RE PLACED SHBE IS

'STANDBY POVERSSAVENG | N MBI dsc:RIHONES . BACKGH u.TH | N\VERPF@NZFi el d of
the I nventi This inventjga &)f """" for
reduci n‘g wer consu

such as nobile tel ephone
necessary battery charge
nobi | e tel ephone syst ens il

158 tes gpan@ appara

"ﬂ é 80 t. e{sr a é: ........ i ca réﬁa 91

%séaéﬁ b det & R358Y easeit he

[% echar'gée Drsb‘h%'@?‘brr of{ Rel ated Art CeM ul ar
2 wor k- of---base.-1.0 stations, each

covering a particul ar geographlcal ar ea bt cell, that com‘runi cate with the
plurality of nobile or hand- g’ ortabl e phones (herel nafter "nobile phones").
Such systens contai n SSANDBY BOQWER SAVING IN MOBILE PHONES

This Sheet Has Been Replaced

ack sl [T

This invention relates to a method of and apparatus for reducing
5  power consumption of portable radio communication systems, such as mobile
telephones, in standby mode to increase the time between necessary battery

charges and recharges.

Di ion of Related A

Cellular mobile telephone systems comprise a network of base

10  stations, each covering a particular geographical area or cell, that
communicate with the plurality of mobile or hand-portable phones
(hereinafter *mobile phones™). Such systems contain means to ensure as far
as possible that the nearest base station is used to communicate with each
mobile phone, thus minimizing the transmitter power needed in the mobile

15  phone.

When a mobile phone is in a standby mode, i.e., when it is neither
originating nor receiving a call, it must listen to the nearest base station for
calls. Not all of the receiver section need be operative in this standby mode

_and none of the transmitter section need be operative for the mobile phone

20  does not transmit in the standby mode. This results in longer battery life,
typically around eight hours as compared to the one or two hours of battery
life when the mobile phone is in active conversation and both the transmitter
and receiver operate.

The demand to obtain ever longer battery operating life is clear.

25  European Patent No. EP 0 473 465 to Harte describes a method of reducing
standby current consumption. This method is based on calling channel
transmission fbnnats used by base stations in conformance with the British
ETACS standard or to the U.S. EIA-553 cellular standard. In the latter
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bit blocks. A calling message identifies a called mobile phone by including

its telephone number, also known as the Mobile Identification Number

5 (MIN), in the message. Each message also contains a cyclic redundancy
check (CRC) code, whose value depends on the data bits, that can be used to
verify the correct decoding and even to correct single bit errors in the
message. Each 40-bit message consists of 28 data bits and 12 CRC bits.
Because the MIN is 34 bits long, it takes two such calling messages to

10  identify the phone uniquely. 40-bit blocks conveyed at one time are renamed
"control words” or just "words,"” and a calling message consists of two such
words. Whenever any message consists of more than one word, a
continuation bit is set in ali words except the last to indicate that further
words will follow.

15 In the aforementioned European patent, Harte proposes a phone that
would decode each message repeat independently as it is received, carry out
a check for correct decoding using the CRC, and if correct decoding is
indicated by the CRC check, check whether the MIN of the receiving mobile
phone is contained in the received word. If the MIN is not in the received

20  word, as is the case for the vast majority of messages, then the mobile phone
powers down until the next set of five message repeats is due, according to
the European patent. Thus, according to the European patent, the mobile
phone could enter a reduced power mode for the remaining four message
repeats whenever the first of the repeats is deemed not to contain the

25  mobile’s MIN, representing a potential savings of at least 80% of the battery
energy consumed in the standby mode. Additionally, when the mobile phone
has already identified from the first of the two control words of a message
that the MIN does not match that of the receiving mobile phone, the mobile
phone does not need to process the second word, and can power down for all

30 five repeats of the second word. This results in a potential power savings of

90% in the standby mode.
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25 Eur opean Patent No. EP 0 473 465 to Harte describes a nethod of

r educi y current consunption. This nmethod is base )
channepﬂ?igﬁg ssion formats used by base stations in congggﬂyﬁgk&§ﬂfh t he
British ETACS standard or to the U S. El A-553 cellular standard. In the
latter This is the replacenent sheet -2- system 40-bit calling nessages
to nobil e phones in the standby node are transmtted by base stations in a
format that includes five repeats of theé-40- bit blocks. A calling nessage

identifies a called nobile phone by including
On the other hand, a disadvantage of the device disclosed in the

European patent is that when a message is intended for the mobile phone,
the probability of detecting the message correctly is reduced if the mobile
phone is at maximum range, such as on the periphery of a cell where signal
5  levels are likely lowest. The reason for this is that the method of decoding
used in the disclosed system requires three out of the five message repeats to
be correctly decoded. The power savings method resuits in a lower
probability of decoding the intended message by using just one decoded
message out of the five repeated messages. In fact, the method disclosed in

10  the European patent reduces the probability of decoding an intended message
accurately below that of mobile phones not implementing the method. Thus,
a trade-off between the intended message reception reliability and power
consumption in the standby mode is made when using the method disclosed
in the European patent.

15 A reason for the reduced performance is that the five-message repeat
structure transmitted according to the U.S. EIA-553 cellular standard is not
optimally designed for decoding in the manner disclosed in the
aforementioned European patent. The normal method of decoding messages
in a U.S. EIA-553 cellular system requires reception of all five message

20  repeats in order to implement bit-wise-majority vote decoding, and thus the
scope for implementing the power saving method disclosed in the European
Ppatent is not clear.

When using redundant coding such as repeat coding with majority
vote decoding, it is desirable to space repeat bits as far as apart as possible

25  in time so that they are subject to uncorrelated fading. This known as bit
interleaving. The furthest apart each repeat can be theoretically placed by a
bit-interleaver is the length of one complete message. Therefore, maximally
bit-interleaved repeat coding results in a transmission that appears to be five
repeats of the message in succession. However, the optimum decoding is

30  not to decode each message repeat independently, as used in the prior art,
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nmessage. Each 40-bit nmessage consists of 28 data bits and 12 CRC bits.
Because the MNis 34 bits long, it takes two such calling nessages to 10
identify the phone uniquely. 40-bit bl ockes conveyed at one tinme are renaned
"control words" or just "words,” and a calling nessage consists of two such
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bit is set in gﬁaﬁwords except the last to mdfgglttg that further words w |
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phone that Therefore, the five message repeats sent in accordance with the EIA-

553 standard should in fact be regarded as five repeats of each bit, a 5-fold
S majority vote being employed to decode each bit before attempting to
perform'the CRC check on each 40-bit word of the message. However, this
requires that all five word-repeats be received, which conflicts with the basic
method disclosed in the European patent for reducing power consumption.

mmary of the Invention

10 The present invention provides an improved, power saving standby
mode that can be used in mobile phones operating in current networks such
as the American Mobile Phone System (AMPS) EIA-553 in the U.S., NMT
in Scandinavia and ETACS in the U.K., and which does not result in a
reduction of the probability of correctly receiving the intended message, but

15  indeed improves in the intended méssage reception.

The present invention provides, in a radio communications system

having at least one base station serving one or more portable stations, a
method to reduce standby power consumption of portable stations. This
method includes the step of transmitting messages from a base station, each

20  message including a number of words and each word being repeated a
number of times, at least one word including a number of data bits
representing at least part of a identification number of any of the portable
stafions and including a number of check bits that depend on the data bits.
Upon detection of a message, the portable station resets a number of

25  accumulators corresponding to the number of data bits and check bits and,
upon receiving a first of the repeated words at the portable station, adds the
values of each bit to a corresponding one of the accumulators. The inventive
method further includes processing the values of the accumuiator contents to
determine if values corresponding to the data bits are consistent with values

‘ﬁliiiil‘fiiilf”ﬂﬁ‘“

30 corresponding to the check bits and generating a check or no-check




woul d decode each nessage repeat independently as it is received, carry out
a chec 0 ect decoding using the CRC, and if correct | S
indicarg%)%vﬁgﬁg CRC check, check whether the M N of the ré%gﬁggkgﬂﬁgbile
phone is contained in the received word, If the MNis not in the received
20 word, as is the case for the vast majority of nessages, then the
nobi | e phone powers down until the next set of five nessage repeats is due,

according to the European patent. Thus, "@tcording to the European patent,
t he nobil e phone could enter a reduced, power node for the remaining four
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been accumuiated or until the check signal is generated. Upon generation of
5  acheck indication, the inventive method powers down parts of the portable
station for the remainder of the repeats of the word and then further
processes the accumulator values to determine if part of the word matches a
corresponding part of the portable station’s identification number and
generating a match or no-match indication. Upon generation of a no-match
10  indication, the inventive method holds parts of the portable station powered
down for the duration of transmission of the rest of the words in the same

message.

rief ipti wi
The preseat invention will now be described with reference to the
15 following drawing figures.
Figure 1 shows the bit structure of a control word;
Figure 2 shows the structure of a transmit cycle;
Figure 3 shows the preamble bit-block D and S shown in FIG. 2;
Figure 4 shows the structure of two words containing the Mobile
20  Identification Number (MIN);
Figure 5 is a block diagram of a mobile telephone receiver in
accordance with the present invention;
- Figure 6 is a block diagram of a suitable Manchester Code Modem in
accordance with the present invention;
25 Figure 7 is a flow chart in accordance with the present invention;
Figure 8 is a graph relating percentage power savings to
signal-to-noise ratio in accordance with the present invention; and
Figure 9 is a graph calculated for the invention disclosed in U.S.
Patent Application No. §72,409.
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Figure 1 shows the structure of one 40-bit control word comprising
28 message bits and 12 CRC bits according to the EIA-553 cellular standard.
The CRC code, whose value depends on the data bits, provides powerful
5  error detection capability and optionally the ability to correct any single-bit
error in the 28-bit message in a manner described hereinafter.
Figure 2 shows the structure of one transmit cycle according to EIA-
553. Each transmit cycle conveys five repeats Al, A2, . . . AS of a first
40-bit word "A" and five repeats Bl, B2 . . . BS of a second 40-bit word
10 "B". The A and B words belong to independent messages intended for
mobile phones having odd and even MINs, respectively.
Figure 3 shows more detail of the preamble bit-blocks labeled D and
S in Figure 2. The "dotting sequence™ D is a 10-bit block of alternating 1's
and 0’s intended to provide the receiver with symbol resynchronization
15  opportunities. Symbols are transmitted using Manchester code, in which a
*1" is represented by a signal upswing followed by a signal downswing and
a "0" is reproduced by a downswing followed by an upswing. In the EIA-
553 cellular standard, the bit rate is 10 kb/s. The aiternating 1’s and 0’s
after Manchester coding then appear as a 5 kilohertz tone. The Manchester
20  coded bits are transmitted using frequency modulation of a radio carrier.
Preceding the 10-bit dotting sequence is a single bit busy/idle flag, giving the
total 11 bits labeled *D" in Figures 2 and 3.
Following the dotting sequence D is an 11-bit sync word also
_ precéded by a busy/idle flag, making the 12 bits labeled "S* in Figures 2
25 and 3. There then follow five repeats, each of two 40-bit calling messages
designated A and B. Four extra busy/idle bits are inserted in each message
repeat making 44-bit blocks, as shown in Figure 3. The total number of bits
in a calling channel cycle is thus 1+10+414-11+2x5x(40+4)=463 bits.
In the event that a mobile station is called, it takes two 40-bit words
30 to convey all 34 bits of its MIN. Thus, the first 24 bits of its MIN are sent
in a first cycle and the remaining 10 bits of the MIN are sent in a second
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nmessage repeats to be correctly decoded. The power savings nethod results
in a lower probability of decoding the intended nessage by using just one
decoded nessage out of the five repeated nessages. In fact, the nethod
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reduced performance is that the five-nessage repeat structure transmtted
accordi ng to Coatinnagion Proxds bavece continuation flagseti The continuation flag

appears in either the A or B word depending on whether the mobile has an

S5  odd or even MIN. A call can in some cases consist of more than two words
and so it is necessary to look at the third word to determine if it is a
continuation of an already begun message, or of a new message because, if it
is determined that the first word does not contain the mobile’s MIN and the
continuation flag is set, then the second word does not need to be processed.

10  If the second word is not processed, then the mobile does not know if the
continuation flag is set in the second word, thus necessitating looking for a
continuation flag in the third word. Other possible message types are
dummy messages, or filler, which may be a single word that can be ignored,
and a one- or multiple-word broadcast or "overhead" message that is to be

15  processed by all mobile phones.

Figure S is a block diagram of a mobile telephone receiver according
to the present invention for receiving and decoding messages transmitted in
accordance with the formats shown in Figures 1-4. An antenna and receiver
10 receives, amplifies and filters signals received from a base station and

20. down converts them to a suitable frequency for processing. A Manchester
code modem 11 processes these signals to determine transmitted bit polarities
and passes the processed bits to a sync detector 12. The Manchester code
modem 11 and sync detector 12 can include a conventional frequency
discriminator.

25 A cumulative majority vote circuit 13 provides cumulative majority
vote decoding for each of the 40 bits in a received control message.
Majority voting is normally defined for only odd numbers of repeats (3, §,
or more repeats) and it will be understood that the present invention can
advantageously perform majority voting over even numbers of repeats also.

30 Majority vote decoding over even numbers of repeats uses soft majority

i
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scope for inplementing the power saving nethod di scl osed i n the European
patent is not clear. Wen using redundant coding such as repeat coding with
majority vote decoding, it is desirable-8o space repeat bits as far as
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fading. This lotng rathenhihan hardemajomsity notingrinethe prefemred embodiment of theepeat can
be theoretically placed by a bit-interleaver is the |ength of one conplete
message. Ther dR Ofyaxi mal |y bit-interl eaved repeat coding results in a

transm ssion that 3RRRAT tajdithYofihy,ea data bit is represented by a number value
of 1 or -1 corresponding to the Boolean values “0" and "1". Separate
S  estimates of the repeated data bit may then be combined by numerical

addition. For example, if a first estimate of a bit is +1, a second estimate is
+1 and a third estimate is -1, their sum is 1+1-1 = +1 to indicate that the
majority vote result is +1. However, when combining an even number in a
hard bit decision, an indeterminate value of 0 (e.g., 1+1-1-1=0) can occur,

10  Nevertheless, hard majority voting can in principle still be empioyed for
decoding even numbers of repeats; one would just have to arbitrarily assign
one or the other bit polarity in cases where the outcome is indeterminate.
The resulting bit error rate would be less than without majority vote .
decoding, except in the case of a two-fold, hard majority vote which may be

15  shown as follows.

In a situation where two estimates of each bit have the same
probability of error in the mean but are otherwise uncorrelated, and this
error probability is represented by "E”, the probability that both estimates
will be correct is thus (1-E) x (1-E). The majority vote makes a clear

20  decision in this case. It also makes a clear wrong decision when both
" estimates are in error, which occurs with the probability of E x E. The
probability that the two estimates disagree, given an indeterminate decision,
is 2E(1-E). In half of these cases an arbitrary decision will be wrong and in
the-other half it will be right. Therefore, the total error probability is E x E
25 4 E(1-E) = E. Therefore, a two-fold hard-decision majority vote gives the
same error probability as no majority vote in this circumstance.

However, the errors do not necessarily occur in the same place, nor
is the number of errors in any particular message exactly the same with and
without the majority vote. Therefore, there is still 2 non-zero chance that a

30  two-fold majority vote of two message repeats will be error free or error
correctable when the first and second repeats contain errors. The probability
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bef ore performng the majority-decoded bits. Therefore, the
five nmessage repeats sent in accordance with the EI A- 553 standard shoul d
in fact be regarded as five repeats of egch bit, a 5-fold 5 maj ority vote
bei ng enpl oyed to decode each bit before attenpting to performthe CRC

check on each (40; Rl rleCorPdrrd X orPRtb AP friaj oty 66 inclddbek as higher order
(meaning more repeats) majority voting is employed.
In soft majority voting, however, a bit is not just represented by the
values 1 or -1 (for Boolean 0 and 1) but by continuous measure reflecting
5  the confidence of the bit’s polarity. For example, 0.9 represents a "0" with
a high confidence, while 0.1 represents a "0" with a low confidence whereas
-1.25 represents a "1" with a very high confidence while -0.05 represents a
*1" with a very low confidence. By adding in the confidence values of the
corresponding bits, a net or cumulative confidence value representing the
10  polarity of the bit is obtained, this value being valid for even numbers of
repeats as well as odd numbers of repeats. The chance of exactly 0 resulting
from adding soft bit values is small, so that an arbitrary treatment of 0 as
always being positive number (or alternatively a negative number) has no
siéniﬁmnt impact on the resulting error rates. Soft majority voting is
15  therefore the preferred technique for implementing the present invention,
although hard majority voting can be employed with somewhat less favorable
results.
The invention therefore includes a majority vote accumulator for each
bit of a control word. The 40 accumulators are indicated by block 13 in
20  Figure 5. Upon detecting a dotting sequence D followed by a sync word S,
" these 40 accumulators are reset to 0. Detecting the dotting sequence
followed by the sync word S may, for example, be achieved reliably in the
following way.
~* The last 16 bits from the Manchester code modem 11 are clocked into
25  a shift register. The contents of the shift register are interpreted as a binary
number between 0 and 65535. This binary numerical value is compared
with a first value corresponding to the last 5 bits of the dotting sequence, a
busy/idle bit equal to 0 and the 11 bit sync word S, and with the second
value corresponding to a busy/idle bit having a value of 1. If either
30 comparison yields a match, the sync word S and dotting sequence D are
deemed to have been detected. It is also possible to compare the last 6 bits
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stations. Thi sallowing an imperfect match, for example by permitting any one bit to be in

error in order to increase the probability of sync detection. Tradeoffs
5  between detection probability and false alarm probability are appropriately
balanced in designing the sync detector 12.

