a resume pulse from interface
logic block 242. The key-press pulse from interface logic block
242 is OR'd with the output of the comparator 217 so that it too

15 can turn the reference oscillator on in control flip-flop 231. The
output of reference oscillator 233 is divided down and used as
the clock input for microprocessor 201. The oscillator counter
203, the count value register 207, the count duration register
211, the comparator 217 and the low frequency oscillator 237

20 make up what is referred to as a timing device 253.

The second counter in the design is the keypad timer 251.
The keypad counter 251 is used to delay the interrupt to the
microprocessor 201 after a keypress. The output of the keypad
timer 251 is fed into an adder/comparator 250 which generates

25 an interrupt to the microprocessor 201. The interrupt to the
microprocessor 201 is delayed by a programmed delay time
after the reference oscillator 233 is turned on. The
programmed delay time allows the reference oscillator 233 to
stabilize before circuits are brought up by the microprocessor

.30 201. After receiving the interrupt, the microprocessor 201

This is the replacement shest

Date: 1 6 AUG 1936



see if 10 seconds has el apsed since the |ast UWwas received at

function block 315. If 10 seconds has not el apsed, then the process
300 decreases the tiner value at function block 323 and returns to
function block 311. If 10 seconds has el apsed, then 2 0 t he process ends
at 327. In the preferred enbodi nent, when the 10 seconds has

el apsed, the process returns to function bl ock 303. An
alternative nmethod of calculating.the tinmgr value at function bl ock
309 may be substituted. The alternative 2 5 cal cul ati on depends upon
the type of low frequency oscillator 237. Preferably, an Epson

C-type crystal is ﬁ&%% # erqeor
criteria of plus/ r‘#nus %%ppm&%%g s %é%rruptvwé ﬁug | on rr(s)r Igt 23
degrees Cel si us ahiers wasmnmkeypes mlcroprocmgt 291@‘-&8!!9131@ pl us 60

degrees Cel si us. ﬂ&?dﬂ‘ah‘é’tﬂ‘r@bﬁv@‘%ﬂe expected UW. If there was a keypress,
the microprocessor 201 processes the keypress. Next, the
5 microprocessor 201 reads the current oscillator counter value

and compares it to the count duration value. The
microprocessor resumes the sleep interval if difference
between the current counter value and the count duration
value is great enough. If the microprocessor 201 does not

10 resume the sleep interval, the microprocessor 201 monitors the
oscillator counter value until it equals the count duration value
plus the programmed delay time. |

The adder/comparator 250 receives the following inputs:

the output from the keypad timer 251, the output from the

15 oscillator counter 203, the count duration value from the
duration register 211, the delay compare from the duration
register 211, and a control bit from the interface logic 242. If
the control bit from the interface logic 242 indicates a key-
press, then the adder/comparator 250 compares the keypad

20 timer 251 to the delay compare from the duration register 211
to generate the interrupt. If the interface logic 242 does not
indicate a key-press, then the adder/comparator 250 compares
the count value from the oscillator counter 203 to the sum of
the count compare and the delay compare from the duration |

25  register 211. The output of adder/comparator 250 is received by
IRQ (interrupt request) interface 243 which also uses the
reference oscillator control signal and the low frequency
oscillator 237 to generate the actual interrupt pulse that is
received by the microprocessor 201
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30 ppmresults in significant timng error after the four second
12 stand-by of plus/mnus 0.8 nS (mlliseconds). This timng
error translates to the receiver turning on 2.5 slots earlier than

10

15

20

25

30

This interrupt pulse is also ANDed with the inverted
control bit from interface logic 242 to produce a signal that
shows the interrupt was caused by a key-press. This signal is
used to set a bit in the memory-mapped control register 241.
The memory-mapped control register also sources the timer
set signal and the timer resume signal. The microprocessor
201 reads the memory-mapped control register 241 to
determine if a key-press caused the interrupt. The bit in the
memory-mapped control register 241 is cleared after the

‘microprocessor 201 reads the register 241.

