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SILENT REDIAL DURING MOBILE-ORIGINATED CALL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of priority to U.S. Provisional Application
Serial No. 61/509,470, filed on July 19, 2011, which 1s expressly incorporated by

reference herein in 1ts entirety.

BACKGROUND
Field

[0002] Aspects of the present disclosure relate generally to  wireless
communications, and more particularly, to techniques for improving silent redial during

a mobile originated (MO) call.

Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (¢.g., bandwidth and transmit power). Examples
of such multiple-access systems include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequency division multiple
access (FDMA) systems, 3rd Generation Partnership Project (3GPP) Long Term
Evolution (LTE) systems and orthogonal frequency division multiple access (OFDMA)

Systems.

[0004] Generally, a wireless multiple-access communication system can
simultancously support communication for multiple wireless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the communication link from the
basec stations to the terminals, and the reverse link (or uplink) refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-input single-output, multiple-input single-output or a

multiple-mmput multiple-output (MIMO) system.
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[0005] A MIMO system employs multiple (NT) transmit antennas and multiple
(NR) receive antennas for data transmission. A MIMO channel formed by the NT
transmit and NR receive antennas may be decomposed into NS independent channels,
which are also referred to as spatial channels. Each of the NS independent channels
corresponds to a dimension. The MIMO system can provide improved performance
(c.g., higher throughput and/or greater reliability) 1f the additional dimensionalities

created by the multiple transmit and receive antennas are utilized.

SUMMARY

[0006] In an aspect of the disclosure, a method for wireless communications 1s
provided. The method generally includes detecting a failure that occurs during a mobile
originated call, determining how to attempt retrying the call based, at least in part, on
whether or not the call 1s restricted to a particular radio access technology (RAT), and

attempting to retry the call.

[0007] In an aspect of the disclosure, a method for wireless communications 1s
provided. The method generally includes detecting a failure that occurs during a mobile
originated call mn a current system, selecting a subsequent system for attempting the call
based, at least in part, on whether or not the mobile originated call 1s restricted to a
particular radio access technology (RAT) and a feature of the failure, and attempting the

call based on the selected subsequent system.

[0008] In an aspect of the disclosure, a method for wirecless communications 1s
provided. The method generally includes detecting a failure that occurs during sctup of
a mobile originated call from a user equipment (UE) due to lack of sufficient resources
at a base station (BS), determining quantized channel information (QCI) in a dedicated
bearer set up to establish a call over a first radio access technology (RAT), and

redirecting the UE to another system in an effort to speed up a silent redial procedure.

[0009] In an aspect of the disclosure, a method for wireless communications 1s
provided. The method generally includes attempting a mobile original call, receiving a
quality of service (QoS) failure message 1n response to attempting the call, determining
that the QoS set up failure 1s due to lack of resources at a destination 1f a dedicated
bearer with required QoS has been set up locally, and re-attempting the call 1n an effort

to save the call after a predetermined amount of time.
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[0010] In an aspect of the disclosure, an apparatus for wireless communications 1s
provided. The apparatus generally includes means for detecting a failure that occurs
during a mobile origmated call, means for determining how to attempt retrying the call
based, at least 1in part, on whether or not the call 1s restricted to a particular radio access

technology (RAT), and means for attempting to retry the call.

[0011] In an aspect of the disclosure, an apparatus for wireless communications 1s
provided. The apparatus generally includes means for detecting a failure that occurs
during a mobile originated call in a current system, means for selecting a subsequent
system for attempting the call based, at least 1n part, on whether or not the mobile
originated call 1s restricted to a particular radio access technology (RAT) and a feature
of the failure, and means for attempting the call based on the selected subsequent

system.

[0012] In an aspect of the disclosure, an apparatus for wireless communications 1s
provided. The apparatus generally includes means for detecting a failure that occurs
during setup of a mobile originated call from a user equipment (UE) due to lack of
sufficient resources at a base station (BS), means for determining quantized channel
information (QCI) 1n a dedicated bearer set up to establish a call over a first radio access
technology (RAT), and means for redirecting the UE to another system 1n an effort to

speed up a silent redial procedure.

[0013] In an aspect of the disclosure, an apparatus for wireless communications 1s
provided. The apparatus generally includes means for attempting a mobile original call,
means for receiving a quality of service (QoS) failure message 1n response to attempting
the call, means for determining that the QoS set up failure 1s due to lack of resources at
a destination 1f a dedicated bearer with required QoS has been set up locally, and means
for re-attempting the call in an effort to save the call after a predetermined amount of

time.

[0014] In an aspect of the disclosure, an apparatus for wireless communications 1s
provided. The apparatus gencrally includes at least one processor and a memory
coupled to the at Ieast one processor. The at least on processor 1s generally configured

to detect a failure that occurs during a mobile originated call, determine how to attempt
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retrying the call based, at least i part, on whether or not the call 1s restricted to a

particular radio access technology (RAT), and attempt to retry the call.

[0015] In an aspect of the disclosure, an apparatus for wireless communications 1s
provided. The apparatus gencrally includes at least one processor and a memory
coupled to the at least one processor. The at least on processor 1s generally configured
to detect a failure that occurs during a mobile originated call 1n a current system, select a
subsequent system for attempting the call based, at least in part, on whether or not the
mobile originated call 1s restricted to a particular radio access technology (RAT) and a

feature of the failure, and attempt the call based on the selected subsequent system.

[0016] In an aspect of the disclosure, an apparatus for wireless communications 1s
provided. The apparatus generally includes at least one processor and a memory
coupled to the at Ieast one processor. The at least on processor 1s generally configured
to detect a failure that occurs during setup of a mobile originated call from a user
cquipment (UE) due to lack of sufficient resources at a base station (BS), determine
quantized channel information (QCI) 1n a dedicated bearer set up to establish a call over
a first radio access technology (RAT), and redirect the UE to another system 1n an effort

to speed up a silent redial procedure.

[0017] In an aspect of the disclosure, an apparatus for wireless communications 1s
provided. The apparatus generally includes at least one processor and a memory
coupled to the at Ieast one processor. The at least on processor 18 generally configured
to attempt a mobile original call, receive a quality of service (QoS) failure message 1n
response to attempting the call, determine that the QoS set up failure i1s due to lack of
resources at a destination 1f a dedicated bearer with required QoS has been set up
locally, and re-attempt the call in an effort to save the call after a predetermined amount

of time.

[0018] In an aspect of the disclosure, a computer-program product for wircless
communications 18 provided. The computer-program product generally comprises a
non-transitory computer-recadable medium having code stored thercon, the code
executable by one or more processors for detecting a failure that occurs during a mobile

originated call, determining how to attempt retrying the call based, at least in part, on
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whether or not the call 1s restricted to a particular radio access technology (RAT), and

attempting to retry the call.

[0019] In an aspect of the disclosure, a computer-program product for wireless
communications 18 provided. The computer-program product generally comprises a
non-transitory computer-readable medium having code stored thercon, the code
executable by one or more processors for detecting a failure that occurs during a mobile
originated call in a current system, selecting a subsequent system for attempting the call
based, at least in part, on whether or not the mobile originated call 1s restricted to a
particular radio access technology (RAT) and a feature of the failure, and attempting the

call based on the selected subsequent system.

[0020] In an aspect of the disclosure, a computer-program product for wireless
communications 18 provided. The computer-program product genecrally comprises a
non-transitory computer-readable medium having code stored thercon, the code
executable by one or more processors for detecting a failure that occurs during setup of
a mobile originated call from a user equipment (UE) due to lack of sufficient resources
at a base station (BS).determining quantized channel information (QCI) 1n a dedicated
bearer set up to establish a call over a first radio access technology (RAT), and

redirecting the UE to another system in an effort to speed up a silent redial procedure.

