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ABSTRACT

Apparatus, and an associated method, for facilitating paging of an access terminal
operable in a radio communication system. The access terminal detects a tirst page message
that does not include an access sequence identifier. The access terminal responds to the first
page message without waiting for detection of a second page message that includes an access
sequence ID. The response to the first page message includes an access sequence ID retrieved

from a shared pool of access sequence 1Ds stored at the access terminal.



CA 02663230 2012-02-16

APPARATUS, AND ASSOCIATED METHOD, FOR PAGING A MOBILE
STATION UTILIZING AN ENHANCED MOBILE-TERMINATED
CONNECTION SETUP

The present invention relates generally to a manner by which to page an access

terminal of a radio communication system to alert the access terminal of a pending call, or
other communication. More particularly, the present invention relates to an apparatus, and an
associated method, by which to form a quick page message that includes a structure, formed
of partial identities of access terminals that are paged. The bit length of one or more of the
partial identities is shortened, and one or more others have a bit length that is lengthened 1n an
attempt to create partial identities that are of redundant values. When two or more 1dentities
are of the same values, duplicate partial identities are removable from the page message,
permitting the bits of the removed, partial identities to be allocated to, e.g., increase lengths ot
partial identities remaining in the structure of the page message.

When quick paging is performed through broadcast of a page message, for a given
number of pages included in the page message, the structure of the page message includes
partial identities of lengths best to minimize occurrence of false wakeup of an access terminal

to which the message is broadcast. Excessive battery depletion as a result of false wakeup ot

the access terminal 1s avoided.

Background of the Invention
Advancements in communication technologies have permitted the development and
deployment of new types of communication systems and communication services. Cellular
telephony, and associated communication services available therethrough, are popularly
utilized by many, typically providing users with communication mobility and also providing

the capability of communications when the use of wireline communication systems would not

be practical or possible.
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While early-generation, cellular communication systems provided primarily for voice
communications and only limited data communication services, newer-generation systems
increasingly provide for high-speed data communication services at variable data
communication rates. A CDMA2000, cellular communication system that provides for EV-
DO services 1s an exemplary type of new-generation, cellular communication system that
provides for high-speed data services. Operational details and protocols defining
communications and operational requirements of devices of the system are set forth in an
operating standard specification. Various aspects of operation of the CDMA2000 EV-DO
communication scheme remain to be standardized and certain parts of the existing standard
specification are considered for amendment. Various successor-generation communication
schemes are also undergoing standardization and yet others are envisioned to be standardized.

For 1nstance, a revision to the standard specification, release B of the CDMA2000 EV-
DO specification standard defines a quick paging channel (QPCH) available upon which to
broadcast access-terminal pages by an access network (AN) to an access terminal (AT). The
QPCH was adopted in industry contributions 3GPP2 C20-20060323-013R1 and 3GPP2 C20-
20060323-003R1 and published in 3GPP2 document C.S0024-B V1.0. Generally, pages are
broadcast by the access network to an access terminal to alert the access terminal of a pending
communication. And by so alerting the access terminal, the access terminal performs actions
to permit the effectuation of the communication. Page indications broadcast upon the quick
paging channel are broadcast in a manner that facilitates reduced battery consumption of the
access terminal by reducing the battery consumption of the battery of the access terminal.
Increased battery longevity is provided, reducing the rate at which a battery of the access
terminal must be recharged. The access terminal is, as a result, able to be operated for a
greater period of time between rechargings or battery replacement. The aforementioned
promulgations provide for broadcast of a message including page indications upon a physical
logical layer that is monitored by the access terminal. The access terminal monitors the
QPCH prior to monitoring the control channel to receive regular, control channel MAC
(medium access control) messages such as page messages. A quick page message is

broadcast upon the QPCH.
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In one configuration, the quick page message contains quick page indicators. The
quick page message includes a number of quick page indicator slots populated with the quick
page indicators that indicate whether an access terminal is being paged. An exemplary
configuration of a scheme that utilizes page indications is set forth, for instance, in industry
contribution 3GPP2 C20-20060731-033. In this configuration, during operation, a mobile
station hashes to a quick page indicator location, i.e., slot, within the quick page message
based upon a session seed, i.e., a 32-bit pseudorandom number. If the quick page indicator of
the quick page indicator slot to which the access terminal hashes indicates that the access
terminal 1s not being paged, the access terminal enters into a sleep state, a reduced-power
state, 1n which the access terminal does not remain powered at a level to receive the regular
control channel MAC messages. Power savings is particularly significant in the event that the
control channel MAC messages are lengthy and span multiple control channel frames or
capsules.

In another configuration, a partial hash comparison scheme is provided. In the
disclosed partial hash comparison scheme, the access network forms a quick page message in
which a portion of an access terminal identifier (ATI) of an access terminal that is paged is
placed in the quick page message. An access terminal that monitors for the delivery of a
quick page message, reads the content of the message and compares the values with
corresponding values, that is, portions of a hash of the identifier of that access terminal. If the
values do not match, then the access terminal enters into a reduced power state, e.g., a sleep

state. Contribution C20-20060731-033 shows that partial hashes can also be used in a partial

comparison method to improve battery life; a partial hash of an ATI will be more random than
an ATI. Contribution C21-20060906-003 and also C21-20060906-004 propose that an AN
page an AT on the Quick Paging Channel and regular paging channel, respectively, using a
pseudorandom variable called SessionSeed. Contribution C20-20060731-033 proposed
paging with a hash of an ATI. Partial comparison using a pseudorandom variable will be
more random than a hash of an ATI, particularly using the hash function in the 3GPP2
specification C.S0024-B v1.0. Partial comparison using the SessionSeed also provides more

random bits than the current hash function in C.S0024-B v1.0. Additionally, U.S. Patent No.