During the control mode, the portable radiotelephone 101
intermittently receives paging information from the remote
transceiver 103. At initial power up, the portable
radiotelephone 101 powers on its receiver 107 until the receiver
107 receives a frame of information from the remote '
transceiver 103 which contains all of the timing information
for the radiotelephone 101. Once this timing information is
received, the portable radiotelephone 101 starts receiving on an
intermittent basis as illustrated in FIG. 4. In this intermittent
receive mode, the portable radiotelephone 101 can conserve
power consumption by turning off.as much of the circuitry as
possible.

FIG. 8 is an illustration in flow chart form of a process 300
implemented in the radiotelephone system 100 for controlling
the power consumption therein. Process 300 begins by
powering the radio receiver 107 continuously in function block
308. In function block 305, the remote transceiver 103
transmits a slot containing a unique word (UW), transceiver
ID and timing information as defined in the RCR specification
to the radiotelephone 101. The UW is a predefined sequence

This is the replacement sheet
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necessary as explained in detail bel ow The timng error due to

the large frequency tolerance is a 5 pr obl em when the portable

radi ot el ephone 101 is attenpting to synchroni ze to the renote

transcei ver 103. The problem ari ses because the portable

radi ot el ephone 101 is attenpting to turn on its radio receiver 107

at the appropriate tinme to receive the intermttently received

information fromthe renote 10 trans@iver 103 based on the timng from

a crystal oscillator having a large error. In order to conpensate

for the worst case timng error of plus/mnus 0.8 nS5, the portable

radi ot el ephone LiAdipating béﬁlnbiﬁbﬁ@h&%ﬁ%e A?fuﬂ&?oﬁlbldckaww 0.8
rn o

e e " Hod sodiothlentioue ThF poseta e i o iainiing e tiaing, T 1
nS before recei vinforonetion ddditionally] tive costroller 111 reads the current

sleep counter value from the count value register 207. The

5 radiotelephone 101 then waits to receive the next slot

transmitted from the remote transceiver 103 based on the

timing information received. During this time the reference

oscillator 233 and the microprocessor 201 remain powered up,

providing the timing control for the intermittent receive

10 interval.

At function block 309, the sleep duration value is
calculated. With the reference oscillator 233 running, the
controller 111 waits for the reception of the next slot. Upon
reception of the next slot the controller 111 reads the current

15  oscillator counter value and subtracts the previously read
oscillator counter value. The sleep duration value is equal to
this difference less a set up time. The set up time is
determined by the characteristics of the specific receiver and
reference oscillator in the radiotelephone. In the preferred

20 embodiment, the set up time is equal to 30mS. Reading the
oscillator counter values, using the reference oscillator 233 as
a timing reference, automatically calibrates the oscillator
counter 203 to the intermittent receive interval independent of
the exact frequency of the low frequency oscillator 237.

25 At function block 311, the count duration register 211, is
programmed with the previously calculated sleep duration
value.

At function block 313, the controller 111 shuts down a first
portion of the radio receiver 313, In the preferred embodiment,

3.0 the circuitry shut down includes the entire receiver 107 and a
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renote tranceiver 103. This 1.6 nS translates to 2.5 slots as

defined by the RCR specfication. During this 2.5 slots, the radi o
recei ver 107 can pick the synchronization sequence. 2 0 uni que word (UW
in error, potentially introducing a false UW det ecti on.
Specifically, the timer value is calculated as foll ows:

10

portion of the controller 111, including the microprocessor 201,
and the reference oscillator 283. The microprocessor 201 is
shut down with a STOP instruction, shutting down all the
internal clocks. The microprocessor 201 is only awakened at

5 the execution of an external interrupt. Note that the amount
and specific circuitry shut down may be modified for a
particular application while still operating within the scope of
the invention disclosed herein.

At function block 315, the timing device 253 turns on the

10 reference oscillator 233, waits a predetermined amount of
time, then sends an interrupt command to the microprocessor
201. The predetermined amount of time is equal to the startup
time as previously discussed. After receiving the interrupt
command, the microprocessor 201 turns on the circuitry

15 previously shut down.

