wo 2014/151087 A2 || I ¥ 00O 00O A

(43) International Publication Date
25 September 2014 (25.09.2014)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2014/151087 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification: Not classified

International Application Number:
PCT/US2014/024955

International Filing Date:

12 March 2014 (12.03.2014)
Filing Language: English
Publication Language: English
Priority Data:
61/799,475 15 March 2013 (15.03.2013) US
13/856,854 4 April 2013 (04.04.2013) US

Applicant: QUALCOMM INCORPORATED [US/US];
Attn: International IP Administration, 5775 Morehouse
Drive, San Diego, California 92121-1714 (US).

Inventors: NG, Alvin Siu-Chung; 5775 Morehouse Drive,
San Diego, California 92121 (US). CURTISS, Troy R.;
5775 Morehouse Drive, San Diego, California 92121 (US).
TSAIL Stanley; 5775 Morehouse Drive, San Diego, Cali-
fornia 92121 (US). MACDONALD, Joshua T.; 5775
Morehouse Drive, San Diego, California 92121 (US).
CHAN, Chunchung; 5775 Morehouse Drive, San Diego,

(74

(8D

(84)

California 92121 (US). WU, Tak Wai; 5775 Morehouse
Drive, San Diego, California 92121 (US). KITABI, Am-
mar T.; 5775 Morehouse Drive, San Diego, California
92121 (US).

Agents: BINDSEIL, James J. et al.; Arent Fox, LLP,
1717 K Street, N.W., Washington, District of Columbia
20036-5342 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR FAST TCH TO IDLE TRANSITION

100
o~

(57) Abstract: Techniques for determining if it is safe for a mobile

device to transition directly from a traffic session to a paging mode and
for avoiding network re-synchronization procedures in stationary M2M

Core Network Controller
140 130

FIG. 1

devices are disclosed. It may be safe for direct transition if before-call
and in-call network parameters correspond. If safe, the mobile device
may transition from the traffic session directly to the paging mode to be-
gin immediately monitoring the paging channel. In stationary M2M
devices, paging information is stored before the traffic session and, once
the tratfic session is complete, the M2M device may be configured to re-
ceive paging messaging based on the stored paging information. The
M2M device may also store system access information and confirm the
validity of the information before returning to the sleep state. The sta-
tionary M2M device avoids network re-synchronization procedures.
Other aspects, embodiments, and features are also claimed and de-
scribed.
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METHOD AND APPARATUS FOR FAST TCH TO IDLE TRANSITION

PRIORITY CLAIM
[0001] This application claims priority to and the benefit of US Provisional
Application Number 61/799,475, filed 15 March 2013, which is incorporated by

reference herein as if fully set forth below and for all applicable purposes.

TECHNICAL FIELD
[0002] The technology discussed below relates generally to wireless communication,
and more specifically to methods, systems, and devices configured for fast transition
from a traffic session to a paging mode and also to avoid network re-synchronization

procedures for stationary Machine-to-Machine (M2M) devices.
BACKGROUND

[0003] Wireless communications systems are widely deployed to provide various
types of communication content such as voice, video, packet data, messaging,
broadcast, and so on. These systems may be multiple-access systems capable of
supporting communication with multiple users by sharing the available system

resources (e.g., time, frequency, and power).

[0004] One or more communication devices (e.g., a user equipment, M2M device,
mobile station, a tablet device, a laptop, etc.) may be operable on the wireless
communications system to communicate with one another, or other entities through the
wireless communications system. Generally, the communications device registers with
a base station of the wireless communications system and then enters into a paging or
sleep mode where it monitors a Paging Channel (PCH). When the communications
device needs to communicate over the wireless communications system (e.g., to initiate
or receive a voice call, transmit or receive data, etc.), the device will transition from the
paging mode to an active mode where it enters into a traffic session and communicates

via a Traffic Channel (TCH) on the wireless communications system.

[0005] When the communications device completes the traffic session, the device will

generally transition back to the paging mode where it monitors the PCH. To transition
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from the traffic session back to the paging mode, the communications device will
generally complete a re-synchronization process that involves pilot acquisition and
SYNC message decoding. The pilot acquisition and SYNC message decoding process
involves receiving and decoding messages from the base station, which takes time for
the communications device to complete. During this re-synchronization time, the
communications device cannot monitor the PCH and may, for example, miss an
incoming paging signal indicating an incoming call for the communications device.
Furthermore, the pilot acquisition and SYNC message decoding process utilizes the
hardware components on the communication device to receive, decode, store, etc., the
re-synchronization messages. Operating the hardware on the communications device

reduces power efficiency of the device.

BRIEF SUMMARY OF SOME SAMPLE EMBODIMENTS
[0006] The described features generally relate to one or more improved systems,
methods, and/or apparatuses for fast transition from a traffic session to a paging mode
(may also be referred to as an IDLE mode or a sleep mode). The described techniques
may be used by, for example, a mobile device (e.g., a communications device, a user
equipment (UE), etc.), to transition, upon terminating a traffic session, directly from a
TCH to a paging or sleep mode. The described features permit the communications
device to determine if it is safe to transition directly from the TCH to the paging mode.
The communications device may determine that it is safe to transition directly from the
TCH to the paging mode where it monitors the PCH based on a determination using
network parameters stored before initiation of, and during the traffic session. In some
embodiments, the communications device may store network parameters while in the
paging mode (e.g., before or during initiation of the traffic session) and then store
corresponding network parameters while in the traffic session. When the traffic session
is terminated, the device may compare the stored network parameters and, if certain of
the network parameters substantially correspond, transition directly from the TCH to the
paging mode. The before-call and in-call network parameters may be compared using a
hierarchical flow. Accordingly, if certain network parameters do not substantially
correspond, the communications device may complete the standard pilot acquisition and

SYNC decoding process before transitioning back to the paging mode.
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[0007] In some embodiments, the communications device may have two,
independently tunable receivers. A first receiver may be tuned to communicate via the
TCH while in the traffic session while a second receiver may be tuned to receive paging
information via the PCH while in the traffic session. The communications device may
receive current paging information via the second receiver and may safely transition

directly from the traffic session to a paging mode when the traffic session terminates.

[0008] In accordance with other embodiments, a method of wircless communication
performed by a mobile device may be provided. The mobile device may be a user
equipment operable to communicate on the wireless communications network. The
method may include storing, before initiation of a traffic session with a wireless
communications network, a first set of network parameters. The method may also
include storing, during the traffic session, a second set of network parameters. The
method may further include determining, upon termination of the traffic session,
synchronization information for a direct transition from the traffic session to a paging
mode based on one or more of the first or second set of network parameters. The
determination may include comparing the first and second set of network parameters.
The method may even further include transitioning, based on the determination, directly
from the traffic session to the paging mode. The transitioning may be completed
without performing one or more of pilot acquisition or synchronization signal decoding.
The method may include decoding, upon transitioning to the paging mode, paging
signaling by blind detection according to a predetermined sequence of paging channel

rates.

[0009] The first set of network parameters may be received from the wireless
communications network over a paging channel before initiation of the traffic session.
The first set of network parameters may include a paging channel rate, where the
method includes decoding, upon transitioning to the paging mode, paging signaling
utilizing the paging channel rate. The second set of network parameters may be
received from the wireless communications network over a traffic session during the
traffic session. The first and second set of network parameters include one or more of a
system identification (SID), a network identification (NID), a band class, a frequency
channel, or a pilot sequence. Accordingly, the method may include determining that the

first and second set of network parameters substantially correspond based at least in part
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on the SID and the NID being the same in the first and second set of network
parameters. When the band class is one of a plurality of band classes listed in a channel
list, the method may include determining that the first and second set of network
parameters substantially correspond based at least in part on the band class of the
second set of network parameters being one of the plurality of band classes listed in the
channel list. When the frequency channel is one of a plurality of frequencies listed in a
frequency channel list, the method include determining that the first and second set of
network parameters substantially correspond based at least in part on the frequency
channel of the second set of network parameters being one of the plurality of
frequencies listed in the frequency channel list. Other aspects may provide for the
method to include determining that the first and second set of network parameters
substantially correspond based at least in part on the SID, the NID, the band class, the
frequency channel, and the pilot sequence being the same in the first and second set of

network parameters.

[0010] Other aspects may provide for the mobile device to include a first and second
receiver where the method can include receiving, by the first receiver of the mobile
device, data signaling associated with the traffic session. The method may also include
receiving, by a second receiver of the mobile device, paging signaling comprising one

or more of pilot sequences or synchronization signaling.

[0011] In accordance with other embodiments, a wireless communications system is
provided. The wireless communications system is configured for fast transition from a
traffic session to a paging mode and includes means for storing, before initiation of a
traffic session with a wireless communications network, a first set of network
parameters. The system can include means for storing, during the traffic session, a
second set of network parameters and means for determining, upon termination of the
traffic session, synchronization information for a direct transition from the traffic
session to a paging mode based on one or more of the first or second set of network
parameters. The system also includes means for transitioning, based on the
determination, directly from the traffic session to the paging mode. In some aspects, the
system includes means for comparing the first set of network parameters to the second

set of network parameters upon termination of the traffic session. Transitioning from
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the traffic session to the paging mode can be without performing one or more of pilot

acquisition or synchronization signal decoding.

[0012] According to some aspects, the wireless communications system includes
means for receiving, by a first receiver of the mobile device, data signaling associated
with the traffic session and also means for receiving, by a second receiver of the mobile
device, paging signaling comprising one or more of pilot sequences or synchronization
signaling. Some aspects may provide for the system to include means for receiving,
before initiation of the traffic session, the first set of network parameters from the
wireless communications network over a paging channel, and also means for receiving,
during the traffic session, the second set of network parameters from the wireless
communications network over a traffic channel. The first set of network parameters
may include a paging channel rate. In that case, the system further includes means for
decoding, upon transitioning to the paging mode, paging signaling utilizing the paging
channel rate. The wireless communications system may also include means for
decoding, upon transitioning to the paging mode, paging signaling by blind detection

according to a predetermined sequence of paging channel rates.

[0013] The first and second set of network parameters include one or more of a SID, a
NID, a band class, a frequency channel, or a pilot sequence. The means for determining
may include means for determining that the first and second set of network parameters
substantially correspond based at least in part on the SID and the NID being the same in
the first and second set of network parameters. According to other aspects, when the
band class is one of a plurality of band classes listed in a channel list, the means for
determining may include means for determining that the first and second set of network
parameters substantially correspond based at least in part on the band class of the
second set of network parameters being one of the plurality of band classes listed in the
channel list. When the frequency channel is one of a plurality of frequencies listed in a
frequency channel list, the means for determining may include means for determining
that the first and second set of network parameters substantially correspond based at
least in part on the frequency channel of the second set of network parameters being one
of the plurality of frequencies listed in the frequency channel list. According to other
aspects, the means for determining can include means for determining that the first and

second set of network parameters substantially correspond based at least in part on the
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SID, the NID, the band class, the frequency channel, and the pilot sequence being the

same in the first and second set of network parameters.

[0014] According to other embodiments, a computer program product for fast
transition from a traffic session to a paging mode in a wireless communications system
is provided. The program may include a non-transitory computer readable medium
including code for storing, before initiation of a traffic session with a wireless
communications network, a first set of network parameters; code for storing, during the
traffic session, a second set of network parameters; code for determining, upon
termination of the traffic session, synchronization information for a direct transition
from the traffic session to a paging mode based on one or more of the first or second set
of network parameters; and code for transitioning, based on the determination, directly
from the traffic session to the paging mode. The program may also include code for
comparing the first set of network parameters to the second set of network parameters
upon termination of the traffic session. Other aspects may provide for code for
receiving, by a first receiver of the mobile device, data signaling associated with the
traffic session, and code for receiving, by a second receiver of the mobile device, paging
signaling comprising one or more of pilot sequences or synchronization signaling. The
code for transitioning can include code for transitioning from the traffic session to the
paging mode without performing one or more of pilot acquisition or synchronization

signal decoding.

[0015] According to other aspects, the program includes code for receiving, before
initiation of the traffic session, the first set of network parameters from the wireless
communications network over a paging channel; and code for receiving, during the
traffic session, the second set of network parameters from the wireless communications
network over a traffic channel. When the first set of network parameters includes a
paging channel rate, the program also includes code for decoding, upon transitioning to
the paging mode, paging signaling utilizing the paging channel rate. The program can
include code for decoding, upon transitioning to the paging mode, paging signaling by

blind detection according to a predetermined sequence of paging channel rates.

[0016] According to other aspects, the first and second set of network parameters

include one or more of a SID, a NID, a band class, a frequency channel, or a pilot
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sequence. The code for determining may include code for determining that the first and
second set of network parameters substantially correspond based at least in part on the
SID and the NID being the same in the first and second set of network parameters.
When the band class is one of a plurality of band classes listed in a channel list, the
program can include code for determining that the first and second set of network
parameters substantially correspond based at least in part on the band class of the
second set of network parameters being one of the plurality of band classes listed in the
channel list. When the frequency channel is one of a plurality of frequencies listed in a
frequency channel list, the program can include code for determining that the first and
second set of network parameters substantially correspond based at least in part on the
frequency channel of the second set of network parameters being one of the plurality of
frequencies listed in the frequency channel list. The code for determining can include
code for determining that the first and second set of network parameters substantially
correspond based at least in part on the SID, the NID, the band class, the frequency
channel, and the pilot sequence being the same in the first and second set of network
parameters. According to some aspects, the non-transitory computer readable medium

is a user equipment operable on a wireless communications network.

[0017] According to further embodiments, a wireless communications device
configured for fast transition from a traffic session to a paging mode is provided. The
wireless communications device can be a user equipment unit operable to communicate
on the wireless communications system. The wireless communications device can
include at least one controller. The controller can be configured to store, before
initiation of a traffic session with a wireless communications network, a first set of
network parameters; store, during the traffic session, a second set of network
parameters; determine, upon termination of the traffic session, synchronization
information for a direct transition from the traffic session to a paging mode based on
one or more of the first or second set of network parameters; and transition, based on the
determined synchronization information, directly from the traffic session to the paging
mode. The device may transition from the traffic session to the paging mode without
performing one or more of pilot acquisition or synchronization signal decoding. The
controller can also be configured to compare the first set of network parameters to the

second set of network parameters upon termination of the traffic session to determine



WO 2014/151087 PCT/US2014/024955

the synchronization information. The device may also include a first receiver
configured to receive data signaling associated with the traffic session, and a second
receiver configured to receive paging signaling comprising one or more of pilot
sequences or synchronization signaling. The controller can be further configured to
receive, before initiation of the traffic session, the first set of network parameters from
the wireless communications network over a paging channel; and receive, during the
traffic session, the second set of network parameters from the wireless communications

network over a traffic channel.

