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(57) Abstract

The present invention provides a method for transmitting a quick paging channel at different power levels at a base station. The quick
paging channel includes paging indicators and configuration change indicators. The method includes transmitting the paging indicators at a
first power level and transmitting the configuration change indicators at a second power level different than the first power level. Preferably,
the second power level is higher than the first power level.
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METHOD FOR TRANSMITTING A QUICK PAGING CHANNEL
AT DIFFERENT POWER LEVELS

5 Field of the Invention

The present invention relates generally to
communication systems, and more particularly, to a
method for transmitting a quick paging channel at

10 different power levels at a base station.

Background of the Invention

15 In order to ensure that stored configuration
parameter values are always up-to-date after idle
handoffs, current cdma2000 procedures require that a
mobile station always wake up for the regular Paging
Channel (PCH) following an idle handoff, as described

20 in section 2.6.2.1.4.2 of TR45.5.2.3.51G/98.12.01.02.
Experience with current CDMA systems shows that idle
handoffs are typically frequent in areas with multiple
pilots. Since the Quick Paging Channel (QPCH) is
bypassed following an idle handoff, there is no standby

25 time improvement due to the QPCH for the first paging
channel slot following an idle handoff.

In order to ensure that stored configuration
parameter values are up-to-date for mobile stations
monitoring the QPCH paging indicator bits, the base

0 station, after updating the overhead configuration

information, sets all QPCH paging indicator bits to

“ON” for an amount of time which is a function of the

maximum slot cycle index. For example, in current

systems, the base station sets all QPCH paging

35 indicator bits to “ON” for 1.28 seconds if the maximum
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slot cycle index is set to 0. This is described in
TR45.5.2.3.51G/98.11.17.07, TR45.5.2.3.81G/98.11.17.08,
and TR45.5.2.3.SIG/98.11.18.06.

However, if a mobile station were monitoring
another base station when the configuration information
for a base station changed and then the mobile station
were to perform an idle handoff to the base station,
monitoring the QPCH paging indicator bits would not
cause the mobile station to update its stored
configuration parameter values.

Thus, a need exists for an improved method for
ensuring up-to-date stored configuration parameter

values after idle handoffs.

Brief Description of the Drawings

FIG. 1 depicts a quick paging channel in
accordance with a preferred embodiment of the present
invention;

FIG. 2 depicts bit positions of a mobile station’s
quick paging channel paging indicator bits in
accordance with the prior art;

FIG. 3 depicts a quick paging channel including a
configuration change indicator every 10 ms in
accordance with a preferred embodiment of the present
invention;

FIG. 4 depicts a flowchart for determining whether
to wake up a mobile station in accordance with a
preferred embodiment of the present invention;

FIG. 5 depicts a quick paging channel timeline in
accordance with a preferred embodiment of the present
invention;

FIG. 6 depicts a hash function modifier table in

accordance with a preferred embodiment of the present
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invention; and

FIG. 7 depicts a table showing the transmit power
level associated with a QPCH power level field in
accordance with a preferred embodiment of the present

invention.

Detailed Description of a Preferred Embodiment

The present invention provides a method for
transmitting a quick paging channel at different power
levels at a base station. The quick paging channel
includes paging indicators and configuration change
indicators. The method comprises transmitting the
paging indicators at a first power level and
transmitting the configuration change indicators at a
second power level different than the first power
level. Preferably, the second power level is higher

than the first power level.

According to the standard TIA/EIA-95-B’s paging
channel monitoring procedures, a mobile station
preferably determines whether its configuration
parameter values are up-to-date by checking the
CONFIG_MSG_SEQ field in the General Page Message. It
should be understood that the term “page” can refer to
a paging message, such as a general page message, or
any other message directed to the mobile station.
Alternately, the mobile station determines whether its
configuration parameter values are up-to-date by
checking in another message when it wakes up for its
paging channel slot. If the CONFIG_MSG SEQ does not
match the mobile station’s stored value, the mobile
station stays awake for a longer amount of time to

receive new configuration parameter values.
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The Paging Channel is preferably divided into 80
ms slots called Paging Channel slots. Paging and
control messages for a mobile station operating in the
non-slotted mode can be received in any of the Paging
Channel slots; therefore, the non-slotted mode of
operation requires the mobile station to monitor all
slots. A mobile station operating in the non-slotted
mode shall monitor the Paging Channel at all times.

During operation in the slotted mode, the mobile
station preferably ensures that its stored
configuration parameter values are current as shown
below. The mobile station will preferably not operate
in the slotted mode if its configuration parameters are
not current.