6,072,987 introduces the 1dea of partial address comparison to improve battery life. Partial
3
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address comparison is performed, starting with the LSBs of an address to overcome the
problem of an address not being random 1n all bats.

The QPCH message, as presently-proposed in, €.g., in the EV-DO Release B signaling
QPCH, provides thirty-five page indication locations, 1.¢€., bits available to be populated with
paging indicators. The aforementioned “partial hash comparison” scheme utilizes three of the
thirty-five page indication locations for identifying the number of pages, and the remaining
page indication locations are available for paging, viz., are available. While the proposed,
partial hash comparison scheme reduces the false wakeup probability when paging load is
relatively low, as the paging load increases, the reduction in the available page indication
locations actually increases the possibility of false wakeup. When more than five access
terminals are paged, partial hash comparison is not used due to this increased possibility.
Instead, hashing to page indication locations 1s performed. Additionally, 3GPP2 contribution
C22-20060825-008 proposes that an AN assign a paging ATI to the AT. But this contribution
fails to propose an ATI assignment algorithm for the Access Network.

If a manner could be provided by which to improve the performance of a scheme that
utilizes partial comparison pursuant to paging by better reducing the possibility of false
wakeup, improved battery longevity of the access terminal would be possible.

It has further been suggested that paging using a SessionSeed is not ideal for the
reason that the SessionSeed would be used for too many activities, viz. the variable would be
overloaded. If a further manner could be provided that does not require use of the
SessionSeed, this problem would be avoided.

An enhanced mobile terminated connection setup procedure has further been proposed

that includes an access sequence ID in the page for each AT. Access procedures for the
proposed loosely backward compatible standard (LBC) can be found in section 1.3.3 of the
3GPP2 contribution C30-20060731-040R4. According to the proposed LBC standard, the
access sequence ID identifies a 1024 Walsh Sequence used in modulating access probes of an
access attempt. The enhanced mobile terminated connection setup procedure avoids
collisions on page responses by reserving an access sequence ID tor the AT being paged and
sending it in the page, whereas traditional mobile terminated procedures such as in

contribution C21-20060911-031 allow tor collisions on the access channel (i.e. two ATs
4
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could attempt to transmit using the same access sequence at the same time) and resolve the
collisions when they occur. According to traditional procedures, wheﬁ an AT performs an
access attempt 1n response to a page, the AT generates a random access sequence. The
enhanced mobile terminated connection setup procedure requires that the identities of ATs
(paging ATIs, for example) in the paging message be unique since collisions are not allowed.
Because collisions can occur when paging using partial identity comparison, the enhanced
mobile terminated connection setup procedure does not work when paging using partial
identity comparison. Furthermore, it should be noted that the enhanced mobile terminated
connection setup procedure adds extra bits to each page message (6 proposed) which reduces
paging capacity which is counter to the goal of paging using partial identity comparison.

If a further manner could be provided by which to combine the enhanced mobile
terminated connection setup procedure with paging using partial identity comparison

It 1s 1n light of this background information related to paging by an access network of

an access terminal that the significant improvements of the present invention have evolved.

Brief Description of the Drawings
Figure 1 illustrates a functional block diagram of a radio communication system 1n
which an embodiment of the present invention is operable.
Figure 2 illustrates a representation of exemplary structures that are formable pursuant
to operation of an embodiment of the present invention.
Figure 3 illustrates a representation, similar to that shown in Figure 2, but of a
representation of other exemplary structures formable pursuant to additional operation of an

embodiment of the present invention.

Figure 4 illustrates a representation for random/pseudorandom ATI assignment

pursuant to an embodiment of the present invention.

Figure 5 illustrates another representation for random/pseudorandom ATI assignment.

Figure 6 1llustrates another representation for random/pseudorandom ATI assignment
pursuant to another embodiment of the present invention.

Figure 7 illustrates another representation for random/pseudorandom ATI assignment

pursuant to another embodiment of the present invention.
5
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Figure 8 illustrates a representation of an exemplary page message provided when an
enhanced mobile terminal connection is used.

Figure 9 illustrates a representation of an exemplary page message provided when an
enhanced mobile terminal connection is not used.

Figure 10 1llustrates a representation, similar to that shown in Figure 9, but of another

page message used when the enhanced mobile terminal connection setup procedure is not

used.

Detailed Description

The present invention, accordingly, advantageously provides an apparatus, and an
associated method, by which to page an access terminal of a radio communication system to
alert the access terminal of a pending call, or other communication.

Through operation of an embodiment of the present invention, a manner is provided
by which to form a quick page message that includes a structure formed of partial identities of
access terminals that are paged. The partial identities are each of selected lengths, selected in
manners that act to facilitate reduction in the possibility of false wakeup of an access terminal
that monitors delivery of the quick page message.