[0018] According to certain aspects, the first set of network parameters can include a
paging channel rate, and the controller can be further configured to decode, upon
transitioning to the paging mode, paging signaling utilizing the paging channel rate.
The controller can be further configured to decode, upon transitioning to the paging
mode, paging signaling by blind detection according to a predetermined sequence of

paging channel rates.

[0019] According to other aspects, the first and second set of network parameters
include one or more of a SID, a NID, a band class, a frequency channel, or a pilot
sequence. The controller configured to determine is further configured to determine that
the first and second set of network parameters substantially correspond based at least in
part on the SID and the NID being the same in the first and second set of network
parameters. When the band class is one of a plurality of band classes listed in a channel
list, the controller configured to determine is further configured to determine that the
first and second set of network parameters substantially correspond based at least in part
on the band class of the second set of network parameters being one of the plurality of
band classes listed in the channel list. When the frequency channel is one of a plurality
of frequencies listed in a frequency channel list, the controller configured to determine
is further configured to determine that the first and second set of network parameters
substantially correspond based at least in part on the frequency channel of the second set
of network parameters being one of the plurality of frequencies listed in the frequency
channel list. The controller configured to determine can be further configured to
determine that the first and second set of network parameters substantially correspond
based at least in part on the SID, the NID, the band class, the frequency channel, and the

pilot sequence being the same in the first and second set of network parameters.
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[0020] Further scope of the applicability of the described methods and apparatuses
will become apparent from the following detailed description, claims, and drawings.
The detailed description and specific examples are given by way of illustration only,
since various changes and modifications within the spirit and scope of the description

will become apparent to those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] A further understanding of the nature and advantages of the present invention
may be realized by reference to the following drawings. In the appended figures,
similar components or features may have the same reference label. Further, various
components of the same type may be distinguished by following the reference label by a
dash and a second label that distinguishes among the similar components. If only the
first reference label is used in the specification, the description is applicable to any one
of the similar components having the same first reference label irrespective of the

second reference label.

[0022] FIG. 1 is a diagram illustrating an example of a wireless communications

System;

[0023] FIG. 2 is a diagram illustrating an example of a wireless communications

System;

[0024] FIG. 3 is a diagram illustrating an exemplary communication flow between a

communications device and a base station of the wireless communications system;

[0025] FIG. 4 is another diagram illustrating a communication flow between a
communications device and two base stations of the wireless communications system in

accordance with a handover procedure;

[0026] FIG. 5 is a process diagram illustrating transition from a traffic session to a

paging mode where the paging channel is monitored;

[0027] FIG. 6 is another process diagram illustrating, in greater detail, an exemplary
hierarchical flow for determining whether it is safe to transition directly from a traffic

session to a paging mode;
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[0028] FIG. 7 is a block diagram showing aspects of an exemplary device for a direct

traffic session to paging mode transition;

[0029] FIG. 8 is a block diagram showing aspects of yet another exemplary device for

a direct traffic session to paging mode transition;
[0030] FIG. 9 is a block diagram of an example of a communications device;

[0031] FIG. 10 is a flowchart of a method for fast traffic session to paging mode

transition;

[0032] FIG. 11 is a flowchart of another method for fast traffic session to paging

mode transition;

[0033] FIG. 12 is a flowchart of yet another method for fast traffic session to paging

mode transition;

[0034] FIG. 13 is a diagram illustrating an exemplary communication flow between a

M2M device and a base station;

[0035] FIG. 14 is a diagram illustrating another exemplary communication flow

between a M2M device and a base station;

[0036] FIG. 15 is a process diagram illustrating transition from a traffic session to a

paging mode in a M2M device;

[0037] FIG. 16 is another process diagram illustrating transition from a traffic session

to a paging mode in a M2M device;

[0038] FIG. 17 is a block diagram of a device;

[0039] FIG. 18 is a block diagram of another device;

[0040] FIG. 19 is a block diagram of an example of a M2M device;

[0041] FIG. 20 is flowchart of a method to transition from a traffic session to a paging

mode in a M2M device;

[0042] FIG. 21 is a flowchart on another method to transition from a traffic session to

a paging mode in a M2M device; and
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[0043] FIG. 22 is a flowchart of yet another method to transition from a traffic session
to a paging mode in a M2M device.

DETAILED DESCRIPTION
[0044] Methods, systems, and devices are described for fast traffic session to paging
mode transition. Once the traffic session is terminated (e.g., the call is released), a
determination is made as to whether it is safe for a direct traffic session to paging mode
transition. The direct traffic session to paging mode transition may include transitioning
directly from communication over a TCH for the traffic session to receiving paging
information via the PCH without performing pilot signal detection and acquisition, sync
channel reception and decoding, etc. If it is determined safe, aspects provide for
determining parameters for receipt of paging information via the PCH. For example,
paging channel information may be determined for receiving and decoding paging
messages via the PCH. Alternatively, a blind detection scheme may be utilized based

on one or more last known good parameters for the PCH.

[0045] In accordance with some aspects, before-call network parameters may be
stored before initiation of a traffic session. The before-call network parameters may be
stored while a mobile device is in a paging mode (e.g., an IDLE or sleep mode) and
monitoring the PCH. Alternatively, the before-call network parameters may be stored
as a part of the call setup process as the mobile device transitions from the paging mode
to a traffic session where it communicates via the TCH. While in the traffic session, or
as a part of the call release procedure, in-call network parameters may be stored. Upon
termination of the traffic session, the mobile device may determine whether a safe
transition directly to the paging mode is permissible based on the before-call and in-call
network parameters. For example, the mobile device may compare the before- and in-
call network parameters using a hierarchical flow. The mobile device may determine
synchronization information used for a direct transition from the traffic session to the

paging mode.

[0046] In some embodiments, the mobile device may have two, independently tunable
receivers. A first receiver may be tuned to communicate via the TCH while in the

traffic session while a second receiver may be tuned to receive paging information via
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the PCH while in the traffic session. The mobile device may receive current paging
information via the second receiver and may safely transition directly from the traffic

session to a paging mode when the traffic session terminates.

[0047] In accordance with other embodiments, methods, systems, and devices are
described for avoiding network re-synchronization procedures for stationary M2M
devices. The described features provide for configuring the M2M device to avoid
network re-synchronization procedures and transition directly to the paging mode once
the traffic session has terminated. The M2M device may store paging information
associated with a base station before initiation of a traffic session. Once the traffic
session is terminated, the M2M device may be configured to receive paging messaging
from the base station based on the stored paging information. System access
information (e.g., network overhead information) may also be stored and the M2M
device may determine if the stored system access information has expired. In one
example, an overhead timer may be associated with the system access information and
initiated when the system access information is stored. As long as the overhead timer
has not completed its cycle, the system access information may be considered current.
If the timer has expired, the M2M device may validate and, if necessary, update the

system access information.

[0048] In accordance with other aspects, the described features may permit the
stationary M2M device to avoid having to receive and decode certain access
configuration messages when the system access information is current and/or valid. The
system access information may be received from the base station in one or more access
configuration messages. The access configuration messages may include configuration
sequence numbers that may be associated with a set of network parameters for the
wireless communications system (e.g., network overhead parameters). The stationary
M2M device may compare the configuration sequence number from one or more access
configuration messages to a configuration sequence number associated with system
access information currently stored on the M2M device. If the configuration sequence
numbers match, the M2M device may determine that the stored system access
information is valid and may disable reception of additional access configuration

messages. Alternatively, if the configuration sequence numbers do not match, the M2M
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device may enable reception of one or more subsequent system access messages to

update the stored system access information.

[0049] Techniques described herein may be used for various wireless communications
systems such as cellular wireless systems, Peer-to-Peer wireless communications,
wireless local access networks (WLANSs), ad hoc networks, satellite communications
systems, and other systems. The terms “system” and “network™ are often used
interchangeably. These wireless communications systems may employ a variety of
radio communication technologies for multiple access in a wireless system such as Code
Division Multiple Access (CDMA), Time Division Multiple Access (TDMA),
Frequency Division Multiple Access (FDMA), Orthogonal FDMA (OFDMA), Single-
Carrier FDMA (SC-FDMA), and/or other technologies. Generally, wireless
communications are conducted according to a standardized implementation of one or
more radio communication technologies called a Radio Access Technology (RAT). A
wireless communications system or network that implements a Radio Access

Technology may be called a Radio Access Network (RAN).

[0050] Examples of RATs employing CDMA techniques include CDMA2000,
Universal Terrestrial Radio Access (UTRA), etc. CDMA2000 covers 1S-2000, IS-95,
and IS-856 standards. IS-2000 Releases 0 and A are commonly referred to as
CDMAZ2000 1X, 1X, etc. IS-856 (TIA-856) is commonly referred to as CDMA2000
1xEV-DO, High Rate Packet Data (HRPD), etc. UTRA includes Wideband CDMA
(WCDMA) and other variants of CDMA. Examples of TDMA systems include various
implementations of Global System for Mobile Communications (GSM). Examples of
RATSs employing FDMA and/or OFDMA include Ultra Mobile Broadband (UMB),
Evolved UTRA (E-UTRA), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802.20, Flash-OFDM, etc. UTRA and E-UTRA are part of Universal Mobile
Telecommunication System (UMTS). 3GPP Long Term Evolution (LTE) and LTE-
Advanced (LTE-A) are new releases of UMTS that use E-UTRA. UTRA, E-UTRA,
UMTS, LTE, LTE-A, and GSM are described in documents from an organization
named “3rd Generation Partnership Project” (3GPP). CDMA2000 and UMB are
described in documents from an organization named “3rd Generation Partnership
Project 2” (3GPP2). The techniques described herein may be used for the systems and

radio technologies mentioned above as well as other systems and radio technologies.
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[0051] Thus, the following description provides examples, and is not limiting of the
scope, applicability, or configuration set forth in the claims. Changes may be made in
the function and arrangement of elements discussed without departing from the spirit
and scope of the disclosure. Various embodiments may omit, substitute, or add various
procedures or components as appropriate. For instance, the methods described may be
performed in an order different from that described, and various steps may be added,
omitted, or combined. Also, features described with respect to certain embodiments

may be combined in other embodiments.

[0052] Referring first to FIG. 1, a block diagram illustrates an example of a wireless
communications system 100. The system 100 includes base stations 105 (or cells),
mobile devices 115, a controller 130, and a core network 140 (the controller 130 may be
integrated into the core network 140). In one example, the controller 130 may be
coupled to a set of base stations 105 and provide coordination and control for these base
stations 105. The controller 130 may communicate with the base stations 105 via
wireless or wireline backhaul. The base stations 105 may also communicate with one
another directly or indirectly and/or via wireless or wireline backhaul. The core
network 140 may include network entities such as a Mobile Switching Center (MSC),
Serving Gateway, Packet Data Serving Node, Packet Data Network Gateway, Mobility
Management Entity, Home Location Register (HLR), Visitor Location Register (VLR),

etc.

[0053] The system 100 may support operation on multiple carriers (waveform signals
of different frequencies). Multi-carrier transmitters may transmit modulated signals
simultaneously on the multiple carriers. For example, each modulated signal may be a
multi-carrier channel modulated according to the various radio technologies described
above. Each modulated signal may be sent on a different carrier and may carry control
information (e.g., pilot signals, control channels, etc.), overhead information, data, etc.
The system 100 may include multiple RANs with overlapping or non-overlapping

coverage arcas.

[0054] The base stations 105 may wirelessly communicate with the mobile devices
115 via a base station antenna (not shown). The base stations 105 may communicate

with the devices 115 under the control of the controller 130 via multiple carriers. Each
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of the base stations 105 may provide communication coverage for a respective
geographic area. In some embodiments, base stations 105 may be referred to as a base
transceiver station (BTS), a radio base station, an access point, a radio transceiver, a
basic service set (BSS), an extended service set (ESS), a NodeB, eNodeB (eNB), Home
NodeB, a Home eNodeB, or some other suitable terminology. The controller 130 may
be referred to as a Base Station Controller (BSC), Radio Network Controller (RNC),
and/or the like. The coverage area for each base station 105 here is identified as 110-a,
110-b, or 110-c. The coverage area for a base station may be divided into sectors (e.g.,
112-b-1, 112-b-2, 112-b-3, etc.). The system 100 may include base stations 105 of
different types (e.g., macro, pico, and/or femto base stations). A macro base station
may provide communication coverage for a relatively large geographic area (e.g., 35 km
in radius). A pico base station may provide coverage for a relatively small geographic
area (e.g., 2 km in radius), and a femto base station may provide communication
coverage for a relatively smaller geographic area (e.g., 50 m in radius). There may be

overlapping coverage areas for different technologies.

[0055] The devices 115 may be dispersed throughout the coverage areas 110. Each
device 115 may be stationary or mobile. In one configuration, the devices 115 may be
able to communicate with different types of base stations such as, but not limited to,

macro base stations, pico base stations, and femto base stations, via links 125.

[0056] Generally, mobile devices 115 monitor one or more pilot signals from base
stations 105 to determine which networks and/or base stations 105 may provide the best
downlink and/or uplink channel conditions. The mobile devices 115 may then select a
RAN and/or particular base station 105 for communication, synchronize with the base
station, and register or “camp” on the network. Registration of a device on a network
may also be called network attachment. Synchronization may involve acquiring system
reference time from a synchronization channel, and receiving system identification and
system parameter information. Registration and/or attachment may include sending an
attach request from the device to the RAN, which may allocate a device identifier for
the registered device (e.g., Temporary Mobile Subscriber Identity (TMSI), and the like).
Registration may also include authentication of the device on the network, bearer

context setup in the device and network, and/or mobility management by the network.
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[0057] Mobility management provides functions associated with tracking registered
devices so the network may locate the subscribers for mobile terminated (MT)
communications such as calls, short messaging service (SMS), and/or other services that
may require MT communications. For locating mobile devices, the network may be
divided into network location areas. Each network location area may be associated with
a group of base stations 105. Where each base station supports multiple cells or sectors,
cach network location area may be composed of multiple cells or sectors from multiple

base stations.

[0058] While “camped” on a particular network or base station, mobile devices 115
may monitor network overhead and paging messaging for the network and update
network registration periodically or based on a change to device or network parameters.
Network overhead messaging may include various information used for communicating
with the particular network. For example, network overhead messaging may include
system parameters, access parameters, neighbor lists, channel lists, etc. System
parameters may include, for example, paging channel information, parameters related to
device registration, and/or parameters to aid pilot acquisition. Access parameters may
include, for example, parameters related to the configuration of the Access Channel
(e.g., preamble size, maximum size, etc.) and/or control parameters used to stabilize the
Access Channel. Neighbor lists may include time offset of pilots and basic
configuration for neighboring access points. Channel list parameters may include
frequency assignments for paging, access, and/or traffic channels. Network overhead
messaging may be sent on, for example, synchronization channels, paging channels
(PCHs), common control channels (CCHs), and/or broadcast control channels (BCCHs)

of the network.