[0021] In an aspect of the disclosure, a computer-program product for wireless
communications 18 provided. The computer-program product generally comprises a
non-transitory computer-recadable medium having code stored thercon, the code
executable by one or more processors for attempting a mobile original call, receiving a
quality of service (QoS) failure message in response to attempting the call, determining
that the QoS set up failure 1s due to lack of resources at a destination if a dedicated
bearer with required QoS has been set up locally, and re-attempting the call in an effort

to save the call after a predetermined amount of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] So that the manner in which the above-recited features of the present
disclosure can be understood 1n detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of which are illustrated 1n the

appended drawings. It 18 to be noted, however, that the appended drawings 1llustrate
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only certain typical aspects of this disclosure and are therefore not to be considered

[imiting of 1ts scope, for the description may admit to other equally effective aspects.

[0023] FIG. 1 1s a block diagram conceptually 1llustrating an example of a wireless

communication network, in accordance with certain aspects of the present disclosure.

[0024] FIG. 2 shows a block diagram conceptually illustrating an example of a base
station 1n communication with a user equipment (UE) 1n a wireless communications

network, 1n accordance with certain aspects of the present disclosure.

[0025] FIG. 3 1illustrates example operations for attempting to retry a MO call,

according to aspects of the present disclosure.

[0026] FIG. 4 1llustrates example operations for attempting a MO call based on a

selected subsequent system, according to aspects of the present disclosure.

[0027] FI1G. 5 illustrates an example call-flow diagram, which may improve a silent
redial success rate when resource reservation fails at a local eNB, according to aspects

of the present disclosure.

[0028] FIG. 6 illustrates example operations for redirecting a UE to another system
when, for example, a resource reservation failure occurs at a local eNB, according to

aspects of the present disclosure.

[0029] FI1G. 7 1llustrates an example call-flow diagram, which may improve a silent
redial success rate when resource reservation fails at a destination eNB, according to

aspects of the present disclosure.

[0030] FIG. 8 1illustrates example operations for attempting to salvage a MO call
when, for example, a resource reservation failure occurs at a destination eNB, according

to aspects of the present disclosure.

DETAILED DESCRIPTION

[0031] The detailed description set forth below, 1n connection with the appended
drawings, 1s intended as a description of various configurations and 1s not intended to
represent the only configurations in which the concepts described herein may be

practiced. The detailed description includes specific details for the purpose of providing
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a thorough understanding of the various concepts. However, 1t will be apparent to those
skilled 1n the art that these concepts may be practiced without these specific details. In
some 1nstances, well-known structures and components are shown m block diagram

form 1n order to avoid obscuring such concepts.

[0032] The techniques described herein may be used for wvarious wireless
communication networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other networks. The terms “network™ and “‘system” are often used interchangeably. A
CDMA network may implement a radio technology such as universal terrestrial radio
access (UTRA), cdma2000, etc. UTRA includes wideband CDMA (WCDMA), time
division synchronous CDMA (TD-SCDMA), and other variants of CDMA. c¢dma2000
covers 1S-2000, IS-95 and IS-856 standards. A TDMA network may implement a radio
technology such as global system for mobile communications (GSM). An OFDMA
network may implement a radio technology such as evolved UTRA (E-UTRA), ultra
mobile broadband (UMB), IEEE 802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE
802.20, Flash-OFDM®, ctc. UTRA and E-UTRA are part of universal mobile
teleccommunication system (UMTS). 3GPP Long Term Evolution (LTE) and LTE-
Advanced (LTE-A), 1n both frequency division duplex (FDD) and time division duplex
(TDD), are new releases of UMTS that use E-UTRA, which employs OFDMA on the
downlink and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS, LTE, LTE-A and
GSM are described 1n 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”7 (3GPP2). The techniques
described herein may be used for the wireless networks and radio technologies
mentioned above as well as other wireless networks and radio technologies. For clarity,
certain aspects of the techniques are described below for LTE, and LTE terminology 1s

used 1n much of the description below.

[0033] FIG. 1 shows a wireless communication network 100, which may be an LTE
network or some other wireless network. Wireless network 100 may include a number
of evolved Node Bs (eNBs) 110 and other network entities. An e¢NB 1s an entity that
communicates with user equipments (UEs) and may also be referred to as a base station,
a Node B, an access point, ¢tc. Each ¢eNB may provide communication coverage for a

particular geographic arca. In 3GPP, the term “cell” can refer to a coverage arca of an
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¢NB and/or an ¢eNB subsystem serving this coverage arca, depending on the context in

which the term 1s used.

[0034] As described 1n greater detail below, in some embodiments, the Node Bs 110
may implement the functionality described herein for improving silent redial 1n mobile
originated calls. For example, a Node B may detect failures during mobile originated
calls from a UE and may redirect the UE to another system in an effort to speed up a

silent redial procedure.

[0035] An ¢eNB may provide communication coverage for a macro cell, a pico cell,
a femto cell, and/or other types of cell. A macro cell may cover a relatively large
geographic area (e.g., several kilometers 1n radius) and may allow unrestricted access by
UEs with service subscription. A pico cell may cover a relatively small geographic arca
and may allow unrestricted access by UEs with service subscription. A femto cell may
cover a relatively small geographic area (e.g., a home) and may allow restricted access
by UEs having association with the femto cell (e.g., UEs 1n a closed subscriber group
(CSG)). An eNB for a macro cell may be referred to as a macro eNB. An e¢NB for a
pico cell may be referred to as a pico eNB. An ¢NB for a femto cell may be referred to
as a femto eNB or a home eNB (HeNB). In the example shown in FIG. 1, an eNB 110a
may be a macro eNB for a macro cell 102a, an eNB 110b may be a pico eNB for a pico
cell 102b, and an eNB 110c may be a femto eNB for a femto cell 102¢. An ¢eNB may
support on¢ or multiple (e.g., three) cells. The terms “eNB”, “base station” and “cell”

may be used interchangeably herein.

[0036] Wireless network 100 may also include relay stations. A relay station 1s an
entity that can receive a transmission of data from an upstream station (¢.g., an eNB or a
UE) and send a transmission of the data to a downstream station (¢.g., a UE or an eNB).
A relay station may also be a UE that can relay transmissions for other UEs. In the
example shown 1n FIG. 1, a relay station 110d may communicate with macro eNB 110a
and a UE 120d 1n order to facilitate communication between eNB 110a and UE 120d. A

relay station may also be referred to as a relay eNB, a relay base station, a relay, etc.

[0037] Wireless network 100 may be a heterogencous network that includes eNBs
of different types, ¢.g., macro eNBs, pico eNBs, femto ¢eNBs, relay eNBs, e¢tc. These

different types of eNBs may have different transmit power levels, different coverage
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arcas, and different impact on interference in wireless network 100. For example,
macro ¢NBs may have a high transmit power level (e.g., 5 to 40 Watts) whereas pico

c¢NBs, femto eNBs, and relay eNBs may have lower transmit power levels (e.g., 0.1 to 2

Watts).

[0038] A network controller 130 may couple to a set of eNBs and may provide
coordination and control for these eNBs. Network controller 130 may communicate
with the eNBs via a backhaul. The eNBs may also communicate with one another, ¢.g.,

directly or indirectly via a wireless or wireline backhaul.

[0039] UEs 120 may be dispersed throughout wireless network 100, and ecach UE
may be stationary or mobile. A UE may also be referred to as an access terminal, a
terminal, a mobile station, a subscriber unit, a station, etc. A UE may be a cellular
phone, a personal digital assistant (PDA), a wireless modem, a wireless communication
device, a handheld device, a laptop computer, a cordless phone, a wireless local loop

(WLL) station, a smart phone, a netbook, a smartbook, etc.

[0040] As described 1n greater detail below, in some embodiments, the UEs 120
may 1implement the functionality described herein for improving silent redial 1n mobile
originated calls. For example, the UEs may maintain timers, counts, and thresholds for
use 1n silent redial. UEs 120 may also detect a failure during mobile originated call,
determine how to attempt retrying the call, select a subsequent system for attempting the

call, and attempt to retry the call as described herein.