In one aspect of the present invention, the bit length of one or more of the partial
identities 1s shortened and one or more of the others of the partial identities is lengthened.
The selection of the bit-length shortening and bit-length lengthening is made better to cause
creation of partial identities of identical values, thereby to become redundant. By decreasing
the bit length of a partial identity, the likelihood of its identity with another partial identity of
the same length is increased. And, when redundant partial identities are formed, the
redundancy is removed, permitting the bits of the redundant, partial identity to be allocated to
lengthen other partial identities. Such increase facilitates reduction in the likelihood of a false
wakeup at an access terminal that receives the quick page message.

In another aspect of the present invention, a partial identity scheme is utilized in the
quick paging procedure. The partial identity comparison utilizes parts of the identifiers, such
as access terminal 1dentifiers (ATIs), pseudorandom or random numbers, or any other

numbers amenable for association with access terminals that are paged. The portion of the
6
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identifier that is included in the quick page message comprises, for instance, a selected
number of the most significant bits, or least significant bits, of the number. The length of
each of the partial identifiers is selected and is dependent upon various factors.

The length of the quick page message is prescribed. For instance, the quick page
message 1s of a thirty-five bit length of which thirty-two bits are available to be populated
with a structure including a selected number of partial identifiers. The other three bits, e.g.,
identify the number of pages contained in the quick page message. In general, when the
number of pages increases, the number of bits available in the quick page message available
to 1dentify a particular access terminal decreases due to the prescribed length of the quick
page message. That 1s to say, for example, if thirty-two bits are available in the quick page
message, and only one access terminal is paged, all thirty-two bits are allocable to identify the
access terminal that 1s paged. However, if two access terminals are to be paged, the same
thirty-two bits must be divided so that both of the access terminals can be paged.
Analogously, when three access terminals are paged, the available thirty-two bits of the quick
page message must be divided to permit all three of the access terminals to be paged, and so
forth when there are greater numbers of access terminals that are paged.

In a conventional proposal, the available bits of the quick page message are divided
equally to provide to each of the access terminals that are paged an equal number of bits in the
quick page message when a partial comparison scheme is used. However, depending upon
the number of pages, the thirty-two available bits cannot be divided equally. To maintain the
equal distribution of the allocated bits, one or more of the thirty-two bits is unused.

Operation of an embodiment of the present invention both makes better utilization of
all the available bits of the quick page message available to page access terminals and to
select a structure including selection of lengths of partial identifiers of the access terminals
that are to be paged. Selection of the bit lengths of the partial identifiers is made to increase
the possibility of occurrence of redundant partial identifiers that permit the redundancies to be
removed out of the quick page message and the bit locations of the removed, redundant values

are then usable to increase the bit lengths of the partial identifiers of the remaining, €.g., non-

redundant, partial identifiers.
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By reducing the bit-length of a partial identifier, the possibility of the shortened,
partial identifier being identical with another partial identifier of the same length increases.
By creating such a redundancy, a redundant partial identifier is removable out of the quick
page message, and the structure of the quick page message 1s changed to reallocate the newly-
available bits to lengthen the partial identifiers of one or more other partial 1dentitiers of the
structure. Different numbers of partial bits are used dependent upon the number of partial bits
of the partial identifiers of different access terminals match.

In these and other aspects, therefore, apparatus, and an associated method, 1s provided
for an access network of a communication network that generates a first page message on a
first paging channel. A determiner is configured to determine page values of each page
identifier set of each page intended to be included in the first page message. A rearranger is
configured to rearrange a length of at least one of the page 1dentifier sets of pages intended to
be included in the first page message. Rearrangement 1s made in a manner that facilitates
reduction in a probability parameter.

In these and further aspects, further apparatus, and an associated method, 1s provided
for an access terminal that monitors a first paging channel for delivery of a first paging
message. A number-of-pages detector 1s configured to detect how many page identifier sets
are included in the first page message. A page identifier set value detector is configured to
detect values of each page identifier set detected by the number of page detector to be
included in the first page message. Lengths of the page identifier sets are arranged 1n a
manner facilitating reduction of a probability parameter.

Referring first, therefore, to Figure 1, a radio communication system, shown generally
at 10, provides for communications with access terminals, of which the access terminal 12 1s
exemplary. The communication system forms a multi-user communication system that
typically includes a large number of access terminals and a plurality of concurrent
communication dialogs. While only a single access terminal 1s shown 1n Figure 1, additional
access terminals, analogous to the access terminal 12, typically form a portion of the
communication system.

Communications are effectuated between an access terminal and a radio network 14,

formed of fixed network infrastructure elements, such as a base transceiver station (BTS) 16
8
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and a base station controller (BSC) 18. The access network encompasses a geographical area
within which communications with the access network are possible. That is to say, when an
access terminal is positioned within the area encompassed by the access network, the access
terminal is generally able to communicate with the access network, and the access network is
typically able to communicate with the access terminal.

The communication system is operable in general conformity with the operating
protocols and parameters of an appropriate communication specification standard. The
description set forth herein is exemplary, and the teachings of various embodiments of the
present invention are implementable in any of various types of communication systems.

As previously mentioned, access terminals are alerted, by broadcast of a page message
when a communication, initiated at the network, is to be terminated at an access terminal. A
quick paging channel (QPCH), or analogous channel, is defined. Information contained in a
quick page message broadcast on the quick paging channel identifies access terminals that are
paged. When an access terminal detects, from the quick page message, that the access
terminal 1s paged, the access terminal further operates in anticipation of the page and
subsequent communication. The access terminal, conversely, enters into a reduced-power
consumption state, e.g., a sleep state. If the access terminal incorrectly determines that it is
being paged, the access terminal falsely wakes up. And, increased levels of power are
consumed by the access terminal, resulting in reduced battery longevity. The aforementioned
partial hash comparison scheme is intended to reduce the likelihood of false wakeup of the
access terminal, but, as presently implemented, provides advantages only when a quick page
message pages five or fewer access terminals. Additionally, not all of the bits of a quick page
message are fully utilized in every paging scenario, and the existing scheme, for this reason, is

less than ideal.