[0059] Generally, while not actively communicating (e.g., via a voice call, etc.),
mobile devices 115 may be in a paging mode where they conserve power and enable
reception during short periods of time to receive paging information. Mobile devices
115 may communicate with the network in traffic sessions that may be mobile
originated (MO) or MT traffic sessions. Upon termination of a traffic session, the
mobile device 115 will complete a re-synchronization process before transitioning back
to the paging mode. This re-synchronization process may involve pilot signal detection

and also reception and decoding of one or more SYNC messages (e.g., over a
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synchronization channel). During this re-synchronization process, the mobile device
115 cannot monitor the PCH, and may miss an incoming paging message (e.g., a call
setup message) from the base station 105. Additionally, the mobile device 115 is not
able to originate new traffic sessions (e.g., call, SMS, etc.) during the re-synchronization
process. The delay time between the traffic session and receiving paging information
may reduce the perceived user experience, especially when users are transmitting and/or

receiving short calls and/or messages.

[0060] While the system 100 may be designed primarily for wireless communications
involving humans, the system 100 may support M2M devices 120 that perform various
functions, capture information, and/or communicate information with limited or no
human intervention. For example, M2M devices 120 may include sensors and/or meters
for monitoring and/or tracking other devices, environmental conditions, etc. M2M
devices 120 may be used with various applications such as, but not limited to, remote
monitoring, measurement and condition recording, fleet management and asset tracking,

in-field data collection, distribution, physical access control, and/or storage, etc.

[0061] M2M devices 120 may be standalone devices or, in embodiments, M2M
devices 120 may be modules incorporated in other devices. For example, devices (e.g.,
user equipment, mobile stations, etc.) such as smart phones, cellular phones and
wireless communications devices, personal digital assistants (PDAs), tablets, other
handheld devices, netbooks, ultrabooks, smartbooks, notebook computers, surveillance
cameras, handled medical scanning devices, home appliances, etc. may include one or
more M2M device modules 120. In the ensuing description, various techniques are
described as applied to communications and processing for a system including a
network and one or more M2M devices. It should be understood that the described
techniques may be advantageously applied to other devices such as those incorporating

M2M modules and/or other wireless communication devices.

[0062] The information collected by the M2M devices 120 may be transmitted across
a network that includes components of system 100 to a back-end system, such as a
server. The transmission of data to/from the M2M devices 120 may be routed through
the base stations 105. The base stations 105 may communicate with the M2M devices

120 on a forward link for transmitting signaling and/or information to the M2M devices
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120 and a reverse link for receiving signaling and/or information from the M2M devices

120.

[0063] Various aspects of M2M devices 120 may pose different challenges for
wireless communications networks than traditional wireless communication involving
humans. For instance, M2M devices 120 may have aspects that differ from traditional
wireless devices with regard to mobility and power efficiency. For example, certain
M2M devices 120 may be permanently installed in a static location or have periods of
time where their locations may be static, followed by periods of time of mobility. In
addition, certain M2M devices 120 may need to be power efficient. For example, some
M2M devices may not have a readily accessible power source and extended battery life

may be important to reduce required service and maintenance.

[0064] In certain embodiments, the system 100 is configured for fast traffic session to
paging mode transition in the mobile devices 115 and/or M2M devices 120. The
described techniques may be used, for example, by mobile devices 115 to transition
directly from the traffic session to a paging mode (e.g., IDLE or SLEEP state, etc)
where the PCH is monitored. Generally, the techniques may determine whether it is
safe to perform direct traffic session (e.g., using TCH) to paging mode (e.g., monitoring
PCH) transition after a call has ended based on comparing certain network parameters
stored prior to the call (e.g., before-call network parameters) with network parameters
obtained during the call (e.g., during the traffic session while on the TCH). Upon
termination of the call, the network parameters are compared and it may be determined

whether it is safe to transition directly from TCH to the paging (or IDLE) mode.

[0065] In accordance with certain aspects, direct traffic session to paging mode
transition may involve the mobile device 115 storing network parameters prior to the
call or during call setup. Exemplary before-call network parameters may include a
SID/NID identifying which network the mobile device 115 is operating on, a band class
(e.g., 800 MHz, 1,900 MHz, etc.), a frequency, and/or a pilot pseudo-noise (PN) offsect
sequence. Other network parameters may optionally include an assigned frequency
received from the network in a Channel Assignment Message (CAM) or an Extended

Channel Assignment Message (ECAM). The before-call network parameters stored
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prior to the call or during the call setup process may, in certain examples, be referred to

as a first set of network parameters.

[0066] Other aspects may provide for the mobile device 115 to store network
parameters while in the traffic session and communicating on the TCH. These in-call
network parameters may be received and/or stored as a part of the traffic session or as
part of the traffic session termination process (¢.g., as the mobile device 115 releases the
call). These network parameters may also include a SID/NID, a band class, a
frequency, and pilot PN offset sequences associated with the network while in the call.
These in-traffic network parameters may, in certain examples, be referred to as a second
set of network parameters. The in-call network parameters may be different than the
before-call network parameters for various reasons. For example, situations that may
change network parameters include intra- or inter-network handoff, handoff to a
different active set, and/or changes to frequency or band class due to network loading or
changing signal propagation characteristics. In these situations, the mobile device 115
may determine that the traditional re-synchronization process (e.g., pilot signal detection
and acquisition and SYNC message reception and decoding) is required to correctly

monitor the PCH after a traffic session.

[0067] In other embodiments, the system 100 is configured to avoid network re-
synchronization procedures for stationary M2M devices. The described techniques may
be used, for example, by a stationary M2M device 120 to configure the device 120 to
receive paging messaging upon termination of a traffic session without re-
synchronization or acquisition of paging information. Before initiation of the traffic
session, the M2M device 120 may store paging information associated with, as one
example, base station 105-b. The paging information may include information
associated with the PCH of the base station 105-b and which permits devices (e.g.,
devices 115 and/or 120) to receive paging messages from base station 105-b over the
PCH. The M2M device 120 may enter into a traffic session with base station 105-b to
exchange information or data via the TCH associated with a base station 105-b. When
the traffic session is terminated, the M2M device 120 may be configured to receive
paging messaging from the base station 105-b according to the stored paging

information.
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[0068] According to certain aspects, the M2M device 120 may receive and store,
before the traffic session, system access information associated with base station 105-b.
Upon termination of the traffic session, the M2M device 120 may determine whether
the stored system access information has expired. For example, the stored system
access information may be considered current if an associated overhead timer has not
completed its cycle. If the overhead timer has completed the cycle, the M2M device

120 may validate the stored system access information.

[0069] The stored system access information may be validated based on comparing a
configuration sequence number associated with the stored system access information
with a current configuration sequence number. The current configuration sequence
number may be transmitted by base station 105-b in one or more access configuration
messages. For example, the M2M device 120 may receive one or more access
configuration messages including the current configuration sequence number and
compare the current configuration sequence number with the configuration sequence
number of the stored system access information. If the compared configuration
sequence numbers match, the M2M device 120 may determine that the stored system
access information is valid and, therefore, does not need to be updated. As such, the
M2M device 120 may disable reception of one or more subsequent access configuration

mcssagces.

[0070] FIG. 2 illustrates a wireless communications network 200 configured for fast
traffic session to paging mode transition in accordance with various embodiments.
Wireless communications network 200 may illustrate, for example, aspects of wireless
communications network 100. Wireless communications network 200 may include a
mobile device 115-a, a base station 105-d, a base station 105-¢, a base station 105-f, and
a base station 105-g. Base stations 105-d, 105-¢, 105-f, and 105-g may be connected
via backhaul links 232 to core network 140-a (only two of the backhaul links 232 being
shown for clarity). The base stations 105-d, 105-¢, 105-f, and 105-g may be connected
with each other via backhaul links 234 (only three of the backhaul links 234 being

shown for clarity).

[0071] In FIG. 2, mobile device 115-a may be positioned at a location wherein it may

receive pilot signals 235-d, 235-¢, 235-f, and 235-g from base stations 105-d, 105-¢,
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105-f, and 105-g, respectively. The mobile device 115-a may determine a strongest
pilot signal and communicate with the base station 105 associated with the strongest
pilot signal for registration on the network. For example, the mobile device 115-a may
determine that pilot signal 235-¢ is the strongest pilot signal and register with the base

station 105-¢e.

[0072] Once registered, mobile device 115-a may receive various network parameters
via the PCH from base station 105-e. For example, the mobile device 115-a may
receive a System Parameter Message (SPM), a PCH Active Set PN message, and/or an
ECAM message on the PCH from the base station 105-e. The SPM may include the
SID/NID, band class, and frequency components of the network parameters. The PCH
Active Set PN message may include an Active Set, a Candidate Set, a Neighbor Set, and
a Remaining Set. The Active Set may include base stations having the strongest pilot
signals. The Candidate Set may include base stations with pilots strong enough for
communication, but not listed in the Active Set. The Neighbor Set may include base
stations that are not in the Active Set or Candidate Set, but that are likely candidates for
handoff. The Remaining Set may include other base stations in the network which are
not in another set. In the example shown in FIG. 2, the Active Set of base stations for
the mobile device 115-a may be base stations 105-d, 105-¢, and 105-g, whereas base
station 105-f may be listed in the Candidate Set. The mobile device 115-a may store
some, or all of the before-call network parameters (e.g., the SID/NID, band class,

frequency, etc).

[0073] During a traffic session, the mobile device 115-a may communicate via a TCH
with the base stations defined in its Active Set (e.g., via links 125-d, 125-¢, and/or 125-g
with base stations 105-d, 105-¢, and 105-g, respectively). The mobile device 115-a may
receive and store in-call network parameters associated with the TCH from these base
stations while in the traffic session. For example, the mobile device 115-a may receive
and store network parameters associated with the SID/NID, the band class, the

frequency, and the Active Set PN.

[0074] Various network parameters may change during the traffic session. For
instance, the mobile device 115-a may move to a new position wherein it is closer to

base station 105-f such that pilot 235-f becomes stronger than one of pilots 235-d, 235-
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e, and/or 235-g. As such, the core network 140-a may change the Active Set assigned to
the mobile device 115-a. Similarly, other base stations may be added or dropped from
the Active Set assigned to the mobile device 115-a during the traffic session or the
mobile device 115-a may be handed off to a different Active Set. Additionally, the
Active Set may modify various parameters used for communicating with mobile device
115-a due to network loading or other factors. As the Active set changes and/or the
mobile device is handed off to base stations outside the initial Active Set, the band class
and/or frequency for the mobile device 115-a may change. As such, the in-call network
parameters may be different from the before-call network parameters stored by the

mobile device 115-a.

[0075] As one example of changing network parameters, any of base stations 105-d,
105-¢, 105-f, and/or 105-g may have the same or different network parameters. For
example, the base stations 105-¢ and 105-f may operate on different SID/NID, band
class, frequency, etc. In that situation, the mobile device 115-a may compare the
before-call network parameters (i.e., network parameters associated with base station
105-¢ before the call and while monitoring the PCH) with the in-call network
parameters (i.c., network parameters associated with base station 105-f during the traffic
session) and determine that it is not safe to transition directly from the TCH to the
paging mode where the PCH of base station 105-f is monitored. In that instance,
traditional re-synchronization procedures may be followed. In accordance with another
example, the network parameters of base station 105-¢ and base station 105-f may be
the same. In that situation, the mobile device 115-a may compare the first and second
set of network parameters and determine that direct TCH to paging mode transition is
safe. In that instance, the mobile device 115-a may transition directly from the TCH to

the paging mode.

[0076] Wireless communications network 200 may also include stationary M2M
device 120-a. M2M device 120-a may be located such that pilot 235-f is the strongest
received pilot and, as a result, M2M device 120-a may register with base station 105-f.
While registered with base station 105-f, the M2M device 120-a may generally be in a
sleep state or paging mode where the M2M device 120-a is in a low-power mode and
enables reception of paging information based on a slotted paging cycle. To send or

receive information, the M2M device 120-a may enter into a traffic session with base
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station 105-f, and then transition back to the sleep state once the traffic session is
complete. According to certain aspects, the M2M device 120-a may store, before the
traffic session, paging information associated with the base station 105-f and then
transition directly from the traffic session to the paging mode based on the stored paging
information when the traffic session is complete. Therefore, the stationary M2M device
120-a may avoid network re-synchronization procedures typically associated with
transitioning from the traffic session to a sleep state. As such, the M2M device 120-a

may return to the sleep state more quickly and, for example, conserve power.

[0077] Various aspects may also provide for the M2M device 120-a to store system
access information associated with base station 105-f. The system access information
may include information indicative of various network parameters (e.g., SID/NID, band
class, Active Set PN offset sequence), and/or information related to configuration of
access channels (e.g., preamble size, maximum size, stabilization parameters, etc.)
associated with the base station 105-f. System access information may be transmitted
by base stations 105 in a number (e.g., typically seven or eight) access configuration
messages that each include portions of the system access information. Collectively, the
information in the access configuration messages may be used by the M2M device 120-
a for access procedures to initiate communication with base station 105-f. The access
configuration messages may include a configuration sequence number associated with a
set of network parameters. As one example, the M2M device 120-a may utilize a look-
up table to determine the applicable network parameters associated with the base station

105-f based on the received configuration sequence numbers.

[0078] The M2M device 120-a may store the system access information and associate
the stored system access information with an overhead timer. The stored system access
information may be considered current for the duration of the overhead timer cycle and
considered expired once the timer has completed its cycle. In accordance with certain
aspects, the M2M device 120-a may be configured to, after the traffic session has ended,
determine if the stored system access information has expired. If current, the M2M
device 120-a may be configured to disable reception of one or more access
configuration messages. If expired (e.g., the overhead timer has completed its cycle),
the M2M device 120-a may validate and, if necessary, update the stored system access

information. The M2M device 120-a may validate the stored system access information
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by comparing the configuration sequence number of the stored system access

information with a current configuration sequence number.

[0079] FIG. 3 is a diagram illustrating a communication flow 300 for direct traffic
session to paging mode transition in accordance with various embodiments.
Communication flow 300 may be used, for example, by the mobile devices 115 of

FIGS. 1 and/or 2 for direct traffic session to paging mode transitions.

[0080] At 305, the mobile device 115-b is in a paging mode where it monitors the
PCH from the base station 105-h (e.g., a SLEEP or IDLE state where the mobile device
115-b monitors the paging channel for paging and/or overhead information associated
with the base station 105-h). The mobile device 115-b may monitor the PCH according
to paging information associated with the base station 105-h (e.g., a paging channel rate,
a paging slot cycle, etc.). The mobile device 115-b may store before-call PCH network
parameters while in the paging mode at 310. The mobile device 115-b may receive the
before-call network parameters over the PCH while in the paging mode. At 315, a
traffic session is initiated between the mobile device 115-b and the base station 105-h.
The traffic session may be initiated by the mobile device 115-b or by the base station
105-h. As a part of the call setup procedure for starting the traffic session, the mobile

device 115-b may, alternatively, receive and store the before-call network parameters.