[0041] FIG. 2 shows a block diagram of a design of base station/eNB 110 and UE
120, which may be one of the base stations/eNBs and one of the UEs 1in FIG. 1. Base
station 110 may be equipped with T antennas 234a through 234t, and UE 120 may be
cequipped with R antennas 252a through 252r, where in general T>1 andR >1.

[0042] At base station 110, a transmit processor 220 may receive data from a data
source 212 for one or more UEs, select one or more modulation and coding schemes
(MCS) for each UE based on CQIs recerved from the UE, process (¢.g., encode and
modulate) the data for each UE based on the MCS(s) selected for the UE, and provide
data symbols for all UEs. Transmit processor 220 may also process system information

(c.g., for SRPI, etc.) and control information (e.g., CQI requests, grants, upper layer
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signaling, e¢tc.) and provide overhead symbols and control symbols. Processor 220 may
also generate reference symbols for reference signals (e.g., the CRS) and
synchronization signals (e.g., the PSS and SSS). A transmit (TX) multiple-input
multiple-output (MIMO) processor 230 may perform spatial processing (e.g.,
precoding) on the data symbols, the control symbols, the overhead symbols, and/or the
reference symbols, 1f applicable, and may provide T output symbol streams to T
modulators (MODs) 232a through 232t. Each modulator 232 may process a respective
output symbol stream (e.g., for OFDM, etc.) to obtain an output sample stream. Each
modulator 232 may further process (e.g., convert to analog, amplify, filter, and
upconvert) the output sample stream to obtain a downlink signal. T downlink signals
from modulators 232a through 232t may be transmitted via T antennas 234a through
234t, respectively.

[0043] At UE 120, antennas 252a through 252r may receive the downlink signals
from base station 110 and/or other base stations and may provide received signals to
demodulators (DEMODs) 254a through 254r, respectively. Each demodulator 254 may
condition (e.g., filter, amplify, downconvert, and digitize) its received signal to obtain
input samples. Each demodulator 254 may further process the mput samples (¢.g., for
OFDM, ectc.) to obtain received symbols. A MIMO detector 256 may obtain received
symbols from all R demodulators 254a through 254r, perform MIMO detection on the
received symbols 1f applicable, and provide detected symbols. A receive processor 258
may process (¢.g., demodulate and decode) the detected symbols, provide decoded data
for UE 120 to a data sink 260, and provide decoded control information and system

information to a controller/processor 280. A channel processor 284 may determine

RSRP, RSSI, RSRQ, CQI, etc., as described below.

[0044] On the uplink, at UE 120, a transmit processor 264 may receive and process
data from a data source 262 and control information (e.g., for reports comprising RSRP,
RSSI, RSRQ, CQI, etc.) from controller/processor 280. Processor 264 may also
generate reference symbols for one or more reference signals. The symbols from
transmit processor 264 may be precoded by a TX MIMO processor 266 if applicable,
further processed by modulators 254a through 254r (e.g., for SC-FDM, OFDM, e¢tc.),
and transmitted to base station 110. At base station 110, the uplink signals from UE 120

and other UEs may be received by antennas 234, processed by demodulators 232,
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detected by a MIMO detector 236 1f applicable, and further processed by a receive
processor 238 to obtain decoded data and control information sent by UE 120.
Processor 238 may provide the decoded data to a data sink 239 and the decoded control

information to controller/processor 240.

[0045] Controllers/processors 240 and 280 may direct operations at base station 110
and UE 120, respectively. Processors 240 and 280 and/or other processors and modules
at base station 110 and UE 120 may perform or direct processes for the techniques
described herein. For example, according to aspects of the present disclosure,
processors 240 and 280 may implement the functionality described herein for improving
silent redial in mobile originated calls. Memories 242 and 282 may store data and
program codes for base station 110 and UE 120, respectively. A scheduler 246 may

schedule UEs for data transmission on the downlink and/or uplink.
SILENT REDIAL DURING MO VoLTE CALL

[0046] Various failures may occur when a voice over IP over LTE (VoLTE)
cnabled UE places a mobile originated (MO) call. Silent redial refers to the autonomous
redialing of a call by a UE without user intervention when failures occur. Silent redial
may 1mprove a user’s experience, for example, by hiding recoverable failures from the

user. Aspects of the present disclosure provide a framework for improving silent redial

during a MO VoLTE call.

[0047] As will be described 1n more detail below, aspects of the present disclosure
include detecting a failure that occurs during a MO call 1n a current system and
determining how to attempt to retry the call based, at least in part, on a restriction status
of the call. For example, a UE may select a subsequent system for attempting the call
based, 1n part, on a feature of the detected failure and whether or not the MO call 1s
restricted to a particular radio access technology (RAT). Aspects provide improvements
that may speed up recovery when resource limitations at a local eNB or destination eNB

causc MO call failures.

[0048] If a failure occurs during MO call establishment, the UE may attempt to
perform silent redial for up to 7' silent redial seconds (e.g., 30 seconds). When a call 1s

originated, a counter, Count soft failure may be mitialized to 0. According to aspects,
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the time between silent redial attempts may not be less than T min spacing seconds
(c.g., 4 seconds). A T min spacing of, for example, 4 seconds may restrict the number

of call originations and may allow conditions to improve before retrying the call.

[0049] Each failure during a MO call may be classified into three categories: soft
failures, hard failures, or no retry failures. As described below, a UE may select a
subsequent system for attempting the call and attempt to retry the call based, 1n part, on

the detected failure.

[0050] Soft failures occur when there 1s a sufficiently high probability of success if
the call 1s re-originated over the current LTE system. Thus, in the case of a soft failure,
it may be preferable to retry the MO call over the current LTE system, since acquiring

another system to place the call may result in a long call setup delay.

[0051] Hard failures occur when call origination may not be performed for a long
time over the current LTE system or when the probability of success of placing the MO
call over the current LTE system 1s low. Accordingly, in the case of a hard failure, 1t

may be preferable to retry the MO call over another system.

[0052] No retry failures occur when re-originating the call may not result in success
of the MO call (e.g., SIP: 402 response received). No retry failures may also occur
when the MO call 1s restricted to LTE and the failure 1s such that a call attempt may not
be retried over LTE.

[0053] A MO call may be a voice over multimode call or a VoL TE restricted call.
In the case of a voice over multimode call, the user interface (UIl) may not have
restricted the radio access technologies (RATS) over which the call may be attempted.
In the case of a VOLTE restricted call, the Ul may have placed a restriction that the MO

call may be attempted only over LTE.

[0054] According to aspects of the present disclosure, a UE may place a voice over
multimode call. If a soft failure occurs during the voice over multimode MO call, the
UE may increment a counter (¢.g., Count soft failure). The MO call may be re-

attempted over the current LTE  system as long as  both:
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Count soft failure <N soft retry, and
Time since call origination < 7T max VoLTE.

[0055] In other words, a non-restricted MO call may be re-attempted over the
current LTE system 1n response to a soft failure when both the count of soft failures is
less than or equal to a maximum number of soft failure retry attempts and the time since

call origination 1s less than a maximum time since call origination (e.g., 20 seconds).
[0056] A hard failure may be declared 1n a voice over multimode MO call, 1f either:
Count soft failure > N soft retry, or
Time since call origination > T max VoLTE.

[0057] In response to a hard failure during a MO voice over multimode call, the UE
may abandon the call over the current LTE system and may attempt to find an
alternative system for retrying the call. The alternative system may be found in one of
several ways. For example, if the hard failure 1s of type HF-RAN, the UE may attempt
acquisition on inter-frequency LTE neighbor frequencies, if any, advertised by the

current LTE system.