After sync detection has caused the value in the 40 cumulative
majority vote circuits to be set to 0, the next 40-bit values out of the
Manchester code demodulator excluding the 4 busy/idle bits are added to the

10  corresponding majority-vote accumulators, so that they now simply contain
the first repeat Al of the A control word. If the phone has an odd MIN, a
central timing/bit counting circuit 17 will cause the first 40 data bits and the
4 busy/idle bits to be discarded and the second 40 bits B1 added to the
accumulators instead. At this point, a CRC check circuit 14 is activated by

15  the central timing/bit counting unit 17 to process the contents of the majority
vote circuits to decide if they contain a 40-bit, error-free word.

* The processing by CRC check circuit 14 consists of temporarily hard-
quantizing the soft bit values in the accumulators to either -1 or +1 (Boolean
1 or 0) and then calculating a syndrome, which is the remainder upon

20  polynomial division of the word by a CRC polynomial according to known
art. A syndrome of all zeros signifies an error-free word, one of a
predetermined forty non-zero syndrome values corresponding to one of the
possible predetermined single-bit error patterns, and all other syndrome
values correspond to more than a single-bit error. By checking a non-zero

25  syndrome with each of the 40 possible syndromes that would result in a
single-bit error in one of the 28 data bits or 12 CRC bit positions, it can be
determined if such a single-bit error has occurred and where it is located. It
may then be corrected by inverting the bit in question. Alternatively, any
other non-zero syndrome can be taken to mean that the data bits cannot be

30  relied upon. Whether or not the device employs a single-bit error correction
capability of the CRC code to correct an error is not critical to the
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5  from the CRC check circuit is provided to a power down timer 16 which can

save power by commanding parts of the receiver 10, Manchester code
demodulator 11, sync detector 12, cumulative majority vote circuit 13, CRC
check circuit 14 and MIN detector 15, to ignore the rest of the transmission
cycle, irrespective of the MIN or message type. The CRC check also

10  activates a message processor 18 to check if the type of message is a calling
message, a broadcast message or a dummy (filler) message. If the message
processor 18 determines that the message is a calling message, it activates a
MIN detector 15 to check if the word contains at least part of the MIN of
the receiving phone.

15 If the received MIN bits do not match corresponding bits of the MIN
of the receiving phone, the MIN detector generates a “not MIN" indication,
which is provided to the power down timer 16 along with the message type
information from message processor 18 (i.e., single or double word
message) to enable it to compute how long the receiver may be powered

20  down before the next message is expected to begin. The power down timer
16 will then produce control signals to the receiver and processing circuits
10, 11, 12, 13, 14, 15 and 17 to reduce their_power consumption until the
start of the next message cycle that may contain the phone’s MIN. This may
be of two 463-bit cycles later as when the MIN of another phone is

25  transmitted in a first cycle and the message is a multiple word message. In
this case it is known that at least the second cycle will also be addressed to
the other mobile phone in order to complete the calling message. The first
time a new message may be addressed to the mobile phone in question is
‘thus, in this case, two cycles later. '

30 Two cycles later, the word received may be a further continuation
word of the previous message, as indicated by the continuation flag bits, in
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I ndi cation, and, if the no-check indication is generated, receiving another
repeat oWQE2WBY d and adding its bit values to correspondi RETAISI&M4NIAL Or S.
The i nventive nmethod repeats the processing step until all word-repeats
have been accunul ated or until the check signal is generated. Upon
generation of 5 a check indication, the inventive nethod powers down
parts of the portable station for the remg@-nder of the repeats of the word
and then further processes the accunul ator values to deternmne if part of

the word mat cheghiéh &k iEE4ObEl ighdrdidritil Reccifieofi¢ haw! word! WHefdtipsn a
i dentification nunber and generating a match or no- mat ch i ndi cati on. Upon
generation of d4umherrahech for continuation of the old message or commencement of a

new message is made by the message processor 18.

If no CRC is indicated after processing the first word repeat and
5 adding its 40-bit values into the majority vote circuits 13, the majority vote

circuits receive the 40-bit values of the next word repeat and add them to the

corresponding values from the first repeat still in the accumulators. Thus,

the majority vote circuits 13 at the end of the second repeat (A2 or B2)

contain the sums of the corresponding bit values of the first and second word

10 repeats. When the soft bit values are used as described above, the resulting
40 values represent the 40-bit word with a higher confidence of correctness
than either repeat alone. If hard bit values are accumulated instead, the
resulting values do not necessarily have a higher probability of giving a
correct word, but at least have an independent chance of being correct.

15  Thus, the cumulative probability of a word being detected error free after
both the first and the second repeats is higher than the probability of
detecting it on the first repeat alone. Consequently, upon processing the
second word-repeat using accumulation of either hard or soft bit values, the
CRC check circuit 14 is again activated. As before, if the CRC is error-

20  free, a power down for the rest of the base station transmit cycle may be
instigated irrespective of the of the MIN or message type.

However, taking account of the MIN and the message type can give
additional power savings. 'Consequently,. the MIN detector 15 is activated
angd.if the MIN is found riot to match that of the receiving phone, the power

25  down timer 16 is activated for a longer period.

If the CRC che;:k does not indicate an error free message, the third
message repeat becomes cumulatively added in the majority vote circuits 13
and so on until either the CRC checks at some stage, or all five message
repeats have been exhausted. In the latter case, the sync detector 12 is re-

30 enabled to search for dotting sequences D or sync words S for the next cycle
to be processed. According to the invention, a message is CRC checked

-
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10 indication, the inventive nmethod holds parts of the portable station

powered“%o the duration of transm ssion of the rest I n
t he sane n%xgzsé.gé OI;C'IH}&“W{’%S

Brief Description of the Drawi ngs The prese I'nvention
wi |l now be described with reference to,the 15 foll owi ng drawi ng figures.
Figure 1 shows the bit structure of a control word; Figure 2 shows the
structure of a trgnsm’t cycle; Figure 3 lrsagows the preanble bit-block D and
S shown in FIG 2; Figure 4 shows the sT™icture of two words containing the
Mobi | e 20 I dention Nupber, (M N); Figure 5.is,a block diagram.of a nobile
t el ephone r ecB§ipg cumylatively inCreasing amounts of bit-wise majority vote decoding

until finally the full five-fold majority vote is employed if CRC did not
check at an earlier stage.

This is in contrast to the disclosure of the European patent application

5  to Harte cited above in which the message repeats are decoded individually
without the use of bit-wise majority voting, and also contrasts with other
prior art decoders that use only five-fold majority vote decoding and not the
lower orders of majority vote that are transiently employed in the present
cumulative majority vote procedure. The cumulative majority vote

10  procedure of the present invention results in a higher probability of correct
reception in the case of a message addressed to the receiving phone than the
prior art common methods, and thus results in a lower mean standby power
consumption than the device disclosed in the European patent application to
Harte.

15 Additionally, the present invention enters the power down mode
principally contingent upon the CRC check being successful, whereas the
aforesaid European patent is exclusively based on evaluating the MIN.

Figure 6 provides more detail of a suitable Manchester code modem.

To obtain soft bit values from the modem for use in soft majority votes, a

20  sine and sign function table 21 has been added. This modem operates as
follows. Manchester code FM has a property, due to the frequency being
modulated equally low and high in each symbol period, that the radio signal
phase returns to more or less the same position at the end of each symbol.
This phase is moreover midway between the expected phase excursions in

25  the center of 2 symbol for "1" or "0" respectively, and is therefore suitable
as a comparator reference for deciding between 1’s and 0’s. However,
timing for the beginning and the middle of symbols must also be identified.
This is the bit-sync problem that all digital communications systems must
solve. In the present invention, it is solved in the modem of Figure 6 by

30 sampling a receiver 20 output by a phase computer and sampler 25 at a rate
of 8 samples per Manchester code symbol, and sorting every eighth sample
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accordance wth the present invention; Figure 6 is a block diagramof a
sui t abl eww;leqﬁ;,ter Code Mbdemin accordance with the presepbridiyd
a

Figure 7 1s

ow chart in accordance with the present invention,

hon, 25
igure 8

is a graph relating percentage power sayvings to signal-to-noise ratio in
accordance wth the present invention; and Figure 9 is a graph cal cul ated
for the invention disclosed in U S. Pat e—%— Application No. 572, 4009.

10

15

20

30

by means of a demuitiplexer 24 to give an 8-candidate stream for processing.

The processing consists of evaluating these streams as candidates for
end-of-symbol samples and as mid-bit samples. To evaluate a stream for an
end-of-sample candidate, the average phase is calculated by a phase
averaging circuit 27. Therefore, eight phase averagers 27, one for each
stream, are provided for calculating a reference phase Phi(i) under the
assumption that the sample phase represents the end of a symbol. Each of
the phase averagers 27 can be a digital phase lock loop which evaluates a
frequency error as well as phase. Each stream is also evaluated as a mid-bit
sample stream by comparing in a phase differentiator 28 the phase sample
Phi(i) with a phase reference calculated from the corresponding end-of-bit
sample stream. If (i) is a mid-bit-sample, then (i-4) must be an end-of-bit
sample, therefore Phi(i) is compared with the reference phase Phi(i-4). This
is done in whole sample timings, that is:

Phi(7) is compared with reference Phi(3),
Phi(6) is compared with reference Phi(2),
Phi(5) is compared with reference Phi(l),
Phi(4) is compared with reference Phi(0),
Phi(3) is compared with reference Phi(7),
Phi(2) is compared with reference Phi(6),
Phi(1) is compared with reference Phi(5),

and  Phi(0) is compared with reference Phi(4).

In each case, the phase difference obtained is deemed to represent a
demodulated "1" if between 0 and +180 degrees, and a "0" if between 0
and -180 degrees. These hard decisions are made by a SIGN function block
21 and are fed to the eight pattern detectors 23. Each of the eight pattern
detectors 23 receives the output of a corresponding one of the eight phase
differentiators 28 and operates according to the above-described procedure
for detecting dotting sequences D and sync words S. When the dotting

sequence D and sync words S are detected on any sample timing within an
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Detail ed Description of the Preferred Enbodi nents Figure 1 shows the
struct e 40-bit control word conprising 28 nessage,hi 2 CRC
bits a%@?&?ﬁyto the ElI A-553 cellular standard. The CRC &ﬁ{@%ﬂ@gﬁvm ue
depends on the data bits, provides powerful 5 error detection capability
and optionally the ability to correct any single-bit error in the 28-bit
nmessage in a manner described hereinafter. Figure 2 shows the structure of
one transmt cycle according to ElA- 558~ Each transnit cycl e conveys five
repeats Al, A2, . . . A5 of a first 40-bit_word "A" and five repeats Bl, B2
B5 of ®xpesteshwindpwyithe geleetionoswitche26 isTradentogselecBthad samplsel ong to

i ndependent nessages i ntended for nobile phones having odd and even M Ns,
E)eZﬁSCt i vel y tinking foeo@patingsoftibievaleesai | of the preanbl e bit-Dbl ocks | abel ed
The soft bit values are caiculated by a look-up table 21 to be the
SINE of the phase differences, which can be shown to be an optimum non-
5  linear weighting for use in soft majority vote combination of phase

differences. The use of SINE or COSINE of a phase difference as soft bit

values for soft decoding is disclosed in, e.g., U.S. Patent Application Serial

No. 08/053,860 to Dent entitied "Demodulator for Manchester Coded FM

signals” and filed April 29, 1993.

10 The selection switch 26 can remain at the set position at least for the
duration of the relatively short message cycle length (463 bits) that are
needed before resynchronization in the present invention. For longer
intervals between synchronization, however, or in certain circumstances such
as high values of time dispersion in the propagation path, it can be

15  advantageous to permit the selector switch 26 to adapt to perceived changes
in optimum sample timing, by, for example, continuously monitoring the
quality measure produced by the phase reference averaging circuits 27 and
picking the sample timing that gives the best quality using an 8-input
comparator 29 in order to determine the selector switch position.

.20 It should be noted that the pathém detectors 23 in Figure 6 correspond
to the dotting sequence and sync word detector 12 in Figure 5. The selected
soft bit value stream is fed from the radio receiver/demodulator 20 of Figure

6 to the cumulative majority vote circuits 13 of Figure 5.
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Sin Figure 2. The "dotting sequence”

l'es. Synbols are transmtted using Manchester C

Dis a 10-bit block of alternating

Qosyd,ﬁ?ﬁnded to provide the receiver with synbol re§¥?§§g?@49z§mm n

tion

is represented by a signal upswing followed by a signal downsw ng and

1's and |
15 ° opportuni
a n 1"
a n Oll

I s reproduced by a downsw ng followed by an upsw ng.

In the ElA-

553

cellular standard, the bit rate is 10 kb/ The alternating I's and Os

after
20

-16-

Manchest er codi ng then appear as a kil ohertz tone. The Manchester

coded bits are_transmtt usi frequen nodqul atjon of a, radio
carrier. Preceding mmfagﬂiqf%%ﬁeiéqug‘@@gé’ﬂ aF& v “%ﬁ?fg‘gé‘?f;‘?slgﬁ /idle

flag, giving the total 11 bits |abeled "D' in Figures 2 and 3. Follow ng
ot [ake poteloflinstantageous amplitude valugsraftbel aatio sigaalbusy/ i dl e

the dotting s

flag,

maki ng the 12 bits labeled "S" in Figures 2

10

15

20

An improved performance may be obtained by processing both amplitude
and phase of the radio signal. These may be conveniently derived from the
radio signal LOGPOLAR form according to the principle disclosed in U.S.
Patent 5,048,059. The logpolar technique is a means of amplifying and
digitizing the full vector form of a radio signal without the inconvenience of
first having to establish the automatic gain control value. The complex
vector is yielded in polar form as the logarithm of the vector radius and the
phase of a vector angle. This may be converted into Cartesian X+jY form
by use of the sine/cosine and antilog look-up tables in a digital signal
processor. In this case, the phase averagers 27 in Figure 6 are replaced by
straight vector averagers that average the real and imaginary parts of the
complex vector Zi to produce reference vector Z(i). Demodulation of a
sample timing Z(i) with respect to a reference Z(i-4) then takes place by

calculating the product

ZHZ'64
where * signifies complex conjugate, and then taking the imaginary part. In
this case, the result is directly in a suitable soft-value form for subsequent
majority vote accumulation and does not need to be subject to the sine
transformation function 21, as discussed above. The benefit of this form of
demodulation is that bits or message repeats that are subject to fading, which

reduces the amplitude of the radio signal, will be deweighted in the majonty
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25 and 3. There then follow five repeats, each of two 40-bit calling
messagago@dgargnated A and B. Four extra busy/idle bits arepcipafolgshrsn each
nmessage repeat naking 44-bit bl ocks, as shown in Figure 3. The total nunber
of bits in a calling channel cycle is thus 1+10+1+11+2x5x(40+4) =463 bits.
In the event that a nobile station is called, it takes two 40-bit words 30
to convey all 34 bits of its MN Thus,_;4he first 24 bits of its MN are
sent in a first cycle and the remaining 10 bits of the MN are sent in a

\?\gf 3 n?re ss aég'vo@'%c'ﬁmui’ﬁio%%%esk Rohipdtidto bits afeildd S niff sEnfl 16VAS ' L1 Pl €

which therefore are more trustworthy.

It will be appreciated that the above signal processing operations may
be carried out using a suitable programmable digital signal processor (DSP)

S  and/or computer loaded with suitable programs. Such a device can
implement the Manchester pode modem, sync detection, cumulative majority
vote and CRC check as well as the message processing. A preferred
embodiment uses a DSP to implement the Manchester code modem, sync
detection and cumulative majority vote circuits, the results after each stage
" 10  of majority voting being passed to a microprqcessor that performs the CRC

check and message handling. The mxmprocessor preferably operates
according to the flow chart of Figure 7.

