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METHOD, SYSTEM AND APPARATUS FOR
PAGING ACCESS TERMINALS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a Reissue Application of patent appli-

cation Ser. No. 12/415,223 filed on Mar. 31, 2009, issued as
US. Pat. No. 8,050,725 B2 on Nov. I, 2011, which 1s a con-
tinuation of international application number PCT/CN2007/
070796, filed on Sep. 26, 2007, and claims the benefit of
priority to Chinese Patent Application No. 200710007196.7,
filed on Feb. 8, 2007, both of which are incorporated herein by
reference 1n their entirety.

TECHNICAL FIELD

The present disclosure relates to the paging technology,
and 1n particular, to a method, system and apparatus for pag-
Ing access terminals.

BACKGROUND

Paging 1s a common technology 1n radio communication
systems. It1s applied 1n scenarios where a remote fixed station
or a mobile terminal sends data to an access terminal (A1) 1n
a radio communication system through the network. The
network sends a paging message to access terminals accord-
ing to the ID of each access terminal. The network entity
controller in the network, which 1s responsible for sending the
paging message, forwards the paging message to all the target
access networks (ANs) within the paging area. These ANs
then broadcast the paging message at a proper time.

The method for paging access terminals in the prior art
includes the following steps: (1) The network entity that
sends a paging message receives data from the network, and

the AT; (2) The current serving AN of the AT forwards the
received paging message to each target AN; (3) Upon receipt
of the paging message, each target AN calculates the time
when the AT wakes to monitor the paging message according,
to some mformation carried in the paging message; and (4) At
the calculated time, each target AN sends the paging message
to the AT.

The key 1n the preceding method 1s to calculate the time
when the AT wakes to monitor the paging message. To deter-
mine the time, there 1s a need to obtain the period that 1s
adopted by the current AT and absolute time that 1s deter-
mined according to the time when the AT previously shiits
from the connected state to the 1dle state.

The current paging message carries all the available peri-
ods of the AT. The message, however, does not carry the
absolute time that 1s determined according to the time when
the AT previously shifts from the connected state to the idle
state. Therefore, in some special scenarios, the target AN fails
to calculate the time when the AT wakes to monitor the paging,
message, thus missing paging the AI. The following
describes two specific scenarios:

Betfore the AT disconnects and enters the idle state, the AT
sends a Connection Close message to the current serving AN.
The Connection Close message carries a future absolute time.

then sends the paging message to the current serving AN of
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The AT enters the idle state after the absolute time. The
current serving AN sends the Connection Close message
carrying the absolute time to the anchor AN of the AT or any
other network entity that sends paging messages. In this sce-
nario, 1f the target AN that wants to send a paging message to
the 1dle AT does not recerve a Connection Close message
from the AT and the network entities do not carry the absolute
time in the Connection Close message when sending the
paging message to the target AN, the target AN cannot obtain
the absolute time when the AT enters the 1dle state. Therefore,
the target AN cannot use the method 1n the prior art to calcu-
late the time when the AT wakes to monitor the paging mes-
sage, and thus misses paging the AT.

When the AT 1s disconnected exceptionally, for example,
the radio link 1s lost, the AT cannot send a Connection Close
message to the current serving AN. Besides, the current serv-
ing AN cannot send the absolute time when the AT enters the
idle state to the anchor AN or other network entities that send
paging messages. Hence, 1n this scenario, 1f the target AN that
wants to send a paging message to the idle AT 1s not the
serving AN 1n the case of exceptional disconnection of the AT,
the target AN that wants to send the paging message can
neither obtain the absolute time when the AT enters the idle

state and nor use the method in the prior art to calculate the
time when the AT monitors the paging message.

SUMMARY

The embodiments of the present disclosure provide a
method, system and apparatus for paging access terminals. In
this way, the time when the AT wakes to monitor the paging
message can be determined so that the AT paging 1s not
missed.

The method for paging access terminals provided in an
embodiment of the present disclosure includes:

sending, by a network entity, a paging message to a target
AN, carrying the information required for calculating the
time when the AT wakes to monitor the paging message,
wherein the information includes the absolute time that 1s
determined according to the time when the AT previously
shifts from the connected state to the 1dle state; and

upon receipt of the paging message, determining, by the
target AN, when to send the paging message to the AT accord-
ing to the mformation carried in the paging message.

The system for paging access terminals provided 1n an
embodiment of the present disclosure includes an AT, at least
a target AN and a network entity that sends the paging mes-
sage.

The network entity that sends the paging message 1s
adapted to send the paging message to the target AN. The
paging message carries the information required for calculat-
ing the time when the AT wakes to monitor the paging mes-
sage. The information includes the absolute time that 1s deter-
mined according to the time when the AT previously shifts
from the connected state to the 1dle state.

The target AN 1s adapted to receive the paging message and
use the information carried 1in the paging message to calculate
the time when the AT wakes to monitor the paging message.
It also sends the paging message to the AT at the calculated
time.

The AT recerves the paging message sent from the target
AN.

The apparatus for paging access terminals provided 1n one
embodiment 1s a network entity that sends a paging message.
The network entity includes a time storage unit and a paging
message sending unit.
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The time storage unit 1s adapted to store the absolute time
that 1s determined according to the time when the AT previ-
ously shifts from the connected state to the idle state.

The paging message sending unit 1s adapted to obtain the
absolute time from the time storage unit. It carries the abso-
lute time with other information used for calculating the time

when the AT wakes to monitor the paging message, within the
paging message, and sends the paging message to the target
AN.

As seen from the preceding technical solution, by carrying
in the paging message sent to the target AN, the absolute time
that 1s determined according to the time when the AT previ-
ously shifts from the connected state to the idle state. The
embodiments ensure that the target AN can calculate the time
when the AT wakes to monitor the paging message according
to the information carried 1n the paging message, and ensure
that the pagmg message 1s sent to the AT successiully and that
the AT paging 1s not missed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a flowchart of an exemplary method for
paging access terminals; and

FIG. 2 shows the structure of an exemplary system for
paging access terminals.

DETAILED DESCRIPTION

To make the objective, technical solution and advantages
of the embodiments clearer, the following describes the
embodiments 1n detail 1n combination with the accompany-
ing drawings.

In the embodiments, when the network entity sends a pag-
ing message to the target AN, the paging message carries the
information required for calculatmg the time when the AT
wakes to monitor the paging message. The information
includes the absolute time that 1s determined according to the
time when the AT previously shifts from the connected state
to the 1dle state. Upon receipt of the pagmg message, the AN
determines when to send the paging message to the AT
according to the carried information.

Herein the absolute time may be equal to the time when the
AT previously shifts from the connected state to the 1dle state
or the preceding time converted by using a preset algorithm.
For example, the absolute time T¢ 1s equal to the time when
the AT previously shifts from the connected state to the idle
state plus a preset duration.

FI1G. 1 1s an exemplary flowchart of the method for paging
access terminals. The method includes the following steps:

Step 101: Upon receipt of data from the network, the net-
work entity sends a paging message to the current serving AN
of the AT. The parameters carried 1n the paging message
include session seed, three periods that the system may adopt,
namely, period 1, period 2 and period 3, the wake counts in
different periods, namely, wake count 1, wake count 2, and
wake count 3, and the absolute time Tc that 1s determined
according to the time when the AT previously shiits from the
connected state to the idle state.

The absolute time Tc¢ 1n the paging message 1s sent to the
servmg AN through a Connection Close message after the AT
1s disconnected but before the AT enters the idle state. The
current serving AN sends the Tc carried 1n the Connection
Close message to the network entity that sends the paging
message.

Alternatively, when the current serving AN of the AT deter-
mines that the AT 1s disconnected exceptionally, the serving,
AN monitors the state of the radio link with the AT and
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determines the time when the AT enters the idle state. It then
determines the Tc¢ according to the determined time, and
sends the Tc to the network entity that sends the paging
message.

The Tc may be equal to the time when the AT previously
enters the idle state or the determined time converted by using
a preset algorithm.

In this step, the network entity that sends the paging mes-

sage may be the anchor AN of the AT or a special paging
controller.

Step 102: The current serving AN of the AT forwards the
received paging message to each target AN.

Step 103: Upon receipt of the paging message, each target
AN calculates the time when the AT wakes to monitor the
paging message according to the information carried in the
paging message.

The method for calculating the time when the AT wakes to
monitor the paging message by the target AN includes:

A. The target AN performs Hash function conversion on
the session seed carried 1n the paging message and obtains the
feature number R of the AT.

B. The target AN puts the R and period 1, period 2, wake
count 1, and wake count 2 carried 1in the paging message into
formula 1 to calculate absolute time T, , and T 5.

T 5>=T _+Periodl-[(T_+256xR)mod Period1]+Pe-
riodl x[24x{WakeCountl+1)-1]

T53=T>+Period2-[(T >+256xR)mod Period2]+Pe-

riod2x[24x{WakeCount2+1)—1] (1)

Difterent forms of formulas regarding T,, and T,, are
available 1n different systems. The Tc 1n formula 1 indicates
the absolute time that 1s determined according to the time
when the AT previously shifts from the connected state to the
idle state.

C. The target AN compares the system time with the cal-
culated T,, and T,;, and then determines the period values
that the system adopts 1n different time scopes according to
formula 2.

(2)

( Periodl, System time < 7>

Period = { Period2, Ti, < System time < 7T»3

| Period3, Other system time

D. The determined period value, R, and ofiset values of the
attribute parameters 1 each sector that are obtained in the
overhead message broadcasted by the system are put into
formula 3 to calculate the time when the AT wakes to monitor
the paging message.

(T+256*R)mod Period=0O1ifset (3)

T indicates the time when the AT wakes to monitor the
paging message. R indicates the number of features that are
used to identify the AT. In some radio systems, the off:

set value
in each sector 1s equal to 0. Period indicates the period that the
AT currently uses.

Step 104: The target AN sends the paging message to the
AT at the calculated time when the AT wakes to monitor the
paging message.

In the preceding embodiment, the network entity sends the
paging message to the target AN through the current serving
AN of the AT. In fact, the network entity may directly send the
paging message to the target AN without using the serving

AN of the AT.




US RE44,461 E

S

An embodiment of the present disclosure provides a sys-
tem for paging access terminals. The system includes an AT,
at least a target AN and a network entity that sends a paging
message, as shown 1n FIG. 2.

The network enftity that sends the paging message 1s
adapted to send the paging message to the target AN. The
paging message carries the information required for calculat-
ing the time when the AT wakes to monitor the paging mes-
sage. The information includes the absolute time that 1s deter-
mined according to the time when the AT previously shifts
from the connected state to the 1dle state.

The target AN 1s adapted to receive the paging message
from the network entity that sends the paging message. It uses
the information carried in the received paging message to
calculate the time when the AT wakes to monitor the paging
message. It also sends the received paging message to the AT
that requires paging at the calculated time.

The AT 1s adapted to receive the paging message sent from
the target AN.

In this system, the network entity that sends the paging
message mcludes a time storage unit and a paging message
sending unit.

The time storage unit 1s adapted to store the absolute time
Tc that 1s determined according to the time when the AT
previously shifts from the connected state to the 1dle state.

The paging message sending unit 1s adapted to carry the
absolute time Tc that 1s stored in the time storage unit with
other information used for calculating the time when the AT
wakes to monitor the paging message within the paging mes-
sage, and sends the paging message to the target AN.

The system further includes the serving AN ofthe AT 1n the
connected state.

The AT 1s further adapted to send a Connection Close
message to the serving AN after the AT 1s disconnected and
betore the AT enters the idle state. The serving AN determines
the absolute time Tc according to the time carried in the
Connection Close message from the AT, and also sends theTc
to the time storage unit.

Alternatively, when the serving AN of the AT determines
that the AT 1s disconnected exceptionally and enters the 1dle
state, the serving AN monitors the state of the radio link with
the AT and determines the time when the AT enters the 1dle
state. It then determines the Tc according to the preceding
time, and sends the Tc to the time storage unit.

The serving AN of the AT may also send the determined
time when the AT enters the 1dle state to the time storage unait.
When sending a paging message, the paging message sending
unit determines the absolute time Tc according to the time
that 1s determined according to the time when the AT enters
the 1dle state. It carries the Tc 1n the paging message with
other information used for calculating the time when the AT
wakes to momitor the paging message, and sends the paging,
message to the target AN.

The system may further include the serving AN of the AT.
The network entity may send the paging message to the target
AN through the current serving AN.

The current serving AN of the AT may be the same as or
different from the previously serving AN of the AT 1n the
connected state.

In this system, the network entity that sends the paging
message may be the anchor AN of the AT or other special
paging controllers.

As seen from the preceding embodiments, by carrying in
the paging message sent to the target AN the absolute time
that 1s determined according to the time when the AT previ-
ously shifts from the connected state to the idle state, the

embodiments enable the target AN to calculate the time when
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the AT wakes to monitor the paging message 1n any scenario
according to the information carried in the paging message. In
this way, the embodiments can ensure that the target AN does
not miss paging the AT.