[0081] At 320, the mobile devicel15-b and the base station 105-h exchange voice
and/or data information, as determined by the traffic session. While exchanging voice
and/or data information in the traffic session at 320, the mobile device 115-b may
receive network parameters related to the traffic session based on changes to the
communication links of the mobile device 115-b (e.g., the Active Set may change,
handover may occur, etc). The received in-call network parameters associated with the
TCH during the traffic session are stored at 325. The traffic session ends at 330, where
the mobile device 115-b and the base station 105-h complete a call-release procedure.
Additionally or alternatively, the mobile device 115-b may receive and store the in-call

network parameters as a part of the call-release procedure.

[0082] At block 335, the mobile device 115-b may determine whether or not it is safe
for a direct transition from the traffic session to a paging mode. The determination may

be based on comparing the before- and in-call network parameters stored at 310 and
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325, respectively. For example, if certain before- and in-call network parameters
substantially correspond, the mobile device 115-b may determine that it is safe for a
direct traffic session to paging mode transition. The before- and in-call network
parameters may be compared in a hierarchical flow, as will be discussed in more detail

below.

[0083] Once it has been determined safe at 335, paging channel information based on
the stored network parameters may be used at 340 for direct transition from the traffic
session back to the paging mode at 345 where the PCH may be immediately monitored,
rather than completing the traditional re-synchronization procedure. In embodiments,
the mobile device 115-b performs the direct transition to the paging mode without
network assistance. For example, the mobile device 115-b may determine the paging
channel information (synchronization information, paging channel rate, paging slot
cycle, etc.) for monitoring the paging channel based on parameters received prior to the
traffic session and in the traffic session without receiving a message related specifically

to updating the paging channel information for direct transition.

[0084] FIG. 4 is a diagram illustrating another exemplary communication flow 400
for direct traffic session to paging mode transition in accordance with various
embodiments. Communication flow 400 may be used, for example, by the mobile

devices 115 of FIGS. 1 and/or 2 for direct traffic session to paging mode transitions.

[0085] At 405 the mobile device 115-¢ is registered or “camped” on the base station
105-1 and in a paging mode where it monitors the PCH from the base station 105-i (e.g.,
in a SLEEP or IDLE state where the mobile device 115-c monitors the paging channel
to receive paging and/or overhead information associated with the base station 105-1).
The mobile device 115-¢c may monitor the PCH according to paging information
associated with the base station 105-1 (e.g., a paging channel rate, a paging slot cycle,
etc.). The mobile device 115-¢ may store these before-call PCH network parameters
while in the paging mode at 410. At 415, a traffic session is initiated between the
mobile device 115-c and the base station 105-i. The traffic session may be initiated by
the mobile device 115-c or by the base station 105-i. As a part of the call setup
procedure for starting the traffic session, the mobile device 115-¢ may, alternatively,

receive and store the before-call network parameters. The before-call network
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parameters may include a SID/NID, a band class, a frequency channel, or a pilot PN

sequence associated with the base station 105-1.

[0086] At 420, the mobile device 115-c and the base station 105-i exchange voice
and/or data information during the traffic session. While exchanging voice and/or data
information in the traffic session 420, the mobile device 115-¢c may receive and store in-
call network parameters related to the traffic session based on communication links of
the base station 105-i. The in-call network parameters may include a SID/NID, a band
class, a frequency channel, and/or a pilot PN sequence associated with the base station
105-1. At 425, the mobile device 115-¢ is handed over from the base station 105-1 to the
base station 105-j. As discussed, a variety of situations may necessitate the handover.
Once the handover process is complete, the mobile device 115-c is registered on the
base station 105-j such that base station 105-j continues the traffic session with the
mobile device 115-c at 430. As a part of the handover process or once the mobile
device 115-c is registered with the base station 105-j and in the traffic session 430, the
mobile device 115-c receives and stores (e.g., updates) the in-call network parameters at
435 to reflect the network parameters associated with the base station 105-j. That is, the
mobile device 115-c may replace the in-call network parameters received and stored
while in traffic session 420 with base station 105-1 with the new in-call network
parameters associated with base station 105-j. The mobile device 115-c may receive the
in-call network parameters associated with the base station 105-j over a TCH of the base
station 105-j. The traffic session ends at 440, where the mobile device 115-c and the
base station 105-j complete a call release procedure. Additionally, or alternatively, the
mobile device 115-¢ may receive and store the in-call network parameters as a part of

the call release procedure.

[0087] At 445, the mobile device 115-¢c may determine whether or not it is safe for a
direct transition from the traffic session to a paging mode. The determination may be
based on comparing the before- and in-call network parameters stored at 410 and 435,
respectively. For example, if certain before- and in-call network parameters
substantially correspond, the mobile device 115-c may determine that it is safe for a
direct traffic session to paging mode transition. The before- and in-call network

parameters may be compared in a hierarchical flow as described in more detail below.
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[0088] FIG. S is a process diagram illustrating an exemplary process 500 for a direct
transition from a traffic session to a paging mode, in accordance with aspects of the
present disclosure. The process 500 may implement, for example, aspects of wireless
communications networks 100 and/or 200, as well as the communication flows 300
and/or 400. At 505, the process 500 starts with a mobile device in a paging mode. For
instance, any of the mobile devices 115 may be registered with a base station and in a
paging mode where the device monitors the PCH according to paging information
associated with the base station. Before-call network parameters may be received over
the PCH and/or stored while in the paging mode at 505. At 510, the mobile device
determines whether a traffic session should be initiated is made. The traffic session may
be initiated by the mobile device or by the base station. If no traffic session is initiated,
the process loops back to the paging mode 505 where the mobile device continues to
monitor the PCH for paging and/or overhead information. If a traffic session is
initiated, the process moves to 515 where the mobile device and base station enter into
the traffic session. During the traffic session at 515, voice and/or data information is
exchanged, depending on the nature of the traffic session. The voice and/or data

information may be exchanged via a TCH during the traffic session.

[0089] In-call network parameters may be received and/or stored during the traffic
session 515. The in-call network parameters may relate to communication links
associated with the traffic session. A determination as to whether the traffic session is
complete is made by the mobile device at 520. If the traffic session is not complete, the
process 500 loops back to 515 where the mobile device and base station may continue
the traffic session 515. The in-call network parameters continue to be received and/or
stored while in the traffic session. As such, changes in the communication links
associated with the traffic session are reflected in the stored in-call network parameters

(e.g., changes relating to handoff, varying network loads, etc.).

[0090] If the traffic session is complete, the process 500 moves to 525 where the
mobile device determines whether or not it is safe for a direct transition from the traffic
session to the paging mode. The determination may be based on comparing the before-
and in-call network parameters. For example, if certain before- and in-call network
parameters substantially correspond, the mobile device may determine that it is safe for

a direct transition from the traffic session to the paging mode. The before- and in-call
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network parameters may be compared in a hierarchical flow. If the mobile device
determines that it is safe for a direct traffic session to paging mode transition, the mobile
device transitions directly to the paging mode at 530 where the PCH may be
immediately monitored. If the mobile device determines that it is not safe for a direct
traffic session to paging mode transition, the process 500 moves to 535 where the
mobile device completes the traditional re-synchronization procedure of pilot

acquisition and sync decoding.

[0091] FIG. 6 is a process diagram illustrating an exemplary process 600 for a direct
transition from a traffic session to paging mode, in accordance with aspects of the
present disclosure. More particularly, the process 600 illustrated in FIG. 6 shows an
exemplary hierarchical flow for determining whether it is safe to transition directly from
the traffic session to the paging mode. The process 600 may implement, for example,
aspects of wireless communications networks 100 or 200, the communication flows 300
or 400, as well as aspects of the process 500. The process 600 begins at 605 where a
traffic session between a mobile device and a base station has ended. As discussed
above, before- and in-call network parameters have been received over the PCH and
TCH, respectively, and subsequently stored by the mobile device. The before- and in-
call network parameters may include, for example, a SID/NID, a band class, a frequency

channel, an Active Set PN offset sequence, and/or other parameters.

[0092] Once the traffic session has ended at 605, the process 600 moves to 610 where
the mobile device may compare the SID/NID associated with the before-call network
parameters with the SID/NID associated with the in-call network parameters. If the
SID/NID parameters do not match, this indicates that the mobile device has switched to
a different network during the traffic session and it is not safe to transition directly from
the traffic session to the paging mode. In this situation, the process 600 moves to 655
where the mobile device completes the traditional pilot acquisition and SYNC message

decoding re-synchronization procedure.

[0093] If the SID/NID matches, then the process 600 moves to 615 where the mobile
device compares the band class associated with the before-call network parameters to
the band class associated with the in-call network parameters. If these network

parameters do not match, the mobile device may check to see if the in-traffic band class



WO 2014/151087 PCT/US2014/024955

29

is listed in a frequency channel list at 625. If the band class network parameters match,
the mobile device may check to see if the frequency associated with the before-call
network parameters matches the frequency associated with the in-call network
parameters at 620. Similarly, if the frequency network parameters do not match, the
mobile device may again check to see if the in-traffic frequency is listed in the
frequency channel list at 625. If, at 615 and/or 620, either the band class or the
frequency have changed and are not listed in the frequency channel list at 625, the
mobile device determines that it is not safe to transition directly from the traffic session
to the paging mode. In this situation, the process 600 moves to 655 where the mobile
device completes the pilot acquisition and SYNC message decoding re-synchronization

procedure.

[0094] If the in-call band class and frequency are listed in the frequency channel list,
the mobile device may determine that it is safe for a direct traffic session to paging
mode transition. In embodiments, when the band class and/or frequency has changed
(but the in-call band class and/or in-call frequency are in the channel list), the mobile
device may transition directly from the traffic session to the paging mode using blind
PCH decoding at 645. Blind PCH decoding refers to, for example, the mobile device
attempting to decode traffic on the PCH using a last known good decoding scheme

and/or a predetermined series of paging channel rates.

[0095] If the band class and frequency network parameters match at 615 and 620, the
process 600 moves to 630 where the mobile device compares the Active Set PN offset
sequence network parameters. If these network parameters match, then the mobile
device may determine at 635 that it is safe to transition directly from the traffic session
to the paging mode. If the Active Set PN offset sequences do not match, the mobile
device determines that it is safe to transition to the paging mode using the blind

decoding scheme at 645, as discussed above.

[0096] In accordance with even further aspects, the mobile device may utilize a timer
(e.g., a transition timer) to govern a reasonable amount of time to acquire the paging
channel based on stored paging channel information. The timer may be initiated as a
part of the call termination process and, once expired, automatically trigger the mobile

device to revert to the standard re-synchronization process at 640. For example, once
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the mobile device transitions to the paging mode at 635, the mobile device may
determine if it is able to correctly synchronize and decode to the PCH before the timer
expires. If, at 640, the timer has expired before the mobile device correctly
synchronizes and/or decodes the PCH, the process 600 moves to 650 where the mobile
device completes the pilot acquisition and sync message decoding re-synchronization
procedure. If the mobile device correctly synchronizes and decodes the PCH before the

expiration of the timer, the process 600 ends at 655.

[0097] FIG. 7 is a block diagram 700 of a device 705 for a direct traffic session to
paging mode transition in accordance with various embodiments. The device 705 may
implement aspects and/or components of the mobile devices 115 of FIGS. 1-4 as well as
implementing aspects of flows 300 and/or 400 and/or processes 500 and/or 600. The
device 705 may be configured to safely transition directly from a traffic session to a
paging mode upon completion of the traffic session. The device 705 may be a

Processor.

[0098] Device 705 includes a receiver 710, a network parameters module 715, a direct
transition evaluation module 720, a mode transition module 725, and a transmitter 730,
which each may be in communication, directly or indirectly, with each other. The
receiver 710 may receive network parameters from a base station 105 (e.g., via the
PCH) while device 705 is in a paging mode or as part of a call setup procedure. The
network parameters module 715 is configured to store these before-call network
parameters. A traffic session may be initiated between the base station 105 and the
device 705. While in the traffic session, the receiver 710 may receive various in-call
network parameters (e.g., via a TCH). The in-call network parameters may be received
from one or more base stations of an active set of base stations that may vary throughout
the traffic session. The network parameters module 715 may store these in-call network
parameters. Exemplary before- and in-call network parameters include, but are not
limited to, a SID/NID, band class, frequency, etc. According to other aspects, the
network parameters module 715 may further be configured to retrieve the stored
network parameters from, for example, a memory module (e.g., memory 940 of mobile
device 115-d). The network parameters module 715 may be configured to provide the

stored network parameters to the direct transition evaluation module 720.
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[0099] Upon termination of the traffic session, the direct transition evaluation module
720 may determine whether it is safe for a direct traffic session to paging mode
transition based on the stored before-call and in-call network parameters. The direct
transition evaluation module 720 may determine that it is safe for direct traffic session
to paging mode transition without assistance from the network, e.g., without requiring
the network to determine, package, and/or transmit additional paging channel
information to the device 705. According to certain aspects, the determination of safe
transition is made based on comparing some or all of the before- and in-call network
parameters using a hierarchical flow. For example, the determination may be made by

following the hierarchical flow described above with reference to FIG. 6.

[0100] As discussed above, various situations might result in the before-call network
parameters being different from the in-call network parameters. As one example, the
device 705 may move from the coverage area of a source base station to the coverage
arca of a target base station (see FIG. 2 and its associated description). The network
parameters associated with the source base station may be the same as, or different than
the network parameters associated with the target base station. In instances where at
least some of the network parameters are the same, the direct transition evaluation
module 720 may determine that it is safe for direct traffic session to paging mode
transition. In instances where some or all of the network parameters are different, the
direct transition evaluation module 720 may determine that direct traffic session to
paging mode transition is not safe. In this instance, the device 705 may be configured to
perform traditional re-synchronization procedures and proceed to pilot acquisition and

sync message decoding.

[0101] According to certain aspects, the direct transition evaluation module 720 may
communicate whether it is safe to perform a direct transition to the mode transition
module 725. If it has been determined safe for direct transition, the mode transition
module 725 may be configured to change an operating mode of the device 705 from the
traffic session where the device 705 is communicating on the TCH (e.g., via receiver
710, transmitter 730, etc.) to a paging mode where the device 705 immediately monitors
the PCH to receive paging information. If it has been determined unsafe for direct
transition, the mode transition module 725 may be configured to change the mode of the

device 705 from the traffic session mode to a re-synchronization mode where the device
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705 may complete a pilot acquisition and SYNC message reception and decoding

procedure.