The overhead messages on the Paging Channel are

preferably:

. System Parameters Message

. Access Parameters Message

. Neighbor List Message

. CDMA Channel List Message

. Extended System Parameters Message
. Global Service Redirection Message
. Extended Neighbor List Message

. General Neighbor List Message

The Response to Overhead Information Operation is
preferably performed whenever the mobile station
receives an overhead message. The mobile station
updates internally stored information from the received
message’s data fields. Configuration parameters and
access parameters are received in the configuration
messages and the Access Parameters Message. The
configuration messages are preferably:

. System Parameters Message

. Neighbor List Message
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. CDMA Channel List Message
. Extended System Parameters Message
. Global Service Redirection Message
. Extended Neighbor List Message
. General Neighbor List Message

Associated with the set of configuration messages
sent on each Paging Channel is a configuration message
sequence number (CONFIG MSG SEQ). When the contents of
one or more of the configuration messages change, the
configuration message sequence number is preferably
incremented. For each of the configuration messages
received, the mobile station stores the configuration

message sequence number contained in the configuration
message (SYS_PAR MSG SEQsg, NGHBR_LIST MSG SEQsg,

EXT_NGHBR_LST_MSG_SEQs, GEN_NGHBR LST MSG SEQsg,
CHAN_LIST_MSG_SEQs, EXT SYS PAR MSG SEQg, or
GLOB_SERV_REDIR MSG_SEQg). The mobile station also
stores the most recently received configuration message
sequence number (CONFIG MSG SEQg) contained in any
message. The mobile station examines the stored values
of the configuration message sequence numbers to
determine whether the configuration parameters stored
by the mobile station are current.

The configuration message sequence number is also
included in the General Page Message. This allows the
mobile station to determine whether the stored
configuration parameters are current without waiting
for a configuration message. Access Parameters
Messages are independently sequence-numbered by the
ACC_MSG_SEQ field. The mobile station preferably
stores the most recently received Access Parameters
Message sequence number (ACC MSG_SEQs) .

The mobile station preferably stores the

configuration parameters from Paging Channels it has
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recently monitored. When a mobile station starts
monitoring a Paging Channel that it has recently
monitored, the mobile station can determine whether the
stored parameters are current by examining the
CONFIG_MSG SEQg in a configuration message or a General
Page Message. The mobile station uses a special value,
NULL, to be stored in place of sequence numbers for
messages that have not been received or are marked as
not current. The special value NULL shall be unequal
to any valid message sequence number. The mobile
station considers the stored configuration parameters
to be current only if all of the following conditions
are true:

. All stored configuration message sequence numbers
(SYS_PAR_MSG_SEQg, NGHBR_LIST MSG_ SEQsg,

EXT_NGHBR_LIST MSG_SEQg, CHAN LIST MSG SEQg,

EXT_SYS_PAR_MSG_SEQs, GEN_NGHBR LIST MSG_SEQs and

GLOB_SERV_REDIR MSG_ SEQg) are equal to CONFIG_MSG SEQg:;

and

. CONFIG _MSG _SEQs is not equal to NULL; and

. No more than 600 E31m seconds -“see—Anpex—P)> have
elapsed since the mobile station last received a
valid message on the Paging Channel for which the

parameters were stored.

If the configuration parameters are not current,
the mobile station preferably processes the stored
parametérs upon receipt of the configuration messages.

Whenever a System Parameters Message is received

on the Paging Channel, the configuration message
sequence number, CONFIG_MSG SEQy, is preferably

compared to that stored in SYS PAR MSG SEQs. If the
comparison results in a match, the mobile station

preferably ignores the message. If the comparison

results in a mismatch, then the mobile station
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processes the remaining fields in the message. If the
comparison results in a mismatch, the mobile station
preferably stores the following parameters:

. Configuration message sequence number
(CONFIG_MSG SEQg = CONFIG MSG_SEQr,

SYS_PAR_MSG_SEQs = CONFIG_MSG_SEQr)

Whenever an Access Parameters Message is received
on the Paging Channel, the sequence number,
ACC_MSG_SEQr, is compared to ACC MSG SEQs. If the
comparison results in a match, the mobile station
preferably ignores the message. If the comparison
results in a mismatch, the mobile station processes the
remaining fields in the message. If the comparison
results in a mismatch, the mobile station preferably
stores the following parameter:

. Access Parameters Message sequence number
(ACC_MSG_SEQg = ACC_MSG_ SEQr)

Whenever a valid Neighbor List Message is received

on the current Paging Channel, the configuration
message sequence number, CONFIG MSG_SEQr, is preferably

compared to that stored in NGHBR_LST MSG SEQs. If the
comparison results in a match, the mobile station
ignores the message. If the comparison results in a
mismatch, the mobile station processes the remaining
fields in the message. If the comparison results in a
mismatch, the mobile station preferably stores the
following parameter:

. Configuration message sequence number
(CONFIG_MSG_SEQg = CONFIG_MSG_SEQr,

NGHBR_LST MSG_SEQg = CONFIG_MSG SEQr)

Whenever a CDMA Channel List Message is received

on the Paging Channel, the configuration message
sequence number, CONFIG MSG SEQr, is preferably
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compared to that stored in CHAN_LST MSG_SEQs. If the

comparison results in a match, the mobile station
preferably ignores the message. If the comparison
results in a mismatch, the mobile station processes the
remaining fields in the message. If the comparison
results in a mismatch, the mobile station preferably
stores the following parameter:

. Configuration message sequence number
(CONFIG_MSG _SEQs = CONFIG_MSG SEQr,

CHAN_LST MSG_SEQg = CONFIG_MSG SEQr)

Whenever an Extended System Parameters Message is

received on the Paging Channel, the configuration
message sequence number, CONFIG_MSG _SEQr, is compared

to that stored in EXT_SYS PAR MSG SEQgs. If the

comparison results in a match, the mobile station
preferably ignores the message. If the comparison
results in a mismatch, the mobile station processes the
remaining fields in the message. If the comparison
results in a mismatch, the mobile station preferably
stores the following parameters:

. Configuration message sequence number
(CONFIG_MSG”SEQS = CONFIG MSG_SEQr,

EXT_SYS_PAR MSG_SEQs= CONFIG_MSG_SEQy)

Whenever a Global Service Redirection Message is

received on the Paging Channel, the configuration
message sequence number, CONFIG_MSG SEQr, is preferably

compared to that stored in GLOB_SERV_REDIR MSG SEQs.
If the comparison results in a match, the mobile
station preferably ignores the message. If the
comparison results in a mismatch, the mobile station
preferably stores the following parameter:

. Configuration message sequence number
(CONFIG_MSG_SEQs = CONFIG_MSG_SEQr,
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GLOB_SERV_REDIR MSG_SEQg= CONFIG MSG_SEQy)

Whenever a valid Extended Neighbor List Message is
received on the current Paging Channel, the
configuration message sequence number, CONFIG_MSG_SEQr,

is preferably compared to that stored in
EXT_NGHBR_LST MSG SEQgs. If the comparison results in a
match, the mobile station preferably ignores the
message. If the comparison results in a mismatch, the
mobile station processes the remaining fields in the
message. If the comparison results in a mismatch, the
mobile station preferably stores the following
parameters:

. Configuration message sequence number
(CONFIG_MSG_SEQs = CONFIG _MSG_SEQr,

EXT_NGHBR_LST_MSG_SEQs = CONFIG _MSG_SEQy,
NGHBR_LST_MSG_SEQg = CONFIG _MSG_SEQr)

Whenever a valid General Neighbor List Message is
received on the current Paging Channel, the
configuration message sequence number, CONFIG MSG_SEQr
is preferably compared to that stored in
GEN_NGHBR_LST MSG_SEQs. If the comparison results in a
mismatch, the mobile station processes the remaining
field in the message. If the comparison results in a
mismatch, the mobile station preferably stores the
following parameters:

. Configuration message sequence number
(CONFIG_MSG_SEQs = CONFIG_MSG_SEQr,

GEN_NGHBR LST MSG SEQg= CONFIG_MSG_SEQr) .

Whenever the mobile station receives a General
Page Message, the mobile station preferably compares

the configuration message seqguence number,
CONFIG_MSG_SEQr, to CONFIG MSG SEQs. If the comparison
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results in a mismatch, the mobile station sets
CONFIG_MSG_SEQS to CONFIG_MSG_SEQI.

TR45.5 has adopted a Quick Paging Channel (QPCH)
approach to increase mobile station battery life in the
next version of TIA/EIA-95-B. This next version is
commonly known as cdma2000. The QPCH as well as the
paging channel (PCH) in the cdma2000 standard are
channels broadcast on a common frequency spectrum of a
CDMA communications system. A pilot channel is also
broadcast. As is well-known, the channels may be
associated with Walsh codes or other unique spreading
codes. The QPCH reduces the amount of time a mobile
station is awake. As used herein, a mobile station is
awake when it is consuming power from a power source to
demodulate a channel using a radio frequency receiver
and demodulation hardware. As used herein, the term
“wake up” is used to mean activation of, and
application of a power source to, hardware necessary
for demodulating a paging signal. Similarly the terms
“sleep” and “go to sleep” refer to the deactivation of
the hardware for the purpose of conserving a power
source in the mobile station.

No error correction coding or interleaving is used
for the paging indicator bits. Consequently, the time
awake to receive the bit is small compared to the time
awake to receive the regular paging channel slot. A
paging indicator bit indicates to the mobile station
whether it is to wake up for its paging channel slot to
receive a page. On-off keying is used by the base
station to transmit the QPCH bits. For example, for
one value the base station transmits a spread spectrum
signal at a given power level during the bit time
period using a particular spreading code and for the

other value the base station does not transmit any
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power during the bit time period using the particular
spreading code.

When the mobile station receives a QPCH bit, there
are preferably three possibilities: “ON”, “OFF”, or

“not certain”. “ON” means that the base station
clearly transmitted the bit. “OFE” means that the base
station clearly did not transmit the bit. “Not

certain” means that the mobile station is not certain
whether or not the base station transmitted the bit.
If the mobile station determines that the received
power for the QPCH bit time period and spreading code
is sufficiently strong, then it can be certain that the
base station transmitted the bit. If the mobile
station determines that the pilot power for the QPCH
bit time period is sufficiently strong and that there
is little received power for the QPCH bit time period
and spreading code, then it can be certain that the
base station did not transmit the bit. If the mobile
station determines that the pilot power for the QPCH
bit time period is not sufficiently strong, the mobile
station cannot be certain whether or not the base

station transmitted the bit.

The present invention can be better understood
with reference to FIGs. 1-7. FIG. 1 depicts a quick
paging channel 100 in accordance with a preferred
embodiment of the present invention. Quick Paging
Channel 100 is preferably divided into 80 ms slots 101
called Quick Paging Channel slots. Associated with a
mobile station’s “regular” 80 ms paging channel (PCH)
slot 101 is a Quick Paging Channel (QPCH) slot 103.

The beginning of a QPCH slot 103 preferably occurs 100
ms earlier in time than the beginning of the associated
PCH slot 101. Each QPCH slot 103 is preferably divided
into four 20 ms frames 105-108. 1In a QPCH slot 103, a
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mobile station’s first paging indicator bit will
preferably be in one of the first two 20 ms frames 105
or 106 of the QPCH slot 103. A mobile station’s second
paging indicator bit will preferably occur in the frame
two frames after the frame containing the mobile

station’s first paging indicator bit.