Although the invention has been described through several
exemplary embodiments, the invention 1s not limited to such
embodiments. It 1s apparent that those skilled in the art can
make various modifications and variations to the invention
without departing from the spirit and scope of the mvention.
The mvention 1s mntended to cover the modifications and
variations provided that they fall in the scope of protection
defined by the following claims or their equivalents.

The mvention claimed 1s:

1. A method for paging access terminals, comprising:

receving, by a target access network, AN, a first paging

message from a network entity, wherein the first paging
message carries information required for calculating the
time when an access terminal, AT, wakes to monitor
[the] a second paging message, and the information
includes an absolute time determined according to the
time when the AT previously shifts from the connected
state to the 1dle state; and

determining, by the target AN, the time to send the second

paging message to the AT according to the information
carried 1n the first paging message.

2. The method of claim 1, before recerving the first paging
message from the network entity, further comprising:

sending, by a current serving AN of the AT, the absolute

time to the network entity, when the AT previously shifts
from the connected state to the 1dle state.
3. The method of claim 1, before receiving the first paging
message Irom the network entity, further comprising:
monitoring, by a current serving AN of the AT, the state of
the radio link between the current serving AN and the AT
when the AT 1s disconnected exceptionally, previously
shifts from the connected state to the idle state:

determining, by the current serving AN, a time when the AT
previously shifts from the connected state to the idle
state;

determiming, by the current serving AN, the absolute time

according to the time;

sending, by the current serving AN, the absolute time to the

network entity.

4. The method of Jany one of] claim 1, wherein the network
entity 1s an anchor AN of the AT or a special paging controller.

5. The method of claim 1, wherein the absolute time 1s
equal to the time when the AT previously shifts from the
connected state to the 1dle state.

6. The method of claim 1, wherein the absolute time 1s
determined by converting the time when the AT previously
shifts from the connected state to the idle state with a preset
algorithm.

7. A system for paging access terminals, comprising: at
least a target access network, AN, and a network entity,
wherein

the network entity 1s adapted to send a first paging message

to the target AN, wherein, the first paging message car-
ries an 1nformation required for calculating the time
when an access terminal, AT, wakes to monitor [the] a
second paging message, and the information includes an
absolute time that 1s determined according to the time
when the AT previously shiits from the connected state
to the 1dle state; and

the target AN 1s adapted to recerve the first paging message

and use the information carried 1n the first paging mes-
sage to calculate the time when the AT wakes to monitor
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the second paging message and send the second paging
message to the AT at the calculated time.
8. The system of claim 7, wherein the network entity com-

prises a time storage unit and a paging message sending unit,
wherein
the time storage unit 1s adapted to store the absolute time
that 1s determined according to the time when the AT
previously shifts from the connected state to the idle
state; and
the paging message sending unit 1s adapted to carry the
absolute time that 1s stored 1n the time storage unit with
other information used for calculating the time when the
AT wakes to monitor the second paging message within
the first paging message and send the first paging mes-
sage to the target AN.
9. The system of claim 8, further comprising: a serving AN
of the AT, wherein
the serving AN 1s adapted to receive the time when the AT
previously shifts from the connected state to the idle
state sent by the Al, to determine the absolute time
according to the received time when the AT previously
shifts from the connected state to the i1dle state, and to
send the absolute time to the time storage unit.

10. The system of claim 8, further comprising: a serving
AN of the AT, wherein
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the serving AN 1s adapted to monitor the state of the radio

link between the serving AN and the AT when the serv-
ing AN of the AT determines that the AT 1s disconnected
exceptionally and enters the 1dle state, to determine the
time when the AT previously shifts from the connected
state to the idle state, to determine the absolute time
according to the time, and to send the absolute time to
the time storage unit.

11. [A] An apparatus for paging access terminal, compris-
ing: a time storage unit and a paging message sending unit,
wherein

the time storage unit 1s adapted to store the absolute time

that 1s determined according to the time when the AT
previously shifts from the connected state to the idle
state; and

the paging message sending umit 1s adapted to carry the

absolute time that is stored 1n the time storage unit with
other information used for calculating the time when the
AT wakes to monitor [the] second paging message
within [the] a first paging message and send the first
paging message to the target AN.

12. The apparatus of claim 11, wherein the apparatus 1s one
of an anchor AN of the AT and a special paging controller.

G ex x = e
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