Accordingly, pursuant to an embodiment of the present invention, the access network
includes apparatus 24, and the access terminal includes apparatus 26, that operate pursuant to
quick page message generation and quick page message receipt in manners that reduce the
likelihood of occurrence of false wakeup relative to an existing partial hash comparison

scheme. The elements of the apparatus 24 and of the apparatus 26 are functionally
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represented, implementable in any desired manner, including, for instance, by algorithms
executable by processing circuitry.

The elements forming the apparatus 24 are implemented at any appropriate location of
the access network, including, as illustrated, at the BTS 16 or BSC 18, or distributed amongst
such entities, as well as others.

Here, the apparatus 24 includes a determiner 32, a comparator 34, a rearranger 35, a
redundant page value remover 36, and a quick page message formatter 38.

- The determiner 32 operates to determine, based upon information provided thereto,
here represented by way of the lines 42, information associated with a quick page message
that 1s to be created for broadcast to access terminals. The information provided to the
determiner 32 includes, for instance, identifiers that identify the access terminals that are to be
paged. The identifiers comprise multi-bit numbers, for instance, forming the access terminal
identitiers (ATIs) of the access terminals, pseudorandom numbers, or random numbers, or any
other values amenable for identification of an associated access terminal. The determiner 32,
for instance, determines, based upon the number of pages intended to be included in the quick
page message, the partial identifiers of the respective identifiers of the access terminals.
Determinations made by the determiner 32 of the bit lengths of the partial identifiers are, for
Instance, conventionally-selected bit lengths. Indications of determinations made by the
determiner 32 are provided to the comparator 34 and to the rearranger 35. The comparator 34
compares values of the partial identifiers intended to be included in the quick page message.
Such comparisons indicate whether any of the partial identifiers are redundant. As a result of
comparisons made by the comparator, the redundant page remover 36 removes the redundant
partial identifiers. A loop back to the determiner, here represented by way of the path 44,

permits reconfiguration of the partial identifiers subsequent to removal of a redundant partial

identifier.

Here further, the rearranger 35 is operable. The rearranger 35 is operable further to
rearrange the bit lengths of the partial identifiers that are determined by the determiner 32 to
be includable in a quick page message intended to be broadcast.

In first exemplary operation of an embodiment of the present invention, the

determinations made by the determiner 32 are first provided to the rearranger 35, and the
10
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rearranger 35 rearranges the bit lengths of one or more of the partial identifiers. A bit-length
of at least one of the partial identifiers 1s reduced, permitting, if desired, lengthening of the bit
length of one or more others of the partial 1dentifiers. The rearrangement made by the
rearranger, such as by shortening the bit length of a partial identifier increases the possibility
that another partial identifier of corresponding length shall be of the same values and thereby
redundant thereto. That is to say, therefore, the rearranger operates to form partial identifiers
in manners to increase the possibility of formation of redundant partial identifiers. Redundant
partial identifiers need not be included in a quick page message and are deletable by the
redundant page remover 36. In this exemplary operation, determinations made by the
determiner 32 are provided to the rearranger 35. The rearranger 35 rearranges the bit lengths
of one or more partial identifiers. Once rearranged, the partial identifiers are compared by the
comparator, and redundancies are removed by the redundant page remover 36.

In alternate operation, rearrangement 1s performed by the rearranger 35 subsequent to
a first pass of determined values determined by the determiner 32 and compared by the
comparator 34. Or, if desired, operation need not include operation of the rearranger 35
although, generally, the advantages provided by the rearranger 35 in increasing the likelthood
of formation of redundant, partial identifiers 1s not then provided.

Upon completion of rearrangement, comparison, redundant page removal, and
reallocation, if elected, of the available bits, indications are provided to the quick page
message formatter 38. The quick page message formatter formats a quick page message to
include the partial identifiers that shall be included in the quick page message, subsequently to

be broadcast by the access network.

Through removal of redundant, partial identifiers, better use 1s made ot the limited bit-
length of the quick page message. And, through operation of the rearranger 35, the likelihood
of a redundancy of a partial identifier, permitting 1ts removal, 1s increased. When such
operation reduces the likelihood of false wakeup of an access terminal, such operation
facilitates communication activities in the communication network.

Figure 2 illustrates an exemplary representation of operation of rearrangement, such as
that performed by the rearranger 35 shown in Figure 1. Here, the structure, represented at 62

of a quick page message, such as that determined by the determiner 32 shown in Figure 1,
11
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includes four partial identifiers, each of eight-bit lengths. Rearrangement performed by the

rearranger creates any of various alternate structures of which structures 62-1, 62-2, and 62-3
are shown. The structure 62-1 is of bit lengths of nine-bit, eight-bit, eight-bit, and seven-bit
lengths, respectively. The structure 62-2 includes partial identifiers of bit-lengths of nine bits,
nine bits, eight bits, and six bits, respectively. And, the structure 62-3 is formed of partial
1dentifiers of nine-bit, nine-bit, nine-bit, and five-bit lengths, respectively.

Figure 3 illustrates other exemplary structures formable pursuant to operation of an
embodiment of the present invention. Here, a structure initially formed includes partial
identifiers of five access terminals. Initially, each of the partial identifiers is of a six-bit
length. Rearrangement operations form any of various alternate structures, of which three
alternate structures, designated as 72-1, 72-2, and 72-3 are shown in the figure. The structure
72-1 includes partial identifiers of seven-bit, seven-bit, seven-bit, seven-bit, six-bit, and five-
bit lengths, respectively. The structure 72-2 is formed of partial identifiers of seven-bit,
seven-bit, seven-bit, and four-bit lengths, respectively. And, the structure 72-3 is formed of
partial identifiers of eight-bit, seven-bit, seven-bit, seven-bit, and three-bit lengths,
respectively.

Reterring back to Figure 1 again, transceiver elements of the base transceiver station
16 cause broadcast of quick page messages that have been formatted by the quick page
message formatter 38. The messages are broadcast upon a radio air interface, represented in
Figure 1 by the arrow 63. The messages are delivered to access terminals, such as the access
terminal 12, within reception range of the broadcast messages. The access terminal 12
includes transceiver circuitry, here represented by a receive part 64 and a transmit part 66.
The receive part 64 operates to receive signals sent thereto, such as the quick page messages
broadcast by the access network. And, certain of the detected signals are provided to the
apparatus 26 embodied at the access terminal. Of significance here are detections of the quick
page message broadcast by the access network.

The apparatus 26 includes a number of page detector 73 and a page identifier set value
detector 74. The elements are functionally represented, also implementable in any desired
manner, including algorithms executable by processing circuitry. The detector 73 detects an

indication in the quick page message of the number of pages that are included in the received
12
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quick page message. The number of pages are indicated in, e.g., and as noted above, a three-
bit segment of the quick page message. Detection of such indication is used by the page
identifier set value detector in the detection of the page identifier sets, thereby to determine
whether the access terminal is paged. Additional operation at the access terminal determines,
In response to the number of pages detected by the page detector of the page value lengths of
the page identifier set or sets contained in the quick page message. In the event that the
detector detects the access terminal not to be paged, an indication is provided to an access
terminal (AT) state controller 84 to cause the access terminal to be placed in a reduced-power
state, e.g., a sleep mode. If a page is detected, conversely, an indication is provided to the
state controller and the controller causes the state of the access terminal to permit its further
operation with respect to paging and further communication.

The false wakeup probability at an access terminal is governed by the equation:

1-[1-1/2™"]

Wherein:

n identifies the number, i.e., bit length, of partial identifiers.

Through operation of an embodiment of the present invention, new structures are
provided that, when used, reduce the likelihood of occurrence of false wakeup. Figures 2 and
3 illustrate various of the new structures when four and five identifiers are to be paged within
a quick page message. During operation of an embodiment of the present invention, the
number of bits for one of the partial identifiers is lowered in order to give a higher probability
of a match of, viz., redundancy with, another partial identifier. In an example of five pages
within a quick page message, there is a fifty-one percent possibility of occurrence of at least
two five-bit partial identifiers being a match. Analogously, there is a twenty-eight percent
probability of match of six-bit partial identifiers, a fifteen percent probability of redundancy
of at least two seven-bit partial identifiers, and an eight percent probability of redundancy of
at least two eight-bit partial identifiers. Structures are used if the likelihood of false wakeup
for the structure is less than the likelihood of false wakeup when a hashing to individual page
indication locations and use of single-bit identifiers are used.

The false wakeup probability for the structure 62-1 shown in Figure 2 is governed by

the following equation:
13
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1 1 1
1= (1= =) (A~

The talse wakeup probability for the structure 62-2 shown in Figure 2 is:

L Ly 1
(1) A=) -

The false wakeup probability for the structure 62-3 shown in Figure 2 is:
1 1
1-(1 —-2-5-)3(1 %

The structure that exhibits the lowest false wakeup probability and that generates a
partial identifier that can be eliminated, if any, is the structure used by the access network.
The overall false wakeup probability for a number of pages is determinable by summing the
products of the various false wakeup probabilities for the new structure and the percentage of
page combinations that would use them together with the product of the false wakeup
probability of a page indication method for the number of pages and the percentage of page
combinations where matches are unable to be made.

In a further embodiment, the access terminal is permitted immediately to respond to a
quick page message without receiving the regular page message, but only if doing so would
result in an acceptably low false page response probability. For example, suppose that the

QPCH structure described in contribution 3GPP2 document C21-20060906-004 were used.

The probability of a “match” on the quick page message for the case of one page is 5—% or

1.86x10”. The probability of a “match” on the quick page message for the case of two pages

1s 1— (1 —-?2}1-5—](1 ——é—lﬁ-J or 6.10x10”. The probability of a “match” on the quick page message

for the case of three pages is about 1-L1 2 JLI 1“)(1—%) or 0.00146. 0.00146 may
2 2 2

not be an acceptable probability of a false page match, but 1.86x10™ and 6.10x10” would

both be acceptably low for a number of false page matches. So if the false page response
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probability would be reasonably low after only receiving a quick page message and
performing partial identity comparison on the quick page message contents, the AT could
perform a page response immediately after detecting a partial identity match in the quick page
message only. In this case the AT would be allowed to perform a page response after a partial
1dentity match for either one or two pages. For three pages or more, however, the AT would
wake up for the regular page message and perform partial identity comparison on the regular
page message 1t it detected a partial identity match in the quick page message and only
perform the page response if it detected a partial identity match in the regular page message.

The number of pages that would trigger a page response using the quick page message
alone would depend upon the size of the quick page message. The AN could control the
threshold at which ATs are allowed to perform page responses using the quick page message
only by means of a parameter sent to ATs. For example, the AN could send a value of
number of pages (i.e. send the value 2 to allow page responses on a partial identity match if
there are two or fewer pages in the Quick Page Message). Alternately, the AN could send a
value such as a match probability (i.e. broadcast 107 if ATs are allowed to send page response
after receiving quick pages only if the probability of a false match after receiving the quick
page message is less than 107).

According to this further embodiment, page responses with reduced latency are
enabled by allowing ATs to perform page responses after receiving the quick page message
only if the probability of a false page response would be acceptably low and otherwise
receiving the regular page message.

The disclosure aims to improve battery life by introducing a method for partial identity
comparison with random or pseudorandom bits in page messages.

Addresses are transmitted starting with the least significant bit and continuing with
more significant bits. If the address is long, it could potentially get to a less random part of the
address and the technique would be less effective. Contribution C20-2006731-033 suggests
that partial hashes be used in partial comparison method. The hashes would be hashes of an
address. The address that the hash is based on may not be completely random, so this may still
not produce the best partial identities for partial identity comparison. If a hash is not

completely random, 1t could result in an increase in the false wakeup probability.
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Furthermore, the hashing is an extra step that would be nice to avoid. The invention solves
the problem by performing partial identity comparison using a random or pseudorandom
variable (such as SessionSeed) that is known to both the AN (access network) and the AT

(access terminal). Most significant bits of the SessionSeed could be used as partial identities

In page messages, for example.

Figure 4 shows a method for random/pseudorandom ATI assignment where the
random/pseudorandom number is generated at the AT. First the AT generates a random or
pseudorandom number. The AT then puts it in a signaling message and transmits it to the
AN. One option would be to use the SessionSeed field as in the current 3GPP2 C.S0024-B
v1.0 specification; alternately, another field could be used. The AN then stores the number as
the AT’s ATI. The AN may then optionally send a message to the AT including the number
and assigning it to the AT as the ATI. The AT upon receiving this message will store the
number as its ATI. The AN will then perform quick paging and paging to that AT using the
ATIL. The AT will then use the ATI for paging and quick paging partial comparison

techniques.
Figure 5 shows a method for random/pseudorandom ATI assignment where the

random/pseudorandom number is generated in the AN. First the AT sends the AN a message
using an address other than the ATI. The AN then generates a random or pseudorandom
number and stores it as the AT’s ATI. The AN then sends a message to the AT including the
number and assigning it to the AT as the ATI. Upon receiving the message, the AT will store
the pseudorandom number as the ATI. The AN will then perform quick paging and paging to
that AT using the ATI. The AT will then use the ATI for paging and quick paging partial

comparison techniques.

This paragraph describes a way that the proposed invention could be used in
conjunction with a number of messages and procedures from the existing C.S0024-B
standard. A random ATI value for UATI-based ATI record is created and used in paging.
The partial bits of the random ATI are then used in partial comparison on the quick paging
channel and/or the regular paging channel. The ATI that will be used for partial comparison
for paging and quick paging will be set to a random or pseudorandom number. The AN could

compute the number itself using a pseudorandom number generator or using some random
16
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physical input; the AN would then send the assigned paging ATI to the AT in a signaling
message. Alternately the AT could compute the number itself using a pseudorandom number
generator or using some random physical input. The AT could then send this message to the
AN 1n a signaling message. One such example is Random ATI (RATI) that AT uses in initial
UATI Request message. The RATI is effectively the pseudorandom SessionSeed computed
by AT and AN can set the least significant 24 bits of UATI to the least significant 24 bits of
RATI sent by the AT; alternately, the AT could send another random or pseudorandom
number to the AN in addition to the SessionSeed. Yet another alternative is to create a random
value based on SessionSeed/RATI used by AT and UATI assigned by AN.

The AN keeps track of the hashes that will be generated by ATs whose ATI it
assigned. When generating a new ATI it will assign in such a way that the hashes on the ATIs
will be distributed uniformly:.

The embodiments of Figures 4 and 5, therefore, solve the problem concerning
excessive use of the SessionSeed. Instead, the ATI is assigned to be a random or
pseudorandom number and performing quick paging and paging with the random ATI and
using the random ATI for partial comparison. The least significant and most significant bits
of the ATI can then be used for partial comparison.

Figure 6 shows a method for random/pseudorandom ATI assignment where the
random/pseudorandom number is generated at the AT. First the AT generates a random or
pseudorandom number. The AT then puts it in a signaling message and transmits it to the AN
(step a). One option would be to use the SessionSeed field as in the current 3GPP2 C.S0024-
B v1.0 specification; alternately, another field could be used. The AN then checks to see if
another AT has already been assigned the received random/pseudorandom number. If another
AT has already been assigned that number as its ATI, then the AN will send a reject message
to the AT (step b); otherwise, the AT skips to step d where it stores the number as the AT’s
ATT and optionally sends a message to the AT including the number and assigning it to the
Al as the ATI. Upon receiving the reject message (step b), the AT will generate a new
random or pseudorandom number and puts it in a signaling message and transmitting it to the
AN (step ¢). Although not shown, the AN would again check to see if the number is assigned

to another AT and steps b and ¢ would be repeated until a unique ATI is generated. The AT
17
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upon receiving the optional message at step d will store the number as its ATI. The AN will
then perform quick paging and paging to that AT using the ATI. The AT will then use the
ATI for paging and quick paging partial comparison techniques.

Figure 7 shows a method for random/pseudorandom ATI assignment where the
random/pseudorandom number is generated in the AN. First the AT sends the AN a message
using an address other than the ATI. The AN then generates a random or pseudorandom
number and stores it as the AT’s ATI. The AN will check to see if the random or
pseudorandom number is already assigned as another AT’s ATI and if so, will repeat the
generation of the random or pseudorandom number until a unique ATI has been determined.
The AN then sends a message to the AT including the number and assigning it to the AT as
the ATI. Upon receiving the message, the AT will store the pseudorandom number as the
ATI. The AN will then perform quick paging and paging to that AT using the ATI. The AT
will then use the ATI for paging and quick paging partial comparison techniques.

Alternately, steps of Figure 6 and of Figure 7 are combined. For example, suppose
that the AT generates the random/pseudorandom number and sends it to the AN and the AN
determines that it is already in use; the AN could then generate a unique random or
pseudorandom number as described with respect to Figure 7 and send it in a signaling

message to the AT, overriding the number sent by the AT.

According to a further embodiment of the present invention, an enhanced mobile
terminal connection setup procedure is provided for selectively enabling or disabling the
enhanced mobile terminated connection setup procedure according to the paging load. If the
paging load is low, the enhanced mobile terminated connection setup procedure is used. If the
paging load is high, the enhanced mobile terminated connection setup procedure is not used.
Over-the-air signaling from the AN to the AT tells the AT whether or not to used the
enhanced mobile terminated connection setup procedure. If the over-the-air signaling
indicates that the enhanced mobile terminated connection setup procedure is not used,
traditional procedures such as in the aforementioned contribution C21-20060911-031 are used
and the AT will generate a random access sequence for its access attempt in response to a

page. If the over-the-air signaling indicates that the enhanced mobile terminated connection
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setup 1s used, the AT will take the access sequence from the page message and use it for its
access attempt.

The tollowing exemplary messages, shown in Figs 8-10, include a header including
the following fields: Length, Message ID, Number of Pages, and Access Sequence ID
Included. For the purpose of illustration, it will be assumed that the remaining fields of the
message are 256 bits 1n length total. It will also be assumed that the Page ATI is a 32-bit
number and that the Access Sequence ID is a 6-bit number.

It should be noted that message lengths other than 256 bits are also possible. The AN
could potentially use larger or smaller messages depending upon the loading of the channel on
which the page message is to be sent; if there is more capacity available, more bits could be
used; 1f there is less capacity available, fewer bits could be used.

Figure 8 shows an example of a page message where the enhanced mobile terminated
connection setup procedure is used. The number of pages being sent by the AN is six. The
Length field is set to the overall length of the message. The Message ID field is set to a value
to indicate that the message is a page message. The number of Pages field is set to six. The
Access Sequence ID Included field is set to ‘1’ to indicate that there is an access sequence ID
included for each page. Paging ATIs 1, 2, 3,4, 5, and 6 and Access Sequence IDs 1, 2, 3, 4,
5, and 6, respectively are included. The message also includes spare bits. Since the paging
ATlIs and the Access sequence IDs can all fit in the message, this message format can be used.
There 1s one Access Sequence ID for each AT being paged. Upon receiving this page
message including its ATI, an AT will access using the Access Sequence ID associated with
its Paging ATI in the page message. It should be noted that the group of Access Sequence
IDs used 1n paging messages is different from the group that an AT would use for mobile-
originated messages or for responding to pages that do not include an Access Sequence ID.

Figure 9 shows an example of a page message where the enhanced mobile terminated
connection setup procedure is not used. The number of pages being sent by the AN is seven.
The Length tield is set to the overall length of the message. The Message 1D field is set to a
value to indicate that the message is a page message. The number of Pages field is set to
seven. The Access Sequence ID Included field is set to ‘0’ to indicate that there is not an

access sequence ID included for each page. Paging ATIs 1, 2, 3, 4, 5, 6, and 7 are included.
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The message also includes spare bits. Since the paging ATIs and the Access Sequence [Ds
tor all 7 ATs cannot fit in the message, the Access Sequence IDs are omitted from the
message. The Paging ATlIs all fit in the message, however, so they are all included. Upon
receiving this page message including its ATI, an AT will access using a random Access
Sequence ID. When the AT responds to this page, it uses an Access Sequence ID randomly
chosen from a group other than the group of Access Sequence IDs that are sent in paging
messages (at different paging loads).

Figure 10 shows an example of another page message where the enhanced mobile
terminated connection setup procedure is not used. The number of pages being sent by the
AN s eleven. The Length field is set to the overall length of the message. The Message ID
field 1s set to a value to indicate that the message is a page message. The number of Pages
field is set to eleven. The Access Sequence ID Included field is set to ‘0’ to indicate that there
1S not an access sequence ID included for each page. Partial identities of equal length
associated with ATIs 1,2,3,4,5,6,7,8,9, 10, and 11 are included. The message also
Includes spare bits which are allocated as extra partial identity bits for some of the ATs being
paged. Since the paging ATIs and the Access Sequence IDs for all 11 ATs cannot fit in the
message, the Access Sequence IDs are omitted from the message. The Paging ATIs also do
not fit in the message, so partial identities are included. Upon receiving this page message
including the corresponding portion of its identity, an AT will access using a random Access
Sequence ID. When the AT responds to this page, it uses an Access Sequence ID randomly
chosen from a group other than the group of Access Sequence IDs that are sent in paging

messages (at difterent paging loads).

[t should be noted that other variations of message structure are possible. For
example, in Figure 8, the Access Sequence IDs could all be first in the message followed by
all Paging ATIs. Another variation of Figure 8, Figure 9, and Figure 10 would omit the

Access Sequence ID Included field and the AT would determine whether the Access
Sequence IDs are included based upon the value of the Length field and the value of the

Number of Pages field.
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It should also be noted that there is an interaction with the idea of immediately
performing a page match if a partial address comparison using a QPCH message yields a
match when the number of pages is sufficiently small. In such a case
the Access Sequence ID would not be known to the AT and the AT would, when responding
to a page, use an Access Sequence ID randomly chosen from a group other than the group of
Access Sequence [Ds that are sent in paging messages.

An AT immediately performs a page response if partial address comparison using a
QPCH message yields a match when the number of pages is sufficiently small to give a low
false page response rate. In such a case the Access Sequence ID is not known to the AT and
the AT would, when responding to a page, use an Access Sequence [D randomly chosen from
a group other than the group of Access Sequence IDs that are sent in paging messages.
Although doing this permits reduction in the time until the AT sends the first access probe of
its access attempt. However, the overall latency might be greater than if the AT had waited
for the page if there is a collision on the access.

In a further embodiment, collision and latency resulting from such a collision, is less
likely to occur. In this further embodiment, the AT switches from a randomly chosen access
sequence to a dedicated one in the middle of an access attempt. When the AT receives a
quick page yielding a match when the number of pages is sufficiently small to give a low false
page response rate, the AT will begin the access attempt for the response using a randomly
chosen Access Sequence ID (i.e. one that is not dedicated and could be chosen by other ATs
and thus 1s prone to collisions). The AT will begin monitoring for an access grant on the F-

SCCH which is a shared signaling channel used to carry Access Grants. The AT will send

subsequent access probes according to a conventional access procedure. Meanwhile, at the
same time the AT 1s monitoring the F-SCCH for an access grant, the AT will monitor for
pages on the F-DCH; this may include monitoring the F-DCH at two different time periods
(including a second time period for a fast repeat). The AT will continue monitoring for a
page until it has received an access grant or until it has received its page. If the AT receives a
page to its address containing a dedicated access sequence ID, the AT will start using the
dedicated access sequence ID for subsequent access probes of its access attempt. By using

the dedicated access sequence ID when it is available, the AT minimizes latency.
21



CA 02663230 2009-03-12

WO 2008/034220 PCT/CA2007/001634

Presently preferred embodiments of the invention and many of its improvements and
advantages have been described with a degree of particularity. The description is of preferred

examples of implementing the invention, and the description of preferred examples is not

necessarily intended to limit the scope of the invention. The scope of the invention is defined

by the following claims.
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CLAIMS:

1. A method for responding to an access-terminal page, said method comprising:

receiving an access-terminal page message;

responding to the access-terminal page using a first type of access sequence 1dentitfier
if the access-terminal page message does not include an access sequence 1dentifier, wherein
responding using the first type of access sequence 1dentifier comprises accessing an
access-terminal pool of access sequence identifiers and randomly selecting an
access-terminal-stored access sequence identifier therefrom as the first type of access
sequence 1dentifier;

responding to the access-terminal page message using a second type of access
sequence identifier selected based on the access sequence identifier included in the
access-terminal page message if the access-terminal page message includes the access
sequence identifier and an access sequence identifier field indicates access sequence

identification is included in the access-terminal page message.

2. The method of claim 1 wherein responding using the first type of access sequence

identifier comprises responding responsive to detection of a quick paging channel page.

3. The method of clam 1 wherein the access-terminal page message comprises a regular

paging channel page message.

4, The method of claim 1 wherein the access sequence identifier included 1n the

access-terminal page message is dedicated for exclusive use of a responding access terminal.

5. An apparatus for responding to an access-terminal page, said apparatus comprising:

a receiver to receive an access-terminal page message from an access network;
a first responder configured to respond to the access-terminal page message using a
first type of access sequence identifier if the access-terminal page message does not include

an access sequence identifier, wherein the first responder is further contigured to access an
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access-terminal pool of access sequence identifiers and randomly selects an

access-terminal-stored access sequence identifier therefrom as the first type of access
sequence identifier; and

a second responder configured to respond to the access terminal page message using a
second type of access sequence identifier from another group of access sequence identitiers
selected based on the access sequence identifier included in the access-terminal page message
if the access-terminal page message includes the access sequence 1dentifier and an access
sequence identifier field indicates access sequence identification 1s included 1n the

access-terminal page message.

6. The apparatus of claim 5 wherein response made by said first responder comprises

response to a quick paging channel page.

7. The apparatus of claim 5 wherein the access sequence identifier included 1n the

access-terminal page message is dedicated for exclusive use of a responding access terminal.

8. The apparatus of claim 5 wherein the access sequence chosen from the group 1s

selected from a group of access sequences not conveyed via paging messages.
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