Figure 7 shows entry to the standby mode upon switch-on of the
mobile phone or termination of a previous call. In step 71, a central timer is

1S set to power up the receiver in a certain window to search for dotting D and
sync S words, indicated by step 72. The window begins at a fixed time
before the next sync is expected and ends a fixed time afterward, for
example, + one symbol. The receiver should be powered down as long as
possible, but not so long that there is a risk of losing the word sync. Itisa
20  matter of adjusting the receiver to listen to the right carrier frequency and

stabilizing the reference phases in the Manchester code demultiplexer.

If dotting D and sync S words are not detected, then the process

returns to step 71 where the power down timer is reset. Upon detecting
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contains a flag to indicate that continuation words are to be expected.

Cont i nuaky@egyByds have a continuation flag set. The conti nLﬁ? Johse
appears in either the A or B word dependi ng on whether the nobile has an 5

odd or even MN. A call can in sone cases consist of nore than two words
and so it is necessary to look at the third word to determne if it is a
continuation of an al ready begun message,slsor of a new nessage because, if

it is determined that the first word does®nhot contain the nobile's MN and

the continuatiqn fl is set, t he secand word does not need.to, be
processed. 10 8°‘Pf‘giﬁ@“§ é’.’:‘l?nﬂqgg% ‘F‘% W&gyﬁﬂ%ﬁ,"@%%"’?‘ﬁés pobated does
not know if the continuation flag is set in the second word, thus
necessitati ng Ro%ep 73 andcontinushat Atgps 7oy Sruniiy either GRCiaheeks arcalbirepeather
possi bl e nessage types are dunmmy nessages, or filler, which may be a single
word that can have lgsearreckived. At step 73, the majority vote accumulators are reset.
The process proceeds to step 74 where it is determined which type of
5  message A or B is to be received and skipping the bits corresponding to the
other channel. The next set of relevant bits are accumulated at step 75, and
a CRC check is performed at step 76. If all repeats have not been
accumulated and there are uncorrected errors after the CRC check, the
process skips the next set of bits (which belong to the different type of
10  message) at step 78 and proceeds to accumulate the next set of relevant bits
at step 75. In the case where all repeats have been accumulated as decided
at step 77 and the accumulated repeats still contain uncorrected errors, the
power down timer is reset at step 71 to start a sync search again with almost
no delay.
15 In the case of a CRC check indicating an error free word prior to or
" after processing all five repeats, the nature of the message must be checked
at step 87 to determine for how long the power down timer shall operate.
Note that the power down timer is activated upon CRC check regardless of
the message type. The types of messages are:
20 1) A one-word call,
2) A multiple-word call,
3) A one-word filler,

4) A one-word broadcast/overhead message, or
5) A multiple-word broadcast.
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and ‘a dne- or nultiple-word broadcast or "overhead" nessage that is to be

15 pr y all nobile phones. Figure 5 is a block di f
mobi | e \Q@Iegz e receiver.according to the present inventi ?bé%% vi ng

and decodi ng nessages transmtted in accordance with the formats shown in
Figures 1-4. An antenna and receiver 10 receives, anplifies and filters
signals received froma base station anlil 20 down converts themto a

sui tabl e frequency for processing. A M 2hester code modem 11 processes
these signals to deternmine transmtted bit pglarities and passes the

processed bits to EWe\PHE ofdhe message are ysed toudistingash betwern singlerword and sync

detector 12 can include a conventional frequency discrimnator. 25
A cunul at i ve megsagas; she/firse word ofiiatmulsiple- wordimessageranhd aiopatinugtioni word

of a multiple-word message. After testing the message type, the mobile
phone either ignores the rest of the transmit cycle by powering down till the
5  next syncs are due, or ignores the rest of the cycle and the whole of the next

cycle, or quits the standby mode because a one- or two-word call has been
detected to contain the phone’s MIN bits. Specifically, if the message is a
single word filler, the routine returns to step 71 to set the power down
timer. If the message is a single word broadcast overhead message, the

10  word is stored and processed at step 88 and thereafter the subroutine returns
to step 71.

If the message is determined to be a single word call at step 87, then
the flags are cleared and the first 24 bits are checked for match with the
mobile phone’s MIN at step 79. If there is a match, then the mobile phone

15  leaves the stand-by mode. If the 24 bits do not match, then the routine
returns to step 71.

If the message is determined to be the first of a multiple word
message at step 87, the flags are cleared and it is determined whether the
multiple word message is a call or a broadcast overhead message at step 81.

20  If the call is a broadcast overhead message, then the O/H flag is set at step
80, the word is stored and processed at step 88 and the routine returns to
step 71. If a call message, the first 24 MIN bits are checked at step 82. If
the first 24 bits match the mobile phone’s MIN, then a flag MIN1 is set, and

This Sheet Has Been RTlaced

PN



vote decoding for each of the 40 bits in a received control nessage.

Maj ori UW&% ?g gis nornmal 'y defined for only odd nunbers ofpecrpseeasf(s3, 5,
or ‘nore repeats) and it will be understood that the present invention can

advant ageously perform ngjority voting.over even nunbers of repeats also.
30 Majority vote decodi ng over even nunbers of repeats uses soft majority
-8- voting rather than hard majority votiong in the preferred enbodi ment of
the invention. In hard ngjority voting, data bit is represented by a

nunber val ue the routine returns to step 71. If the 24 bits do not match the mobile
phone’s MIN, then the next cycle is skipped at step 84 and the routine
returns to step 71.
If the message is determined to be a continuation word at step 87,

5 then the routine proceeds to step 85 to check the status of flags. At step 85,
if an overhead flag O/H is set (in step 80 described above), then the program
proceeds to step 88 where the continuation word broadcast overhead message
is stored and processed. If a MIN1 flag is set (at step 83 described above),
then the last 10 MIN bits are checked. If the last 10 MIN bits match the

10  mobile phones MIN, the mobile phone leaves the stand-by mode. If it does
not match, then the routine returns to step 71 where the power down timer is
set. If, upon checking the flag status at step 85, it is determined no flag is
set, then the routine returns to step 71 where the power down timer is set.

Since the time period between receipt of an error free (or error

15  correctable) word and the next window varies according to which repeat is
correctly received, it is necessary to calculate this time period, such as done
in EP 0 473 465. The microprocessor calculates the sleep time set in the
timer based on information from the DSP. This information includes which
repeat was decoded. (The DSP knows how much time has elapsed since the

20  sync word.) The microprocessor knows how much time it used to check the
bitstream from the DSP and makes the decision to power dbwn for a

calculated period of time.
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of 1 or -1 corresponding to the Bool ean values "0" and "1". Separate 5
esti nmat O ®42131® repeated data bit may then be conbi ned by PBOTRISPHEIITS
addition. For exanple, if a first estinate of a bit is + 1, a second
estimate is +1 and a third estimate is -1, their sumis 1+1-1 = +1 to
indicate that the majority vote result is + 1. However, when conbining an
even nunber in a hard bit deci sion, an iyydeterm nate value of 0O (e.qg.,

1+1-1-1=0) can occur Neverthel ess, hard majority voti ng can in
principle still U;mg e‘go{,gae&ﬂgg&iqmnggﬁnmg ey s: one woul d
just have to arbitrarily assign one or the othe bit oarlty I n cases

125 b L LR o M L
hard maj ori ty az:/gw}eewmé gh% pr{x%ne xse lo%:lszed tg Q%gﬂm%schfagrlxell?\c’esrsus the
signal-to-noise ratio. At a high signal-to-noise ratio, there is a higher
5  probability of correctly receiving a first word-repeat and thus terminating
processing earliest to save maximum power. As the signal-to-noise ratio is
reduced, more word-repeats on average have to be accumulated in the
majority vote process to correctly decode the word, so the power savings are
less. The graph of Figure 8 relates percentage power savings to
10  signal-to-noise ratio for this invention (*Accum.") as compared to a device
in accordance with Harte ("No Accum."). This is for the pessimistic case
that all messages are single-word calls. If all messages are two-word calls to
other phones, a further power savings of at least a factor of two could be
obtained. This compares with the graph of Figure 9 calculated for the
15  invention disclosed in U.S. Patent Application No. 572,409, even when
using the same inventive demodulator described in U.S. Patent Application
Serial No. 08/053,860 cited above, and other assumptions being equal.
Figure 9 is a comparison of the lost message probability for the two
algorithms with the sync considerations removed. A lost message occurs if
20  no CRC check is successful, even after all five repeats have been checked.
Similar curves may be drawn to compare the probabilities of correctly
receiving an intended message for the present invention and that of U.S.

Patent Application No. 572,409, showing that an objective of the present
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In a situation where two estimates of each bit have the same probability of
error i Rypheyeyan but are ot herwi se uncorrel ated, and thi s RBCT/UEI4/0497S
probability is represented by "E', the probability that both estimtes wll
be correct is thus (1-E) x (I-E). The majority vote nmakes a clear 20
decision in this case. It also nmakes a clear wong decision when both
estimates are in error, which occurs wiih.the probability of E x E The
probability that the two estinates di sagree, given an indeterm nate

decision, is 25(1s :0 . adaf Pﬁgég i hilifPhtYthe Qgme itiame Wi | | be
wong and in t%ﬁse&%‘aé‘P lﬁ%%#elﬁﬂvﬁ e ??Sﬁﬁ@@g?lo%, the total error
probability is E E 25 + E(1-E) .= E. Theref or t “;"fsg

har d- deci si on éF%&/a%%f&#& s%‘ﬂggss%m#g‘}p‘g?ro%éb ) .8 sha?lo_ majority
vote in this circunstance. However, the errors do not necessarily occur in
the sane pl acédeemaehieved.

Although the above described invention has been described in
5  connection with cellular telephones, it is not intended to be so limited. The
power conserving arrangement and method of this invention can be used
advantageously with beepers, pagers, and any other system having mobile
stations which are self-identifiable upon receipt of transmitted messages.
Further modifications and improvements which retain the basic underlying
10  principles disclosed and claimed herein are within the scope and spirit of the

present invention.
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is the nunber of err s I n an artlcul ar nessage exactly the same with and
V\Athouwggg?@' ori ty cet edthere is still a nongé ,U@? ce that
a 30 maj ori nessage repeats will De error free or

error correctable mhen segond repeats contain errors. The

probability -9- of an error- free or error-correctable nmajority vote
I ncreases as hi gher order (neaning m)r epeats) majority voting is
enpl oyed. In soft nmpjority voting, a bit is not just represented

by the val ueg 1 or -1 (for Boolean 0 and 1) but by continuous neasure
reflecting Whatis Claimed Is:

1 1. In a radio communications system having at least one base
2  station serving one or more mobile stations, a method for reducing standby
3 power consumption of said mobile stations, said method comprising the steps
4 of:
5 receiving messages in a mobile station from said at least one base -
6  station, said messages comprising repeated blocks of information bits, each
7  block including a number of data bits and a number of check bits whose
8§ value depend on said data bits;
9 generating a check indication when said data bits are consistent with
10  said check bits; and
11 turning-off portions of said mobile station until receipt of a next

12  message is expected when a check indication is generated.

1 2. A method in accordance with claim 1, further comprising the
2  steps of:
3 determining, upon generation of said check indication, what type of

4  message said data bits represent; and
5 detecting whether said data bits convey said mobile station’s

6  identification number when said message is determined to be a call message.

1 3. A method in accordance with claim 1, wherein said check

2  indication generation step includes correcting bit errors in said data bits.
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wth a hwolsemrhi dence, mhlle 0. "with a | pgresdoadrsnce
whet eas -1. 25 represents a "1" mnt onfidence whi |l e -0. 05
represents a "1" with a very Iom1conf|dence By adding in the confidence
val ues of the corresponding bits, a net or cumul ative confi dence val ue
representing the 10 polarity of the bid4s4 i s obtained, this val ue being
valid for even nunbers of repeats as well as odd nunbers of repeats. The
chance of gxactly res EéﬁMbJ aggt QO0wiR claidl , SO that
an arbit ralrey treat ?r‘ent g# as el ng p%aé@tflvféﬁhu ﬁrzsﬁﬁ?hle
alternatlvely a n%gatlve nunber) has no significant |npact on the resulting
error ratés. majority voting is 15 therefore the preferred techni que
for |nplenent|ng t he present invention, althouqnmhard najorltﬁ votlng can

be enpl oyed with s@CEHRSALINE ¥alues,ofsaid information bits of said repeated

Replaced '
5 t he confidence of the bit's pS‘P‘%'ﬁgHasﬁen E"pacrrpl e, 0.9 represents a "O

1 S. A method in accordance with claim 4, further comprising the
2 steps of:
3 determine whether all repeats of said blocks have been accumulated

4  when check indication has not generated; and
5 turning-off portions of said mobile station until receipt of a next
6  message is expected when it is determined that all repeat of said blocks have

7 been received.

1 6. A method in accordance with claim 4, wherein said
2 accumulation step accumulates values of said information bits by soft

3  majority voting.

1 - 7. A method in accordance with claim 4, wherein said
2  accumulating step accumulates values of said information bits by hard

3 majority voting.

1 8. A method in accordance with claim 4, wherein said
2  accumulation step includes resetting accumulators upon receipt of a first of

3  repeated blocks of information bits.
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results. The invention therefore includes a majority vote accunul ator for
each biyoodsrasgont rIthisSMrIdasBIén eglicediccunul at ors are i ndi catmer/bsvdmdosk 13
dottl ng sequence D foll owed by a sync

in 20 Flgure5 Up

word S, these 40 acc reset .to 0. Detecting the dotting
sequence fol |l owed by e sync wo S may, for exanple, be achieved reliably
in the followng way. The last 16 bits fkom the Manchester code nodem 11

are clocked into 25 a shift register. The contents of the shift register

numer | cal Tval ue | < conp o EF sccop il Sl ol ﬁi%%ﬂﬁ#d&ﬁ?he ast 5

bits of the dotting sequencge, a busy/idle bit, eqfqijl? 0 and.the | bi t
sync wor d2S, %“’\9?‘!4@385@"%‘&% hether said message is a ermessage aving no

3  meaning, a broadcast overhead message to be processed by all mobile

4  stations, or a call message including an mobile station identification number.

1 10. A method in accordance with claim 1, wherein said turning-
2  off step includes calculating when a next message is to be expected in

3 accordance with the number of received repeats of said message and said

4  message type.

1 11. A method in accordance with claim 1, wherein said check

2  indication includes a cycle redundancy check.

1 12. In a radio communication system having at least one base

2  station serving one or more mobile stations, a receiver circuit in a mobile

3  station comprising:

4 a receiver section for receiving and demodulating messages from said
5  at least one base station, said messages comprising repeated blocks of

6  information bits, each block including a number of data bits and a number of
7  check bits whose value depend on said data bits;

8 a message check circuit for generating a check indication when said

9  data bits are consistent with said check bits; and
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val ue Correspondlng to a bus /|dIe b|t having a value of 1. If either 30
conpari Swo ¢Re3ds a dword S and dotti ng sequpafRIShY/H499s
deened to have been m{ al so possible to conpare the last 6
bits -10- of the e D plus the first ten bits of the sync
word S (including the unknown busy/idle bit) to obtain an advance sync

I ndi cation, as well as allow ng an irrpe[iéa_ct mat ch, for exanple by
pernmtting any one bit to be in error inorder to increase the probability

of sync_ dggecti on. Tsageoidcn S B iRAg U8 StV oPGRPRRLEE bl | 5¢

alarm pro b| lity
11  when said check indication is generated.

1 13. A receiver in accordance with claim 12, further comprising:
2 a message processor for determining, upon generation of a check

3 indication, whether said received message is a calling message including a
4  mobile station identification number; and

5 a mobile station identification number detector for detecting whether
6  said calling message includes the mobile station’s identification number,

7  wherein said power down timer is activated when said calling message does
8 not include said mobile station’s identification number and causes said

9  mobile station to exit a standby mode when said message includes at least

10 part of said identification number.

1 14. A receiver in accordance with claim 12, wherein said message

2 check circuit includes a cumulative majority vote circuit.

1 15. A receiver in accordance with claim 14, wherein said

v
-

2 cumulative majority vote circuit performs soft majority voting.

1 16. A receiver in accordance with claim 14, wherein said

2  cumulative majority vote circuit performs hard majority voting.