At decision block 312, the controller 111 checks to see ifa
false UW is received while the radio receiver 107 is fully
powered. There are two potential causes of a false UW
detection, namely, random noise and reception of a UW from

20 another remote transceiver. The causes and probability of
‘receiving a false UW in the preferred embodiment are
discussed in detail below.

If a false UW is received, the timer value is increased at
function block 314. By increasing the timer value, the window

25  in which the receiver 107 could potentially receive a false UW
is reduced. Once the timer value is increased, the process
returns to function block 311.

If a false UW is not received at decision block 312, the

process 300 checks to see if a valid UW has been received at
.30 decision block 321. The controller 111 validates the UW by
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[err] [err] wher e: 1. T[err] = adjusted intermttent

recei ve period 2. Tl[err] = timng information in the formof the
nunber of TDMA franmes between receptions 3. T[err] = a TDVA frane
period = 5ms 4. T[err] = Current tine since the |last receiver turn-
on 5. T[err] = Watch crystal period 6. CJerr] = Crystal

tol erance in ppmx E-6
1

checking the contents of the data that follows the UW. The
data contains such information as remote transceiver ID that
the controller 111 can use to verify if the information is from
the correct remote transceiver 108.

5 Once a valid UW is received, a new count duration value is
obtained at function block 326. The new count duration value
is obtained using the current count duration value.
Specifically, the process checks the amount of time elapsed
between the previous start signal was generated by the

10 interface logic block 242 and the time when the UW was
received and adjusts the count duration value accordingly.
Once the new count duration value is obtained, the process 300
returns to function block 311. '
: If a valid UW is not received when checked at decision
15 block 321, then at decision block 325, the process 300 checks to
see if 10 seconds has elapsed since the last UW was received at
function block 315. If 10 seconds has not elapsed, then the
process 300 decreases the timer value at function block 323 and
returns to function block 311. If 10 seconds has elapsed, then
20 the process ends at 327. In the preferred embodiment, when
the 10 seconds has elapsed, the process returns to function
block 308.
An alternative method of calculating the timer value at
function block 309 may be substituted. The alternative
25 calculation depends upon the type of low frequency oscillator
287. Preferably, an Epson C-type crystal is uséed for low cost.
This crystal has error criteria of plus/minus 20 ppm (parts per
million) error at 23 degrees Celsius and plus/minus 200 ppm
over minus 10 to plus 60 degrees Celsius. The plus/minus 200
.30 ppm results in significant timing error after the four second
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Once the proper UWis received, the sleep duration val ue may be set
usi ng previous counter values read fromthe oscillator counter 203
as di scussed above concerning function 5 bl ock 326. The m croprocessor
201 can dynamcally read the nunber of 32kHz cl-ock pul ses between
successive UM and can use this value to programthe next sleep
period. As the crystal resolution slowy changes over tine, the

m croprocessor reads different counter valjges between UN 10 and
prograns the count duration register accordingly. This nmet hod wor ks
because the crystal stays stabl e between successive UV

Wthout the curre odi nent
the probability OMGI Vi ng&%sewgwﬁﬁ { her rar%mgrﬁm se or

receiving a UNfr @rron transiates toithe receiver turning on 2 .5 slots earlier than
. necessary as explained in detail below.
The timing error due to the large frequency tolerance is a
5 problem when the portable radiotelephone 101 is attempting to
synchronize to the remote transceiver 103. The problem arises
because the portable radiotelephone 101 is attempting to turn
on its radio receiver 107 at the appropriate time to receive the
intermittently received information from the remote
10 transceiver 103 based on the timing from a crystal oscillator
~ having a large error. In order to compensate for the worst
case timing error of plus/minus 0.8 mS, the portable
radiotelephone 101 must turn on its radio receiver 107 at least
0.8 mS in advance. This early turn on time in conjunction
15 with the 0.8 mS timing error means that the radio receiver 107
can be on for 1.6 mS before receiving the information from the
remote transceiver 108. This 1.6 mS translates to 2.5 slots as
defined by the RCR specification. During this 2.5 slots, the
radio receiver 107 can pick the synchronization sequence .
20 unique word (UW) in error, potentially introducing a false UW
detection.
S_peciﬁca]ly, the timer value is calculated as follows:
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transcei ver causes problens in the system First, the chance of a

fal se 32-bit UWreception caused by random noise is extrenely | ow.
If the receiver is continuously on, the probability of receiving a
false UWis Bit rate per second/ 32 bit 2 0 sequence match which i s equal
to 384,000/ 2[err] = 0.000089 per second. Wi ch equals one fal se

detection per 186 m nutes.