[0102] FIG. 8 is a block diagram 800 of another exemplary device 805 for a direct
traffic session to paging mode transition in accordance with various embodiments. The
device 805 may implement aspects and/or components of the mobile devices 115 of
FIGS. 1-4, the device 705 of FIG. 7, as well as aspects of flows 300 and/or 400 and/or
processes 500 and/or 600. The device 805 may be a processor. The device 805
includes a first receiver module 810, a second receiver module 815, a paging
information module 820, a mode transition module 725-a, and a transmitter 830. These
modules may be in communication, directly or indirectly, with each other. In one
embodiment, functionality of the device 805 may be implemented as one or more
components of the mobile device 115-d of FIG. 9 (e.g., the processor module 925, the

paging information module 820-a, the mode transition module 725-b, etc.).

[0103] The device 805 may be configured to transition directly from a traffic session
to a paging mode. The first and second receiver modules 810 and 815, respectively,
may each be independently tunable to receive information on different frequencies
and/or channels. Prior to a traffic session, the device 805 may be in a paging mode
where the first receiver module 810 or the second receiver 815 may monitor the PCH of
a base station 105. Upon initiation of a traffic session between the base station 105 and
the device 705, the first receiver module 810 may be tuned to communicate via the TCH
while the second receiver module 815 may be tuned to receive paging information via
the PCH, or vice-versa. As such, the device 805 may be able to communicate data and
information of the traffic session with the base station via the TCH while continuing to
receive paging information. The paging information module 820 may receive the
current paging information and/or network parameters from the first and/or second
receiver modules 810 and 815. The paging information module 820 may maintain
current paging information associated with the base station 105 while in the traffic

session.

[0104] Upon termination of the traffic session, the mode transition module 725-a may
be configured to perform a direct transition from the traffic session to the paging mode.

The mode transition module 725-a may perform the direct transition based on paging
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information from the paging information module 820. The direct transition may avoid
traditional re-synchronization procedures such as pilot acquisition and sync message

decoding.

[0105] FIG. 9 is a block diagram 900 of an exemplary mobile device 115-d
configured for direct transition from a traffic session to a paging mode. The mobile
device 115-d may illustrate, for example, aspects of mobile devices 115 of FIGS. 1-4,
aspects of the devices 705 and/or 805 of FIGS. 7-8, as well as aspects of the processes
500 and/or 600. In embodiments, functionality of the devices 705 and/or 805 may be
implemented as one or more components of the mobile device 115-d (e.g., the processor
module 925, the network parameters module 715-a, the direct transition evaluation
module 720-a, the mode transition module 725-b, the paging information module 820-a,
etc.). The mobile device 115-d may have any of various configurations, such as
personal computers (e.g., laptop computers, netbook computers, tablet computers, etc.),
cellular telephones, PDAs, digital video recorders (DVRs), internet appliances, gaming
consoles, e-readers, etc. The mobile device 115-d may have an internal power supply

(not shown), such as a small battery, to facilitate mobile operation.

[0106] The mobile device 115-d includes antennas 905, a transceiver module 910,
memory 940, and a processor module 925, which each may be in communication,
directly or indirectly, with each other (e.g., via one or more buses). The transceiver
module 910 is configured to communicate bi-directionally, via the antennas 905 and/or
one or more wired or wireless links, with one or more networks, as described above.
For example, the transceiver module 910 may be configured to communicate bi-
directionally with a base station 105. The transceiver module 910 may include a
modem configured to modulate the packets and provide the modulated packets to the
antennas 905 for transmission, and to demodulate packets received from the antennas
905. While the mobile device 115-d may include a single antenna, the mobile device
115-d will typically include multiple antennas 905 for multiple links. The transceiver
module may have multiple transmitters and/or receivers for transmitting and/or
receiving information over multiple channels and/or frequencies at the same time. For

example, the transceiver module 910 may include receivers 810 and 815 of FIG. 8.
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[0107] The memory 940 may include random access memory (RAM) and read-only
memory (ROM). The memory 940 may store computer-readable, computer-executable
software code 920 containing instructions that are configured to, when executed, cause
the processor module 925 to perform various functions described herein (e.g., direct
traffic session to paging mode transition). Alternatively, the software 920 may not be
directly executable by the processor module 925 but be configured to cause the
computer (e.g., when compiled and executed) to perform functions described herein.
The processor module 925 may include an intelligent hardware device, e.g., a central
processing unit (CPU), a microcontroller, an application specific integrated circuit

(ASIC), etc.

[0108] According to the architecture of FIG. 9, the mobile device 115-d may further
include a communications management module 930, a network parameters module 715-
a, a direct transition evaluation module 720-a, a mode transition module 725-b, and/or a
paging information module 820-a. By way of example, these modules may be
components of the mobile device 115-d in communication with some or all of the other
components of the mobile device 115-d via a bus. Alternatively, functionality of these
modules may be implemented as a component of the transceiver module 910, as a
computer program product, and/or as one or more controller elements of the processor
module 925. The communications management module 930 may manage

communications with base station 105 and/or other mobile devices.

[0109] The mode transition module 725-b may control the current device state. In
some embodiments, the mode transition module 725-b may include hardware, code,
instructions, etc., configured to control transition between an active state where the
device 115-d is in a traffic session and a paging mode. The mode transition module
725-b may be configured to safely transition the mobile device 115-d directly from the
traffic session to the paging mode upon completion of a traffic session. The mode
transition module 725-b may implement the functionality of the mode transition

modules 725 of devices 705 and/or 805 of FIG. 7 and/or FIG. §.

[0110] In some embodiments, the mobile device 115-d includes network parameters
module 715-a and direct transition evaluation module 720-a. Network parameters

module 715-a may receive and store network parameters. For example, the network
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parameters module 715-a may receive various before-call network parameters via the
PCH from a base station 105 while in the paging mode or as a part of a call setup
procedure. The network parameters module 715-a may further, when in a traffic
session, receive and store in-call network parameters associated with the TCH. While in
the traffic session, network parameters module 715-a may receive in-call network
parameters from several base stations 105 that may be part of an active set of base
stations that may vary during the traffic session. Additionally or alternatively, network
parameters module 715-a may store in-call network parameters as a part of a call release
procedure. Exemplary before- and in-call network parameters include, but are not
limited to, a SID/NID, band class, frequency, etc. When the traffic session ends, the
direct transition evaluation module 720-a may determine whether it is safe for direct
traffic session to paging mode transition based on the stored network parameters. The
direct transition evaluation module 720-a may determine that it is safe for traffic session
to paging mode transition without assistance from the network, e.g., without requiring
the network to determine, package, and transmit additional paging channel information
to the mobile device 115-d. According to certain aspects, the determination of safe
transition is made based on comparing some or all of the before- and in-call network
parameters using a hierarchical flow. For example, the determination may be made by

following the hierarchical flow described above with reference to FIG. 6.

[0111] In some embodiments, the mobile device 115-d includes paging information
module 820-a. The paging information module 820-a may be configured to receive
current paging information and/or network parameters from one receiver of transceiver
910 while mobile device 115-d communicates in a traffic session using a second
receiver of transceiver 910. The paging information module 820-a may maintain
current paging information associated with a base station 105 while in the traffic
session. Upon termination of the traffic session, the mode transition module 725-b may
be configured to perform a direct transition from the traffic session to the paging mode.
The mode transition module 725-b may perform the direct transition based on paging
information from the paging information module 820-a. The direct transition may avoid
traditional re-synchronization procedures such as pilot acquisition and sync message

decoding
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[0112] The components of the devices 705 and/or 805, and/or the mobile device 115-
d may, individually or collectively, be implemented with one or more application-
specific integrated circuits (ASICs) adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more
other processing units (or cores), on one or more integrated circuits. In other
embodiments, other types of integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other Semi-Custom ICs), which
may be programmed in any manner known in the art. The functions of each unit may
also be implemented, in whole or in part, with instructions embodied in a memory,
formatted to be executed by one or more general or application-specific processors.
Each of the noted modules may be a means for performing one or more functions

related to operation of the devices 705 and/or 805, and/or the mobile device 115-d.

[0113] FIG. 10 is a flowchart of a method 1000 for safely transitioning from a traffic
session to a paging mode in accordance with aspects of the present disclosure. The
method 1000 may be performed by one or more of the devices 705 and/or 805 of FIG. 7
and/or FIG. 8, and/or the mobile devices 115 of FIGS. 1-4 and/or 9. Similarly, the
method 1000 may implement aspects of the flows 300 and/or 400 and the processes 500
and/or 600. In one implementation, the processor module 925 of the mobile device 115-
d of FIG. 9 may execute one or more sets of codes or computer executable instructions
to control the functional elements of the mobile device 115-d to perform the functions
described below. At block 1005, the method 1000 begins where a mobile device may
store, before initiation of a traffic session with a wireless communications network,
before-call network parameters (also referred to as a first set of network parameters). At
block 1010, the mobile device may store, during the traffic session, in-call network
parameters (also referred to as a second set of network parameters). Exemplary network
parameters may include, but are not limited to, a SID/NID, a band class, a frequency,

and an Active Set PN offset sequence.

[0114] At block 1015, the mobile device determines, upon termination of the traffic
session, synchronization information for a direct transition from the traffic session to a
paging mode. The synchronization information may be based on the stored network
parameters. According to one implementation, the before-call and in-call network

parameters are compared using a hierarchical flow. Accordingly, if certain of the
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before-call network parameters correspond to the in-call network parameters, the mobile
device may determine it is safe for a direct traffic session to paging mode transition. In
some aspects, the mobile device may determine it is safe to transition directly to the
paging mode, upon termination of the traffic session, using a blind PCH scheme (e.g.,
using last known good paging information). If the synchronization information
indicates that it is safe for direct transition, the method may continue to block 1020
where the mobile device transitions directly from the traffic session to the paging mode.
For example, the mobile device may transition directly from communication over a
TCH for the traffic session to receiving paging information via the PCH without
performing pilot signal detection and acquisition and/or synchronization channel

reception and decoding.

[0115] FIG. 11 is a flowchart of a method 1100 for safely transitioning from a traffic
session to a paging mode in accordance with aspects of the present disclosure. The
method 1100 may be performed by the devices 705 and/or 805 of FIG. 7 and/or FIG. 8§,
and/or the mobile devices 115 of FIGS. 1-4 and/or 9. Similarly, the method 1100 may
implement aspects of the flows 300 and/or 400 and the processes 500 and/or 600. In
one implementation, the processor module 925 of the mobile device 115-d of FIG. 9
may execute one or more sets of codes to control the functional elements of the mobile
device 115-d to perform the functions described below. At block 1105, the method
1100 begins where a mobile device may store, before initiation of a traffic session with
a wireless communications network, before-call network parameters. At block 1110,
the mobile device may store, during the traffic session, in-call network parameters. At
block 1115, the mobile device determines, upon termination of the traffic session,
synchronization information. The synchronization information may be for a direct
transition from the traffic session to a paging mode and be based on the stored network

parameters.

[0116] According to some aspects, the mobile device compares, at block 1120, the
before-call and in-call network parameters. Thus, the mobile device may determine
whether the before-call network parameters associated with monitoring a paging
channel are different than the in-call network parameters associated with
communicating via the TCH. If the stored network parameters substantially correspond,

the method 1100 may move to block 1125 where the mobile device may transition,
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based on the determination and comparison, directly from the traffic session to the

paging mode where the PCH may be monitored for incoming paging information.

[0117] FIG. 12 is a flowchart of a method 1200 for safely transitioning from a traffic
session to a paging mode. The method 1200 may be performed by the devices 705
and/or 805 of FIG. 7 and/or FIG. 8, and/or the mobile devices 115 of FIGS. 1-4 and/or
9. Similarly, the method 1200 may implement aspects of the flows 300 and/or 400 and
the processes 500 and/or 600. In one implementation, the processor module 925 of the
mobile device 115-d of FIG. 9 may execute one or more sets of codes to control the
functional elements of the mobile device 115-d to perform the functions described
below. At block 1205, the method 1200 begins where a mobile device may receive, by
a first receiver of the mobile device, data signaling associated with a traffic session. At
block 1210, the mobile device may receive, by a second receiver of the mobile device,
paging signaling. The paging signaling may include one or more of pilot sequences or
synchronization signaling. As such, the mobile device may always have the most

current paging information associated with the PCH.

[0118] At block 1215, the mobile device may determine, upon termination of the
traffic session, synchronization information for a direct transition from the traffic
session to a paging mode. The synchronization information may be based on the
received paging signaling from the second receiver. At block 1220, the mobile device
may transition, based on the determination, directly from the traffic session to the

paging mode where the PCH may be immediately monitored.

[0119] Turning now to FIGS. 13-22, methods, systems, and devices configured for
avoiding network re-synchronization procedures for stationary M2M devices are
described. FIG. 13 is a diagram illustrating an exemplary communication flow 1300
for avoiding network re-synchronization procedures in stationary M2M devices. In
communication flow 1300, the M2M device 120-b may be any of the M2M devices 120
of FIGS. 1-2. At 1305, the M2M device 120-b is in a sleep state where it monitors the
PCH associated with base station 105-k to receive paging and/or overhead information.
At 1310, the M2M device 120-b stores the paging information. The paging information
may be associated with the base station 105-k (e.g., paging channel rate, a paging slot

cycle, etc.). At 1315, a traffic session is initiated between the M2M device 120-b and
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the base station 105-k. The traffic session may be initiated by the M2M device 120-b or
by the base station 105-k.

[0120] At 1320, the M2M device 120-b and the base station 105-k exchange
information via the TCH, as determined by the traffic session. The traffic session ends
at 1325. At 1330, the M2M device 120-b is configured for receiving paging messaging.
The M2M device 120-b may be configured to receive the paging messaging based on
the paging information stored at 1310. According to certain aspects, the M2M device
120-b configures certain hardware elements to receive the paging messaging from the
base station 105-k, e.g., configures hardware elements to monitor and receive paging
information via the PCH of base station 105-k. At 1335, the M2M device 120-b
performs direct transition to the paging mode where the paging channel is monitored at

1345.

[0121] FIG. 14 is a diagram illustrating a communication flow 1400 between a M2M
device 120-c and a base station 105-1, the M2M device 120-c configured for avoiding
network re-synchronization procedures when a traffic session has ended. At 1405, the
M2M device 120-c is in a sleep state where it monitors the PCH associated with the
base station 105-1 to receive paging and/or system access (e.g., overhead) information.
At 1410, the M2M device 120-c stores the paging information and the system access
information. Exemplary paging information associated with the base station 105-1
includes, but is not limited to, a paging channel rate, a paging slot cycle, etc. System
access information includes various network parameters associated with communicating
with base station 105-1, e.g., network overhead information. At 1415, a traffic session is
initiated between the M2M device 120-c and the base station 105-1. The traffic session
may be initiated by the M2M device 120-c or by the base station 105-1.