FIG. 2 shows an example of the bit positions of a
mobile station’s QPCH paging indicator bits 201 in
accordance with the prior art. It should be noted that
the positions of a mobile station’s QPCH paging
indicator bits 201 within a QPCH slot 203 vary as a
function of the system time.

In order to ensure that stored configuration
parameter values are up-to-date for mobile stations
monitoring the QPCH paging indicator bits 201, it has
been proposed that the base station, after updating the
overhead configuration information, sets all QPCH
paging indicator bits 201 to “ON” for an amount of time
which is a function of the maximum slot cycle index.

In the preferred embodiment, the amount of time is 1.28
seconds if the maximum slot cycle index is set to O.

In alternate embodiments of the present invention, the
amount of time could be 2.56 or 3.84 seconds if the
maximum slot cycle index is set to 0, or 2.56, 5.12, or
7.68 seconds if the maximum slot cycle index is set to
1.

When a mobile station is in idle mode and is
monitoring a paging channel or quick paging channel, it
measures the strengths of pilot signals of neighboring
base stations. When a mobile station determines that a
neighboring pilot signal is sufficiently stronger than
the pilot signal associated with the base station whose
paging channel or quick paging channel is being

monitored, it performs a handoff to the neighboring
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base station to monitor the paging channel and quick
paging channel of the neighboring base station. This
type of handoff is called an idle handoff.

According to TIA/EIA-95-B and the proposed
cdma2000 standard, mobile stations have a 10 minute
timer for remembering stored configuration parameter
values when performing idle handoffs from cell to cell.
For example, if a mobile station receives configuration
parameter values from cell A, performs an idle handoff
to cell B, then 5 minutes later performs an idle
handoff back to cell A, the mobile station retrieves
its stored configuration parameter values. The mobile
station need not waste its battery or other power
source receiving the configuration parameter values
again 1f a sequence number, such as the CONFIG MSG_SEQ
in a configuration message or General Page Message,
still matches the stored value for the cell. According
to TIA/EIA-95-B, a mobile station updates its
configuration parameter values by receiving the paging
channel over which configuration parameter messages are
sent for a period of time until all configuration
parameters are up-to-date. Cdma2000 mobile stations
may also update configuration parameters by receiving a
paging channel. Another possibility is to update
configuration parameters by receiving a special
broadcast channel (BCCH), over which configuration
parameter messages are sent for a period of time, until
all configuration parameters are up-to-date. The BCCH
is a channel similar to the PCH and is spread in a
similar manner and is typically broadcast in the same
frequency spectrum.

Because the base station, when updating its
configuration parameter values, preferably sets all
QPCH paging indicator bits to “ON” for a short time

compared to 10 minutes, when a mobile station performs
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an idle handoff back to a cell for which it has stored
overhead information, it would have to wake up for a
paging channel slot in order to insure that its
overhead information is up-~to-date. This time ranges
from 20 ms to 160 ms. Waking up for such a relatively
long time defeats the purpose of the QPCH. Idle
handoffs can be quite frequent in the soft handoff
region between cells, and are wasteful of the battery
or other power source.  On the other hand, if the
mobile station were to begin monitoring the quick
paging bits immediately after idle handoff without
checking for a configuration change, the result could
be a lost mobile station, i.e. a mobile station which
does not respond when paged. For example, if the
channel configuration changed, the mobile station could
be monitoring the wrong channel. Also, if the power
level of the QPCH were lowered, the mobile station
might not respond when paged. Quickly updating the
mobile when the overhead information changes is
critical.

Preferably the mobile station would be able to
determine immediately after the idle handoff if
configuration information has changed without waking up

for a paging channel slot.

In the preferred embodiment of the present
invention as depicted in FIG. 3, every 10 ms one QPCH
bit 301 is reserved as a Configuration Change indicator
bit 303. 1In the alternate embodiment of the present
invention, a QPCH bit is reserved as a Configuration
Change indicator bit every 5 ms. 1In a further
alternate embodiment, a QPCH bit is reserved as a
Configuration Change indicator bit every 20 ms. When
the base station changes the configuration parameter

values, it preferably sets all Configuration Change
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indicator bits 303, also transmitted using On-Off
Keying as with paging indicator QPCH bits, to “ON”
preferably for 10 minutes after changing the
configuration information. It should be noted that
this is in addition to setting all paging indicator
bits for the maximum slot cycle.

When a mobile station performs an idle handoff, it
receives at least one configuration change indicator
bit 303 for the new base station if the ten minute
timer for the new base station has not expired. In an
alternate embodiment, the mobile station can receive
and combine multiple configuration change quick bits.
This is helpful in RF conditions where the signal from
the base station is weak and the mobile station could
not otherwise be confident that the configuration is
not being changed.

In addition, the mobile station receives one or
two paging indicator bits 305. If the mobile station
is confident that there is no page and is confident
that there was no configuration change, it will go to
sleep until the next quick paging slot. It should be
noted that Configuration Change indicator bit 303 is
only monitored by the mobile after an idle handoff;
once the mobile is confident that there is no change in
configuration, it does not have to receive a
configuration change bit 303 in a subsequent quick
paging slot. This is an important feature of the
invention because power is consumed monitoring the
configuration change quick bit only for the first quick
paging slot after an idle handoff. If the mobile
station determines that the configuration has changed
after receiving a configuration change quick bit, it
will wake up for its regular paging slot and stay awake
until it the configuration parameter values are up-to-

date. Consequently, the present invention provides a
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greatly enhanced battery life by waking up the mobile
station only when necessary to receive up-to-date
configuration parameters.

If a broadcast channel (BCCH) is used and the
mobile station determines that the configuration has
changed after receiving configuration change indicator
bit 303, the mobile station wakes up and receives the
BCCH until the configuration parameter values are up-
to-date. If the mobile station does not support
simultaneous demodulation of a BCCH and a PCH, the
mobile station wakes up and receives its PCH slot first
if required based upon the paging indicator bits, then
receives the BCCH. This method can also prevent the
mobile station from missing a page. Preferably, a
mobile station supports simultaneous demodulation of a
BCCH and a PCH; in this case the mobile would receive
the BCCH and simultaneously receive the PCH if required
based upon the paging indicator bits. Simultaneous
demodulation of the PCH and BCCH can be used to
conserve the battery or other power source by
minimizing the amount of time the radio receiver and
associated hardware are on and consuming power.

If the valid configuration parameters timer for
the new base station has expired when the mobile
determines that it needs to perform an idle handoff to
the new base station, the mobile station should
conserve the battery or other power source by not
waking up to receive either the paging indicator bits
or the configuration change indicator bits. This
applies when there is no BCCH and only a PCH. 1If a
BCCH is configured in this case, the mobile station
preferably wakes up for the BCCH without waking up for
the configuration change indicators. Alternately, the
mobile station may receive the paging indicator bits to

determine whether to wake up for the PCH.
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FIG. 4 depicts a flowchart 400 of the mobile
station procedure. The mobile station scans (401) the
neighbor pilots by waking up and measuring the pilot
strengths of the neighboring pilots. The mobile
station determines (405) if a neighboring pilot is
sufficiently stronger than the currently monitored
pilot. If the result of step 405 is negative, the
mobile station proceeds to step 410; otherwise the
mobile station proceeds to step 425. The mobile
station wakes up and receives (410) the first paging
indicator bit. If the mobile station determines (411)
that the first paging indicator bit is “OFF”, the
mobile station proceeds to step 415. If the first
paging indicator bit is not “OFF”, the mobile station
goes (412) back to sleep, then wakes up (413) again and
receives (414) the second paging indicator bit, then
goes (416) back to sleep and proceeds to decision step
415,

The mobile station then determines (415) if it is
confident that there is no page in the following PCH
slot. 1If the mobile determines that either of the
paging indicator bits was “OFF”, then the result of
decision step 415 is positive and the mobile station
proceeds to step 430. If neither paging indicator bit
was “OFF”, the result is negative and the mobile
station wakes up (420) and receives the PCH until it
either receives a page directed to it or until it
determines that there are no pages for it in the PCH
slot. The mobile station then proceeds to step 430.
The mobile station sleeps (430) until the next QPCH bit
it must receive; when the mobile station wakes up for
the next QPCH bit this may be several ms earlier than
the QPCH bit to allow enough time for neighbor

searching. After step 430 the mobile station proceeds
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back to step 401.

If the neighbor pilot is sufficiently stronger
than the current pilot as determined at step 405, the
mobile station performs (425) the idle handoff to the
new pilot. The mobile station then determines (435)
whether its configuration parameter value timer has
expired for the new base station. If the result of
this step is positive, the mobile station wakes up
(440) and receives the updated configuration
parameters. This is preferably accomplished without
receiving the configuration change indicator, because
to receive the configuration change indicator would
consume power from the battery or other power source
when the mobile station has no choice but to wake up to
receive the configuration parameters. After receiving
the updated configuration parameters the mobile station
then goes to sleep until the next QPCH bit as in step
430. The mobile station then proceeds back to step
401.

If the configuration timeout has not expired as
determined at step 435, the mobile station receives
(445) configuration change indicator bits and paging
indicator bits on the QPCH as necessary. Reception of
paging indicator bits is performed in a similar manner
as in steps 410, 411, 412, 413, 414, and 415. 1If there
is no BCCH and the mobile station does not determine
that that one of the paging indicator bits is off, it
can avoid being awake for the configuration change
indicator bit since it must in this case wake up for
the PCH slot anyway. Typically, however, the mobile
station would receive at least one paging indicator bit
and at least one configuration change indicator bit.
Preferably the mobile station receives the first paging
indicator and, after receiving it, stays awake until

the next scheduled configuration change indicator bit,
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receives it, and then goes back to sleep. If the
mobile station does not determine that the first paging
indicator is set to “OFF”’, the mobile station then
wakes up in time to receive the second paging
indicator. 1If the mobile station receives the second
paging indicator, determines that it is set to “OFEF’,
but did not determine that the first received
configuration change indicator bit was set to “OFF”,
the mobile station stays awake to receive a second
configuration change indicator bit. This is preferably
the next scheduled configuration change indicator bit.
If the mobile station determines (446) that the
second configuration change indicator bit is set to
“OFF”, it preferably goes (447) to sleep and then
proceeds to step 450. If the mobile station determines
(446) that the second configuration change indicator
bit is not set to “OFF’, the mobile station determines
(448) whether the configuration change bits are “OFE”
by combining the results of the first two configuration
change indicator bits. If, after combining the two
configuration change indicator bits the mobile station
is confident there has not been a configuration change,
it preferably goes to sleep and proceeds to step 450.
If the mobile station determines (448) that the
configuration change indicator bits are not “OFF”’, the
mobile station preferably remains awake (449) for yet
another configuration change bit, reevaluates, and so
on. Alternately, or it may go back to sleep even
though it is not confident that there has been a
configuration change. If the mobile station receives a
configuration change indicator bit at any time and
determines that it is “ON”, it need not stay awake for
the sake of receiving another configuration change
indicator bit. After receiving configuration change

indicator bits and paging indicator bits as needed, the
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mobile station proceeds to decision step 450.

The mobile station then determines (450) if it is
confident that there is no page in the slot and if it
is confident that there has not been a configuration
change. TIf the result of step 450 is positive, the
mobile station sleeps (460) until the next QPCH bit as
in step 430 and then proceeds back to step 401. If the
mobile station is not confident that there is no page
and no configuration change, the mobile station wakes
up (455) and makes sure that it has up-to-date
configuration parameter values if it is not confident
that there has not been a configuration change. The
mobile station also must stay awake for its paging
channel slot until it either receives a page directed
to it or until it determines that there are no pages
for it in the PCH slot. After the mobile is sure that
its configuration parameter values are up-to-date and
there are no pages for it, it sleeps until the next

QPCH bit as in step 430 then proceeds to step 401.

When the base station updates its configuration
parameter value information, it preferably sets all
QPCH paging indicator bits to “ON” for an amount of
time which is a function of the maximum slot cycle
index. If the change in configuration parameter values
includes a change in the power level of the QPCH, the
power level of the paging indicator bits for this time
period is set to the old QPCH power level. This is
particularly important in order to ensure that mobile
stations monitoring the QPCH paging indicators wake up
to receive the new parameters when the power of the
QPCH is being reduced. If the reduced power level were
used immediately, the mobile stations could become
“lost” because they are unaware of the configuration

change. After this time period, the new power level of
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the paging indicator bits may be used.
Similarly, when the base station updates its
configuration parameter value information, it sets all

Configuration Change indicator bits to “ON” for a.

-predetermined amount of time, preferably for ten

minutes after changing the configuration information.
If the change in configuration parameter values
includes a change in the power level of the QPCH, the
power level of the configuration change indicator bits
for this time period is set to the old QPCH power
level. This is particularly important in order to
ensure that mobile stations monitoring the QPCH
configuration change indicators after an idle handoff
wake up to receive the new parameters when the power of
the QPCH is being reduced. If the reduced power level
were used immediately, the mobile stations might become
“lost” because they are unaware of the configuration
change. After this time period, the new power level of
the configuration change indicator bits is preferably

used.

The following operators define mathematical

operations:
x indicates multiplication.

x] indicates the largest integer 1less than or
equal to x: [1.1]= 1,L1.0]=1.

[x]indicates the smallest integer greater or equal
to x: [1.11=2,[2.0]=2.

|x| indicates the absolute value of x: |-17| = 17,
|17| = 17.

® indicates exclusive OR (modulo-2 addition).
min (x, y) indicates the minimum of x and y.

max (x, y) indicates the maximum of x and vy.
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X mod y indicates the remainder after dividing x
by y: xmody=x-(y x I_X/yJ).

If the mobile station supports the Quick Paging
Channel operation, the mobile station monitors the
Paging Channel in certain slots assigned to it, as
described below. Otherwise, the mobile station
monitors the Paging Channel in each of its assigned
slots. For its assigned slots, the mobile station will
begin monitoring the Paging Channel in time to receive
the first bit of the slot. If the mobile station is
not configured to receive broadcast addresses, the
mobile station will continue to monitor the Paging

Channel until predetermined conditions are satisfied.

The Quick Paging Channel is preferably divided
into 80 ms slots called Quick Paging Channel slots.
The Quick Paging Channel protocol provides for
scheduling the transmission of paging indicators for a
mobile station in Quick Paging Channel slots assigned
to the mobile station. The Quick Paging Channel
protocol also preferably provides for scheduling the
transmission of configuration change indicators for

mobile stations in Quick Paging Channel slots.

FIG. 5 depicts a quick paging channel timeline in
accordance with a preferred embodiment of the present
invention. If the mobile station is operating in the
slotted mode and it supports the Quick Paging Channel,
the mobile station monitors paging indicators on the
Quick Paging Channel as follows. Quick Paging Channel
slots 501 are offset from Paging Channel slots 503 by
20 ms. The Quick Paging Channel slot 501 immediately
preceding the mobile station’s assigned Paging Channel

slot 503 is the mobile station’s assigned Quick Paging
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Channel slot 505. In the preferred embodiment of the
present invention, two paging indicators are assigned
to a mobile station in its assigned Quick Paging
Channel slot 505.

In the following example, t* is the start time of
the mobile station’s assigned Paging Channel slot 503.
Paging indicators are preferably assigned as follows.
The first paging indicator for the mobile station is
preferably assigned between (t*-100 ms) and (t*-80 ms),
marked as 511, and the second paging indicator is
assigned between (t*-60 ms) and (t*-40 ms), marked as
513. Alternately, the first paging indicator for the
mobile station is assigned between (t*-80 ms) and (t*-
60 ms), marked as 512, and the second paging indicator
is assigned between (t*-40 ms) and (t*-20 ms), marked
as 514.

If the mobile station is operating in the slotted
mode and it supports the Quick Paging Channel, the
mobile station preferably, when performing an idle
handoff to a base station whose paging channel has
recently been monitored, monitors one or more
configuration change indicators. Configuration change
indicators are preferably scheduled every 10 ms on the

Quick Paging Channel.

A mobile station operating in the slotted mode
preferably monitors the paging indicators in the mobile
station’s assigned Quick Paging Channel slot 505 if the
mobile station supports the Quick Paging Channel and
the mobile station is not monitoring the Paging
Channel. Otherwise the mobile station monitors the
assigned paging channel slot 503 associated with the
Quick Paging Channel slot 505.

The mobile station’s assigned Quick Paging Channel
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slots 505 are preferably those slots in which:
(L(t-5)/4 ) - PGSLOT) mod (16 x T) = 0.

where t is the System Time in frames, PGSLOT is
preferably selected in the range 0 to 2047, and T 1is
the slot cycle length, preferably in units of 1.28
seconds such that:

T = 2,
and 1 is the slot cycle index.

To determine the pbsition of the mobile station’s
two assigned paging indicators respective to the
beginning of the mobile station’s assigned Quick Paging
Channel slot 501, the mobile station preferably uses
the hash function specified above.

The mobile station preferably determines the bit
position of its first assigned paging indicator with
respect to the first QPCH bit in the QPCH slot 501
according to the following formula:

1+L(R1)/ (N/4)) + Ry

where N is the value from FIG. 6 used to determine
R1.

The mobile station preferably determines the bit
position of its second assigned paging indicator with
respect to the first QPCH bit in QPCH slot 501
according to the following formula:

1+L(R2)/ (N/4)] + Ro

where N is the value from FIG. 6 used to determine
Ro.

The preferred method of the present invention
occurs as follows. The mobile station receives its
first assigned paging indicator. If the mobile station
does not detect that the first assigned paging
indicator is “OFF”, the mobile station receives the
second paging indicator. If the mobile station does
not detect that the second assigned paging indicator is

“OFF”, the mobile station preferably receives its
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assigned Paging Channel slot immediately following its
assigned Quick Paging Channel slot.

Before performing an idle handoff to a base
station whose paging channel was recently monitored, a
mobile station operating in the slotted mode preferably
monitors one or more configuration change indicators on
the assigned Quick Paging Channel for the new base
station if the mobile station supports the Quick Paging
Channel, the new base station supports Quick Paging
Channel, the mobile station is not monitoring the
Paging Channel, and no more than 600 seconds have
elapsed since the mobile station last received a valid
message on the new Paging Channel.

The mobile station preferably determines the bit
positions of its configuration change indicator bits
with respect to the first QPCH bit in a QPCH slot

according to the following formula:

((N/4) + 1) x P

where N is the value from FIG. 6 used to determine
R1 and R2, and where P preferably ranges from 0 to 7.

If the mobile station monitors a configuration
change indicator and determines that it is set to
“"OFE”, the mobile station preferably avoids entering
the non-slotted mode after an idle handoff.

While performing an idle handoff, if the mobile
station supports the Quick Paging Channel operation and
the mobile station determines that the QPCH
configuration change indicator for the new QPCH is set
to "OFF” and if no more than 600 seconds have elapsed
since the mobile station last received a valid message
on the new Paging Channel, the mobile station
preferably does not begin operating in the non-slotted
mode after the idle handoff. Otherwise the mobile

station will operate in the non-slotted mode until the
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mobile station has received at least one valid
configuration message, or General Page Message, on the
new Paging Channel. Following the reception of this
message the mobile station may resume slotted mode
operation.

After performing an idle handoff, the mobile
station preferably discards all unprocessed messages
received on the old Paging Channel.

If the mobile station enters the non-slotted mode,
the mobile station sets CONFIG MSG_SEQg to NULL;

otherwise, the mobile station sets CONFIG _MSG_SEQs to

the stored information for the new Paging Channel. If
the mobile station has not stored configuration
parameters for the new Paging Channel, or if the stored

information is not current, the mobile station sets
SYS_PAR_MSG_SEQg, NGHBR_LST_MSG_SEQsg,

EXT_NGHBR_LST_MSG_SEQs, GEN_NGHBR_LST MSG_SEQs,
CHAN_LST_MSG_SEQs, EXT_SYS_PAR MSG SEQs, and
GLOB_SERV_REDIR MSG_SEQs to NULL.

Certain procedures require a uniform distribution
of mobile stations among N resources. The following
function returns an integer, using as arguments the
mobile station’s IMSI or ESN, the number of resources
N, and a modifier DECORR. The modifier serves to
decorrelate the values obtained for the various
applications from the same mobile station.

If the hashing function is to be used for
determining the Access Channel PN Randomization,

HASH KEY shall be equal to the mobile station ESN.
Otherwise, HASH KEY is preferably equal to the 32 least
significant bits of IMSI_O_S1+224 xMSI O S2).

Define:

* Word L to be bits 0-15 of HASH KEY
* Word H to be bits 16-31 of HASH KEY
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where bit 0 is the least significant bit of HASH KEY.

The hash value is computed as follows:

R =[N x ((40503 x (L ® H ® DECORR)) mod 216 ) / 216
For determining mobile station’s assigned paging
indication bit positions, the hash value is computed as

follows:

R; = LN x (40503 x (L ® H ® DECORR})) mod 216)/216

and

Ry = L(N/2) x((40503 x (L @ H ® DECORRp)) mod 216)/216]+ N+ [(2
xR1)/NJx (N/2).

The mobile station preferably chooses the range N
and the modifiers DECORR, DECORR7, and DECORR?
according to the application as shown in FIG. 6. 1In
the table, HASH KEY [0...11] denotes the 12 least
significant bits of HASH KEY.

The base station may support a Quick Paging
Channel. When a Quick Paging Channel is supported, the
base station transmits paging indicators to the mobile
station in the assigned positions in the assigned Quick
Paging Channel slot. The base station sets the paging
indicators to “ON” if the mobile station is to receive
the Paging Channel in the Paging Channel slot following
its assigned Quick Paging Channel slot.

If the base station operates with a Quick Paging
Channel, after any configuration parameter value is
updated, the base station preferably sets all paging
indicators to “ON” for each Quick Paging Channel slot
for a time interval of T units of 1.28 seconds, where:

SLOT_CYCLE_INDEX
T = N x QMAX_SLOT_CYCLE_IND

and N is an integer greater than or equal to 1.

If the base station operates with a Quick Paging

Channel, after any configuration parameter value is



10

30

35

WO 00/35209 PCT/US99/26682

28-

updated, the base station preferably sets all
configuration change indicators to “ON” for each Quick
Paging Channel slot for a time interval of 600 seconds.
At all other times, the base station sets all

configuration change indicators to “OFF.

To determine the mobile station’s assigned Quick
Paging Channel, the base station preferably uses the
hash function specified in FIG. 6 with the following
inputs. IMSI S based on the IMSI with which the mobile
station registered and the number of Quick Paging
Channels which the base station transmits on the mobile

station’s assigned CDMA Channel.

In the preferred embodiment, the mobile station’s
assigned Quick Paging Channel slots are those slots for

which

(.(t-5)/4) - PGSLOT) mod (16 x T) = 0,
where t is the System Time in frames, PGSLOT is
selected preferably in the range 0 to 2047 by using
hash function specified in FIG. 6, and T is the slot
cycle length, preferably in units of 1.28 seconds such
that

T = 2%,
and 1 is the slot cycle index.

To determine the mobile station’s assigned paging
indicators, the base station preferably uses the same
formula as used by the mobile station. To determine
the position of the configuration change indicators,
the base station preferably uses the same formula as
used by the mobile station.

If the base station sets QPCH SUPPORTED to ‘17,
the base station shall set this field to the Quick

Paging Channel transmit power level relative to that of
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the Pilot Channel as specified in FIG. 7.

While this invention has been described in terms of
certain examples thereof, it 1s not intended that it be
limited to the above description, but rather only to the

extent set forth in the claims that follow.

I claim:
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Claims

1. A method for transmitting a quick paging channel at
different power levels at a base station, the quick
paging channel including paging indicators and
configuration change indicators, the method comprising
transmitting the paging indicators at a first power
level and transmitting the configuration change
indicators at a second power level different than the

first power level.
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2. A method for transmitting a gquick paging channel at
different power levels in accordance with claim 1,
wherein the configuration change indicators are
transmitted at a higher power level than the power

level of the paging indicators.

3. A method for transmitting a gquick paging channel at
different power levels 'in accordance with claim 1,
wherein, for one value the base station transmits a
spread spectrum signal at a given power level dufing
the bit time period using a particular spreading code,
and for the other value the base station does not
transmit any power during the bit time period using the

particular spreading code.

4. A method for transmitting a quick paging channel at
different power levels in accordance with claim 3,
wherein, if the mobile station determines that the
received power for the QPCH bit time period and
spreading code is sufficiently strong, the mobile
station 1is certain that the base station transmitted
the bit.

S. A method for transmitting a quick paging channel at
different power levels in accordance with claim 1,
wherein, if the mobile station determines that the
pilot power for the guick paging channel (QPCH) bit
time period is sufficiently strong and that there is
little received power for the QPCH bit time period and
spreading code, the mobile station can be certain that

the base station did not transmit the bit.
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6. A method for transmitting a quick paging channel at
different power levels in accordance with claim 1,
wherein, if the mobile station determines that the
pilot power for the QPCH bit time period is not
sufficiently strong, the mobile station cannot be
certain whether or not the base station transmitted the
bit.

7. A method for transmitting a quick paging channel at
different power levels in accordance with claim 1,
wherein, if the change in configuration parameter
values includes a change in the power level of the
QPCH, the power level of the configuration change
indicator bits for the current time period is set to
the old QPCH power level.

8. A method for transmitting a gquick paging channel at
different power levels in accordance with claim 7,
wherein, after the current time period, the new power
level of the configuration change indicator bits is

used.

9. A method for transmitting a quick paging channel at
different power levels in accordance with claim 7,
wherein, if the change in configuration parameter
values includes a change in the power level of the
QPCH, the power level of the paging indicator bits for
the current time period is set to the old QPCH power
level.
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10. A method for transmitting a quick paging channel
at different power levels in accordance with claim 1,
wherein, after the current time period, the new power

level of the paging indicator bits is used.
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