[0058] According to aspects, the UE may attempt to find an alternative system for
retrying the call in response to a hard failure using parameters advertised in, for
example, a system information block on a cell on which the MO call originated. For
example, the UE may use mter-frequency and/or inter-RAT reselection parameters
advertised 1n the SIB. Such parameters may assist the UE 1n determining the inter-
frequency neighbors to scan for and prioritizing the frequencies to be used while
scanning for the CS RAT. In certain scenarios, the UE may skip one or more inter-
frequency neighbors. If the hard failure observed by the UE 1s classified as a failure that
1s caused, at least 1n part, by 1ssues in a core network associated with the inter-frequency
neighbors, the UE may not attempt the retry the call on that specific inter-frequency
neighbor (the inter-frequency neighbor may be skipped).

[0059] If acquisition failures (e.g., hard failures) occur on all of the LTE neighbor

frequencies, or if there no LTE inter-frequency neighbors exist, the UE may attempt

acquisition on circuit-switched (CS) RATs (e.g., 1x, GSM, WCDMA). According to
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aspects, the UE may begin to attempt to retry the MO call on CS neighbor frequencies
recerved 1n an inter-RAT neighbor list advertised on the current LTE system. Following

this, the UE may scan for the most recently used (MRU) channels and other CS

frequencies based on a multi-mode system selection (MMSS) algorithm.

[0060] In an effort to improve silent redial procedures, a UE may have a mechanism
to remember LTE frequencies on which hard failures occurred and may avoid moving
back to such frequency for reattempting the failed MO call. For example, LTE
Frequency 1 may advertise LTE Frequency 2 in its inter-frequency neighbor list.
Similarly, LTE Frequency 2 may advertise LTE Frequency 1 in 1ts inter-frequency
neighbor list. If a hard failure occurs on Frequency 1, the UE may attempt to retry the
call on Frequency 2. If a hard failure occurs on Frequency 2, according to aspects of the
present disclosure, the UE may not try to move back to Frequency 1. Instead, the UE
may attempt to place the call on CS RATs. If acquisition fails on all CS RATSs and time
remains 1n the silent redial period, the UE may re-attempt the CS RAT frequencies

again.

[0061] If the hard failure 1s of type HF-Network, the UE may attempt to retry the
call on a CS RAT (e.g., 1x, GSM, WCDMA). The UE may begin with CS neighbor
frequencies received in the inter-RAT neighbor list advertised on the current LTE
system. Following this, the UE may scan the MRU channels and other CS frequencies

based on a multimode system selection (MMSS) algorithm.

[0062] According to aspects of the present disclosure, a UE may place a MO
VoLTE restricted call, where the Ul has placed a restriction that the call may only be
attempted over LTE. If a soft failure occurs during a restricted MO call, the UE may
increment a counter (e.g., Count soft failure). The MO call may be re-attempted over

the current LTE system as long as both:
Count soft failure <N soft retry, and
Time since call origination < 7T max VoLTE.

[0063] In other words, a MO call may be re-attempted over the current LTE system
in response to a soft failure when both the count of soft failures 1s less than or equal to a

maximum number of soft failure retry attempts and the time since call origination 1s less
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than a maximum time since call origination (e.g., 20 seconds). If no inter-frequency
LTE neighbors exist, the call may be re-attempted over the current LTE system until a

silent redial timer (e.g., T' silent redial) expires.

[0064] A hard failure may be declared and the steps for hard failure behavior may
be followed 1f either:

Count soft failure > N soft retry, or
Time since call origination > T max VolLTE.

[0065] If a hard failure occurs during a VoLTE restricted MO call, the UE may
abandon the call over the current LTE system. The UE may attempt to find an alternate
system by attempting acquisition on the frequencies listed in inter-frequency neighbor
lists, 1f any. If no inter-frequency neighbors exist or if there 1s an acquisition failure

(¢.g., hard failure) on all of the inter-frequency neighbors, the UE may end the call.

[0066] When a UE places a VOLTE restricted call, silent redial success rates may
improve 1f the presence of other LTE systems (¢.g., roaming LTE systems) are taken
into account. Thus, according to aspects of the present disclosure, a UE may attempt to

retry a VOLTE restricted call on mter-frequency neighbors and roaming LTE systems.

[0067] Tables 1, 2, and 3 map example failures to desired error handling, according
to aspects of the present disclosure. Failures may be handled based, at least in part, on a

restriction status of the MO call, as indicated below.

Access bar check fails on Hard Failure (HF-RAN). HF1.
LTE — RRC connection setup

. If there 1s no inter-frequenc
not possible y d

neighbor, treat 1t as soft failure

If there 1s inter-freq neighbor, treat 1t
as hard failure

RRC Connection Hard Failure (HF-RAN) HF1
establishment not possible
because T302 and T305 are
running
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If LTE 1s re-acquired, IMS
client/CM take no action.
SIP timers to recover from
any failure.

If LTE 1s not re-acquired,
then UE should scan only

for CS RATs during silent
redial period.

RACH attempt max count 1s | Soft failure. Soft failure

reached. UE does not receive

Random Access Response.

RRC connection Soft failure. Soft failure

establishment timeout; T300

timer expiry

RRC connection reject Hard Failure. (HF-RAN) HF1

Service reject received 1n Hard Failure. (HF-RAN) Hard failure

response to Service Request

T3417 timeout after sending | Hard Failure. (HF- HF1

service request Network)

Lower layer failure (RLF) RLF procedure should RLF procedure should restrict scans
after sending Service perform one scan on all to LTE only until silent redial timer
Request but before call LTE bands and end eXpIres.

establishment procedure.

If LTE 1s re-acquired, IMS
client/CM take no action. SIP timers
to recover from any failure.

Redirection/HO to another
RAT

It RAT = 1x or
GSM/WCDMA, honor
Redirection/HO & place call
on CS RAT using legacy CS
procedures

If RAT = DO, Ignore
redirection/HO and declare
hard failure. (HF-RAN)

Call failed. No retry.

Detach request with reattach
required 1s received from the
network after Service
Request 1s sent

Hard failure (HF-Network)

Skipping LTE neighbor
frequency after hard failure
may help here.

Soft faillure. Re-attach over LTE
and retry after IMS registration.

No retry if soft failure 1s difficult to
implement.

Detach request without
reattach required

Hard failure (HF-Network)

Skipping LTE neighbor
frequency after hard failure
may help here.

No retry
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TAU procedure triggered OR

Transmission failure of

Service Request with TA
change

Soft failure

Retry call after TAU with
the LTE network

Soft Failure

SIP: 503 (Service
Unavailable). Source P-
CSCEF 1s expected to send
this when QoS establishment
fails.

Hard Failure. (HF-RAN)

Unsuccesstul session
establishment with the
following SIP response
codes:
400.401.,404~408,410,413~4
16,420,421,423.,481~485,488
489.491.,493,494, 500~505.5

13,604,606.

Hard Failure. (HF-
Network)

Unsuccessful session
establishment with the
following SIP response
codes:
402.403.412.429.480.486.48

7,600,603.