[0122] At 1420, the M2M device 120-c and the base station 105-1 exchange data
and/or information via the TCH, as determined by the traffic session. The traffic
session ends at 1425. At 1440, the M2M device 120-c determines if the system access
information has expired. According to certain aspects, the system access information is
stored for a defined time period. Accordingly, an overhead timer may be initiated when
the M2M device 120-c first stores the system access information at 1410. The M2M

device 120-c may determine whether the system access information has expired by
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determining whether the associated overhead timer has completed its cycle. If the
system access information has expired at 1440, the method moves to 1445 and the M2M
device receives one or more access configuration messages from the base station 105-1
to update the stored system access information. The M2M device 120-c updates the
system access information stored at 1410 with the system access information received at
1445 and may reset the overhead timer. M2M device 120-¢ may be configured for
receiving paging messaging at 1450. The M2M device 120-c may be configured to
receive the paging messaging based on the paging information stored at 1410.
According to certain aspects, the M2M device 120-c configures certain hardware
elements to receive the paging messaging from the base station 105-1, e.g., configures
hardware elements to monitor and receive paging information via the PCH of base
station 105-1. At 1455, the M2M device 120-c may perform a direct transition to the

paging mode where the paging channel is monitored at 1460.

[0123] FIG. 15 is a diagram illustrating a process 1500 for avoiding network re-
synchronization procedures by transitioning from a traffic session to a paging mode in a
stationary M2M device. The process 1500 may implement, for example, aspects of
wireless communications system 100 or 200, as well as the communication flows 1300
and 1400. At 1505, the process 1500 begins with a M2M device in a paging mode. The
M2M device may be registered with a base station and monitoring the PCH of the base
station. The M2M device stores paging information and system access information at
block 1510. The paging information may be received via the PCH of the base station.
System access information may include information indicative of the network
parameters associated with a TCH of the base station. At 1515, a traffic session is
initiated. The traffic session may be initiated by the M2M device or the base station.
At 1520, the M2M device determines if the traffic session is complete. If not, the M2M
device loops back to 1515 to continue the traffic session. If the traffic session is
complete, the process moves to 1525 where the M2M device determines if the system
access information has expired. In accordance with certain aspects, the system access

information may expire after a defined time period.

[0124] In one example, an overhead timer may be associated with the system access
information and initiated when the information is stored. Accordingly, the M2M device

may determine if the overhead timer has competed its cycle at 1525 to determine if the
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system access information has expired. If the system access information has expired,
the process moves to 1535 where the M2M device validates and, if necessary, updates
the system access information. The system access information may be updated by
receiving one or more access configuration messages from the base station. The stored
system access information may be updated to reflect the newly received system access
information. If the system access information has not expired, the process moves to
1530 where the M2M device transitions directly to the paging mode, thus avoiding
network re-synchronization procedures. The M2M device may be configured to receive
paging messaging based on the paging information stored at 1510. For example,
elements of the M2M device (hardware, software, firmware, etc.) may be configured to

synchronize and decode the PCH from a base station based on the paging information.

[0125] FIG. 16 is a diagram illustrating a process 1600 for avoiding network re-
synchronization procedures in a stationary M2M device by transitioning from a traffic
mode to a paging mode. The process 1600 may implement, for example, aspects of
wireless communications networks 100 or 200, as well as the communication flows
1300 or 1400. At 1605, the process 1600 starts with the M2M device in a paging mode.
The M2M device may be registered with a base station and monitoring the PCH of the
base station for paging information and/or system access information. The M2M device
stores the paging information and system access information at 1610. The paging
information may include various network parameters associated with the PCH while
system access information may include information associated with communicating
over a TCH of the base station. At 1615, a traffic session is initiated. The traffic
session may be initiated by the M2M device or the base station. At 1620, the M2M
device determines if the traffic session is complete. If not, the process loops back to

1615 to continue the traffic session.

[0126] If the traffic session is complete, the process moves to 1625 where the M2M
device determines if the system access information has expired. In accordance with
certain aspects, expiration of the system access information may be based on an
overhead timer associated with the system access information. If the system access
information has expired, the process moves to 1635 where the M2M device may
validate the system access information by receiving one or more access configuration

messages. The access configuration messages may include a configuration sequence
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number that may be used by the M2M device (e.g., using a look-up table) to determine
various network parameters associated with the base station. At 1640, the M2M device
determines if a configuration sequence number in the access configuration message
matches a corresponding configuration sequence number associated with the system
access information stored at 1610. If the configuration sequence numbers match, it may
indicate that the network parameters associated with the stored system access
information are still valid (e.g., has not changed). Accordingly, the process may move
to 1630 where the M2M device avoids network re-synchronization procedures by
transitioning directly to the paging mode. If the configuration sequence numbers match
(i.e., the stored system access information is valid), the M2M device may avoid or
disable reception of one ore more subsequent access configuration messages. If,
however, the configuration sequence numbers do not match, the process moves to 1645
where the M2M device receives and decodes additional access configuration messages.
The M2M device utilizes information in the access configuration messages to update the
stored system access information at 1645 before moving to 1630 and transitioning to the

paging mode.

[0127] FIG. 17 is a block diagram 1700 of a device 1705 for avoiding network re-
synchronization in stationary M2M devices in accordance with various embodiments.
The device 1705 may implement aspects and/or components of the M2M devices 120 of
FIGS. 1-2 and/or 13-14, as well as implementing aspects of flows 1300 and/or 1400 and
processes 1500 and/or 1600. In one embodiment, functionality of the stationary device
1705 may be implemented as one or more components of the M2M device 120-d (e.g.,
the processor module 1970, the M2M paging information module 1715-b, the M2M
mode transition module 1720-b, etc.) of FIG. 19. Device 1705 includes a receiver 1710,
M2M paging information module 1715, M2M mode transition module 1720, and a
transmitter 1725. These modules may be in communication, directly or indirectly, with

each other.

[0128] In embodiments, the device 1705 is a stationary device and configured to
avoid network re-synchronization procedures by transitioning from a traffic session
directly to a paging mode once the traffic session is complete. Before initiation of the
traffic session, the receiver 1710 may monitor a PCH of a base station 105. M2M

paging information module 1715 may store paging information associated with



WO 2014/151087 PCT/US2014/024955

43

monitoring the PCH of the base station 105 (e.g., paging channel frequency, paging
channel rate, paging slot cycle, etc.). The device 1705 may communicate data and
information with the base station 105 on a traffic session (e.g., via receiver 1710 and/or
transmitter 1725). Upon termination of the traffic session, the M2M paging information
module 1715 may communicate the paging information to the transition module 1720.
The transition module 1720 receives the paging information and may configure relevant
hardware elements of the device 1705 (e.g., receiver 1710 and/or transmitter 1725, etc.)
for a direct transition from the traffic session to the paging mode based on the paging
information. The device 1705, in transitioning directly from the traffic session to the
sleep state, may avoid traditional network re-synchronization procedures such as pilot

signal detection and decoding of synchronization signals and/or channels.

[0129] FIG. 18 is a block diagram 1800 of another exemplary device 1805 for
avoiding network re-synchronization in stationary M2M devices in accordance with
various embodiments. The device 1805 may implement aspects and/or components of
the M2M devices 120 of FIGS. 1-2 and 13-14, and/or aspects of the device 1705 of FIG.
17, as well as implementing aspects of flows 1300 and/or 1400 and/or processes 1500
and/or 1600. In one embodiment, functionality of the stationary device 1805 may be
implemented as one or more components of the M2M device 120-d (e.g., the processor
module 1970, the M2M paging information module 1715-b, the M2M system access
information module 1830-a, the M2M mode transition module 1720-b, etc.) of FIG. 19.
Device 1805 includes a receiver 1710-a, M2M paging information module 1715-a,
M2M mode transition module 1720-a, a transmitter 1725-a, and M2M system access
information module 1830. These modules may be in communication, directly or

indirectly, with each other.

[0130] The M2M paging information module 1715-a is configured to receive and
store paging information for monitoring the PCH of a base station 105. For example,
the M2M paging information module 1715-a may perform the functions of the M2M
paging information module 1715 illustrated in FIG. 17. The M2M system access
information module 1830 is configured to receive and store system access information
before initiation of a traffic session. The system access information may include
various network parameters associated with communicating with the base station 105.

For example, the system access information may include parameters for accessing the
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network via an Access Channel (e.g., preamble size, maximum size, etc.). The M2M
paging information module 1715-a may communicate the paging information to the
M2M mode transition module 1720-a. In accordance with certain aspects, the M2M
mode transition module 1720-a receives the paging information and, upon termination
of a traffic session, may configure the relevant hardware elements of the device 1805
(e.g., receiver 1710-a, transmitter 1725-a, etc.) for a direct transition from the traffic

session to the paging mode.

[0131] According to other aspects, the M2M system access information module 1830
is configured to determine if the system access information remains valid or is expired
before direct transition from the traffic session to the paging mode. The M2M system
access information module 1830 may include an overhead timer associated with the
stored system access information. The stored system access information may be known
to be valid until at least expiration of the overhead timer. Upon termination of the
traffic session, the M2M system access information module 1830 may determine
whether the stored system access information has expired. If the stored system access
information has expired, the M2M system access information module 1830 may
validate the stored system access information by receiving one or more access
configuration messages and confirming whether a configuration sequence number of the
stored system access information matches a configuration sequence number associated
with the one or more access configuration messages. If the configuration sequence
numbers match (i.e., the stored system access information is valid), the M2M system
access information module 1830 may avoid or disable reception (e.g., disable receiver
1710-a, etc.) of one ore more subsequent access configuration messages. If the
configuration sequence numbers do not match, the M2M system access information
module 1830 may receive and decode additional access configuration messages (¢e.g.,

enable transmitter 1725-a) to update the stored system access information.

[0132] FIG. 19 is a block diagram 1900 of a M2M device 120-d configured for
avoiding network re-synchronization procedures. The M2M device 120-d may
illustrate, for example, aspects of the M2M devices 120 of FIGS. 1-2 and/or 13-14,
and/or aspects of the devices 1705 and/or 1805 of FIGS. 17 and/or 18. The M2M
device 120-d may also implement aspects of the flows 1300 and/or 1400 and/or the
processes 1500 and/or 1600. In embodiments, functionality of the devices 1705 and/or
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1805 may be implemented as one or more components of the M2M device 120-d (e.g.,
the processor module 1970, the M2M paging information module 1715-b, the M2M
mode transition module 1720-b, the M2M system access information module 1830-a,
etc.). The M2M device 120-d may have any of various configurations, such as a sensor
or monitor for various applications. The M2M device 120-d may have an internal

power supply (not shown), such as a small battery, to facilitate field operation.

[0133] The M2M device 120-d may include sensor 1915, antenna(s) 1945, a
transceiver module 1950, a memory 1980, M2M paging information module 1715-b,
M2M mode transition module 1720-b, M2M system access information module 1830-a,
and a processor module 1970, which each may be in communication, directly or
indirectly, with each other (e.g., via one or more buses). The sensor 1915 may monitor
or track other devices, environmental conditions, etc., and provide information
indicative of the gathered data. The transceiver module 1950 may be configured to
communicate bi-directionally, via the antenna(s) 1945 and/or one or more wired or
wireless links, with one or more networks, as described above. For example, the
transceiver module 1950 may be configured to communicate bi-directionally with the

base station 105 of FIG. 1.

[0134] The memory 1980 may include RAM and ROM. The memory 1980 may store
computer-readable, computer-executable software code 1985 containing instructions
that are configured to, when executed, cause the processor module 1970 to perform
various functions described herein (e.g., store paging information, communicate during
the traffic session, transition back to the paging mode, etc.). Alternatively, the software
code 1985 may not be directly executable by the processor module 1970 but be
configured to cause a computer (e.g., when compiled and executed) to perform
functions described herein. The processor module 1970 may include an intelligent

hardware device, e.g., a CPU, a microcontroller, an ASIC, etc.

[0135] The M2M device 120-d may be stationary and configured to avoid network re-
synchronization procedures by transitioning from a traffic session directly to a paging
mode once the traffic session is complete. Before initiation of the traffic session, the
M2M paging information module 1715-b may store paging information associated with

a monitored PCH of a base station 105. Once the traffic session is complete, M2M
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mode transition module 1720-b may configure the relevant hardware elements of the
M2M device 120-d (e.g., transceiver module 1950, etc.) for a direct transition from a
traffic session to a paging mode based on paging information stored by the M2M paging
information module 1715-b. In some embodiments, the M2M mode transition module
1720-b may include hardware, code, instructions, etc., configured to control transition
between an active state where the M2M device 120-d is in a traffic session and the
paging mode. The M2M device 120-d may, while in the paging mode, put various
modules (e.g., sensor 1915, transceiver module 1950, etc.) in a low-power (or zero-
power) state. Thus, the paging mode may correspond to a sleep or IDLE state of the
M2M device 120-d. While in the paging mode, components necessary for reception of
paging (e.g., transceiver 1950, etc.) may be enabled for short time periods to receive

paging messaging (e.g., according to the paging slot cycle, etc.).

[0136] According to other aspects, the M2M system access information module 1830-
a may store system access information before transitioning to the traffic session. The
system access information may include various network parameters associated with
communicating with a base station. An overhead timer may be associated with the
system access information and may indicate whether the system access information is
current. The M2M device 120-d may, upon termination of a traffic session, determine
whether the system access information has expired based on the overhead timer. If the
system access information has expired, the M2M device 120-d may validate the system
access information, and, if necessary, update the system access information by receiving
access configuration messages from the base station. Once the system access
information is confirmed valid (or updated), the M2M device 120-d may return to the

sleep state.

[0137] The M2M device 120-d may further include a communications management
module 1960. The communications management module 1960 may manage
communications with base stations 105 and/or other M2M devices 120. By way of
example, the communications management module 1960, the M2M paging information
module 1715-b, the M2M mode transition module 1720-b, and/or the M2M system
access information module 1830-a may be components of the M2M device 120-d in
communication with some or all of the other components of the M2M device 120-d via

a bus. Alternatively, functionality of these modules may be implemented as
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components of the transceiver module 1950, as a computer program product, and/or as

one or more controller elements of the processor module 1970.

[0138] The components of the devices 1705 and/or 1805, and/or the M2M device
120-d may, individually or collectively, be implemented with one or more ASICs
adapted to perform some or all of the applicable functions in hardware. Alternatively,
the functions may be performed by one or more other processing units (or cores), on one
or more integrated circuits. In other embodiments, other types of integrated circuits
may be used (e.g., Structured/Platform ASICs, Field Programmable Gate Arrays
(FPGASs), and other Semi-Custom ICs), which may be programmed in any manner
known in the art. The functions of each unit may also be implemented, in whole or in
part, with instructions embodied in a memory, formatted to be executed by one or more
general or application-specific processors. Each of the noted modules may be a means
for performing one or more functions related to operation of the devices 1705 and/or

1805, and/or the M2M device 120-d.