A



-bal anced I n desi gm n t he sync det ector 12. After sync detection has caused

t he vaw qu "’6r|ty vote circuits to bpcsaissa/eeds the
next 4 ues hester code denodul at or excluding the 4
busy/idle bits are corresponding majority-vote

accunul ators, so that they now Si rrply contain the first repeat Al of the A
control word. If the phone has an odd I\Q-{;I a central timng/bit counting
circuit 17 will cause the first 40 data bits and the 4 busy/idle bits to be

hi s poi rh - CRC Wincokh EFRREtHr it sRcqrauice ik pai 07, Bt i dstetier>e ™

timng/bit countl ng unit 17 to process the contents of the ngjority vote
circuits 2o desiondncladesia Manshestercadestmedulatasi ror-free word. The
processi ng by CRC check circuit 14 consists of tenporarily hard-

1 18. A receiver in accordance with claim 17, wherein said
2  Manchester code demodulator includes:
3 a phase computer and sampler connected to an output of said radio

4 receiver;

S a demultiplexer connected to an output of said phase computer and
6  sampler;
7 phase averaging circuits connected to respective outputs of said

8  demultiplexer;

9 phase differentiators connected to respective outputs of said phase
10  averaging circuits; and
11 a sine and sign function table, connected to outputs of said phase

12  differentiator, for generating a bit for soft majority voting.

1 19. A receiver in accordance with claim 18, wherein said

2 Manchester code demodulator further includes;

3 a comparator receiving a quality measure from said phase averaging
4 circuits and generating an output corresponding to the phase having the best
5  quality; and

6 a selection switch for selecting the output of said sine and sign

7  function table corresponding to the output of the comparator.
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gquanti-zi ng the soft %_t val ues in th;i accunmul ators to either -1 or +1

(Bool ean and Tiusysheet ] a syndrone, which is I nder
upon 20 "‘;‘bg‘f’%?%’m al qi word by a CRC pol ynom &E@%ﬂqgg to
known art. A syndrone ignifies in error-free word, one of a
predeterm ned forty non-zero syndronme val ues corresponding to one of the
possi bl e predeterm ned single-bit error patterns, and all other syndrone
val ues correspond to nore than a single- $t error. By checki ng a non-zero
25 syndrome with each of the 40 possible syndromes that would result in a
singl e-bitlerror i ebne Hfrecqiveriy aggerdange; with claim 18rwherein saidi ti ons, it can
be determned if such a single-bit error has occurred and where it is

| ocat ed. |12 neMandhesteb eodendemadutatob furthey eomiprigest patteint detectot eohrieord

Al ternatively, any other non-zero syndrone can be taken to nean that the
data bits gann@f r&Riving an output of said sine and sign function table.

1 21. In a radio communications system having at least one base
~2  station serving one or more portable stations, a method to reduce standby

3 power consumption of said portable stations comprising the steps of:

4 transmitting messages from a base station, each message including a

'5  number of words and each word being repeated a number of times, at least

6 one word including a number of data bits representing at least part of a

7 identification number of any of said portable stations and including a number
8  of check bits that depend on said data bits;
9 resetting in a portable station a number of accumulators

10  corresponding to said number of data bits and check bits;

11 receiving first of said repeated words at said portable station and
12 adding the values of each bit to a corresponding one of said accumulators;
13 processing the values of said accumulator contents to determine if
14  values corresponding to said data bits are consistent with values

15  corresponding to said check bits and generating a check or no-check

16  indication;

17 if said no-check indication is generated, receiving another repeat of

18  said word and adding its bi_t values to corresponding accumulators;

QT



30 relied upon. Wether or not the device enploys a single-bit error
correcrvwr; ;bl | {ihiyshedt Had Bee de to correct an error i’é RBIM gl cal

T
to ‘the enent esent invention. It is norée |nportant to
sinmply |dent|fy t hat lm‘ m\mﬁﬁ ns an,uncorrected error. Upon detection
of an error-free wor r a word in which a single-bit error has been
corrected by the above-described procedure, an indication 5 fromthe CRC
check circuit is provided to a power d timer 16 which can save power by
commandi ng parts of the receiver ,[10, Manchester code denodul ator 11, sync

detectorl912, cunuFeReRRE Fifl Brocessing step antik all word-repsats have been
20  accumulated or until said check signal is generated;

21 upon said check indication being generated, powering down parts of
22  said portable station for the remainder of said repeats of said word and then
23  further processing said accumulator values to determine if part of said word
24  matches a correspo_nding part of the said portable station’s identification

25  number and generating a match or no-match indication; and

26 upon said no-match indication being generated, holding parts of said
27  portable station powered down for the duration of transmission of the rest of

28  the words in the same message.

1 22. In a radio telephone system having at least one base station

2  serving one or more portable stations, a method to reduce standby power

3 consumption of said portable stations comprising the steps of:

4 transmitting messages from a base station in the form of blocks of

5  information bits which are repeated a number of times, each block including
6  a number of data bits and a number of check bits that depend on said data

7  bits; -

8 means to process said repeated blocks sequentially to determine

9  whether said data bits in any block are consistent with said check bits and to

10  generate a check or no-check indication correspondingly; and

U 00 )



check.circuit 14 and M N detector 15, to ignore the rest of the
transm s% | e, THlerh%Hweemméedt he M N or nessage typepcThsodidsrsheck

al so 10 | vat es ssor 18 to check if the type of nessage
is a calli ng massagej s age or a dummy (filler) message. If
t he nessage processo etermnes that the nessage is a calling nessage,
It activates a M N detector 15 to check 36_ the word contains at |east part
of the M N of the receivi ng phone. If the received MN bits do
not mat ch, correspondi, of t of e MN
det ect or b]enerat es sav&ﬂ E@&Ngogtﬁblte\ﬂiﬁoeﬁﬁﬁg ""g)g'a&t%}‘{]he power
~down tinmer 16 along with the nmessage_type |nforrrat|on from nessage
processorl28 (cheek md;lﬂaﬁgl‘émﬁlrm&dl%‘@l%ﬁaﬁmﬁfé’%h&’éﬁ FepeahBoFks it to conpute

how | ong the receiver nmay be powered
13  transmitted by said base station in order to save power.

1 23. A mobile station having improved battery life in standby mode
2  comprising:
3 ~ a receiver for sequentially receiving finite length data messages
4 transnntted as radio signals from a base station;

| a data demodulator for processing said received signals to generate
da_ra values;

l a decoder to decode said data values to generate data bits and to

produce an indication of correct or incorrect decoding; and

W 00 3 O W

a power-down timer for reducing the power consumption of any of
10  the above components for a determined time after receiving an indication of

11  correct decoding from said decoder.

1 24. A mobile station according to claim 23, wherein said

2  determined time for power-down is until the beginning of the next message.

T



20 down before the next nessage is expected to begin. The power down
lacedi gnal s to the recei ver peipd;d8h/ass sing

timer 16 w hen Thistieet Bas@oert R

ci tcui t"go\%},z]’:ﬁ’ , 12, d 17 to reduce their power gg)nsunp i on
until the start of t e cycle that may contain the phone's MN
This may be of two 463-bit cycles later as when the M N of another phone is
25 transmtted in a first cycle and the nessage is a nultiple word
nmessage. In this case it is known that™af | east the second cycle will also
be addressed to the other npbile phone jn order 1o conplete the calling
message. 1The firs@5¢i mA MORHesiatien ageording tﬁégﬂﬂ’d SSuEhes epmpRESiRg;hi | e phone
I n question is thus, in this case, tw cycles later. 30 Two cycl es
| ater, tRe word racemperitorefpr ldetezmining fifsaid datai bitsaontin aomaiclowithree previ ous
nmessage, as indicated by the continuation flag bits, in

3 part of said telephone’s telephone number to produce a match or mismatch

4 indication.

1 26. A portable radio system having improved battery life in
2  standby mode comprising:
3 a receiver for sequentially receiving finite length data messages
4  transmitted as Manchester-coded and frequency-modulated radio signals from
a base station;

a Manchester code modem for processing said received signals to
demodulate said Manchester-coded FM and producing corresponding data bit

values;

W e 1 N W

a sync detector for processing said bit values to detect a

10  predetermined data bit pattern signifying the beginning of a finite length
11  message and producing a reset signal;

12 a timing control unit for counting demodulated Manchester code
13 symbols that is reset upon receipt of said reset signal;

14 a decoder for further processing said bit values to determine a
15  message and produce an indication if said message has been received

16  error-free; and

L



-12- which case it can be ignored until receipt of the next word, whereupon
a furthewodaesirfo stBegrRepfacdihe ol d nessage or comTEﬁ'E@ﬁM‘mﬁ a
new nessage i s made b BB processor 18. If no CRC is indicated
after processing the eat .and 5 adding its 40-bit val ues
into the majority vote CII‘CUItS the majority vote circuits receive the
40-bit values of the next word repeat 'aryd-add themto the corresponding
values fromthe first repeat still in the accurul ators. Thus, the majority
vote circgits 13 af goRRrAomaimétfor yediRiig thewer (codsupiptidd)of any of

18  the above for a determined time after receiving an indication of error-free

19  reception from said decoder.

1 27. A portable radio system according to claim 26, further
2  comprising:
3 a comparator activated upon receipt of an indication of correct
4  message recoxtstruction from said decoder for determining if said message
5  contains any part of said portable radio system’s identification number and
6  producing a corresponding match or mismatch indication; and

7. a conttoller for varying said determined time of power-down in

8  dependence on said match or mismatch indication.

1 28. A portable radio system according to claim 26, further
2  comprising:
3 a number of accumulators corresponding to the number of data bits in

4  each message repeat, said accumulators being reset by said reset signal; and
5 a majority-vote circuit for selecting corresponding data bit values

6  demodulated from said message repeats and accumulating said selected data

7  bit values in corresponding accumulators.

A



contain the suns of the corresponding bit values of the first and second
word 1

s. Wien the soft bit values are used as desECT/HEW M/ e,
the resulting 40 values represent the 40/t word with a higher confidence
of correctness than either repeat alone. If hard bit val ues are accumul at ed
I nstead, the resulting values do not necessarily have a higher probability

of giving a correct word, but at |east hayg an i ndependent chance of being

correct. 15 Thus, the cunulative prohahility of a word being det ect ed
error free after both the {irst and thé

second repeats is thbeL—Lhaf-thé
probability of detecting it on the first repeat alone. Cbnseﬁﬂenlly, upon
processi ng the second word

rd+repeat using accunul ation of eithgl, hard or soft
bit values, the CRC check ﬁidcuit 14 i 4 again activated. As fore, i(f the
CRCis error- 20 free, po

transmt cycle may be
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.instigated irrspective of the of the MN or nessage type. However, taking

accountgﬁ {A’% N and the nessage type can give additional pEpasgbs/6anys NOS.
Consequ P ) e MN detector 15 is activated and if the MN is found not
to match-that—ef—the recei ving phone, th¢f

Bower 25 down tiner 16 is
act itpRishds iR d.onger period. 1f the CRC check does not

. of indicate an error
free E rd message repeajubecones cunul atijvel y added in the
maj ormﬁmw’ its 13 and so on s |

either the CRC checks at sone
st age, nessage repeats h&d/€ been exhausted..In the latter case,
the sync detector 12 is r&_ﬁﬂ—aﬁlaﬁ ed to search for dotting sequences D
or sync words S for the next cyclel|to be processed. According to the
. . : : ) o
invention, a nmessage is CRC h&ked i a3
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~u5|ngqcunulat|vely I ncreasing anounts of bit-wise mgjority vote decodi ng
untisl f iwgbdarsihe full five-fold majority vote is enployed PETLSSORIAS not
check at an earlier stage. This is in contrast to the disclosure of the
Eur opean patent application 5 to Hart@d¢iBed above in which the nessage
repeats are decoded individually without the use of bit-wse mgjority
voting, and also contrasts with other prior art decoders that use only
five-fold nmagjority vote decoding and not the | ower orders of najority vote
that are transiently enployed in the present cumul ative mgjority vote
procedure. The cumul ative majority vote 10 procedure of the present

I nvention results in a higher probability of correct
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fecthPon in the case of a nmessage addressed to.the receiving phone than

t he pri owa@pdrz@enmon net hods,
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application to Harte.
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phase returns to nore or |less the sanme position at the end of each synbol.
Thi s, phas@VQNMﬁr‘r’éover m dway between the expected phase excUpgtTRRS4/pdd7£5
the center of a synbol for "1" or "O respectlvely, and i.s therefore
suitable as a conparator reference for gp Kli ng between 1's and O s

m

However, timing for the beginning and t ddle of synbolh
|dent|f|ed This is the bit-sync problemthat all digital
systens nust solve. In the present inventi |t |s sol ved

Figure 6 by 30 sanpllng a receiver 20 o phase conput er and
sanpler 25 at a rate of 8 sanples per Nhnchester code synbol and sortlng

every eighth sanple (<4 - - . - - -
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as a md-bit 10

the phase sanple Phi (i) w t BACKGROUNI) B TREJANVENIION from t he

correspondi ng end-of - bit
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Field of the Invention

This invention relates to a method of and apparatus for reducing
power consumption of portable radio communication systems, such as mobile
telephones, in standby mode to increase the time between necessary battery
charges and recharges.

Discussion of Related Art

Cellular mobile telephone systems comprise a network of base
stations, each covering a particular geographical area or cell, that
communicate with the plurality of mobile or hand-portable phones
(hereinafter “mobile phones”). Such systems contain means to ensure as far
as possible that the nearest base station is used to communicate with each
mobile phone, thus minimizing the transmitter power needed in the mobile
phone.

When a mobile phone is in a standby mode, i.e., when it is neither
originating nor receiving a call, it must listen to the nearest base station for
calls. Not all of the receiver section need be operative in this standby mode
and none of the transmitter section need be operative for the mobile phone
does not transmit in the standby mode. This results in longer battery life,
typically around eight houfs as compared to the one or two hours of battery
life when the mobile phone is in active conversation and both the transmitter
and receiver operate.

The demand to obtain ever longer battery operating life is clear.
European Patent No. EP 0 473 465 to Harte describes a method of reducing
standby current consumption. This method is based on calling @:hannel
transmission formats used by base stations in conformance with the British
ETACS standard or to the U S. EIA-553 cellular standard In the latter

Thss is the replacemen‘t shaet
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sanpl e stream by conparing in a phase differentiator 28




sanple stream If (i) -is a md-bit-sanple, then (i-4) nust be an end-of-bit
sanple, therefore Phi(i) is conpared with the reference phase Phi(i-4).
Thi's is done in whole sanple tinmngs, that is: 15 Phi (7) is
conpared with reference Phi(3), Phi(6) is conpared with reference Phi(2),
Phi (5) is conpared with reference Phi (1), Bji(4) is conpared with reference
Phi (0), Phi(3) is conpared with reference Phi(7), 20 Phi ( 2)

o (5 " RIS SUQUECR, Resslt (0 O RES  MTIAREE
phase dif f er enceranirhitiedelry basecbeations ih @ formae deantincludes five repeats of the 40-
bit blocks. A calling message identifies a called mobile phone by including
its telephone number, also known as the Mobile Identification Number
5 (MIN), in the message. Each message also contains a cyclic redundancy
check (CRC) code, whose value depends on the data bits, that can be used to
verify the correct decoding and even to correct single bit errors in the
message. Each 40-bit message consists of 28 data bits and 12 CRC bits.
Because the MIN is 34 bits long, it takes two such calling messages to
10  identify the phone uniquely. 40-bit blocks conveyed at one time are renamed
“control words” or just "words," and a calling message consists of two such
words. Whenever any message consists of more than one word, a
continuation bit is set in all words except the last to indicate that further
words will follow.
15 In the aforementioned European patent, Harte proposes a phone that
would decode each message repeat independently as it is received, carry out
a check for correct decoding using the CRC, and if correct decoding is
indicated by the CRC check, check whether the MIN of the receiving mobile
phone is contained in the received word. If the MIN is not in the received
20  word, as is the case for the vast majority of messages, then the mobile phone
powers down until the next set of five message repeats is due, according to
the European patent. Thus, according to the European patent, the mobile
phone could enter a reduced power mode for the remaining four message
repeats whenever the first of the repeats is deemed not to contain the
25  mobile’s MIN, representing a potential savings of at least 80% of the battery
energy consumed in the standby mode. Additionally, when the mobile phone
has already identified from the first of the two control words of a message
that the MIN does not match that of the receiving mobile phone, the mobile
phone does not need to process the second word, and can power down for all
30. five repeats of the second word. This fesults in a potential powér savings of
90% in the standby mode. - = . '
This is the replgcement §hset
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denodul ated "1" if between 0 and +180 degrees, and a "0" if between 0 25

and -180 degrees.