No retry

No retry

580 (QoS setup failed on
destination side)

Soft failure. Retry after
longer timer

Soft failure. Retry after longer timer

Table 1: Mapping Failure to Desired Error Handling

No action from IMS client/CM. LTE

PS HO takes UE to No action from IMS client/CM.

another LTE eNB on LTE level retransmissions and level retransmissions and SIP timers
same frequency or SIP timers used to recover from .
different frequency any failure. used to recover trom any failure.
Unsuccessful session IMS client will retry

establishment with the

following SIP response
codes: 422
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HF-RAN Leave current LTE system and retry on other
systems starting with inter-frequency neighbors in
SIBS
HF-network Leave current LTE system and retry on CS RATSs
starting with inter-RAT neighbors in SIBs
Soft Failure Increment Count soft failure. If there are no inter-
It Count soft failure <= N soft retry AND Time frequency nelgilicglf]g
since call origination 18 < T max VoLTE, retry on retrty OfL CUItet
current LTE system after 7 min spacing SYSHT
If there are inter-
frequency neighbors:
Else, treat 1t as HF-RAN
1. Increment
Count soft failure.
2. It
Count soft failure <=
N soft retry AND
Time since call
origination 1s <
1" max VoLTE, retry
on current L'TE system
after T min spacing
Else, retry on LTE
neighbor-frequency
O retry End the call End the call
Hard failure If there are inter-

frequency neighbors
retry on them

Else end the call

If there 1S no inter-
frequency neighbor
treat 1t as soft failure

If there 1s inter-freq

neighbor, treat it as
hard failure
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Table 3: UE behavior during each type of failure

[0068] In certain situations, silent redial may take the UE to another RAT. After the
call ends, the UE may use mechanisms known by those skilled in the art to move back
to LTE. For example, the UE may move back to LTE through better service reselection
(BSR) scans or high priority public land mobile network (HP-PLMN) scans. The UE
may also move back to LTE through inter-RAT procedures, such as reselection,

redirection, handover, etc.

[0069] FIG. 3 1illustrates example operations 300 for attempting to retry a mobile
originated call, according to aspects of the present disclosure. The operations 300 may

be performed, for example, by controller/processor 280 and memory 282 of UE 120 of
FIG. 2.

[0070] At 302, the UE may detect a failure that occurs during a mobile originated
call. At 304, the UE may determine how to attempt retrying the call based, at least in
part, on whether or not the call 1s restricted to a particular radio access technology

(RAT). At 306, the UE may attempt to retry to call.

[0071] As described above, the detected failure may be one of a soft failure, a hard
failure, and a no retry failure. If the failure 1s hard failure and 1f the call 1s not restricted,
determining how to attempt retrying the call may include first attempting acquisition on
inter-frequency neighbors and attempting acquisition on another RAT 1f there 1s an
acquisition failure on all of the inter-frequency neighbors. If the failure 1s a hard failure,
and the call 1s restricted, determining how to attempt retrying the call may include
ending the call 1f no inter-frequency neighbors exist or when there 1s an acquisition

failure on all of the inter-frequency neighbors.

[0072] If the failure 1s a soft failure and no inter-frequency neighbors exist,
determining how to attempt retrying the call may include re-attempting the call over the

current system until a timer expires.

[0073] FIG. 4 1llustrates example operations 400 for selecting a subsequent system
for attempting a MO call, according to aspects of the present disclosure. The operations

400 may be performed, for example, by controller/processor 280 and memory 282 of

UE 120 of FIG. 2.
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[0074] At 402, the UE may detect a failure that occurs during a mobile originated
call in a current system. At 404, the UE may select a subsequent system for attempting
the call based, at least in part, on whether or not the mobile originated call 1s restricted
to a particular radio access technology (RAT) and a feature of the failure. At 406, the

UE may attempt the call based on the selected subsequent system.

[0075] As described above, the subsequent system selected for attempting the call
may be the same as the current system when the failure 1s a soft failure or when the call
1s restricted and the failure 1s a hard failure. The subsequent system may be different
than the current system when the failure 1s hard failure, the call 1s not restricted, and

acquisition failures occur on all neighbor frequencies.

[0076] Aspects of the present disclosure provide improvements that may speed up
recovery when resource limitations at a local eNB or destination eNB cause a silent
redial failure. FIG. 5 1llustrates an example call flow 500 to salvage a VoLTE MO call
1f the resource reservation fails at the local eNB. When a local eNB (eNodeB1 of FIG
5) does not have sufficient resources to grant a requested dedicated bearer, 1t may use
the quantized channel mmformation (QCI) in the dedicated bearer set up request to

determine 1f the bearer set up request was for a VoL TE call.

[0077] For example, at 502, the local eNodeB1 may not have enough resources. At
504, upon determining that bearer setup request for was a VoLTE call, the local
cNodeB1 may redirect or handover the UE to another LTE frequency or CS RAT 1n an

cftort to speed up the silent redial procedure.

[0078] FIG. 6 illustrates example operations 600 that may be performed to improve
a silent redial procedure, in accordance with aspects of the present disclosure. The

opcrations 600 may be performed, for example, by controller/processor 240 and

memory 242 of BS 110 of FIG. 2.

[0079] At 602, the BS may detect a failure that occurs during setup of a mobile
originated call from a UE due to lack of sufficient resources at the BS. At 604, the BS
may determine quantized channel information (QCI) in a dedicated bearer set up to
establish the call over a first radio access technology (RAT). At 606, the BS may

redirect the UE to another system 1n an effort to speed up a silent redial procedure.
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[0080] FIG. 7 illustrates an example call flow 700 to improve recovery when system
[imitations at a destination eNB cause a silent redial failure. A UE placing a VoLTE
call may check 1f a dedicated bearer with a required quality of service (QoS) has been
set up locally, after recerving a 503 QoS. If a local bearer with the required QoS has
been set up locally, the UE may determine that the failure may be due to the destination
side (e.g., at terminating eNB, ¢eNodeB of FIG. 7). Thus, the UE may have a high
chance of successfully re-attempting the call 1f the UE retires the call after
T settle time. T settle time may be used to allow the destination eNB to complete

redirection and/or handoff procedures and update registration context.

[0081] As 1llustrated in FIG. 7, lack of resources at terminating eNodeB may cause
a VoLTE failure. At 702, a UE placing a VOLTE call may receive a 503 QoS. At 704,
the UE may reattempt the call after 7 settle time, 1f the UE determines that the

dedicated EPS bearer with the required QoS was created locally.

[0082] FIG. 8 illustrates example operations 800 that may be performed to improve
a silent redial procedure, in accordance with aspects of the present disclosure. The

opcrations 800 may be performed, for example, by controller/processor 280 and

memory 282 of UE 120 of FIG. 2.

[0083] At 802, the UE may attempt a mobile original call. At 804, the UE may
recerve a quality of service (QoS) failure message 1n response to attempting the call. At
806, the UE may determine that the QoS set up failure 1s due to lack of resources at a
destination 1f a dedicated bearer with required QoS has been set up locally. At 808, the
UE may re-attempt the call in an effort to save the call after a predetermined amount of

time.

[0084] Aspects of the present disclosure provide techniques to speed up and
improve silent redial success rates. As described above, a UE may determine how to
attempt retrying a MO call and procedures for selecting a subsequent system for
attempting the call based, at least in part, on a restriction status of the call and a detected

failure.

[0085] Aspects provide improvements for silent redial implemented by a local eNB

or a UE. A local eNB may salvage a call due to resource reservation failure at the local
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eNB by redirecting the UE to another LTE frequency or CS RAT 1if the bearer set up
request was for a VOLTE call. A UE may retry a MO call after a predetermined amount

of time lapses, i1f the UE has determined that a QoS failure occurred at the destination

eNB.

[0086] As used herein, the term “determining” encompasses a wide variety of
actions. For example, “determining” may include calculating, computing, processing,
deriving, investigating, looking up (¢.g., looking up in a table, a database or another data
structure), ascertaining and the like. Also, “determining” may include receiving (e.g.,
recerving information), accessing (€.g., accessing data in a memory) and the like. Also,

“determining” may include resolving, selecting, choosing, establishing and the like.

[0087] As used herein, a phrase referring to “at least one of” a list of 1tems refers to
any combination of those items, including single members. As an example, “at least one

of: a, b, or ¢’ 18 Intended to cover: q, b, ¢, a-b, a-c, b-c, and a-b-c.

[0088] The various operations of methods described above may be performed by
any suitable means capable of performing the operations, such as various hardware
and/or software component(s), circuits, and/or module(s). Generally, any operations
1llustrated 1n the Figures may be performed by corresponding functional means capable

of performing the operations.

[0089] The various 1llustrative logical blocks, modules and circuits described 1n
connection with the present disclosure may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array signal (FPGA) or other programmable
logic device (PLD), discrete gate or transistor logic, discrete hardware components or
any combination thercof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any commercially available 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, a plurality of microprocessors, one or

more microprocessors i conjunction with a DSP core, or any other such configuration.
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[0090] The steps of a method or algorithm described in connection with the present
disclosure may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in any form
of storage medium that 1s known 1n the art. Some examples of storage media that may
be used include random access memory (RAM), read only memory (ROM), flash
memory, EPROM memory, EEPROM memory, registers, a hard disk, a removable disk,
a CD-ROM and so forth. A software module may comprise a single mstruction, or
many Instructions, and may be distributed over several different code segments, among
different programs, and across multiple storage media. A storage medium may be
coupled to a processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be

integral to the processor.

[0091] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions 1s specified, the order and/or use of specific steps

and/or actions may be modified without departing from the scope of the claims.

[0092] The functions described may be implemented n hardware, software,
firmware or any combination thereof. If implemented 1n software, the functions may be
stored as one or more 1nstructions on a computer-readable medium. A storage media
may be any available media that can be accessed by a computer. By way of example,
and not limitation, such computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code 1n the form of instructions or data structures and that can be accessed by a
computer. 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.

[0093] Thus, certain aspects may comprise a computer program product for
performing the operations presented herein. For example, such a computer program

product may comprise a computer readable medium having instructions stored (and/or
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encoded) thercon, the instructions bemg executable by one or more processors to
perform the operations described herein. For certain aspects, the computer program

product may include packaging material.

[0094] Software or instructions may also be transmitted over a transmission
medium. For example, 1f the software 1s 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 1n the definition of transmission medium.

[0095] Further, 1t should be appreciated that modules and/or other appropriate
means for performing the methods and techniques described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base station as applicable. For
example, such a device can be coupled to a server to facilitate the transfer of means for
performing the methods described herem. Alternatively, various methods described
herein can be provided via storage means (¢.g., RAM, ROM, a physical storage medium
such as a compact disc (CD) or floppy disk, etc.), such that a user terminal and/or base
station can obtain the various methods upon coupling or providing the storage means to
the device. Moreover, any other suitable technique for providing the methods and

techniques described herein to a device can be utilized.

[0096] It 1s to be understood that the claims are not limited to the precise
configuration and components illustrated above. Various modifications, changes and
variations may be made in the arrangement, operation and details of the methods and

apparatus described above without departing from the scope of the claims.

[0097] While the foregoing 1s directed to aspects of the present disclosure, other and
further aspects of the disclosure may be devised without departing from the basic scope

thereof, and the scope therecof 1s determined by the claims that follow.
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CLAIMS

1. A method tor wireless communications, comprising;

detecting a failure that occurs during a mobile originated call;

determining how to attempt retrying the mobile originated call based, at least in part,
on a type of the detected failure and whether or not the mobile originated call is restricted to a
particular radio access technology (RAT); and

attempting to retry the mobile originated call.

2. The method of claim 1, wherein the type of the detected failure is one of: a soft

fatlure, a hard failure, and a no retry.

3. The method of claim 1, wherein:

the type of the detected failure is a hard failure: and

the determining how to attempt retrying the mobile originated call comprises, if the
mobile originated call is not restricted, first attempting acquisition on inter-frequency
neighbors and attempting acquisition on circuit-switched (CS) RAT if there is an acquisition

failure on all of the inter-frequency neighbors.

4. The method of claim 3, further comprising:

using inter-frequency and inter-RAT reselection parameters advertised in a system
information block on a cell on which the mobile originated call was originated in an effort to

determine the inter-frequency neighbors to scan and prioritizing frequencies to be used while

scanming for the CS RAT.

3. The method of claim 3, wherein the inter-frequency neighbors are skipped if the hard

failure is classified into one that is caused by issues in a core network associated with the

inter-frequency neighbors.

o. The method of claim 1, wherein:

the type of the detected failure is a hard failure; and

the deterrmumng how to attempt retrying the mobile originated call comprises, if the
mobile originated call is restricted, ending the mobile originated call if no inter-frequency

neighbors exist or when there is an acquisition failure on all of the inter-frequency neighbors.
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7. The method of claim 1, wherein:

the type of the detected tailure 15 a soft failure; and

the determining how to attempt retrying the mobile originated call comprises, when
no nter-frequency neighbors exist, re-attempting the mobile ongmnated call over a current

system until a timer expires.

3. A method for wireless communications, comprising:
detecting a fallure that occurs durtng a mobile originated call in a current system;
selecting a subsequent system for attempting the mobile originated call based, at least
in part, on whether or not the mobile originated call 1s restricted to a particular radio access
technology (RAT) and a type of the failure; and

attempting the mobile onginated call based on the selected subsequent system.

Q. The method of claim &, wherein the subsequent system is the same as the current
system when the type of the failure is a soft failure or when the mobile originated call is

restricted and the type of the failure is a hard failure.

10.  The method of claim &, wherein the subsequent system is different than the current
system when the type of the failure is a hard failure, the mobile originated call is not

restnicted, and acquisition failures occur on all neighbor frequencies.

11. A method for wireless communications, comprising:

detecting a failure that occurs during setup of a mobile originated call from a user
equipment (UE) due to lack of sufficient resources at a base station (BS);

determining quantized channel information (QCI) in a dedicated bearer set up to

establish the mobile originated call over a first radio access technology (RAT); and

redirecting the UE to another system in an effort to speed up a silent redial procedure.

12. A mcthod for wireless communications, comprising:

attempting a mobile ongnal call,;

receiving a quality of service (QoS) faillure message in response to attempting the
mobile onginated call;

determining that the Qo8 set up failure is due to lack of resources at a destination if a

dedicated bearer with required QoS has been set up locally; and
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re-attempting the mobile originated call in an effort to save the mobile originated call

after a predetermined amount of time.

13.  An apparatus for wireless communications, compnsing:

means for detecting a failure that occurs during a mobile originated call;

means for determining how to attempt retrying the mobile originated call based, at
least in part, on a type of the detected failure and whether or not the mobile originated call is
restricted to a particular radio access technology (RAT); and

means for attempting to retry the mobile originated call.

14.  The apparatus of claim 13, wherein the type of the detected failure is one of: a soft

failure, a hard failure, and a no retry.

15.  The apparatus of claim 13, wherein:

the type of the detected failure is a hard failure; and

the means for determining how to attempt retrying the mobile originated call is
configured to, 1t the mobile originated call is not restricted, first attempting acquisition on
Inter-frequency neighbors and attempting acquisition on circuit-switched (CS) RAT if there is

an acquisition fatlure on all of the inter-frequency neighbors.

10.  The apparatus of claim 135, further compnsing:

means for using inter-frequency and inter-RAT reselection parameters advertised in a
system 1nformation block on a cell on which the mobile originated call was originated in an
effort to determine the inter-frequency neighbors to scan and prioritizing frequencies to be

used while scanning for the CS RAT.

17.  'The apparatus of claim 1|5, wherein the inter-frequency neighbors are skipped if the

hard failure is classified into one that is caused by issues in a core network associated with

the inter-frequency neighbors.

18.  The apparatus of claimn 13, wherein:
the type of the detected failure 15 a hard failure; and
the means for determining how to attempt retrying the mobile originated call is

configured to, if the mobile originated call is restricted, ending the mobile originated call if
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no nter-trequency neiphbors exist or when there is an acquisition failure on all of the inter-

frequency neighbors.

19.  The apparatus of claim 13, wherein:

the type of the detected tailure is a soft failure; and

the means for determining how to attempt retrying the mobile originated call is
configured to, when no inter-frequency neighbors exist, re-attempting the mobile originated

call over a current system until a timer expires.

20.  An apparatus for wireless communications, comprising:

means for detecting a failure that occurs during a mobile originated call in a current
system,;

means for selecting a subsequent system for attempting the mobile originated call

based, at least in part, on whether or not the mobile originated call is restricted to a particular

raclio access technology (RAT) and a type of the failure; and

means for attempting the mobile originated call based on the selected subsequent system.

21.  “The apparatus of claim 20, wherein the subsequent system is the same as the current

system when the type of the failure is a soft failure or when the mobile originated call is

restricted and the type of the failure is a hard failurc.

22, The apparatus of c¢laim 20, wherein the subsequent system is different than the current
system when the type of the failure is a hard failure, the mobile originated call is not

restricted, and acquisition failures occur on all neighbor frequencies.

23.  An apparatus for wireless communications, comprising:

means for detecting a failure that occurs during setup of a mobile originated call from
a user equipment (UE) due to lack of sufficient resources at a base station (BS);

means for determining quantized channel information (QCI) in a dedicated bearer set
up to establish the mobile originated call over a first radio access technology (RAT); and

means for redirecting the UE to another system in an effort to speed up a silent redial

procedure.

24.  An apparatus for wireless communications, comprising:
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means for attempting a mobile originated call:

means for receiving a quality of service (QoS%) failure message in response to
attempting the mobile originated call;

means for determining that the QoS set up failure is due to lack of resources at a
destination if' a dedicated bearer with required QoS has been set up locally; and

means for re-attempting the mobile originated call in an effort to save the mobile

onginated call after a predetermined amount of time.

25, An apparatus for wireless communications, comprising;
at least one processor configured to:
detect a failure that occurs during 2 mobile originated call;
determine how to attempt retrying the mobile originated call based, at least in
part, on a type of the detected failure and whether or not the mobile originated call is
restricted to a particular radio access technology (RAT); and
attermnpt to retry the mobile originated call; and

a memory coupled to the at least one processor

26,  The apparatus of claim 25, wherein the type of the detected failure is one of: a soft

farlure, a hard failure, and a no retry.

27.  The apparatus of ¢claum 25, wherein:

the type of the detected failure is a hard failure; and

the at least one processor is configured to determine how to attempt retrying the
mobile originated call by, if the mobile originated call is not restricted, first attempting
acquisition on inter-frequency neighbors and attempting acquisition on circuit-switched (CS)

RAT if there 1s an acquisition failure on all of the inter-frequency neighbors.

28.  The apparatus of claim 27, wherein the at least one processor is further confipured to:
use inter-frequency and inter-RAT reselection parameters advertised in a system
mformation block on a ¢ell on which the mobile originated call was orginated in an effort to

determine the inter-frequency neighbors to scan and prioritizing frequencies to be used while

scannting tor the CS RAT.
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29 The apparatus of clairmn 27, wherein the inter-frequency neighbors are skipped if the

hard failure 1s classified into one that is caused by issues in a core network associated with

the inter-frequency neighbors.

30.  The apparatus of claim 25, wherein:

the type of the detected failure 15 a hard failure; and

the at least one processor is confipured to determine how to attempt retrying the
mobile onginated call based on, 1f the mobile originated call is restricted, ending the mobile
originated call if no inter-frequency neighbors exist or when there is an acquisition failure on

all of the inter-frequency neighbors.

31.  The apparatus of claim 25, wherein:

the type of the detected failure is a soft failure; and

the at least one processor is configured to determining how to attempt retrying the
mobile originated call based on, when no inter-frequency neighbors exist, re-attempting the

mobile originated call over 4 current system until a timer expires.

32, An apparatus for wireless communications, comprising:
at least one processor configured to:

detect a failure that occurs during a mobile originated call in a current system;
select a subsequent system for attempting the mobile originated call based, at least in
part, on whether or not the mobile originated call is restricted to a particular radio
access technology (RAT) and a type of the failure; and

attempt the mobile originated call based on the selected subsequent system;
and

a memory coupled to the at least one processor.

33.  The apparatus of claim 32, wherein the subsequent system is the same as the current
system when the type of the failure is a soft failure or when the mobile originated call is

restricted and the type of the failure is a hard failure.

34, The apparatus of claim 32, wherein the subsequent system is different than the current

systern when the type of the failure is a hard failure, the mobile originated call is not

restricted, and acquisition failures occur on all neighbor frequencies.
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35. An apparatus for wircless communications, comprising:

at least one processor configured to:

detect a failure that occurs during setup of a mobile originated call from a user

equipment (UE) due to lack of sufficient resources at a base station (BS);

determine quantized channel information (QQCI) in 2 dedicated bearer set up to
establish the mobile oniginated call over a first radio access technology (RAT); and

redirect the UE to another system in an effort to speed up a silent redial
procedure; and

a memory coupled to the at least one processor.

36. An apparatus for wireless communications, comprising:
at least one processor configured to:

attempt a mobile original call;

receive a quality of service (QQo5) fallure message In response to attempting

the mobile oniginated call;

determine that the Qo> set up fatlure 15 due to lack of resources at a
destination 1f a dedicated bearer with required QoS has been set up locally; and

re-attempt the mobile onginated call in an effort to save the mobile onginated

call after a predetermined amount of time; and

a memory coupled to the at least one processor.

37. A compuler-program product for wireless communications, the computer-program
product comprising a non-transitory computer-readable medium having code stored thereon,
the code executable by one or more processors for:

detecting a failure that occurs during a mobile originated call;

determining how to atternpt retrying the mobile originated call based, at least in part,
on a type of the detected failure and whether or not the mobile originated call is restricted to a
particular radio access technology (RAT); and

attempting to retry the mobile originated call; and

38,  The computer-program product of claim 37, wherein the type of the detected failure is

one of: a soft failure, a hard failure, and a no retry.

39.  The computer-prograrm product of claim 37, wherein:
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the type of the detected failure is a hard failure; and

the code for determining how to attempt retrying the mobile originated call

compnsing, 1f the mobile originated call is not restricted, first attempting acquisition on inter-

frequency neighbors and attempting acquisition on circuit-switched (CS) RAT if there is an

acquisition failure on all of the inter-frequency neighbors.

40.  'The computer-program product of claim 39, further comprising:

code for using inter-irequency and inter-RAT reselection parameters advertised in a
systemn information block on a cell on which the mobile originated call was originated in an
etfort to determine the inter-frequency neighbors to scan and prioritizing frequencies to be

used while scanning for the CS RAT.

41.  The computer-program product of claim 39, wherein the inter-frequency neighbors

are skipped 1f the hard failure is classified into one that is ¢aused by issues in a core network

associated with the inter-frequency neighbors.

42.  The computer-program product of claim 37, wherein:

the type of the detected failure is a hard failure: and

the code for determining how to attempt retrying the mobile originated call comprises,
if the mobile originated call is restricted, ending the mobile originated call if no inter-

frequency neighbors exist or when there is an acquisition failure on all of the inter-frequency

neighbors.

43 The computer-program product of claim 37, wherein:
the type of the detected failure is a soft failure; and
the code for determining how to attempt retrying the mobile originated call comprises,

when no inter-frequency neighbors exist, re-attempting the mobile originated call over a

current system until a timer expires.

44. A computer-program product for wireless communications, the computer-program
product comprising a non-transitory computer-readable medium having code stored thereon,

the code executable by one or more processors for:

detecting a fatlure that oceurs during a mobile originated call in a current system:
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selecting a subsequent system for attempting the mobtle onginated call based, at lcast
in part, on whether or not the mobile originated call is restricted to a particular radio access

technology (RAT) and a type of the failure; and

attempting the mobile originated call based on the selected subsequent system.

45.  The computer-program product of claim 44, wherein the subsequent system is the

same as the current system when the type of the failure is a soft failure or when the mobile

onginated call is restricted and the type of the failure is a hard failure.

46.  The computer-program product of claim 44, wherein the subsequent system is
different than the current system when the type of the failure is a hard failure, the mobile

ongnated call 1s not restricted, and acquisition failures occur on all neighbor frequencies.