[0139] FIG. 20 is a flowchart of a method 2000 to transition from a traffic session to
a paging mode in a M2M device. The method 2000 may be performed by the M2M
devices 120 of FIGS. 1-2 and 13-14, and implements aspects of the flows 1300 or 1400
and the processes 1500 and 1600. In one implementation, the processor module 1970 of
the M2M device 120-d may execute one or more sets of codes to control the functional
elements of the device 120-d to perform the functions described below. At block 2005,
the method 2000 begins where a M2M device may store, before initiation of a traffic
session with a base station of the wireless communications network, paging information
associated with the base station. The paging information may include information for
monitoring the PCH of the base station. At block 2010, the M2M device, once the
traffic session is complete, is configured for receiving paging messaging from the base
station according to the stored paging information. As such, the method permits the
M2M device to avoid traditional network re-synchronization procedures and directly

transition to the sleep state or paging mode.

[0140] FIG. 21 is a method 2100 for a M2M device to transition from a traffic session
to a paging mode. The method 2100 may be performed by the M2M devices 120 of
FIGS. 1-2 and 13-14. In embodiments, the method 2100 implements aspects of the
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flows 1300 or 1400 and the processes 1500 and 1600. In one implementation, the
processor module 1970 of the M2M device 120-d may execute one or more sets of
codes to control the functional elements of the device 120-d to perform the functions
described below. At block 2105, the method 2000 begins where a M2M device may
store, before initiation of a traffic session with a base station of the wircless
communications network, paging information and system access information. The
paging information and system access information may be associated with the base
station. The paging information may include information for monitoring the PCH of the
base station. The system access information may include information indicative of
various network parameters associated with the base station (e.g., network overhead

parameters associated with communication with the base station).

[0141] At block 2110, the M2M device determines, once the traffic session is
complete, whether the system access information has expired. According to certain
aspects, an overhead timer is initiated when the system access information is stored.
When the timer completes its cycle, the system access information may be considered to
have expired (e.g., in need of updating). If the system access information has not
expired, the process moves to block 2115 where the M2M device is configured for a
direct transition from the traffic session to a paging mode based on the stored paging
information. As such, the method may permit the M2M device to avoid traditional

network re-synchronization procedures upon termination of the traffic session.

[0142] FIG. 22 is a flowchart of a method 2200 for a M2M device to transition from a
traffic session to a paging mode. The method 2200 may be performed by the M2M
devices 120 of FIGS. 1-2 and 13-14. In embodiments, the method 2200 implements
aspects of the flows 1300 or 1400 and the processes 1500 and 1600. In one
implementation, the processor module 1970 of the M2M device 120-d may execute one
or more sets of codes to control the functional elements of the device 120-d to perform
the functions described below. At block 2205, the method 2200 begins where a M2M
device may store, before initiation of a traffic session with a base station of the wireless
communications network, paging information and system access information. The
paging information and system access information may be associated with the base
station. The paging information may include information for monitoring the PCH of the

base station. The system access information may include information indicative of
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various network parameters associated with the base station (e.g., network overhead

parameters associated with communication with the base station).

[0143] At block 2210, the M2M device determines, once the traffic session is
complete, whether the system access information has expired. According to certain
aspects, an overhead timer is initiated when the system access information is stored.
When the timer completes its cycle, the system access information may be considered to
have expired (e.g., in need of validating and, if necessary, updating). If the system
access information has expired, the process moves to block 2215 where the M2M
device begins the process of validating and, if necessary, updating the system access
information. Validating and/or updating the system access information may be based
on a configuration sequence number received in one or more access configuration
messages. The configuration sequence number may be utilized by the M2M device to
determine network parameters associated with the base station. In some aspects, the
M2M device accesses a look-up table utilizing the configuration sequence number to
determine the network parameters associated with the base station. At block 2220, the
M2M device determines whether the configuration sequence number of a received
access configuration message is the same as a corresponding configuration sequence
number of the stored system access information. At block 2220, the M2M device may
determine whether the configuration sequence number received in the access
configuration message is the same as the configuration sequence number previously
received. If the configuration sequence numbers match, the system access information
may be considered valid and the process moves to block 2225 where the M2M device is
configured for receiving paging messaging from the base station according to the stored
paging information. As such, the method permits the M2M device to avoid traditional
network re-synchronization procedures and also to avoid receiving unnecessary
overhead messaging associated with updating the stored system access information
when the system access information has not changed. Therefore, the M2M device may
return to the sleep mode where the PCH is monitored more quickly and may further

Conscrve powcr.

[0144] The detailed description set forth above in connection with the appended
drawings describes exemplary embodiments and does not represent the only

embodiments that may be implemented or that are within the scope of the claims. The
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term "exemplary" used throughout this description means "serving as an example,
instance, or illustration," and not “preferred” or “advantageous over other
embodiments.” The detailed description includes specific details for the purpose of
providing an understanding of the described techniques. These techniques, however,
may be practiced without these specific details. In some instances, well-known
structures and devices are shown in block diagram form in order to avoid obscuring the

concepts of the described embodiments.

[0145] Information and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, electromagnetic waves, magnetic

fields or particles, optical fields or particles, or any combination thereof.

[0146] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
DSP, an ASIC, a FPGA or other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general-purpose processor may be a microprocessor,
but in the alternative, the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices, ¢.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or more microprocessors in conjunction with a DSP core,

or any other such configuration.

[0147] The functions described herein may be implemented in hardware, software
executed by a processor, firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be stored on or transmitted over as
one or more instructions or code on a computer-readable medium. Other examples and
implementations are within the scope and spirit of the disclosure and appended claims.
For example, due to the nature of software, functions described above may be
implemented using software executed by a processor, hardware, firmware, hardwiring,
or combinations of any of these. Features implementing functions may also be

physically located at various positions, including being distributed such that portions of
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functions are implemented at different physical locations. Also, as used herein,
including in the claims, “or” as used in a list of items prefaced by “at least one of”
indicates a disjunctive list such that, for example, a list of “at least one of A, B, or C”

means A or B or C or AB or AC or BC or ABC (i.e., A and B and C).

[0148] Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of a computer
program from one place to another. A storage medium may be any available medium
that may be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, computer-readable media may comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that may be used to carry or store
desired program code means in the form of instructions or data structures and that may
be accessed by a general-purpose or special-purpose computer, or a general-purpose or
special-purpose processor. Also, any connection is properly termed a computer-
readable medium. For example, if the software is transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies
such as infrared, radio, and microwave are included in the definition of medium. Disk
and disc, as used herein, include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers. Combinations of the

above are also included within the scope of computer-readable media.

[0149] The previous description of the disclosure is provided to enable a person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Throughout this disclosure the term “example” or "exemplary" indicates
an example or instance and does not imply or require any preference for the noted
example. Thus, the disclosure is not to be limited to the examples and designs
described herein but is to be accorded the widest scope consistent with the principles

and novel features disclosed herein.
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WHAT IS CLAIMED IS:
CLAIMS
1. A method of wireless communication performed by a mobile

device, the method comprising;:

storing, before initiation of a traffic session with a wireless
communications network, a first set of network parameters;

storing, during the traffic session, a second set of network parameters;

determining, upon termination of the traffic session, synchronization
information for a direct transition from the traffic session to a paging mode based on
one or more of the first or second set of network parameters; and

transitioning, based on the determination, directly from the traffic session

to the paging mode.

2. The method of claim 1, wherein the determining comprises:
comparing the first set of network parameters to the second set of

network parameters upon termination of the traffic session.

3. The method of claim 1, further comprising:

receiving, by a first receiver of the mobile device, data signaling
associated with the traffic session; and

receiving, by a second receiver of the mobile device, paging signaling

comprising one or more of pilot sequences or synchronization signaling.

4. The method of claim 1, wherein the transitioning comprises:
transitioning from the traffic session to the paging mode without

performing one or more of pilot acquisition or synchronization signal decoding.

5. The method of claim 1, further comprising:

receiving, before initiation of the traffic session, the first set of network
parameters from the wireless communications network over a paging channel; and

receiving, during the traffic session, the second set of network

parameters from the wireless communications network over a traffic channel.
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6. The method of claim 1, wherein the first set of network
parameters comprises a paging channel rate, and wherein the method further comprises:
decoding, upon transitioning to the paging mode, paging signaling

utilizing the paging channel rate.

7. The method of claim 1, further comprising:
decoding, upon transitioning to the paging mode, paging signaling by

blind detection according to a predetermined sequence of paging channel rates.

8. The method of claim 1, wherein the first and second set of
network parameters include one or more of a system identification (SID), a network

identification (NID), a band class, a frequency channel, or a pilot sequence.

9. The method of claim 8, wherein the determining comprises:
determining that the first and second set of network parameters
substantially correspond based at least in part on the SID and the NID being the same in

the first and second set of network parameters.

10. The method of claim &, wherein the band class is one of a
plurality of band classes listed in a channel list, and further wherein the determining
comprises:

determining that the first and second set of network parameters
substantially correspond based at least in part on the band class of the second set of

network parameters being one of the plurality of band classes listed in the channel list.

11.  The method of claim &, wherein the frequency channel is one of a
plurality of frequencies listed in a frequency channel list, and further wherein the
determining comprises:

determining that the first and second set of network parameters
substantially correspond based at least in part on the frequency channel of the second set
of network parameters being one of the plurality of frequencies listed in the frequency

channel list.

12. The method of claim 8, wherein the determining comprises:
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determining that the first and second set of network parameters
substantially correspond based at least in part on the SID, the NID, the band class, the
frequency channel, and the pilot sequence being the same in the first and second set of

network parameters.

13. The method of claim 1, wherein the mobile device is a user

equipment unit operable to communicate on the wireless communications network.

14. A wireless communications system configured for fast transition
from a traffic session to a paging mode, the system comprising:

means for storing, before initiation of a traffic session with a wireless
communications network, a first set of network parameters;

means for storing, during the traffic session, a second set of network
parameters;

means for determining, upon termination of the traffic session,
synchronization information for a direct transition from the traffic session to a paging
mode based on one or more of the first or second set of network parameters; and

means for transitioning, based on the determination, directly from the

traffic session to the paging mode.

15.  The wireless communications system of claim 14, further
comprising:
means for comparing the first set of network parameters to the second set

of network parameters upon termination of the traffic session.

16.  The wireless communications system of claim 14, further
comprising:

means for receiving, by a first receiver of the mobile device, data
signaling associated with the traffic session; and

means for receiving, by a second receiver of the mobile device, paging

signaling comprising one or more of pilot sequences or synchronization signaling.

17.  The wireless communications system of claim 14, wherein the

means for transitioning further comprises:
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means for transitioning from the traffic session to the paging mode

without performing one or more of pilot acquisition or synchronization signal decoding.

18.  The wireless communications system of claim 14, further
comprising:

means for receiving, before initiation of the traffic session, the first set of
network parameters from the wireless communications network over a paging channel;
and

means for receiving, during the traffic session, the second set of network

parameters from the wireless communications network over a traffic channel.

19.  The wireless communications system of claim 14, wherein the
first set of network parameters comprises a paging channel rate, and wherein the system
further comprises:

means for decoding, upon transitioning to the paging mode, paging

signaling utilizing the paging channel rate.

20.  The wireless communications system of claim 14, further
comprising:

means for decoding, upon transitioning to the paging mode, paging
signaling by blind detection according to a predetermined sequence of paging channel

rates.

21.  The wireless communications system of claim 14, wherein the
first and second set of network parameters include one or more of a system
identification (SID), a network identification (NID), a band class, a frequency channel,

or a pilot sequence.

22.  The wireless communications system of claim 21, wherein the
means for determining comprises:

means for determining that the first and second set of network parameters
substantially correspond based at least in part on the SID and the NID being the same in

the first and second set of network parameters.
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23.  The wireless communications system of claim 21, wherein the
band class is one of a plurality of band classes listed in a channel list, and further
wherein the means for determining comprises:

means for determining that the first and second set of network parameters
substantially correspond based at least in part on the band class of the second set of

network parameters being one of the plurality of band classes listed in the channel list.

24.  The wireless communications system of claim 21, wherein the
frequency channel is one of a plurality of frequencies listed in a frequency channel list,
and further wherein the means for determining comprises:

means for determining that the first and second set of network parameters
substantially correspond based at least in part on the frequency channel of the second set
of network parameters being one of the plurality of frequencies listed in the frequency

channel list.

25.  The wireless communications system of claim 21, wherein the
means for determining comprises:

means for determining that the first and second set of network parameters
substantially correspond based at least in part on the SID, the NID, the band class, the
frequency channel, and the pilot sequence being the same in the first and second set of

network parameters.

26. A computer program product for fast transition from a traffic
session to a paging mode in a wireless communications system, comprising:
a non-transitory computer readable medium comprising:
code for storing, before initiation of a traffic session with a
wireless communications network, a first set of network parameters;
code for storing, during the traffic session, a second set of
network parameters;
code for determining, upon termination of the traffic session,
synchronization information for a direct transition from the traffic session to a
paging mode based on one or more of the first or second set of network

parameters; and



WO 2014/151087 PCT/US2014/024955

57

code for transitioning, based on the determination, directly from

the traffic session to the paging mode.

27. The computer program product of claim 26, further comprising:
code for comparing the first set of network parameters to the second set

of network parameters upon termination of the traffic session.

28. The computer program product of claim 26, further comprising:

code for receiving, by a first receiver of the mobile device, data signaling
associated with the traffic session; and

code for receiving, by a second receiver of the mobile device, paging

signaling comprising one or more of pilot sequences or synchronization signaling.

29. The computer program product of claim 26, wherein the non-
transitory computer readable medium further comprises:
code for transitioning from the traffic session to the paging mode without

performing one or more of pilot acquisition or synchronization signal decoding.

30. The computer program product of claim 26, wherein the non-
transitory computer readable medium further comprises:

code for receiving, before initiation of the traffic session, the first set of
network parameters from the wireless communications network over a paging channel;
and

code for receiving, during the traffic session, the second set of network

parameters from the wireless communications network over a traffic channel.

31 The computer program product of claim 26, wherein the first set
of network parameters comprises a paging channel rate, and wherein the non-transitory
computer readable medium further comprises:

code for decoding, upon transitioning to the paging mode, paging

signaling utilizing the paging channel rate.

32. The computer program product of claim 26, wherein the non-

transitory computer readable medium further comprises:
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code for decoding, upon transitioning to the paging mode, paging
signaling by blind detection according to a predetermined sequence of paging channel

rates.