13

Toeios = (T X Ty )= (T; x Ty )xCy
TimerValue = (T ;00 = Toow )/ Toysat
where: .
1 T4 = adjusted intermittent receive period
2. T, = timinginformation in the form of the
number of TDMA frames between receptions
3. T, = aTDMA frame period = 5ms
4. T, = Current time since the last receiver turn-on
. 5. Ty = Watch crystal period
6. C, = Crystal tolerance in ppmxE-6
Once the proper UW is received, the sleep duration value
may be set using previous counter values read from the '
oscillator counter 203 as discussed above concerning function
5 block 326. The microprocessor 201 can dynamically read the
number of 32kHz clock pulses between successive UWs and-
can use this value to program the next sleep period. As the
crystal resolution slowly changes over time, the
microprocessor reads different counter values between UWs
10 and programs the count duration register accordingly. This
method works because the crystal stays stable between
successive UWs. ' '
Without the current invention employed in the preferred
embodiment, the probability of receiving a false UW from
15 either random noise or receiving a UW from another remote
transceiver causes problems in the system. First, the chance
of a false 32-bit UW reception caused by random noise is
extremely low. If the receiver is continuously on, the
. probability of receiving a false UW is Bit rate per second/32 bit
20  sequence match which is equal t0.384,000/232 = 0.000089 per
second. Which equals one false detection per 186 minutes.
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14 Since the receive windowis open for 2.5 slots per four seconds,
the actual probability of receiving a false UWis, 0.000089 x 2.5

slots times 625 uS (m croseconds)/four seconds. Wiich is equal . to
one fal se detection per 331 days. 5 Second, the potential of
receiving a false UWfrom anot her renote transceiver is alarmngly
hi gh when the portable t el ephone has the receiver turned on to
receive the incom ng slot in advanQ4 to conpensate for the crysta
tol erance. Since the renote transceiver in the preferred enbodi ment
transmts 10 eight tines a second at nost, the tinme w ndow of interest

s 1 Secon@ificsthe Peceive willlow i8'opelifor 215 sitts PerFour Setsty, ©
the actual probability of receiving a false UW is, 0.000089 x 2.5
slots times 625 uS (microseconds)/four seconds. Which is
equal to one false detection per 331 days.

5 Second, the potential of receiving a false UW from another
remote transceiver is alarmingly high when the portable
telephone has the receiver turned on to receive the incoming
slot in advance to compensate for the crystal tolerance. Since
the remote transceiver in the preferred embodiment transmits

10 eight times a second at most, the time window of interest is 1
second/ 8 slots = 125 ms/slot. For one neighboring remote
transceiver, probability of receiving a neighboring UW is
calculated as follows: '

P = Trxwin/Ttxwin= 0.01248 = 1.25
15 where: :
1. Trxwin = Tixclk x 2.5slots x 240clocks/slot = 1.56 mS
= portable radiotelephone’s receive window
2. Ttxwin = neighboring base transmit window for 8
" slots/second

20 =125mS

3. Ttxclk = transmit clock period = 2.6uS

4. P = probability of receiving a neighboring UW

25 Therefore, the second cause of neighboring remote
transceivers are the major cause of the alarmingly high
probability (1.26%) of a false UW reception. A false UW
reception causes the real UW to be missed, potentially causing
the incoming phone call to be missed.
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transcei ver, probability of receiving a neighboring UWis cal cul at ed

as foll ows: P = Trxwin/ Ttxwin= 0.01248 = 1.25% 1 5 wher e:

1 Trxwin = Ttxclk x 2.5slots x 240cl ocks/slot = 1.56 nB

= portabl e radiotel ephone's recei ve w ndow 2. Ttxwin = nei ghbori ng
base transmt w ndow for 8 slots/second 2 0O

= 125 nB 3. Ttxclk = transmt clock period = 2.6uS 4. P =

probability of receiving a neighboring UNI§2 5 Therefore, the second
cause of nei ghboring renote

Using the preferred embodiment with the alternative timer
value calculation described herein, any timing error from the
low frequency oscillator 237 is reduced to the resolution of the
oscillator timer 2038. This resolution error exists because the

5 UW can be received during any portion of a single period of the
timer. The maximum error due to the oscillator counter
resolution during the shut down period is two clock periods:
One clock period for the timer being set during any portion
within a clock period and a second clock period because the

10  previous timer value could have been read during any portion
of the clock period. This error translates to a time of 62.5 uS for
a 32kHz (kilohertz) plus/minus 0 ppm crystal.

" The total error to be compensated is equal to the sum of the

error caused by the oscillator counter resolution and the error

15 caused by the remote transceiver timing. The remote
transceiver 103 must generate the UW every 4 seconds with an
accuracy of 3 ppm, resulting in worst case error of 12 uS.
Thus, the total error to be compensated is equal to 75 uS.
Because of this resolution error, the receive window must be

20 open for 150 uS. This is a fraction of the 1.6 mS required
without the use of this invention.

The probability of receiving a false UW due to the
conditions discussed above, while employing the preferred
embodiment with the alternative timer value calculation, is

25  calculated as follows:

1. Due to random noise

0.000089 x 150uS/4 S = 1 false UW per 9.5 years.

2. Due to UW from other remote transceiver

20.8 ¢ -6 x 58 = 0.12%**

.30
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transcei vers are the major cause of the alarmingly high probability

(1.25% of a false UWreception. A false UW recepti on causes the
real UWto be mi ssed, potentially causing t he incom ng phone call to
be m ssed. 15

16

** this calculation is a theoretical probability, the actual
measured probability would be closer to zero since successful
receptions of the UW from the remote transceiver 103 would
interfere with the reception of a false UW from the other
5 remote transceivers.
Thus, employing the preferred embodiment with the

alternative timer value calculation, the probability of receiving
a false UW is reduced from 1.25% to 0.12%. Additionally,
utilizing the preferred embodiment with the preferred timer

10  value calculation reduces the probability of receiving a false
UW further. The reduction in the probability is accomplished
by freeing the timer value calculation from the accuracy of the
low frequency oscillator as described above. The invention
disclosed reduces the power consumption of the radiotelephone

15 101 while sufficiently protecting the reception of the unique
words using a low frequency oscillator.

What is claimed is:
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Using the preferred enbodinent with the alternative tiner val ue
cal cul ation described herein, any timng error fromthe ____ __ low .
frequency oscillator 237 is reduced to the resolution of the

oscillator timer 203. This resolution error exists becathBShéweHas nReﬁ'ird

can be received during any portion of a single period of
The nmaxi mum error due to the oscillator counter

t he shut down period is two clock periods: 37 One c oc perlod for th

ti mer being set during any portion within a clock period and a
second cl ock period because the 10 previous timer value could have been
read during any portion of the clock period. This error translates
to atime of 62.5 uS for a 32kHz (kilohertz) plus/mnus O ppm
crystal . incAradio reqemrmmllquremawingﬁmmoweo the sum
of the consumption of a radio receiver, the radio receiver

intermittently receiving paging information from a remote
5 transceiver, the radio receiver controller comprising:
' a logic device for generating a start signal;
a timing device, responsive to the start signal, for timing a
sleep time interval and generating a second signal; and
a controlling device, responsive to the start signal and the
10 second signal, for controlling the power to a portion of the
radio receiver, the portion of the radio receiver including at
least a reference oscillator.

T
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error caused by the oscillator counter resolution and-the-error...1 5 —.
caused by the renpte transceiver timng. The renote ) transcei ver 103

must generate the UWevery 4 seconds with an
resulting in worst case error of 12 uS. Thus, r to be
conpensated is equal to 75 uS. Because of this ror,
the receive wi ndow nust be 2 0 open for 150 uS. This is a fraction of
the 1.6 nS required w thout the ul® of this invention.

The probability of receiving a false UWdue to the condi tions

di scussed above, while enploying the preferred enbodi mrent with the

alternative tinmer value calculation, is 2 5 cal cul ated as foll ows:

1. Due to random noi se 0. 000 150uS/ 4 S | se UW per
9.5 years. . A radio receiver contro. erm rsa.nce thﬁ cia' 9 P

. wherem the timing device further compnses:
a low frequency oscillator for providing a first frequency
5 signal;
an oscillator counter coupled to and clocked by the low
frequency oscillator and having a counter value;
a count duration register programmed with a count
duration value; and
10 -  a comparator for comparing the count duration value with
the counter value and generating the second signal responsive
to the counter value equal to the count duration value.

3. A radio receiver controller in accordance with claim 1
15 wherein the controlling device shuts off power to the portion _of
the radio receiver responsive to receiving the start signal.

4. A radio receiver controller in accordance with claim 1
wherein the controlling device turns on power to the portion of
20 the radio receiver responsive to receiving the second signal.

Ry R
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2. Due to UWfrom ot her renote tranceiver 20.8 e-6x58= 0.12%*
.30 16 .

This Sheet Has B

i

5. A method of controlling a radio receiver for use in a
radio communication system, the radio communication
system including a first radio receiver and a first remote

5 transmitter, the first remote transmitter transmitting timing
information and unique words, the radio receiver receiving
unique words and including a first low frequency oscillator, a
reference oscillator, and a user interface the method
comprising the steps of:

10 A) powering the radio receiver

B) receiving the timing information at the radio receiver;

C) calculating a count duration value responsive to the
timing information; '

D) programming a timing device with the count duration

15 value;

E) shuthngdownaﬁrstportionoftheradmreceiver
circuitry, including at least the reference oscillator;

F) waking up the first portion of the radio receiver
circuitry in response to an indication from the timing device;

20 @) increasing the count duration value responsive to
receiving a false unique word via the radio receiver circuitry;

H) repeating steps d through g until a first condition is
met, the first condition selected from the group consisting of a
first predetermined time is lapsed and a valid unique word is

25  received; .

I) decreasing the count duration value in response to the
first predetermined time is elapsing;

J) repeating steps a through h in response to saxdstepof
decreasing;

T
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** this calculation is a theoretical probability, the actual
measured probability would be closer to zero since successful
receptions of the UWfromthe renote transceiver 103 V‘ﬂ'hikgheetHasBeenRﬁplaced

interfere with the reception of a false UWfromthe oth

transcei vers. Thus, enploying the preferred mygmuu the
alternative tiner value cal culation, the probability of

false UWis reduced from1.25%to 0.12% 20dditionally, utilizing the
preferred enbodi nent with the preferred tiner 10 val ue cal cul ati on
reduces the probability of receiving a fal se UWfurther. The

reduction in the pr hhg W@tﬁtj%a s?‘éﬁhﬁ& tohe tiner
val ue cal cul ati on from%?ue ac ra?é . tion vFlow ﬁr guency oscill ator
as described aboFECEIVIRE @ ﬂ@iﬂue wo &P@cl osed reduces the power
consunption of the rgdirehédtemPateps d through j responsive to said step of

calculating a new count duration value.

5
6. A method of controlling a radio receiver in accordance
with claim 5 wherein step F further comprises the steps of:
M) waking up a second portion of the radio receiver
circuitry in response to an indication from the user interface,
- 10 the second portion of the radio receiver circuitry a subset of the
first portion;
N) processing the indication from the user interface;
' O) comparing the count duration value with a current
state of the timing device, resulting in a first decision; and
15 P) repeating step E or step F responsive to the first decision
of step O.

L) 0 R WL
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15 101 while sufficiently protecting the reception of the unique
words using a | ow frequency oscill ator. What is clained is:
-16 - Cl ai s

Adaptive Radio Receiver Controller Method and
: Apparatus "

5 Abstract of the Disclosure

A portable radiotelephone (101) operating in a radio
communication system (100), the portable radiotelephone
including power consumption controller circuitry (200). The

10 radiotelephone system (100) is designed such that the portable
radiotelephone (101) needs to only intermittently receive paging
information from a remote transceiver (103) during a control
mode. The power consumption controller circuitry (200)
utilizes a low cost, low power, low frequency oscillator (237) in

) 15 conjunction with hardware and software for shutting down a
portion of the radiotelephone (101) for a sleep period, when the
radiotelephone (101) is not receiving information from the
remote transceiver (103). The current sleep period is adapted
depending upon the timing accuracy of the previous sleep

20 period.

FIGURE 1 & 2
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1. A nethod of controlling a radio receiver for use in a radio

comuni cation system the radio communication systemincluding a first 5
radio receiver and a first renote transmitter, the first renote transmtter
transmtting timng informati on and uni que words, the radi o receiver

recei ving uni que words and including a first |low frequency oscillator, a
reference oscillator, and a user interface, the nethod conprising the steps

of : 10 A) powering the radio receiver B) receiving the
timng information at the radi o receiver; C) calculating a count
duration val ue responsive to the timng i nformation; D)

programming a timng device with the count duration val ue;
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15 E) shutting down a first portion of the radio receiver
circuitry, I ncluding at |east the reference oscillator;

F) waking up the first portion of the radio receiver circuitry in response
to an indication fromthe timng device; G increasing the count
duration val ue responsive to receiving a fal se 202  uni gque word via the
radi 0 recei Ve &+ [BUit 4 wm —= e e — H— r-epedt+ng-steps B t=hr eugh- G-upti| a

first conditipn is net, ptire—fi+tst —eondi tion selected fromthe ?roup
consisting of!a fir% m ned t€me is lapsed and a valid

uni que word ik recei o I asing the count duration yal ue
I n response tg the fir _ﬁ" pr&iet —t—l—#Q—l—S-—e-l-a-pS-l-n-g-D‘__ |

J) repeating steps A thnrou | said step of > siing,
K) cal cul atinlg a' new coynt at{onfval ke r x:J¢] regvi ng 4

valid unique pord; and

FIG.2

:
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L) repeating steps D through J responsive to said step of calcul at | ng a 30

new count duration val ue. 2. A nethod of controlling a radio
receiver in accordance with claim1 wherein step F further conprises
the steps of: M waking up a second portion of the radio
receiver circuitry in 35 response to an indication fromthe user

I nterface, the second portion of the re@lio receiver circuitry a
subset of the first portion; N) processing the indication from

the user interface;

CALCULATE A DURATION VALUE RESPONSIVE TO THE
TIMING INFORMATION

PROGFAM A TIVING DEVICE WITH THE DURATION VALUE a1
SHUT DOWN A FIRGT PORTION OF THE FADIO RECEIVER 313
WAKE UP THE FIRST PORTION OF THE RADIO RECEIVER 315

IN RESPONSE TO AN INDICATION FROM THE TIMING DEVICE

. . %
NO CALCULATE A NEW DURATION VALUE
. 325 e |
10 SECONDS NO
ELAPSED SINCE LAST UNIQUE WORD
?
YES B

| DECREASE THE DURATION VALUE I
(o y ¥
FIG3 This is the replacement sheét
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-17- O conparing the count duration value with a current state
of the timng device, resulting in a first decision; and

P) repeating step E or step F responsive to the first decision of step O.

5 3. Aradio for use in a radi o comrunication system the radio

comuni cation systemincluding a first renote transmtter, the first
renote transmtter transmtting timng information and uni que words,

the radi o conpri sing: a radio receiver for receiving timng

i nformation and uni que words from 10 %he renote transmtter, the radio
receiver including a reference oscill ator;

1SLOT TYP.
625us ON :
REMOTE —.Inr_ I . M . }‘_—Lmns_'}_l /401
ALL BASE TIMING IS +/- 3PPM
PORTABLE | po
TEEPONE [ ' oo 1./
RECEIVER le——— TvP. 4 5C. STANDBY PERICD ——+]
40
FIG4
-PRIOR ART-
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a timng device; angd - a controller for
cal cul ating a count duration val ue responsive to,

i nformati on, including increasing the count durat il PeyemRi %iﬂa ‘W“LELS,
receiving a fal se uni que word, -16 prograﬂﬂfr@'“m(é) t| rﬁ“ﬁ P FEBe
with the count duration val ue, shut t i pdd dowwing(y)i eeShor-tp JRET -
the radio receiver circuitry, the first pprifii Adrstriagic| udiaged at- WP PIEEC -
the reference oscillator, weldings up the first portion of the
radio receiver circuitry in response to 20 an |Dwrgam:ogmyrtﬁngm ng
devi ce, and cal cul ating a new count duratTomvalUe responsive to

receiving a val ild A method gf pmt@ougma radio receiver forquserinea radivo i n
accordance WebRnthRichtidn dybtdif! tHeOridib SbSnunication system including a first
5 radio receiver and a first remote transmitter, the first remote transmitter
transmitting timing information and unique words, the radio receiver
receiving unigue words and including a first low frequency oscillator, a
reference oscillator, and a user interface, the method comprising the steps
of:
10 A) powering the radio receiver

B) receiving the timing information at the radio receiver;

C) calculating a count duration value responsive to the timing
information;

D) programming a timing device with the count duration value;

15 E) shutting down a first portion of the radio receiver circuitry,
including at least the reference oscillator; :

F) waking up the first portion of the radio receiver c1rcu1try in response
to an indication from the timing device;

G) increasing the count duration value responsive to receiving a false

20 unique word via the radio receiver circuitry;

H) repeating steps D through G until a first condition is met, the first
condition selected from the group consisting of a first predetermined time
is lapsed and a valid unique word is received;

I) decreasing the count duration value in response to the first

25 predetermined time is elapsing;

J) repeating steps A through H in response to said sfep of decreasing;

K) calculating a new count duration value responsive to receiving a
valid unique word; and

L) repeating steps D through J responsive to said step of calculating a

30 new count duration value.

2. A method of controlling a radio receiver in accordance with claim 1
wherein step F further comprises the steps of:
M) waking up a second portion of the radio receiver circuitry in
35 response to an indication from the user interface, the second portion of the
radio receiver circuitry a subset of the first portion;
N) processing the indication from the user interface;
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25 a user interface for receiving an indication froma user; and the
controller further performng the steps of: waki ng up a
second portion of the radio receiver circuitry in response to an

i ndication fromthe user interface, the.ggcond portion of the radio
receiver a subset of the first portion, 30 processing the

I ndication fromthe user interface, and conparing the count
durati on val ue WD) bomparingthe couat dupdtiohealiewith a current diate ofthe esul ti ng

In a deci si 0Ny ingAevice, resulting in a first decision; and

P) repeating step E or step F responsive to the first decision of step O.

5 3. A radio for use in a radio communication system, the radio
communication system including a first remote transmitter, the first
remote transmitter transmitting timing information and unique words,
the radio comprising:

a radio receiver for receiving timing information and unique words from
10 the remote transmitter, the radio receiver including a reference oscillator;
a timing device; and
a controller for performing the steps of:
calculating a count duration value responsive to the timing
information, including increasing the count duration value responsive to
15 receiving a false unique word,
programming the timing device with the count duration value,
'shutting down a first portion of the radio receiver circuitry, the first
portion including at least the reference oscillator,
waking up the first portion of the radio receiver circuitry in response to
20 an indication from the timing device, and
calculating a new count duration value responsive to receiving a valid
unique word.

4. The radio in accordance with claim 8 further comprising:
25 a user interface for receiving an indication from a user; and the controller
further performing the steps of:
waking up a second portion of the radio receiver circuitry in response to
an indication from the user interface, the second portion of the radio receiver
a subset of the first portion,
30 processing the indication from the user interface, and
comparing the count duration value with a current state of the timing
device, resulting in a decision.

36
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