47. A computer-program product for wireless communications, the computer-program
product compnsing a non-transitory computer-readable medium having code stored thereon,
the code executable by one or more processors for:

detecting a failure that occurs during setup of a mobile originated call from a user

equipment (UE) due to lack of sufficient resources at a base station (BS);

determining quantized channel information (QCI) in a dedicated bearer set up to
establish the mobile originated call over a first radio access technology (RAT); and

redirecting the UE to another system in an effort to speed up a silent redial procedure.

48. A computer-program product for wireless communications, the computer-program
product comprising a non-transitory computer-readable medium having code stored thereon,
the code executable by one or more processors for:

attempting a mobile original call;

receiving a quality of service (QoS) failure message in response to attempting the
mobile originated call;

determining that the QoS set up failure is due to lack of resources at a destination if a
dedicated bearer with required QoS has been set up locally; and

re-attempting the mobile originated call in an effort to save the mobile originated call after a

predetermined amount of time,

Duration: 20.05.2013 17:53:48 - 20.05.2013 17:58.43. This page 25 of AMENDED SHEET 2013717:57:52
Recelved at the EPO on May 20, 2013 17:58:43. Page 25 of 31



CA 02841958 2014-01-14

PCT/US2012/047408

WO 2013/013044

17

POC!

Qo0
oood
oood

00}

SN
LWOJJ/0)
dN® 00ld
a0l qoct
&
( vfrm_
40!} .
INC aN® OJOBN
Aeloy an
m
e0¢!
POLL
120
OJOBIN
e¢ol

13]|0JJU0D

YJOMION

0t}

«-----p UOISSIWSUR | Bulispalu

—P

UOISSIWSURI | paJIsa(]



CA 02841958 2014-01-14

PCT/US2012/047408

WO 2013/013044

217

92JN0SQ
ejeq

¢9¢C

AJOWIBIN

¢8¢

AUIS
eled

09¢

0¢}

10SS920.d
Jlwsued |

10SS9820.4
/18]|0JjU0D

J055300.d

STNE )Y

8G¢

10SS920.4
ONIIN XL

1010919
ONIN

9G¢

0ct

10SS920.d
OWIW X1

AIOWBN

¢6¢

10SS820.4
/18]|0JJU0D

10SS820.d
JIWSuUed |

10SS920.14

/13]|01U0D

06¢

AUIS
eleq

6¢¢

AJOWBIN

cre

Hu
Wwo9

444

921N0Q
eled

CHe

be
—
R —

Hur
WWo9

76¢




CA 02841958 2014-01-14
WO 2013/013044 PCT/US2012/047408

37
300

N

302
DETECT A FAILURE THAT OCCURS DURING A
MOBILE ORIGINATED CALL

304

DETERMINE HOW TO ATTEMPT RETRYING THE
CALL BASED, AT LEAST IN PART, ON WHETHER

OR NOT THE CALL IS RESTRICTED TO A
PARTICULAR RADIO ACCESS TECHNOLOGY (RAT)

306
ATTEMPT TO RETRY THE CALL

FIG. 3

400

\\

402
DETECT A FAILURE THAT OCCURS DURING A MOBILE
ORIGINATED CALL IN A CURRENT SYSTEM

404

SELECT A SUBSEQUENT SYSTEM FOR ATTEMPTING
THE CALL BASED, AT LEAST IN PART, ON WHETHER
OR NOT THE MOBILE ORIGINATED CALL IS

RESTRICTED TO A PARTICULAR RADIO ACCESS
TECHNOLOGY (RAT) AND A FEATURE OF THE FAILURE

406
ATTEMPT THE CALL BASED ON THE SELECTED
SUBSEQUENT SYSTEM

FIG. 4




CA 02841958 2014-01-14

PCT/US2012/047408

WO 2013/013044

IX3)UOO

. . Asusnbal 317

masv | |svasousie

oy aoeld 0} OH

Sd/uonoalipsy
JOUOH

(aJnjie4 ul
I JoIes] Sd3) V05
osuodsal dnies Adusnball 317

Blesg L1 [layjoue/| vy SO
0) UOI109JIPaY

(oju1 SO ‘uonduosap moj4) X9JU0D
: laleaq Sd3
pajealpa(
9]eAOY)

dN® J€
S90JN0Sso

(uonduose ON
Jusuoduwion _
BIPSN)H VY "/ ¢0S

|20 9seajoy

— abueyIXa MO 002MOVYHd dIS

abueyoxs ssalbold uoisses €QL/ALIANLGIS €
—Hmozco(_ S0INIeS _

2’1 90501
IS geronae | | zod3 140d 2'14050-S || 0d3 | GOPOND o)
2'140S0-d

¥ ~00¢

4/7

)Senbal dn)as
Jajeag ‘0l

ocmEEoo
IBMSUY-Y €|
()osuodsal HyvY ‘21
(1senba.l




CA 02841958 2014-01-14
WO 2013/013044 PCT/US2012/047408

o7

600

602

DETECT A FAILURE THAT OCCURS DURING SETUP OF A
MOBILE ORIGINATED CALL FROM A USER EQUIPMENT

(UE) DUE TO LACK OF SUFFICIENT RESOURCES AT A
BASE STATION (BS)

004

DETERMINE QUANTIZED CHANNEL INFORMATION (QCI)
IN A DEDICATED BEARER SET UP TO ESTABLISH THE CALL
OVER A FIRST RADIO ACCESS TECHNOLOGY (RAT)

0006

REDIRECT THE UE TO ANOTHER SYSTEM IN AN EFFORT
TO SPEED UP A SILENT REDIAL PROCEDURE




CA 02841958 2014-01-14

PCT/US2012/047408

WO 2013/013044

6/7

Al|e20| pajea.d
SEM Jo.eaq Sd3 Pa1edIpap J

awll] apIes | Joaye 1duisye-oy

Aouanball 317

JBYI0/1 VY
SO 0} SAON

Aousnbaly

17 Joujoue
[1VH SO 0

70/ 0.
(8njie4)
9suodsal
dmeg
JaJeag ||
(1s9nba.
IX9JUOD)
1B1eaq S4d3
PajevIPa(
a1eAy) | (o Sop
1senbay | ‘uondudsep | (uonduoseq
dnjeg MO|) jusuodwon
1alesq ‘6 BIPDN) VY "/
I Y -

LOND3JIPSY
dNo je
S92JN0SA
9buByIXd YO 00Z/MOVHd ‘dIS ¥
e e e
abueyoxa ssalbold uoissas €81/ LIANIAIS €

MOE)S ¢’} 4080
E GOPONS| | eodd 340d 2'14082-S || 0d3 | 99PONE
¢ 1 40S0-d

00/




CA 02841958 2014-01-14
WO 2013/013044 PCT/US2012/047408

717
800\\
302
ATTEMPT A MOBILE ORIGINAL CALL
304

RECEIVE A QUALITY OF SERVICE (QOS) FAILURE

MESSAGE IN RESPONSE TO ATTEMPTING THE CALL

300

DETERMINE THAT THE QOS SET UP FAILURE IS DUE TO
LACK OF RESOURCES AT A DESTINATION IF A DEDICATED
BEARER WITH REQUIRED QOS HAS BEEN SET UP LOCALLY

303

RE-ATTEMPT THE CALL IN AN EFFORT TO SAVE THE CALL

AFTER A PREDETERMINED AMOUNT OF TIME

FIG. 8



300

302

DETECT A FAILURE THAT OCCURS DURING A
MOBILE ORIGINATED CALL

304

DETERMINE HOW TO ATTEMPT RETRYING THE
CALL BASED, AT LEAST IN PART, ON WHETHER

OR NOT THE CALL IS RESTRICTED TO A
PARTICULAR RADIO ACCESS TECHNOLOGY (RAT)

300

ATTEMPT TO RETRY THE CALL

FIG. 3



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	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 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - abstract drawing