These hard deci sions are made by a SIGN function bl ock 21

and are fed to the eight pattern detectors 23. Each of the eight pattern
detectors 23 receives the output of a cogggsponding one of the eight phase
differentiators 28 and operates according™to the above-descri bed procedure

for detecting dotting sequences, D gnd .. \\h he, d '
sequence D and _syn@ 23 ?’&do% ré]%‘gs r}%g‘i’vgég‘ses‘%‘ﬁﬂee‘%g‘?lﬁﬁeﬁg’ 0'tlhing gg
- 15- expect ed gt ROV Satdl i ot ShieN'a skt Rlintedd 8RBt the mMGBiRCphdreat sanpl e

10

15

20

30

the probability of detecting the message correctly is reduced if the mobile
phone is at maximum range, such as on the periphery of a cell where signal
levels are likely lowest. The reason for this is that the method of decoding
used in the disclosed system requires three out of the five message repeats to
be correctly decoded. The power savings method results in a lower
probability of decoding the intended message by using just one decoded
message out of the five rep&ted'messages. In fact, the method disclosed in
the European patent reduces the probability of decoding an intended message
accurately below that of mobile phones not implementing the method. Thus,
a trade-off between the intended message reception reliability and power
consumption in the standby mode is made when using the method disclosed
in the European patent.

A reason for the reduced performance is that the five-message repeat
structure transmitted according to the U.S. EIA-553 cellular standard is not
optimally designed for decoding in the manner disclosed in the
aforementioned European patent. The normal method of decoding messages
in a U.S. EIA-553 cellular system requires reception of all five message
repeats in order to implement bit-wise-majority vote decoding, and thus the
scope for implementing the power saving method disclosed in the European
patent is not clear.

When using redundant coding such as repeat coding with majority
vote decoding, it is desirable to space repeat bits as far as apart as possible
in time so that they are subject to uncorrelated fading. This known as bit
interleaving. The furthest apart each repeat can be theoretically placed by a

bit-interleaver is the length of one complete message. Therefore, maximally

_bit-interleaved repeat coding results in a transmission that appears to be five

repeats of the messagé in succession. However, the optimum decoding is
not to decode each message' repeat independently, as used in the prior art,
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timng for outputting soft bit values. The soft bit values are cal cul ated
by a |l ook-up table 21 to be the SINE of the phase differences, which can be
shown to be an optimum non- 5 | i near weighting for use in soft majority
vot e conbi nati on of phase differences. The_4use of SINE or COSINE of a phase
difference as soft bit values for soft decoding is disclosed in, e.g., US.
Patent Application Serial No. 08/ 053,860 to Dent entitled "Denodul ator for
Manchest er CodebutFi decgdmeach bihbyrmeans of 7 prfolhmajasiyy voigprocess betorgne

selection switch 26 can hn.at _the . gl J.east for the
duration of thePf ?%‘P%§I§€a§h8?¥ﬁ%3§s%§§%@§§ﬂéa%§€# 463 bits) that are
needed before resyncimenidal U@ fivé niditager epeats semviandccordante® withoe HIA-
i nterval s between synchroni zation, however, or .in certain circunmstances
such 553 standard should in fact be regarded as five repeats of each bit, a 5-fold
5  majority vote being employed to decode each bit before attempting to
perform the CRC check on each 40-bit word of the message. However, this
requires that all five word-repeats be received, which conflicts with the basic

method disclosed in the European patent for reducing power consumption.

. Summary of the Invention

10 The present invention provides an improved, power saving standby
mode that can be used in mobile phones operating in current networks such
as the American Mobile Phone System (AMPS) EIA-553 in the U.S., NMT
in Scandinavia and ETACS in the U.K., and which does not result in a
reduction of the probability of correctly receiving the intended message, but

15  indeed improves in the intended message reception.

The present invention provides, in a radio communications system
having at least one base station .serving one or more portable stations, a
method to reduce standby power consumption of portable stations. This
method includés the stei) of transmitting messages from a base station, each

20  message including a number of words and each word being repeated a
numbér of times, at least one word including;a number of data bits
representing at least part of a identification number of any of the portable
stations and including a number of check bits that depend on the data bits.
Upon detection of a message, the portable station resets a number of

25  accumulators corresponding to the number of data bits and check bits and,
upon receiving a first of the repeated words at the portable station, adds the
values of each bit to a corresponding one of the accumulators. The inventive
method further includes processing the values of the accumulator contents to
determine if values corresponding to the data bits are consistent with values

30  corresponding to the check bits and generating a check or no-check
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as high values of time dispersion in the propagation path, it can be 15
advant ageous to permt the selector switch 26 to adapt to perceived changes
in‘opti mum sanple timng, by, for exanple, continuously nonitoring the

qual ity neasure produced by the phase refegence averaging circuits 27 and
pi cking the sanple timng that gives the best quality using an 8-input

conparator 29 in.ord r gﬁe%r . i .teh oot

I't should be noted 1 étﬁphﬁgtﬁrn Qﬁgﬁg?@ti%getl&#t&‘?’gﬁ#g&gﬁéc%ﬁ%égond to
the dotting segemiatef W woyd andddingeitsbitoralded tbtohiegpoiRlidy additmialoest ed
soft bit value streamis fed fromthe radi o recei ver/denpdul ator 20 of

Figure 6 to th&hednuentivesmethedoepeats the prasessing step amtidfallrverd-repsats have
been accumulated or until the check signal is generated. Upon generation of

5  a check indication, the inventive method powers down parts of the portable
station for the remainder of the repeats of the word and then further
processes the accumulator values to determine if part of the word matches a
corresponding part of the portable station’s identification number and
generaﬁhg a match or no-match indication. Upon generation of a no-match

10  indication, the inventive method holds parts of the portable station powered
down for the duration of transmission of the rest of the words in the same

message.

Brief Description of the Drawings
The present invention will now be described with reference to the
15  following drawing figures.
Figure 1 shows the bit structure of a control word;
Figure 2 shows the structure of a transmit cycle;
Figure 3 shows the preamble bit-block D and S shown in FIG. 2;
Figure 4 shows the structure of two words containing the Mobile
20  Identification Number (MIN);
Figure 5 is a block diagram of a mobile telephone receiver in
accordance with the present invention;
Figure 6 is a block diagram of a suitable Manchester Code Modem in
accordance with the present invention;
25 Figure 7 is a flow chart in accordance with the present invention;
Figure 8 is a graph relating percentage power savings to
_signal-to-noise ratio in accordance with the present invention; and
Figure 9 is a graph calculated for the invention disclosed in U.S.
Patent Application No. 572,409.
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-16- The nodem of Figure 6 operates on phase values of the radio signal
and does not take note of instantaneous anplitude values of the radio
si-gnal . An inproved performance nay be obtai ned by processing both

anpl i tude and phase of the radio signal. Jhese may be conveniently deriv
. . : ed
fromthe 5 radi o signal LOGPOLAR form according to the princi plg

di sclosed in U.S. .Paten . Q ' '

g @Q}E& §F$%E%E§ %ﬁ Eip% el meh@Chni que is a neans of
aLrpI!fyl ng and _ lﬂ 1 v M%ﬁ radi o si gnal w thout
the inconveni ence offifiifeSt shows @ structsre alflonerd0-bit cantrohword cgmprisiagnt r ol
val ue. The conpl ex vector is yielded in polar formﬁ t I rithmaof the
ye;:t OE:a radi us @8dmessegd bits aphd2CRE hitsaceprsiing tg the %Tiﬁn‘é@gﬁé s@g ted
into rtesi X+j

Han Thtzj éRfCO{:orQe, whose value depends on the data bits, provides powerful
5 error detection capability and optionally the ability to correct any single-bit

error in the 28-bit message in a manner described hereinafter.
Figure 2 shows the structure of one transmit cycle according to EIA-
553. Each transmit cycle conveys five repeats Al, A2, . . . AS of a first
40-bit word "A" and five repeats B1, B2 . . . B5 of a second 40-bit word
10 "B". The A and B words belong to independent messages intended for
mobile phones having odd and even MINs, respectively.
Figure 3 shows more detail of the preamble bit-blocks labeled D and
S in Figure 2. The "dotting sequence” D is a 10-bit block of alternating 1’s
and 0’s intended to provide the receiver with symbol resynchronization
15  opportunities. Symbols are transmitted using Manchester code, in which a
"1" is represented by a signal upswing followed by a signal downswing and
a "0" is reproduced by a downswing followed by an upswing. In the EIA-
553 cellular standard, the bit rate is 10 kb/s. The alternating 1's and 0’s
after Manchester coding then appear as a 5 kilohertz tone. The Manchester
20  coded bits are transmitted using frequency modulation of a radio carrier.
Preceding the 10-bit dotting sequence is a single bit busy/idle flag, giving the
total 11 bits labeled "D" in Figures 2 and 3.
Following the dotting sequence D is an 11-bit sync word also
preceded by a busy/idle flag, making the 12 bits labeled "S" in Figures 2
25  and 3. There then follow five repeats, each of two 40-bit calling messages
designated A and B. Four extra busy/idle bits are inserted in each message
repeat making 44-bit blocks, as shown in Figure 3. The total number of bits
in a calling channel cycle is thus 1410+1+4114+2x5x(40+4-4)=463 bits.
In the event that a mobile station is called, it takes two 40-bit words
30 to convey all 34 bits of its MIN. Thus, the first 24 bits of its MIN are sent

in a first cycle and the remaining 10 bits of the MIN are sent in a second
"7 his i the replacemertt sheet
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by use of the sine/cosine and antilog | ook-up tables in a digital signal
processor. In this case, the phase averagers 27 in Figure 6 are replaced by
straight vector averagers that average the real and inmmginary parts of the
conpl ex vector Zi to produce reference ve€tor Z(i). Denobdul ation of a 15
sanple timng Z(i) with respect to a reference Z(i-4) then takes place by
cal cul ating t heycRy, aduhbwa(in)Fighey 4] (Thetfirsshesrd of thegniltipts wordrplessage
conjugate, and then taking the imaginary part. In this case, the result is
directly in a coniaiappdlaggptindigpigethpbeontiniation ergds ame tobe expegedity vote

Function 21, seoufiieiel Hpdf 8w & RBBUALET Hab et L8 eBRIEAR AT ot on
i's that bits ofppeRSSA%Sther BRAASOr Bavord €eperBingCon Wheflidith® mobile Has an

5 odd or even MIN. A call can in some cases consist of more than two words

and so it is necessary to look at the third word to determine if it is a
continuation of an already begun message, or of a new message because, if it
is determined that the first word does not contain the mobile’s MIN and the
continuation flag is set, then the second word does not need to be processed.

10  If the second word is not processed, then the mobile does not know if the
continuation ﬂﬁg is set in the second word, thus necessitating looking for a
continuation flag in the third word. Other possible message types are
dummy messages, or filler, which may be a single word that can be ignored,
and a one- or multiple-word broadcast or "overhead" message that is to be

15 'processed by all mobile phones.

Figure 5 is a block diagram of a mobile telephone receiver according
to the present invention for receiving and decoding messages transmitted in
accordance with the formats shown in Figures 1-4. An antenna and receiver
10 receives, amplifies and filters signals received from a base station and

20  down converts them to a suitable frequency for processing. A Manchester

" code modem 11 processes these signals to determine transmitted bit polarities
and passes the processed bits to a sync detector 12. The Manchester code
modem 11 and sync detector 12 can include a conventional frequency
discriminator.

25 A cumulative majority vote circuit 13 provides cumulative majority
vote decoding for each of the 40 bits in a received control message.
Majority voting is normally defined for only odd numbers of repeats (3, S,
or more repeats) and it will be understood that the present invention can
advantageously perform majority voting over even numbers of repeats also.

30  Majority vote decoding over even numbers of repeats uses soft majority
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reduces the anplitude of the radio signal, wll be deweighted in the

maj ority -17- vote accunul ati on process conpared to bits received at

hi gh signal |evels and which therefore are nore trustworthy. It will be
appreci ated that the above signal processigg operations nay be carried out
using a suitable programmabl e digital signal processor (DSP) 5 and/ or

oLt o oot et Y BRgAPvomE R BRI GRLAr Sl
check as wel | davéduenpessage processing. A preferred

In hard majority voting, a data bit is represented by a number value
of 1 or -1 corresponding to the Boolean values "0" and "1". Separate

S estimates of the repeated data bit may then be combined by numerical
addition. For example, if a first estimate of a bit is +1, a second estimate is
+1 and a third estimate is -1, their sum is 1+1-1 = +1 to indicate that the
majority vote result is +1. However, when combining an even number in a
hard bit decision, an indeterminate value of 0 {e.g., 1+1-1-1=0) can occur.

10  Nevertheless, hard majority voting can in principle still be employed for
decoding even numbers of repeats; one would just have to arbitrarily assign
one or the other bit polarity in cases where the outcome is indeterminate.
The resulting bit error rate would be less than without majority vote
decoding, except in the case of a two-fold, hard majority vote which may be
15  shown as follows.

In a situation where two estimates of each bit have the same
probability of error in the mean but are otherwise uncorrelated, and this
error probability is represented by "E", the probability that both estimates
will be correct is thus (1-E) x (1-E). The majority vote makes a clear

20  decision in this case. It also makes a clear wrong decision when both
~ estimates are in error, which occurs with the probability of E x E. The
probability that the two estimates disagree, giv’en an indeterminate decision,
is 2E(1-E). In half of these cases an arbitrary decision will be wrong and in
the other half it will be right. Therefore, the total error'probability isExE
25 4 E(1-E) = E. Therefore, a two-fold hard-decision majority vote gives the
same error probability as no majority vote in this circumstance.

However, the errors do not necessarily occur in the same place, nor
is the number of errors in any particular message exactly the same with and
without the majorib* vote. Therefore, there is still a non-zero chance that a

30 two-fold majority vote of two message repeats will be error free or error
correctable when the first and second repeats contain errors. The probability
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enbodi mrent uses a DSP to inplenent the Manchester code nodem sync
detection and cunul ative majority vote circuits, the results after each
stage 10 of majority voting being passed to a m croprocessor that
performs the CRC check and nmessage handlin®:- The microprocessor preferably
operates according to the flow chart of Figure 7. Figure 7 shows entry to

the standby npdf aspernorsfret oir-erroraforteceable hidjerityhvote increases nasrtdgherrordér a
previous call. In step 71, a central timer is 15 set to power up the

receiver in a d@ICARING MPFRITARERIS) MAOBY YQlingdsemplgye.and sync S wor ds,

sync 1 expect ed andneso TRyt Auabef ook € nbl N RepsRichus R 0 )
The receiver shgwed bgr ppwr%amaﬁdllqu dRERuBLE measireYeflesithg ONT

that there is a risk of losing the word Sync. "It is a
5 the confidence of the bit’s polarity. For example, 0.9 represents a "0" with
a high confidence, while 0.1 represents a "0" with a low confidence whereas
-1.25 represents a "1" with a very high confidence while -0.05 represents a
"1" with a very low confidence. By adding in the confidence values of the
corresponding bits, a net or cumulative confidence value representing the
10 polarity of the bit is obtained, this value being valid for even numbers of
repeats as well as odd numbers of repeats. The chance of exactly 0 resulting
from adding soft bit values is small, so that an arbitrary treatment of 0 as
always being positive number (or alternatively a negative number) has no
signiﬁcant impact on the resulting error rates. Soft majority voting is
15  therefore the preferred technique for implementing the present invention,
although hard majority voting can be employed with somewhat less favorable
results.
The invention therefore includes a majority vote accumulator for each
bit of a control word. The 40 accumulators are indicated by block 13 in
20  Figure 5. Upon detecting a dotting sequence D followed by a sync word S,

* these 40 accumulators are reset to 0. Detecting the dotting sequence
followed by the sync word S may, for example, be achieved reliably in the
following way.

' The last 16 bits from the Manchester code modem 11 are clocked into
25  a shift register. The contents of the shift register are interpreted as a binary
number between 0 and 65535. This binary numerical value is compared
with a first value corresponding to the last 5 bits of the dotting sequence, a
busy/idle bit equal to 0 and the 11 bit sync word S, and with the second
value corresponding to a busylidté bit having a value of 1. If either
30  comparison yields a match, the sync word S and dotting sequence D are
deemed to have been detected. It is also possible to compare the last 6 bits
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20 matter of adjusting the receiver to listen to the right carrier
frequency and stabilizing the reference phases in the Manchester code
dermul tiplexer. If dotting D and sync S words are not detected, then the
process returns to step 71 where the povver’IQi‘own timer is reset. Upon
detecting dotting D and sync words S, the cunulative majority vote
process is initphtheidetting sequepge Enplus dhe finyden bits of des syne werd,§ tinchwdinger

ORC ohecks o 2l Lol oyl SR ol A8 e e bR e SEMa by Vot
?ﬁge[)imt Qegowégglé%??gﬁ{ %’é?er%&?m fOr EXarfiple by! perhfittingCilyVait Bifth BKiipPi N9
error in order to increase the probability of sync detection. 'Tradeoffs
5  between detection probability and false alarm probability are appropriately
balanced in designing the sync detector 12.

After sync detection has caused the value in the 40 cumulative
majority vote circuits to be set to 0, the next 40-bit values out of the
Manchester code demodulator excluding the 4 busy/idle bits are added to the

10 corresponding majority-vote accumulators, so that they now simply contain
the first repeat A1l of the A control word. If the phone has an odd MIN, a
central timing/bit counting circuit 17 will cause the first 40 data bits and the
4 busy/idle bits to be discarded and the second 40 bits Bl added to the
accumulators instead. At this point, a CRC check circuit 14 is activated by

15  the central timing/bit counting unit 17 to process the contents of the majority
vote circuits to decide if they contain a 40-bit, error-free word.

The processing by CRC check circuit 14 consists of temporarily hard-
quantizing the soft bit values in the accumulators to either -1 or +1 (Boolean
1 or 0) and then calculating a syndrome, which is the remainder upon

20  polynomial division of the word by a CRC polynomial according to known
art. A syndrome of all zeros signifies an error-free word, one of a
predetermined forty non-zero syndrome values corresponding to one of the
possible predetermined single-bit error patterns, and all other syndrome
values correspond to more than a single-bit error. By checking a non-zero

25  syndrome with each of the 40 possible syndromes that would result in a
single-bit error in one of the 28 data bits or 12 CRC bit positions, it can be
determined if such a single-bit error has occurred and where it is located. It
may then be corrected by inverting the bit in question. Alternatively, any
othef non-zero syndrome can be taken to mean that the data bits cannot be

30  relied upon. Whether or not the device employs a single-bit error correction
capability of the CRC code to correct an error is not critical to the |
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ot her channel. The next set of relevant bits are accunul ated at step 75,
and a CRC check is perfornmed at step 76. If all repeats have not been
accunul ated and there are uncorrected errors after the CRC check, the
process skips the next set of bits (which-pelong to the different type of
10 nessage) at step 78 and proceeds to accunul ate the next set of

rel evant bits ghpRinfittation dfithelRreseds Snvéition. altlis niire dimpoRanetods

accurul ated as deC| ded at step 77 and the accunul ated repeats s?ilpl contain
uncorrect ed er idensify thet apward comtaimstanmencoreectedseromt step 71 to start a

h [ i.th I del a
check | ndi cat i ng. an UPHDREESARN G R CBHrTeR §OR: @ f O IBBAEH AGHagle B ve
repeats, the nafyle,Q egxg%o%ééaq% ﬁb&e-&ga%@p&ke&sﬁpa%&&&lﬁf ermne

for how | ong the power wn tinmer-s operate
5  from the CRC check circuit is provided to a power down timer 16 which can

save power by commanding parts of the receiver 10, Manchester code
demodulator 11, sync detector 12, cumulative majority vote circuit 13, CRC
check circuit 14 and MIN detector 15, to ignore the rest of the transmission
cycle, irrespective of the MIN or message type. The CRC check also

10 activates a message processor 18 to check if the type of message is a calling
message, a broadcast message or a dummy (filler) message. If the message
processor 18 determines that the message is a calling message, it activates a
MIN detector 15 to check if the word contains at least part of the MIN of
the receiving phone.

15 If the received MIN bits do not match corresponding bits of the MIN
of the receiving phone, the MIN detector generates a “not MIN" indication,
which is provided to the power down timer 16 along with the message type
information from message processor 18 (i.e., single or double word
message) to enable it to compute how long the receiver may be powered

20  down before the next message is expected to begin. The power down timer
16 will then produce control signals to the receiver and processing circuits
10, 11, 12, 13, 14, 15 and 17 to reduce their power consumption until the
start of the next message cycle that may contain the phone’s MIN. This may
be of two 463-bit cycles later as when the MIN of another phone is

25  transmitted in a first cycle and the message is a multiple word message. In
this case it is known that at least the second cycle will also be addressed to
the other mobile phone in order to complete the calling message. The first
time a new message may be addressed to the mobile phone in question is
thus, in this case, two cycles later. '

30 Two cycles later, the word received may be a further continuation

~ word of the previous message, as indicated by the continuation flag bits, in
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Note that the power down timer is activated upon CRC check regardl ess of

t he nmessage type. The types of nessages are: 20 1) A one-word
call, 2) A multiple-word call, 3) A one-word filler, 4) A one-word
br oadcast/ over head nessage, or 5) A mul tji2pl e-word broadcast. -19- Two

bits of the nessage are used to distinguish between single-word
which case it can be ignored until receipt of the next word, whereupon a

further check for continuation of the old rﬁessage or commencement of a
new message is made by the message processor 18.

If no CRC is indicated after processing the first word repeat and

5  adding its 40-bit values into the majority vote circuits 13, the majority vote

circuits receive the 40-bit values of the next word repeat and add them to the
corresponding values from the first repeat still in the accumulators. Thus,
the majority vote circuits 13 at the end of the second repeat (A2 or B2)
contain the sums of the corresponding bit values of the first and second word

10 repeats. When the soft bit values are used as described above, the resulting
40 values represent the 40-bit word with a higher confidence of correctness
than either repeat alone. If hard bit values are accumulated instead, the
resulting values do not necessarily have a higher probability of giving a
correct word, but at least have an independent chance of being correct.

15  Thus, the cumulative probability of a word being detected error free after
both the first and the second repeats is higher than the probability of
detecting it on the first repeat alone. Consequently, upon processing the
second word-repeat using accumulation of either hard or soft bit values, the
CRC check circuit 14 is again activated. As before, if the CRC is error-

20  free, a power down for the rest of the base station transmit cycle may be
instigated irrespective of the of the MIN or message type.

However, taking account of the MIN and the message type can give
additional power savings. Consequently, the MIN detector 15 is activated
and if the MIN is found riot to match that of the receiving phone, the power

25 down timer 16 is activated for a longer period.

If the CRC che;:k does not indicate an error free message, the third
message repeat becomes cumulatively added in the majority vote circuits 13
and so on until either the CRC checks at some stage, or all five méssage
repeats have been exhausted. In the latter case, the sync detector 12 is re-

30  enabled to search for dotting sequences D or sync words S for the next cycle
to be processed. According to the invention, a message is CRC checked
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nmessages, the first word of a multiple-word nessage and a continuation word
of a multiple-word message. After testing the message type, the nobile
phone either ignores the rest of the transmt cycle by powering down til
the 5 next syncs are due, or ignores thg rest of the cycle and the whol e
of the next cycle, or quits the standby fode because a one- or two-word
call has been detected to contain the phone.s, MN bits.. Specifically, if

E Eg gga; ?_ggo\il\ns‘;]ls.m_gs(mriwllé?mb'dnﬁmiég ,an?qv@tsr %?iit'rf'@s? SAPRY YYedeeodBg " o set
mesage. the. gt Bggiy the RF AVEIORNRalsHE DL Gritdhed HERCER pat L TE
Singi e word caPPouft of el el | {1'ags are cleared and the first 2
bits are checked f dThisds ¢ contrast tth ghe disclo%ure of the Eegrrogeanagate;t gp;l{cggctm 24
5  to Harte cited above in which the message repeats are decoded individually
without the use of bit-wise majority voting, and also contrasts with other
prior art decoders that use only five-fold majority vote decoding and not the
lower orders of majority vote that are transiently employed in the present
cumulative majority vote procedure. The cumulative majority vote
10  procedure of the present invention results in a higher probability of correct
reception in the case of a message addressed to the receiving phone than the
prior art common methods, and thus results in a lower mean standby power
consumption than the device disclosed in the European patent application to
Harte. |
15 Additionally, the present invention enters the power down mode
principally contingent upon the CRC check being successful, whereas the
aforesaid European patent is exclusively based on evaluating the MIN.
Figure 6 provides more detail of a suitable Manchester code modem.
To obtain soft bit values from the modem for use in soft majority votes, a
20 sine and sign function table 21 has been added. This modem operates as
follows. Manchester code FM has a property, due to the frequency being
modulated equally low and high in each symbol period, that the radio signal
phase returns to more or less the same position at the end of each symbol.
This phase is moreover midway between the expected phase excursions in
25  the center of a symbol for 1" or "0" respectively, and is therefore suitable
as a comparator reference for deciding between 1's and 0’s. However,
timing for the beginning and the middle of symbols must also be identified.
This is the bit-sync problem that all digital communications systems must
solve. In the present invention, it is solved in the modem of Figure 6 by
30  sampling a receiver 20 output by a phase computer and sampler 25 atarate
_of 8 samples per Manchester code symbol, and sorting every eighth sample
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nobi |l e phone's M N at step 79. If there is a match, then the nobile phone
15 | eaves the stand-by node. If the 24 bits do not nmatch, then the
routine returns to step 71. If the nessage is determned to be the first of
a nultiple word nmessage at step 87, the flags are cleared and it is

determ ned whether the nultiple word rressage is a call or a broadcast

over head nessage at stef) éi1 % zépe cal a,.br oa castf over head
message, then tHe™PH P13 °F§”§%‘F"%ft 5“’§o‘" 'ﬁ%“ 6 SHEADI0F BEPAT S
processed at step BOTAYBrddagsing ¢bhdifts o eValtih® ies€ Ruddms bl cindidheks B Sage,
the first 24 MN bits afe che ed at step 82. Tf the first 24 bits match

t he nobi | e phonerdsoftdyshbdl sempiesfdnaigasvinid-bitssamples. dfid evaluate a stream for an

end-of-sample candidate, the average phase is calculated by a phase

5  averaging circuit 27. Therefore, eight phase averagers 27, one for each
stream, are provided for calculating a reference phase Phi(i) under the
assumption that the sample phase represents the end of a symbol. Each of
the phase averagers 27 can be a digital phase lock loop which evaluates a
frequency error as well as phase. Each stream is also evaluated as a mid-bit

10  sample stream by comparing in a phase differentiator 28 the phase sample
Phi(i) with a phase reference calculated from the corresponding end-of-bit
sample stream. If (i) is a2 mid-bit-sample, then (i-4) must be an end-of-bit
sample, therefore Phi(i) is compared with the reference phase Phi(i~4). This
is done in whole sample timings, that is:

15 Phi(7) is compared with reference Phi(3),

Phi(6) is compared with reference Phi(2),
Phi(5) is compared with reference Phi(1),
Phi(4) is compared with reference Phi(0),
Phi(3) is compared with reference Phi(7),
20 Phi(2) is compared with reference Phi(6),
Phi(1) is compared with reference Phi(5),
and  Phi(0) is compared with reference Phi(4).

In each case, the phase difference obtained is deemed to represent a

demodulated *1" if between 0 and + 180 degrees, and a "0" if between 0

25  and -180 degrees. These hard decisions are made by a SIGN function block
21 and are fed to the eight pattern detectors 23. Each of the eight pattern
detectors 23 receives the output of a corresponding one of the eight phase
differentiators 28 and operates according to the above-described procedure
for detecting dotting sequences D and sync words S. When the dotting -

30  sequence D and sync words S are detected on any sample timing w:thm an
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-20- the routine returns to step 71. If the 24 bits do not match the nobile
phone's M N, then the next cycle is sldpped at step 84 and the routine
returns to step 71. If the nessage is determned to be a continuation word
at step 87, 5 then the routine proceeds _to step 85 to check the status of
flags. At step 85, if an overhead flag alfris set (in step 80 described
above), then the program proceeds to step 88 where the continuation word

br oadcast oveFm&dm‘! the sglegtien) switeh 368 dradedto sefecy thatampleg i s set
(at step 83 described above), then the last 10 MN bits are checked. If the
| ast 10 M N biiimingréércoutpbtingGsoft bivlvaluesphones M N, the nobile phone | eaves

the stand-by node. If it does
The soft bit values are calculated by a look-up table 21 to be the
SINE of the phase differences, which can be shown to be an optimum non-
5  linear weighting for use in soft majority vote combination of phase

differences. The_ use of SINE or COSINE of a phase difference as soft bit
values for soft decoding is disclosed in, e.g., U.S. Patent Application Serial
No. 08/053,860 to Dent entitled "Demodulator for Manchester Coded FM
signals” and filed April 29, 1993.

10 The selection switch 26 can remain at the set position at Jeast for the
duration of the relatively short message cycle length (463 bits) that are
needed before resynchronization in the present invention. For longer
intervals between synchronization, however, or in certain circumstances such
as high values of time dispersion in the propagation path, it can be

15  advantageous to permit the selector switch 26 to adapt to perceived changes
in optimum sample timing, by, for example, continuously monitoring the
quality measure produced by the phase reference averaging circuits 27 and
picking the sample timing that gives the best quality using an 8-input
comparator 29 in order to determine the selector switch position.

20 " It should be noted that the pattern detectors 23 in Figure 6 correspond
to the dotting sequence and sync word detector 12 in Figure 5. The selected
soft t.)it' valﬁe stream is fed from the radio receiver/démodﬁlator' 20 of Figute

6 to the cumulative majority vote circuits 13 of Figure 5.
" This is the replacement sheet
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not match, then the routine returns to step 71 where the power down tinmer

Is set. If,
flag is set,

according to which repeat

upon checking the flag status at step 85, it is determ ned no
then the routine returns to step 71 where the power down tiner
is set. Since the tine period between rece&gt of an error free (or error
correctable) word and the next w ndow varies

i's

15

correctly received, it is necessary to calculate this ti eri,od,, such as
done in EP 0 473 465Th°rﬁt°dﬁ1“c?€§’f&%%§s‘aﬂef%’§¥ empitpggvalﬁgsg joneradt n
the tiner based on information fromthe DSP. This information includes
whi ch repeat waandddops ded takgTiote DSEndtartasedus\amplitide valeeshaf thel ragoesigmalnce
the 20 sync word.) The m croprocessor knows how nuch tine it used to

check the bitstg
cal cul ated perio

10

15

20

-~ calculating the product

and phase of the radio signal. These may be conveniently derived from the
radio signal LOGPOLAR form according to the principle disclosed in U.S.
Patent 5,048,059. The logpolar technique is a means of amplifying and
digitizing the full vector form of a radio signal without the inconvenience of
first having to establish the automatic gain control value. The complex
vector is yielded in polar form as the logarithm of the vector radius and the
phase of a vector angle. This may be converted into Cartesian X+jY form
by use of the sine/cosine and antilog look-up tables in a digital signal
processor. In this case, the phase averagers 27 in Figure 6 are replaced by
straight vector averagers that average the real and imaginary parts of the
complex vector Zi to produce reference vector Z(i). Demodulation of a

samplé timing Z(i) with respect to a reference Z(i-4) then takes place by

Z(YZ'(i4)
where * signifies complex conjugate, and then taking the imaginary part. In
this case, the result is directly in a suitable soft-value form for subsequent
majority vote accumulation and does not need to be subject to the sine
transformation fung:tiqn_ 21, as discussed above. The benefit of this form of

demodulation is that bits or message repeats that are subject to fading, which

reduces the amplitude of the radio signal, will be deweighted in the majority

Rafliphd A deforkriaficd ithy B 86talled }PfroebRihg o uflicgen for a
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-21- Using the above-described invention, the performance has been
determned in terns of the nean percentage of tine that the receiver is
active while the phone is locked to a calling channel, versus the

signal -to-noise ratio. At a high signal -tf_}noi se ratio, there is a higher 5
probability of correctly receiving a first"word-repeat and thus term nating
processing earliest to_save maxi mum power. As the signal-tQ-noise ratio is
reduced, nore ¥R acquBpdation BWCS%?%FBBW\@\}B bty W&E‘igh&g&t%@ Aeyalpand
majority vote process to correctly decode the word, so the power savings
are which therefore are more trustworthy.

It will be appreciated that the above signal processing operations may
be carried out using a suitable programmable digital signal processor (DSP)
5  and/or computer loaded with suitable programs. Such a device can
implement the Manchester code modem, sync detection, cumulative majority
vote and CRC check as well as the message processing. A preferred
embodiment uses a DSP to implement the Manchester code modem, sync
detection and cumulative majority vote circuits, the results after each stage
10 of majority voting being passed to a microprqcessor that performs the CRC
check and message handling. The microprocessor preferably operates
according to the flow chart of Figure 7.
Figure 7 shows entry to the standby mode upon switch-on of the
mobile phone or termination of a previous call. In step 71, a central timer is
1S  set to power up the receiver in a certain window to search for dotting D and
sync S words, indicated by step 72. The window begins at a fixed time
before the next sync is expected and ends a fixed time afterward, for
example, + one symbol. The receiver should be powered down as long as
.. possible, bu-t not so long that there is a risk of losing the word sync. Itisa
20  matter of adjusting the receiver to listen to the right carrier frequency and
stabilizing the reference phases in the Manchester code demultiplexer.
If.-dotting D and syhc S words are not detected, then the process

retums to step 71 where the pov&er down timer is reset. Upon detecting
.. This is the. replacement sheet -
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| ess. The graph of Figure 8 rel ates percentage power savings to 10
signal-to-noise ratio for this invention ("Accum") as conpared to a device
i n~accordance with Harte ("No Accum"). This is for the pessim stic case
that all nessages are single-word calls. I_? all nmessages are two-word calls
to other phones, a further power savings of at |least a factor of two could

be obtained. Thj .compar (1 th th f..Fi ated .for the 15
i nvention discl %itgé [ aﬂﬁgyxgﬁvogﬁﬁ §AB}§’I ‘ﬁl&lﬂﬁ%ﬁe _;orgt;,goi%g%c&,seﬁ %ﬁ’@ﬁe‘{]m ng
t he sane inventive dem)dul ataor described in U S. Patent Appli cat | on Seri al
No. 08/ 053,860 & eRi73a138¢ éOHHh@FSo%tW&PSaEsZ&ﬂP%ﬁ%h%&RG goks or gl gepeatn s
a conparison of the | ost nessage probability for the two algorithns with
the sync consi deavatbezngeceived.edt step @3 theansjagiey votelacsuinlatrs are0eseRC check
i s successful, even after all five repeats have been checked.
The process proceeds to step 74 where it is determined which type of
5 message A or B is to be received and skipping the bits corresponding to the
other channel. The next set of relevant bits are accumulated at step 75, and
a CRC check is performed at step 76. If all repeats have not been
accumulated and there are uncorrected errors after the CRC check, the
process skips the next set of bits (which belong to the different type of
10  message) at step 78 and proceeds to accumulate the next set of relevant bits
at step 75. In the case where all repeats have been accumulated as decided
at step 77 and the accumulated repeats still ct;ntain uncorrected errors, the
power down timer is reset at step 71 to start a sync search again with almost
no delay.
15 In the case of a CRC check indicating an error free word prior to or
after processing all five repeats, the nature of the message must be checked
at step 87 to determine for how long the power down timer shall operate.
Note that the power down timer is activated upon CRC check regardless of
the message type. The types of messages are:
20 1) A one-word call,
2) A multiple-word call,
3) A one-word filler,

4) A one-word broadcast/overhead message, or
5) A multiple-word broadcast.

" This ig the rgptacsement sheet
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Simlar curves may be drawn to conpare the probabilities of correctly
recei ving an intended .nessage for the present invention and that of U S
Pat ent Application No. 572,409, showi ng that an objective of the present
-22- invention (to increase correct nessagf decodi ng probability at the
sane time as effecting a greater power sadvings conpared to prior art

I nventions) has been achi eved. Al though the abgve descri bed i nvention has
been described in 5 wodutsRIINE JRestrgharecsed| i distingasiobraween single-wgrd
intended to be so limted. The

messages, the first word of a multiple-word message and a continuation word
of a multiple-word message. After testing the message type, the mobile
phone either ignores the rest of the transmit cycle by powering down till the
5  next syncs are due, or ignores the rest of the cycle and the whole of the next

cycle, or quits the standby mode because a one- or two-word call has been
detected to contain the phone’s MIN bits. Specifically, if the message is a
single word filler, the routine returns to step 71 to set the power down
timer. If the message is a single word broadcast overhead message, the

10  word is stored and processed at step 88 and thereafter the subroutine returns
to step 71.

If the message is determined to be a single word call at step 87, then
thé flags are cleared and the first 24 bits are checked for match with the
mobile phone’s MIN at step 79. If there is a match, then the mobile phone

15 leaves the stand-by mode. If the 24 bits do not match, then the routine
returns to step 71. |

If the message is determined to be the first of a multiple word
message at step 87, the flags are cleared and it is determined whether the ‘
multiple word message is a call or a broadcast overhead message at step 81.

20 If the call is a broadcast overhead message, then the O/H flag is set at step
80, the word is stored and processed at step 88 and the routine returns to
step 71. If a call message, the first 24 MIN bits are checked at step 82. If

the first 24 bits match the mobile phoné’s MIN, then a flag MINI is set, and
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power conserving arrangenent and method of this invention can be used
advant ageously with beepers, pagers, and any ot her system having nobile
stations which are self-identifiable upon receipt of transmtted nessages.
Further nodifications and inprovenents whi20h retain the basic underlying 10
principles disclosed and clainmed herein are within the scope and spirit of

In ol radi o comum oan e oo CRPavi o Bt | eaet e bt S At on sor vi ng
phone’s MIN, then the next cycle is skipped at step 84 and the routine
returns to step 71.

If the message is determined to be a continuation word at step 87,

5 then the routine proceeds to step 85 to check the status of flags. At step 85,
if an overhead flag O/H is set (in step 80 described above), then the program
proceeds to step 88 where the continuation word broadcast overhead message
is stored and processed. If a MIN1 flag is set (at step &3 described above),
then the last 10 MIN bits are checked. If the last 10 MIN bits match the

10  mobile phones MIN, the mobile phone leaves the stand-by mode. If it does
not match, then the routine returns to step 71 where the power down ﬁmer_ is
set. If, upon checking the flag status at step 85, it is determined no flag is
set, then the routine returns to step 71 where the power down timer is set.

Since the ﬁme period between receipt of an error free (or error
15  correctable) word and the next window varies according to which repeat is
. correctly received, it is necessary to calculate this time period, such as done
in EP 0 473 465. The microprocessor calculates the sleep time set in the
timer based on information from the DSP. This information includes which
repeat was decoded. (The DSP knows how much time has elapsed since the

20  sync word.) The microprocessor knows how much time it used to check the

bitstream from the DSP and makes the decision to power down for a

calculated period of time.
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one or nore nobile stations, a method for reducing standby power
consunption of said nobile stations said nethod conprising the steps of:
reecei ving messages in a nobile station fromsaid at | east one base station,
sai d messages conprising repeated bl ocks @ft-i nformation bits, each bl ock

i ncluding a nunber of data bits and a nunber of check bits whose val ue
depend on sai d dat aUgirgstheaboverdesirited inebntivn, the peifdrinahed hd beep bits of
sai d repeated bl ocks; generating, upon reception of each repeated nmessage,

a check i ndi caj 2 Wnyfl ) E%gn i | .consi st ent
with said checE&gﬁP\g;g&gxr‘\ urnlg%?‘gﬁpﬁ ortltgg%%gf&gg?%ﬁrrtg%%%ﬂe?é lon until
recei pt of a next nessage i s expected when substantially error-free check
i ndi cation-is %Yér‘&h’i‘ﬂ.%‘%h‘me 13 ﬂ%‘fq%otﬁ 4ﬁ31§88 Fflcle"ﬁﬁspﬁﬂéq aim1, further

conprising the steps of: determ ning, upon generation of said check
i ndi cati on, whsignilytoencide ratios adeadughl signal-to-noise ratio, there is a higher

5  probability of correctly receiving a first word-repeat and thus terminating
processing earliest to save maximum power. As the signal-to-noise ratio is
reduced, more word-repeats on average have to be accumulated in the
majority vote process to correctly decode the word, so the power savings are
less. The graph of Figure 8 relates percentage power savings to

10 signal-to-noise ratio for this invention ("Accum.") as compared to a device
in accordance with Harte ("No Accum.”). This is for the pessimistic case
that all messages are single-word calls. ' If all messages are two-word calls to
other phones, a further power savings of at least a factor of two could l?e
obtained. This compares with the graph of Figure 9 calculated for the

15 invention disclosed in U.S. Patent Application No. 572,409, even when
using the same inventive demodulator described in U.S. Patent Application
Serial No. 08/053,860 cited above, and other assumptions being equal.
Figure 9 is a comparison of the lost message probability for the two
algorithms with the sync considerations removed. A lost message occurs if

20 no CRC check is successful, even after all five repeats have been checked.

Similar curves may be drawn to compare the probabilities of correctly
receiving an intended message for the present invention and that of U.S.

Patent Application No. 572,409, showing that an objective of the present

" “This 'is'.:'iiie replacement sheet
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data bits represent; and detecting whether said data bits convey said

nobi l e station's identification nunber when said nessage is determned to
be. a call nessage. 3. A nmethod in accordance with claim1l, wherein said
check indication generation step incl udes-drrect | ng bit errors in said
data bits. 4. A nmethod in accordance with claim1, further conprising
the steps of: dimventiomgo inereasercoatect messageddecedingiprobabilitysatithe same dime
accurul at ed when check indication has not generated; and turning-off

When L1 determme e e e B e b aaey Ve,
been achieved.
Although the above described invention has been described in
5  connection with cellular telephones, it is not intended to be so limited. The

power conserving arrangement and method of this invention can be used
advantageously with beepers, pagers, and any othef system _having mobile

stations which are self-identifiable upon receipt of transmitted messages.

Further modifications and improvements which retain the basic underlying

10  principles disclosed and claimed herein are within the scope and spirit of the

present invention.
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24 5.

6. -

A nmethod in accordance with claiml1l, wherein s

A nethod in accordance with claim1l1l, wherein sai d accunul ati on

e%t ep

accurnul ates val ues of said information bigs by hard

nmethod in accordance with claim1l, wherein said accu

step accunul ates val ues of said information bits by iﬁ mai orit vot| ng.

cludes

resetting acc%qgcmgl,ﬁ&pn- recei pt of a first of repeat ed bl ocks of
i nformation bits. 8. A method in accordance with claim1, wherein said

detecting step i ncI

a filler message

d whet.h d
havi ng no neani ng, esolg’ 5%‘{ M‘E@&g@%‘&%ﬁw@g&i@éﬁw al |

mobil e stations, or a call nessage including an

station serving one or more mobile stations, a method for reducing standby
power consumption of said mobile stations, said method comprising the steps
of: \

receiving messages in a mobile station from said at least one base -
station, said messages comprising repeated blocks of information bits, each
block including a number of data bits and a number of check bits whose

.

value depend on said data bits;

generating a check indication when said data bits are consistent with
said check bits; and

turning-off portions of said mobile station until receipt of a next

message is expected when a check indication is generated.

2. A method in accordance with claim 1, further comprising the
steps of:

determining, upon generation of said check indication, what type of
message said data bits represent; and

detecting whether said data bits convey said mobile station’s

identification number when said message is determined to be a call message.

3. A method in accordance with claim 1, wherein said check

indication generation step includes correcting bit errors in said data bits.

I I ” S | ' This'is the repiacémént sheet
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nmobil e station identification nunber. 9. A net hod iThis epliceth
claim1l1, wherein said turning-off step includes cal cul at u xt
nessage is to be expected in accordance with the nunber epeat s

of said nmessage and sai d nessage type. 10-24- A nethod in accordance wth
claim1l1, wherein said check indication includes a cycle redundancy check.
11. In a radi o comdni caAi matheydsh eccordencegwith claimst, furtheb @empsisatg the
serving one or nore nobile stations a receiver-circuit in a nobile station
conprising: a rsggesfser section for receiving and denodul ating nessages from
said at | east oné base station, said nessages conprising repeated bl ocks of

7" op TRt o 1 L e Bl R B bbbl 0T
5. A method in accordance with claim 4, further comprising the
steps of:
determine whether all repeats of said blocks have been accumulated
when check indication has not generated; and
turning-off portions of said mobile station until receipt of a next
message is expected when it is determined that all repeat of said blocks have

been received.

6. A method in accordance with claim 4, wherein said
accumulation step accumulates values of said information bits by soft

majority voting.

7. A method in accordance with claim 4, wherein said
accumulating step accumulates values of said information bits by hard

majority voting.

8. A method in accordance with claim 4, wherein said
accumulation step includes resetting accumulators upon receipt of a first of

repeated blocks of information bits.

WM 7eee—
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25 a nessage check circuit for generating, upon receptrhifthetiHaEBERREEREA €
nmessage, a check indication when said data bits are co al d
check bits, wherein said nessage check circuit incl ude &ﬂmug'

s of

majority vote circuit; and a power-down tp§er for turni
said receiver circuit when a substantially error-free check indication is

generated. 12. A gecei iepethodifidicaRmActwith Elath ™, Lihertl idieideaRERg | o1 ng:

a message processor for termning, upon generat i on of a check indication,
whet h
st St i g; sai d recein\c/:?udes dsefecgng wshe?hecrasakd m%ssrzrt%sc eﬁilt‘.r m g haawrxrl%bno

meaning, a broadcast overhead message to be processed by all mobile

stations, or a call message including an mobile station identification number.

10. A method in accordance with claim 1, wherein said turning-
off step includes calculating when a next message is to be expected in

accordance with the number of received repeats of said message and said

message type.

11. A method in accordance with claim 1, wherein said check

indication includes a cycle redundancy check.

12. In a radio communiéaﬁon system having at least one base
station serving one or more mobile stations, a receiver circuit in a mobile
station comprising:

a receiver séétion for receiving and demodulating messages from said
at least one base station, said messages comprising repeated blocks of
information bits, each block including a number of data bits and a number of
check bits whose value depend on said data bits;

a message check circuit for generating a check indication when said

data bits are consistent with said check bits; and

IIIIlIII llllll IIllI il IIII i I the replacoment sheet - -
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i dentification nunber; and a nobile station identifil ect or
for detecting whether said calling nessage includes t lon's
i dentification nunber, wherein said power down tine i st tinme

peri od when said call i ng nmessage does not -26rcl ude a match to a part of said
nmobile station's identification nunber and to a second tinme period when
said calling nessageaiposierdiosvnatimet fdr tumning wdf pomibns af daidoiecdiverseiatuion’ s

i dentification nunmber. 13. A receiver in accordance with claim 11,
wherein said C%Héﬁw%e@k%&a\m&queﬁe@walt performs soft majority
voting. 14. A recerver 1 n accord with claim1l, wherein said

cunul ative majority vote circuit perforns hard majority voting. 15. A
receiver in accordance with claim11l, wherein said receiver section

13. A receiver in accordance with claim 12, further comprising:

a message procéssor for detenniniﬁg, upon generation of a check
indication, whether said received message is a calling message including a
mobile station identification number; and

a mobile station identification number detector for detecting whether
said calling message includes the mobile station’s identification number,
wherein said power down timer is activated when said calling message does
not include said mobile station’s identification number and causes said
mobile station to exit a standby mode when said message includes at least

part of said identification number.

14. A receiver in accordance with claim 12, wherein said message

check circuit includes a cumulative majority vote circuit.

4

15. A receiver in accordance with claim 14, wherein said

cumulative majority vote circuit performs soft majority voting.

16. A receiver in accordance with claim 14, wherein said

cumulative majority vote circuit performs hard majority voting.

This is._'the replacement sheet

R DGR L

Date: 6 Jy 9%



conput er and sanpl er connected to an output of said rad
demul ti pl exer connected to an output of sakrd phase conp
phase averaging circuits connected to respective outputs of said

demul ti pl exer: phasg; di f (erenidinr 2 5RAREE With Atk 13P Siekelf st RkEePT

sai d phase averaging circui

i ncl udes a Manchester code denodul ator. 16. A recei Vihis Shept Has dwi t h
claim 15, wherein said Manchester code denodul ator i ncl ‘Jg l! phase
uter an

sanpl er;
section includes a Manchester code demodulator.

18. A receiver in accordance with claim 17, wherein said
Manchester code demodulator includes:

a phase computer and sampler connected to an output of said radio
receiver;

a demultiplexer connected to an output of said phase computer and
sampler;

phase averaging circuits connected to respective outputs of said
demultiplexer;

phase differentiators connected to respective outputs of said phase
averaging circuits; and

a sine and sign function table, connected to outputs of said phase

differentiator, for generating a bit for soft majority voting.

19. A receiver in accordance with claim 18, wherein said
Manchester code demodulator further includes;

a comparator receiving a quality measure from said phase averaging
circuits and generating an output cérresponding to the phase having the best
quality; and

a selection switch for selecting the output of said sine and sign

function table corresponding to the output of the comparator.

. This is the replacement sheet

Date: 1 6 Jm_ m

.



a sine and sign function table, connected to outputs of safh%ﬁpe

e
differentiator, for generating a bit for soft majority voti as Been Replaced
recei ver in accordance with claim 16, wherein said Manchest FEIJH UH
denodul ator further includes; a conparator,teceiving a qual om
sai d phase averaging circuits and gener at K. an out put corresponding to the
phase having the best_ quality;. and a selection swmtch for selecting the

output of said sine #hd sAGFECFIYRE AR drcqrdance Wikh claimohdi Whered Bt out put of

t he conparator. 18. A receiver in accordance with claim 17, wherein said
Manchest er codeMdrechedier 2bde demodbiatorcfurther sempris¢sad patterndisteztdraconnectedct ed
for receiving an output of said sine and sign function table. 19. 1In a

radi o communi cagl Q0%iviNg WRAMBUIBN WA sinRAHd 5P rbREBn TiKRE] ON serving

21. In a radio communications system having at least one base
station serving one or more portable stations, a method to reduce standby
power consumption of said portable stations comprising the steps of:

transmitting messages from a base station, each message including a
number of words and each word being repeated a number of times, at least
one word includ_ing a number of data bits representing at least part of a
identification number of any of said portable stations and including a number
of check bits that depend on said data bits;

resetting in a portable station a number of accumulators
corresponding to said number of data bits and check bits;

receiving first of said repeated words at said portable station and
adding the values of each bit to a corresponding one of said accumulators;

processing the values of said accumulator contents to determine if
values corresponding to said data bits are consistent with values
corresponding to said check bits and generating a check or no-check
indication;

if said no-check indication is generated, receiving another repeat of

said word and adding its bit values to corresponding accumulators;

R L L R
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one or nore portable stations, a method to reduce st andb- .power bonsurrbt I on
of said portable stations conprising the steps of: transniiigale ed
froma base station, each nessage including a nunber of wj rd
bei ng repeated a nunber of tines, at | ea§ one word inclu f
data bits representing at |east part of &7identification nunber of any of
said portable stations and jncluding a nunher of check bits that depend on
said data bits; reZRReatng said Rrogessingostep yntil albwaordrrepests have heerunul at or s
corresponding to said nunber of data bits and check bits; *C L M S*
accumulated or until said check signal is generated;
upon said check indication being generated, powering down parts of
said portable station for the remainder of said repeats of said word and then
further processing said accumulator values to determine if part of said word
matches a corresponding part of the said portable station’s identification
number and generating a match or no-match indication; and
upon said no-match indication being generated, holding parts of said
portable station powered down for the duration of transmission of the rest of

the words in the same message.

22. In a radio telephone system having at least one base station
serving one or more portable stations, a method to reduce standby power
consumption of said portable stations comprising the steps of:

transmitting messages from a base station in the form of blocks of
information bits which are repeated a number of times, each block including
a number of data bits and a number of check bits that depend on said data
bits;

means to process said repeated blocks sequentially to determine
whether said data bits in any block are consistent with said check bits and to

generate a check or no-check indication correspondingly; and

W e
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27 receiving first of said repeated words at said portabllanssh&mda@eéﬁrﬂ ]aced

addi ng the values of each bit to a correspondi ng one of sa
processi ng the val ues of said accurmul ator contents to dete
corresponding to said data bits are consisi3@t wth val ues

said check bits and generating a check or no-check indication; if sald
no- check i ndi cati on iski@RIMQrGHf Grts (FaRId/pAIEabIOBhoRS upageriernionsel shidvor d and

adding its bit values to correspondi ng accunul ators; repeating said

o oce=s! 19 5t ePsH gl PSRRI R e RBrCGE U LBAF Il Ul | ol

I ndi cation bei n genger at ed r down &srts of said portable station
for the remaind %ﬁn tied; by %@3&&8'& 08 AR QrYR3 19 SANE POWER

23. A mobile station having improved battery life in standby mode
comprising:

a receiver for sequentially receiving finite length data messages
msmimd as radio signals from a base station;

a data demodulator for processing said received signals to generate
data values;

a decoder to decode said data values to generate data bits and to
produce an indication of correct or incorrect decoding; and

a power-down timer for reducing the power consumption of any of
the above components for a determined time after receiving an indication of

correct decoding from said decoder.

I

24. A mobile station according to claim 23, wherein said

determined time for power-down is until the beginning of the next message.

IIIIIIII Il IIIII lllll | IIII
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further processing said accumulator values to determ ne ifrRagie ks $2i#

word matches a corresponding part of the said portable stat

i
i dentification nunber and generating a match or no-match i nf"ﬂlﬁﬂuﬂﬂ"m
upon sai d no-match indication being gene[ﬁt_ed, hol di ng part

Tﬂllace

portabl e station powered down for a duration of transm ssion of the rest of

| cast one base st achon cangyiy fatonabchifitels dalf 3L ARt R 06° &

reduce standby power consunption of said portable stations conprising the
steps of: transmi t 3 $RINPAIIOR JaE determining AL said (data bits Fontainca mateh withd ocks

of

i nformation bits which are repeated a nunber of tinmes, each bl ock

i ncludi ng a npahef said tiéphohetsselephore number toprodiela Miatch oramisasatei Whi ch
depend on said data bits;

indication.

26. A portable radio system having improved battery life in
standby mode comprising: |

a receiver for sequentially receiving finite length data messages
transmitted as Manchester-coded and frequency-modulated radio signals from
a base station;

a Manchester code modem for processing said received signals to
demodulate said Manchester-coded FM and producing corresponding data bit
values; |

a sync detector for processing said bit values to detect a
predetermined data bit pattern signifying the beginning of a finite length
message and producing a reset signal;

a timing control unit for counting demodulated Manchester code
symbols that is reset upon receipt of said reset signal;

a decoder for further processing said bit values to determine a
message and produce an indication if said message has been received

error-free; and

L
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determining majority val ues of said repeated blocks in a Tchﬁﬁgj
|

n Replaced
maj ority voting circuit; processing said majority values o lMEd

bl ocks sequentially to determ ne whether said data bits in
consistent with said check bits and to genrd2ate 28 a check or no-check

I ndi cation correspondingly; and switching off parts of said portable phone
upon generation of aapoberaownatingr éor reducihgake poaek conslintptionoof anytof t he
begi nning of the next set of repeat blocks transmtted by said base station
in order to savgeRWeé for a determined time after receiving an indication of error-free

reception from said decoder.

27. A portable radio system according to claim 26, further
comprising:

a comparator acﬁvated upon receipt of an indication of correct
message recoﬂstruction from said decoder for determining if said message
contains any part of said portable radio system’s identiﬁcaﬁon number and
producing a corresponding match or mismatch indication; and

a controller for varying said determined time of power-down in

dependence on said match or mismatch indication.

28. A por@le radio system according to claim 26, further
comprising:

a number of accumulators corresponding to the number of data bits in
each message repeat, said accumulators being ’reset by said reset signal; and

a majority-vote circuit for selecting corresponding data bit values
demodulated from said message repeats and accumulating said selected data

bit values in corresponding accumulators.

Ll
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This Sheet Has Been Re | aced -29- repeating said processing step until al
wor d-repeats have been accunul ated or until said check signal is generated,
upon sai d check indication being generated, powering domqrp rt9,0 oS i d
portable station for the remainder of said repeats of sai
further processing said accunul ator val ues to determ ne iﬂj ﬂ l [
word matches a corresponding part of the said portable st

i dentification nunber and generating a match or no-match indication; and

~33-
STANDBY POWER SAVING IN MOBILE PHONES
Abstract

A power saving standby mode that can be used in mobile radio
stations operating in current networks and improves in the
intended message reception. The invention enters the power down
mode principally contingent upon the CRC check being successful.
Additionally, the invention uses a cumulative majority vote
procedure which results in a higher probability of correct
reception of a message addressed to the receiving §tation.

FPigure 5
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updon said no-match indication being generated, holding parts of said
portable station powered down for the duration of transm ssion of the rest
of.the words in the sane nessage. 22. In a radio tel ephone system havi ng
at | east one base station serving one or nore portable stations, a nethod
to reduce standby power consunption of said portable stations conprising
the steps of: transnmitting nessages frontd5base station in the form of

bl ocks of information bits which are repeated a nunber of tines, each bl ock
i ncluding a nunber of data bits and a nunber of check bits that depend on
said data bits; neans to process said repeated bl ocks sequentially to

determ ne whether said data bits in any block are consistent with said
check bits and to
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generate a check or no-check indication correspondingly; and - 30-
swtching off parts of said portable phone upon generation of said check
indication until the beginning of the next set of repeat blocks transmtted
by said base station in order to save power. 23. A nobi |l e station having
I nproved battery life in standby node cogg;ising: a receiver for
sequentially receiving finite | ength dat ﬁ%ssages transmtted as radio
signals froma base station
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a ‘data denodul ator for processing said received signals to generate data
val ues; a decoder to decode said data values to generate data bits and to
pr.oduce an indication of correct or incorrect decoding; and a power-down
timer for reducing the power consunption of any of the above conponents for

a determned tine after receiving an indication of correct decoding from
sai d decoder. 24. A nobile station a$?$rding to claim 23, wherein said
determned tinme for power-down is unti he begi nning of the next nessage.
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conparator for determning if said data bits contain a match with a part of
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val ues; a sync detector for processing said bit values to detect a

predeterm ned data bit pattern signifying the beginning of a finite length
message and producing a reset signal; a timng control unit for counting
denodul at ed Manchester code synbols that is reset upon receipt of said

reset signal; a decoder for further procgssing said bit values to determ ne
a nessage and produce an indication if said nessage has been received

error-free; and )
FIG. 8
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-32-.- a power-down tinmer for reducing the power
above for a determned tinme after receiving an
receptian from said decoder. 27.
claim 26, further conprising: a conparat acti
I ndi cati on of correct nessage reconstruc?i&on fi
determning if said nessage contains any part

systenis identification nunmber and producing a
m smat ch i nWieats daimahid: a controller for vary
power - down i n dependence on said match or m sm

A portabl e fadi BEBLACEMEATCSHEERY t &G

Ho23i-S TS
consunption of any of the
Re-cati-on-of.error-free

| vBlt Idesctiption r pagsiipt.. of pawed
o @hi@ghecoﬁ@sdmrm paged .28,
bf Usiaiagvipgir) afaljed r.adbopaged .....
cHriespondi ng.zeatXho0faged .-

ng said determned tine of

1.

In a radio communications system having at least one base station serving

one or more mobile stations, a method for reducing standby power consumption of said

mobile stations said method comprising the steps of:

receiving messages in a mobile station from said at least one base station, said

messages comprising repeated blocks of information bits, each block including a number

of data bits and a number of check bits whose value depend on said data bits;

accumulating values of said information bits of said repeated blocks;

generating, upon reception of each repeated message, a check indication when

accumulated values of said data bits are consistent with said check bits; and

turning-off portions of said mobile station until receipt of a next message is

expected when a substantially error-free check indication is generated.

2. A method in accordance with claim 1,

further comprising the steps of:

determining, upon generation of said check indication, what type of message said

data bits represent; and

detecting whether said data bits convey said mobile station's identification number

when said message is determined to be a call message.

3. A method in accordance with claim 1,

wherein said check indication

generation step includes correcting bit errors in said data bits.

4. A method in accordance with claim 1,

further comprising the steps of:

determine whether all repeats of said blocks have been accumulated when check

indication has not generated; and

turning-off portions of said mobile station until receipt of a next message is

expected when it is determined that all repeats of said blocks have been received.

AN Y A
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28. A portable radio systemaccording to claim26, further conprising: a
nunmber of accumnul ators corresponding to the nunber of data bits in each
nmessage repeat, said accunul ators being reset by said reset signal; and a
majority-vote circuit for selecting corr iponding data bit val ues

denodul ated from sai d nessage repeats ang accunul ating said sel ected data
bit values in correspondi ng accunul at ors.

5. A method in accordance with claim I, wherein said accumulation step

accumulates values of said information bits by soft majority voting.

6. A method in accordance with claim 1, wherein said accumulating step

accumulates values of said information bits by hard majority voting.

7. A method in accordance with claim 1, wherein said accumulation step
includes resetting accumulators upon receipt of a first of repeated blocks of information
bits.

8. A method in accordance with claim 1, wherein said detecting step includes
detecting whether said message is a filler message having no meaning, a broadcast
overhead message to be processed by all mobile stations, or a call message including an

mobile station identification number.

9. A method in accordance with claim 1, wherein said turning-off step
includes calculating when a next message is to be expected in accordance with the

number of received repeats of said message and said message type.

10. A method in accordance with claim 1, wherein said check indication

includes a cycle redundancy check.

11.  Inaradio communication system having at least one base station serving
one or more mobile stations a receiver circuit in a mobile station comprising:

a receiver section for receiving and demodulating messages from said at least one
base station, said messages comprising repeated blocks of information bits, each block
including a number of data bits and a number of check bits whose value depend on said

data bits;

_ This is the replacement sheet
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a message check circuit for generating, upon reception of each repeated message,
a check indication when said data bits are consistent with said check bits, wherein said
message check circuit includes a cumulative majority vote circuit; and

a power-down timer for turning off portions of said receiver circuit when a

substantially error-free check indication is generated.

12. A receivetin accordance with claim 11, further comprising:

a message processor for determining, upon generation of a check indication,
whether said received message is a calling message including a mobile station.
identification number; and

a mobile station identification number detector for detecting whether said calling
message includes the mobile station's identification number, wherein said power down
time is set to a first time period when said calling message does not include a match to
a part of said mobile station's identification number and to a second time period when
said calling message includes a match to a part of said mobile station’s identification

number.

13. A receiver in accordance with claim 11, wherein said cumulative majority

vote circuit performs soft majority voting.

14. A receiver in accordance with claim 11, wherein said cumulative majority

vote circuit performs hard majority voting.

15. A receiver in accordance with claim 11, wherein said receiver section

includes a Manchester code demodulator.

16. A receiver in accordance with claim 15, wherein said Manchester code

demodulator includes:

This is the replacement sheet
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a phase computer and sampler connected to an output of said radio receiver;

a demultiplexer connected to an output of said phase computer and sampler;

phase averaging circuits connected to respective outputs of said demultiplexer;

phase differentiators connected to respective outputs of said phase averaging
circuits; and

a sine and sign function table, connected to outputs of said phase differentiator,

for generating a bit for soft majority voting.

17. A receiver in accordance with claim 16, wherein said Manchester code
demodulator further includes;

a comparator receiving a quality measure from said phase averaging circuits and
generating an output corresponding to the phase having the best quality; and

a selection switch for selecting the output of said sine and sign function table

corresponding to the output of the comparator.

18. A receiver in accordance with claim 17, wherein said Manchester code
demodulator further comprises a pattern detector connected for receiving an output of

said sine and sign function table.

19.  In aradio communications system having at least one base station serving
one or more portable stations, a method to reduce standby power consumption of said
portable stations comprising the steps of:

transmitting messages from a base station, each message including a number of
words and each word being repeated a number of times, at least one word including a
number of data bits representing at least part of a identification number of any of said
portable stations and including a number of check bits that depend on said data bits;

resetting in a portable station a number of accumulators corresponding to said

number of data bits and check bits;
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receiving first of said repeated words at said portable station and adding the
values of each bit to a corresponding one of said accumulators;

processing the values of said accumulator contents to determine if values
corresponding to said data bits are consistent with values corresponding to said check
bits and generating a check or no-check indication;

if said no-check indication is generated, receiving another repeat of said word and
adding its bit values to corresponding accumulators;

repeating said processing step until all word-repeats have been accumulated or
until said check indication is genéraied;

upon a substantially error-free check indication being generated, powering down
parts of said portable station for the remainder of said repeats of said word and then
further processing said accumulator values to determine if part of said word matches a
corresponding part of the said portable station's identification number and generating a
match or ﬁo—match indication; and

upon said no-match indication being generated, holding parts of said portable
station powered down for a duration of transmission of the rest of the words in the same

message.

20.  Inaradio telephone system having at least one base station serving one or
more portable stations, a method to reduce standby power consumption of said portable
stations comprising the steps of:

transmitting messages from a base station in the form of blocks of information
bits which are repeated a number of times, each block including a number of data bits and
a number of check bits values of which depend on said data bits;

determining majority values of said repeated blocks in a cumulative majority
voting circuit;

processing said majority values of said repeated blocks sequentially to determine

whether said data bits in any block are consistent with said check bits and to generate
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a check or no-check indication correspondingly; and
switching off parts of said portable phone upon generation of a substantially error-
free check indication until the beginning of the next set of repeat blocks transmitted by

said base station in order to save power.
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STANDBY POWER SAVING IN MOBILE PHONES
Abstract

A power saving standby mode that can be used in mobile radio
stations operating in current networks and improves in the
intended message reception. The invention enters the poﬁer down
mode principally contingent upon the CRC check being successful.
Additionally, the invention uses a cumulative majority vote
procedure which results in a higher probability of correct

reception of a message addressed to the receiving station.

Figure 5
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