33. The computer program product of claim 26, wherein the first and
second set of network parameters include one or more of a system identification (SID),

a network identification (NID), a band class, a frequency channel, or a pilot sequence.

34, The computer program product of claim 33, wherein wherein the
non-transitory computer readable medium further comprises:

code for determining that the first and second set of network parameters
substantially correspond based at least in part on the SID and the NID being the same in

the first and second set of network parameters.

35. The computer program product of claim 33, wherein the band
class is one of a plurality of band classes listed in a channel list, and wherein the non-
transitory computer readable medium further comprises:

code for determining that the first and second set of network parameters
substantially correspond based at least in part on the band class of the second set of

network parameters being one of the plurality of band classes listed in the channel list.

36.  The computer program product of claim 33, wherein the
frequency channel is one of a plurality of frequencies listed in a frequency channel list,
and wherein the non-transitory computer readable medium further comprises:

code for determining that the first and second set of network parameters
substantially correspond based at least in part on the frequency channel of the second set
of network parameters being one of the plurality of frequencies listed in the frequency

channel list.

37. The computer program product of claim 33, wherein the non-
transitory computer readable medium further comprises:
code for determining that the first and second set of network parameters

substantially correspond based at least in part on the SID, the NID, the band class, the
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frequency channel, and the pilot sequence being the same in the first and second set of

network parameters.

38. The computer program product of claim 26, wherein the non-
transitory computer readable medium is a user equipment operable on a wireless

communications network.

39. A wireless communications device configured for fast transition
from a traffic session to a paging mode, the wireless communications device
comprising:

at least one controller configured to,

store, before initiation of a traffic session with a wireless
communications network, a first set of network parameters;

store, during the traffic session, a second set of network
parameters;

determine, upon termination of the traffic session,
synchronization information for a direct transition from the traffic session to a
paging mode based on one or more of the first or second set of network
parameters; and

transition, based on the determined synchronization information,

directly from the traffic session to the paging mode.

40. The wireless communications device of claim 39, wherein the
controller is further configured to:

compare the first set of network parameters to the second set of network
parameters upon termination of the traffic session to determine the synchronization

information.

41. The wireless communications device of claim 39, further
comprising:

a first receiver configured to receive data signaling associated with the
traffic session; and

a second receiver configured to receive paging signaling comprising one

or more of pilot sequences or synchronization signaling.
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42. The wireless communications device of claim 39, wherein the
controller is further configured to:
transition from the traffic session to the paging mode without performing

one or more of pilot acquisition or synchronization signal decoding.

43, The wireless communications device of claim 39, wherein the
controller is further configured to:

receive, before initiation of the traffic session, the first set of network
parameters from the wireless communications network over a paging channel; and

receive, during the traffic session, the second set of network parameters

from the wireless communications network over a traffic channel.

44, The wireless communications device of claim 39, wherein the
first set of network parameters comprises a paging channel rate, and wherein the
controller is further configured to:

decode, upon transitioning to the paging mode, paging signaling utilizing

the paging channel rate.

45, The wireless communications device of claim 39, wherein the
controller is further configured to:
decode, upon transitioning to the paging mode, paging signaling by blind

detection according to a predetermined sequence of paging channel rates.

46. The wireless communications device of claim 39, wherein the
first and second set of network parameters include one or more of a system
identification (SID), a network identification (NID), a band class, a frequency channel,

or a pilot sequence.

47. The wireless communications device of claim 46, wherein the
controller is further configured to:

determine that the first and second set of network parameters
substantially correspond based at least in part on the SID and the NID being the same in

the first and second set of network parameters.



WO 2014/151087 PCT/US2014/024955

61

48. The wireless communications device of claim 46, wherein the
band class is one of a plurality of band classes listed in a channel list, and further
wherein the controller is further configured to:

determine that the first and second set of network parameters
substantially correspond based at least in part on the band class of the second set of

network parameters being one of the plurality of band classes listed in the channel list.

49, The wireless communications device of claim 46, wherein the
frequency channel is one of a plurality of frequencies listed in a frequency channel list,
and further wherein the controller is further configured to:

determine that the first and second set of network parameters
substantially correspond based at least in part on the frequency channel of the second set
of network parameters being one of the plurality of frequencies listed in the frequency

channel list.

50. The wireless communications device of claim 46, wherein the
controller configured is further configured to:

determine that the first and second set of network parameters
substantially correspond based at least in part on the SID, the NID, the band class, the
frequency channel, and the pilot sequence being the same in the first and second set of

network parameters.

51. The wireless communications device of claim 39, wherein the
wireless communications device is a user equipment unit operable to communicate on

the wireless communications system.



WO 2014/151087

Core Network

140

1/22

FIG. 1

Controller
130

PCT/US2014/024955

100
’J

110-¢

+



WO 2014/151087 PCT/US2014/024955

2/22 JV

232 Core Network

~
140-a

\" 200

FIG. 2

+

SUBSTITUTE SHEET (RULE 26)



WO 2014/151087

115-b/

310/

325 /

PCT/US2014/024955
3/22
MD BS
105-h
L Monitor Paging Channel
' 305
Store PCH Network
Parameters
l€ Initiate Traffic Session
: 3157
| ;
Traffic Session
| 320 /
Store TCH Network
Parameters
|< End Traffic Session

Determine whether
safe for direct
transition to PCH

335 /

Perform direct
transition to PCH

340 /

Monitor Paging Channel

330/

j
|

FIG. 3

345 /

-4 ____Y___ SN ___L

300

+



WO 2014/151087 PCT/US2014/024955

4/22

115-¢ )
105-1 105-
MD / ' ! BS
| Monitor Paging Channel
|
405 |7
Store PCH Network
410
Parameters —~

%4

415|

BS

]

|

I

|

I

I
’:
I

' )
l

Initiate Traffic Session

Traffic Session

|
420 (Hahdof?)

425? T

Traffic Session

|
430

1
|
| I
Store TCH Network 435 l
" |

Parameters

|
| End TrafficlSession

' |

|
Determine whether

|
|
. |
safe for direct 445 '
transitilon to PCH p~ l
I
|
|
|

Perform direct
transition to PCH /450

| Monitor Paging Channel

e |

455| |

- SN~ Y ]

JT



WO 2014/151087

505

510

5/22

nitiate Traffic
Session?

PCT/US2014/024955

Traffic Scssion

515

520

Yes

525
) 4

raffic Session
Complete?

Direct
Transition
Safe?

No

Y

Transition to Paging

/ Mode

Transition to Pilot
Acquisition and Sync
Mode

530

535

FIG. 5

K— 500

=



WO 2014/151087

6/22
End Traffic
Session

SID/NID

605

Yes

PCT/US2014/024955

f 600

Change?

610

Band Class
Change?

615

Frequency
Change?

630
\ 4 \ 4
.. ) Transition to Paging
Transition to Paging Mode using Blind
Mode / Decoding
/ [ 645
635 ;.

No

aging info receive

requency In
Channel List]

A .

efore timer expires?

»

Y

Transition to Pilot

640 /1 Acquisition and Sync
650 Mode
A 4
End
655

FIG. 6

+



WO 2014/151087 PCT/US2014/024955

7/22

| I
| |

I
: Network Direct Transition ]

——‘-> Receiver |€—»| Parameters |[€—»| Evaluation |[€&—»| Transmitter >
| Module Module |
| 7 7 A |
| 710 715 h 4 |
| 725 |
| Mode Transition / |
| Module l
l I
| I
L I
)\ 700
FIG. 7



WO 2014/151087 PCT/US2014/024955

8/22

805
r——=—=-- EE _________ Z ____________ |
I Y |
I , I
I First |
| P Receiver & |
| Module |
| Paging Mode |
| —»  Information [«» Transition [«» Transmitter [~
| Module Module |
| Second |
| B4  Receiver | 820 / / 830 s/ I
725-a
| Module |
| |
| 815/ l
| I
T e ommmm  m— e G e S e WA SN S G Gwewe WA WS GMEEE  EEEEE Gl W I e  weed A G e S sy
&- 800
FIG. 8



WO 2014/151087

PCT/US2014/024955
9/22
115-d
Processor Memory
Module l SW
925 / 940 / \920 715-a

T 7 “Network |
L Parameters Module |
Comm Management T T T T 10 -
Module r__.___../_______l
| Direct Transﬂmn |
930 | _Eveluation Module |

_________ - -

l Paging Information | -~ 7255

Module | Mode Transition

————— — — — Module
820-a
Transceiver Antennas
Module )
9107 005
k 900
FIG. 9

TL



WO 2014/151087 PCT/US2014/024955

10/22

Store, before initiation of a traffic session with a wireless
communications network, a first set of network parameters \

1005

Store, during the traffic session, a second set of network
parameters N

1010

A\ 4

Determine, upon termination of the traffic session,
synchronization information for a direct transition from the
traffic session to a paging mode based on one or more of the \

first or second set of network parameters 1015

Transition, based on the determination, directly from the traffic
session to the paging mode \

1020

\1000

FIG. 10



WO 2014/151087 PCT/US2014/024955

11/22

Store, before initiation of a traffic session with a wireless
communications network, a first set of network parameters \

1105
A 4
Store, during the traffic session, a second set of network
parameters ™~
1110

Y

Determine, upon termination of the traffic session,
synchronization information for a direct transition from the
traffic session to a paging mode based on one or more of the \
first or second set of network parameters 1115

Compare the first set of network parameters to the second set of
network parameters

1120
Y
Transition, based on the determination and comparison, directly
from the traffic session to the paging mode \
1125

\1 100

FIG. 11



WO 2014/151087 PCT/US2014/024955

12/22

Receive, by a first receiver of the mobile device, data signaling
associated with the traffic session \

1205

Receive, by a sccond receiver of the mobile device, paging
signaling comprising one or more of pilot sequences or
synchronization signaling \1

A 4

Determine, upon termination of the traffic session,
synchronization information for a direct transition from the
traffic session to a paging mode based on received paging \

signaling 1215
A 4
Transition, based on the determination, directly from the traffic
session to the paging mode \
1220

\ 1200

FIG. 12
+



WO 2014/151087 PCT/US2014/024955

13/22

/ M2M Device BS
120-b 105-k
! Monitor Paging Channel
|
' 1305
Store Paging
Information
1 310/ € Initiate Traffic Session

' 1315/

|
< Traffic Session
! 1320/

' End Traffic Session
~ Ve
1325

Configure for
Receiving Paging

0/ Messaging
133 |

Perform direct
transition to PCH

1335/

Monitor Paging Channel

I

I

-

l 1345/

-4 _____N__SN~7__¥v _ ____L_

L1300

FIG. 13



WO 2014/151087

120—0/

1410/

PCT/US2014/024955
14/22
M2M Device BS
I 105-1
g Monitor Paging Channel
I
Store Paging & 1405
System Access
Information
lg Initiate Traffic Session /
: 1415
|
< Traffic Session
i
| 1420/
|< End Traffic Session
|
1425

Determine if System:
Access Information

1440/

has Expired
L)

gpdatc System Access Infolmation

I
[
I
I

]
Configure for
Receiving Paging

1450/

Messaging
T

Perform direct
transition to PCH

1455/

1445

Monitor Paging Channel

[
!

1460

FIG. 14

N . S I R SRR

1400



WO 2014/151087 PCT/US2014/024955

156/22

.‘ Paging Mode ’

1505
A
Store Paging/System
/1 Access Information
1510
A 4
Traffic Session <€
1515
1520
Accesg No
Information
xpi V
1525
Yes A 4
Update System Access
/ Information
1535
\ 4
Transition to Paging |
/) Mode B
1530

)\-1500

FI1G. 15



WO 2014/151087 PCT/US2014/024955

16/22
‘ Paging Modec )

1605
A 4 1600
Store Paging/System )
/ Access Information
1610

/ Traffic Session <
1615
1620
Access No
Information
xpi V
1625 A 4
Yes .
Receive Access 1635
Configuration Message /
- 1640
J Ves onfig.
< = Sequence #
atch?
1645
Receive Additional /
Access Configuration
A 4 Messages
Transition to Paging |
/) Mode A
1630

FIG. 16



WO 2014/151087 PCT/US2014/024955

17/22

|

|

|

: M2M Paging M2M Mode

—I) Receiver |€» Information |[€» Transition [« Transmitter 15
| Module Module :
I S S S S |
1710 1715 1720 1725 |
' |
| |
' |
I e e e e e e e e e e e ——— —— — — —— — ——— — — -
L170()
FIG. 17



WO 2014/151087 PCT/US2014/024955

18/22

| |
I 1715-a

| M2M Paging d :
| P Information | |
l Module l
| M2M Mode |

—Lb 3] Receiver |€ L»!  Transition |[€&» Transmitter >
l Module |
| M2M System l
| / Access |
I 1710-a > Information € 1720-a 1725-a I
| Module |
! |
l 1830 |
D e e e e e . - —— — — — — —— —— —— — — — t— — — — — — -
L 1800
FIG. 18



WO 2014/151087 PCT/US2014/024955
19/22
1900
K../
120-d
Memory
Processor 1980
Module
1970 SW
1985
M2M Paging Information Sensor 1915 :b))
Module 1715-b
I "M2M System Access |
| Information Module 1830-a || Comm.Management
- - 4 Module 1960

M2M Mode Transition
Module 1720-b
Transceiver
Antenna(s)
Module 1945
1950 —
FIG. 19

+



WO 2014/151087 PCT/US2014/024955

20/22

Store, before initiation of a traffic session with a base station of
a wireless communications network, paging information

associated with the base station \

2005

Configure, upon termination of the traffic session, the M2M
device for receiving paging messaging from the base station
according to the stored paging information \

2010

\2000

FIG. 20



WO 2014/151087 PCT/US2014/024955

21/22

Store, before initiation of a traffic session with a base station of
a wireless communications network, paging information and
system access information \

2105
Y
Determine, upon termination of the traffic session, whether the
system access information has expired \
2110

Configure, upon determining the system access information has
not expired, the M2M device for receiving paging messaging
from the base station according to the paging information \21 s

\2100

FIG. 21



WO 2014/151087 PCT/US2014/024955

22/22

Store, before initiation of a traffic session with a base station of
a wireless communications network, paging information and
system access information \

2205
A 4
Determine, upon termination of the traffic session, whether the
system access information has expired \
2210

Receive, upon determining the system access information has
expired, an access configuration message including a
configuration sequence number \2”
215

A 4

Determining whether the configuration sequence number of the
received access configuration message is the same as a
configuration sequence number of the stored system access \
information 2220

A d

Configuring, upon determining that the configuration sequence
numbers match, the M2M device for receiving paging
messaging from the base station according to the stored paging
information \

2225

b\

2200

FIG. 22



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings

