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client engaged in a current ABR streaming session. In one implementation, a
determination is made whether a wireless UE device executing the ABR
streaming client is approaching a radio white spot area. If so, a video buffer
of the ABR cl ient is configured to preload lower quality video segments to
last for the duration of the radio white spot area. One or more ABR client
controls may be selectively deactivated while the wireless UE device is in the
radio white spot area.
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OUTAGE NOTIFICATION WITH CLIENT CONTROL MODIFICATION
IN AN ABR STREAMING NETWORK

REFERENCE TO RELATED APPLICATION(S)

This application discloscs subject matter that s related to the subject matter of
the following commoniy-owned U.S. patent application{(s): (i} “ABR VIDEO WHITE
SPOT COVERAGE SYSTEM AND METHOD” (Ercsson Ref No.o P42807-USH),
Application No.: 14/200,491, filed March 7, 2014, in the name(s) of Johan Kohliet al ;
(iy “ADAPTIVE VIDEG WHITE SPOT LEARNING AND USER BANDWIDTH
DELIVERY CONTROL SYSTEM” (Ericsson Ref No. P40939-USI), Application
MNo.: 14/036,841, filed September 25, 2013, in the name(s) of Christopher Phillips et al ;
(i) “CONFLICT DETECTION AND RESOLUTION IN AN ABR NETWORK”
{Ericsson Ref. No.: P42221-UST), Application No.: 14/194 868, filed March 3, 2014, in
the name(s) of Christopher Phillips ¢t al.; and {iv) “CONFLICT DETECTION AND
RESOLUTION IN AN ABR NETWORK USING CLIENT INTERACTIVITY”
{Ericsson Ref No.: P42767-UST), Application No.; 14/194 918, filed March 3, 2014, 1n
the name(s) of Chustopher Phillips et al., cach of which is hercby incorporated by

reference in its entiroty.

FIELD OF THE DISCLOSURE

The present disclosure generallv relates to communication networks. More
particularly, and not by way of any limitation, the present disclosure is directed to a
scheme for managing coverage in a wireless network environment configured to

facilitate adaptive bitrate {ABR) streaming of content,

BACKGROUND

While mobile radic data network coverage is widespread, there may be arcas
where data coverage i1s low or where there is not encugh chaonel noise due to varicus
factors such as, ¢.g., structures, interference, weather, etec.  Although phone calls can
generally overcome these issues by switching to a different network protocol, video

delivered over data networks generally cannot.  Accordingly, when consuming video
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via ABR streaming while traveling though an arca of low coverage or poor signal

guality, it becomes necessary (0 manage a user’'s cxperience in a satisfactory manner.

SUMMARY

The present patent disclosurc is broadly directed to systems, methods,
apparatuscs, devices, and associated non-transitory computer-readable media for
managing ABR streamuing sessions in a wireless network environment that may have
potential video outage areas {(also referred to herein as “white spots™). In one aspect, an
embodiment of a method for modulating an ABR streaming chient engaged 10 a current
ABR streaming session is disclosed.  The claimed method involves, inter alia,
deternuning that a wireless UE device executing the ABR strcaming client is
approaching or will be i a radio white spot arca (i.¢., video outage arca). The ABR
client’s video buffer may be preloaded or “primed” with lower quality segments that
may be deternmined to last for the estimated duration of video outage. Further, one or
more ABR client controls may be deactivated while the wireless UE device is in the
radio white spot area in order to belp mitigate potentially adverse behavior that may
result from engaging the chent controls while playing out of the primed buffer.

In another aspect, an embodiment of a wireless UE device comprises an ABR
buffer for stonng media segments encoded at different bitrates pursuant to an ABR
streaming session and an ABR chient player configured to play back content out of the
ABR buffer. The claimed wireless UE device further comprises one or more
processors coupled fo a persistent memory having program instructions for controlling
the ABR client player to disablc at least one ABR chient plaver control when the
wireless UE device is 1n a radio white spot area.

In a stdl further aspect, an embodiment of a network subsvstem configured to
modulate an ABR streaming client is disclosed. The claimed subsystema may be
mplemented as part of a radio network controller, and may include, inter alia, an ABR.
stream delivery server for faciltating ABR strcaming sessions in a wircless radio
network environment; a video outage and Quality of Service (QoS) datastore having
geographic location data pertaining to arcas where radio coverage 1s suboptimal for
streaming content to a wircless UE device exccuting the ABR streaming chent; and a

video outage awarencss and notification node coupled to the ABR stream delivery
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server and the video outage and (JoS datastore. The video outage awareness and
notification node is adapted to determine, responsive to a location update from the
wireless UE device, that the wireless UE device 15 approaching a radio white spot area;
and to provide a notification to the wircless UE device that one or more ABR client
controls will be disabled while the wircless UE device is in the radio white spot area.

In still further aspects, one or more embodiments of a non-transitory computer-
readable medium containing computer-cxccutable program instructions or code
portions stored thercon are disclosed for performing one or more embodiments of the
methods st forth above when executed by a processor entity of a network node,
clement, UE device, and the like, nuatatis mutandis. Further features of the various
embodiments are as claimed in the dependent claims.

Advantages of the present invention include, but not limited to, the ability to
adapt to ad hoc issucs such as, ¢.g., inclement weather interference, variable low radio
quality, noise, ¢tc. that may be encountered in a wircless ABR streaming environment,
wherein there is usually enough bandwidth 1 normal condions to both pre-cache
content as well as watch a video or other reguested programonung simultancously. By
detecting potential video outage arcas in a wircless network and appropriately notifving
the users 1 a preemptive fashion (¢ g., before the user attempts to change ABR player
controls in an owtage area), beiter user experience may be achieved m the ABR
streaming environment, for cxample. Additional benefits and advantages of the
embodiments will be apparent in view of the following description and accompanying

Figures.

BRIFF DESCRIPTION OF THE DRAWINGS

Embodiments of the present disclosure are illustrated by way of example, and
not by way of himitation, in the Figures of the accompanying drawings in which like
references indicate sinular elements. It should be noted that different references to "an"
or "ong" embodiment in this disclosure are not necessarily to the same embodiment,
and such references may mean at least one.  Further, when a particular feature,
structure, or characteristic 1s descnbed in conncction with an cmbodiment, it is
submitted that it is within the knowledge of one skilled in the art to effect such feature,

structure, or charactenistic in connection with other cmbodiments whether or not
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explicitly described.

The accompanying drawings are incorporated into and form a part of the
specification to illustrate one or more exemplary cmbodiments of the present
disclosure. Various advantages and features of the disclosure will be understood from
the following Detailed Description taken in connection with the appended claims and
with reference to the attached drawing Figures in which:

FIG. 1 depicts an example wireless network environment for facilitating ABR
streaming and ABR client control modulation according to onc or more embodiments
of the present patent application;

FIG. 2 depicts a flowchart of an example methodology for building a database
of video outage arcas (i.c., radio white spot arcas) according to an embodiment for
purposes of the present patent application;

FIG. 3 depicts an example environment where occurrence of a potential video
outage arca may be cstimated for notifving an ABR client according to an embodiment
for purposes of the present patent application;

FIGS. 4A-4C depict flowcharts of vanous blocks, steps and/or acts that mayv be
combined i one or more arrangements that tlustrate one or more embodiments of the
present patent disclosure for modulating ABR client controls while traversing a white
spot arca of a wircless network environment;

FIGS. 5, 6 and 7A-7B depict flowcharts of additional details with respect to one
or more ermbodiments of the present patent disclosure;

FIG. 8 depicts additional details with respect to an example wireless network
cnvironment optunized for ABR streaming and associated client control according fo
an embodument of the present patent disclosure;

FIG. 9 depicts a block diagram of an example wireless user equipment (UE)
device including an ABR client configured to execute certain aspects according 1o one
or more ermbodiments of the present patent application; and

FIG. 10 depicts a block diagram of an example network element configured to
gxecute certain aspects according to one or more embodiments of the present patent

application.

DETAILED DESCRIPTION OF THE DRAWINGS
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In the following description, mwmerous specific details are set forth with respect
to one or more embodiments of the present patent disclosure. However, it should be
understood that one or more embodiments may be practiced without such specific
details. In other mstances, well-known circuits, subsystoms, componcnts, Structures
and techniques have not been shown in detald m order not to obscure the understanding
of the example embodiments. Accordingly, it will be appreciated by one skilled in the
art that the embodiments of the present disclosure may be practiced without such
specific components. It should be further recognized that those of ordimary skill in the
art, with the aid of the Detatled Description set forth herein and taking reference to the
accompanying drawings, will be able to make and use one or more cmbodiments
without undue experimentation.

Additionally, terms such as “coupled” and “convected,” along with their
derivatives, may be used in the following description, claims, or both. it should be
understood that these terms are not necessarily intended as synonyms for cach other.
“Coupled” may be used to indicate that two or more clements, which mayv or may not
be in direct physical or electrical contact with cach other, co-operate or interact with
cach other. “Connected” may be used to indicate the establishment of communication,
1.€., a commumicative relationship, between two or more elements that are coupled with
cach other. Further, i one or more example embodiments set forth herein, generally
speaking, an element, component or module may be configured to perform a function if
the clement is capable of performing or otherwise structurallv arranged to perform that
function.

As used herein, a network element or node may be comprised of one or more
pieces of service network ecquipment, including hardware and softwarc that
communicatively terconnects other equipment on a network {e.g., other network
clements, end stations, ¢tc.), and 15 adapted to host one or more applications or services
with respect to a plurality of subscribers. As such, somce network elements may be
disposed in a wireless radio network environment whereas other network clements may
be disposed in a public packet-switched network mfrastructure, including or otherwise
mvolving suitable content delivery network (CDN) infrastructure.  Accordingly, some
network cloments may comprise “multiple services network elements” that provide

support for multiple network-based functions {¢.g., A/V media management, scssion
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control, Quality of Scrvice (QoS) policy enforcoment, bandwidth scheduling
management, subscrniber/device policy and profile management, content provider
priotity policy managerent, streaming policy management, advertisement push policy
management, and the like), in addition to providing support for multiple application
services {(e.g., data and multimedia applications). Subscriber end stations or client
devices mayv comprise any device configured to execuie, inier alia, a streaming client
application {e.g., an ABR streaming clicnt application} for receiving content from one
or more content providers, ¢.g., via mobile telephony networks. Such client devices
may therefore include portable laptops, netbooks, palm tops, tablets, mobile phones,
smartphones, multimedia phones, Voice Over Internct Protocol (VOIP) phones,
mobile/wircless user equipment, portable media plavers, portable gaming systems or
consoles (such as the Wi®, Play Station 3®, cic.) and the like that may access or
consume content/services provided over a content delivery network via a suitable high
specd wircless connection for purposes of one or more embodiments set forth herein,
Further, the client devices may also access or consume content/services provided over
broadcast networks {(¢.g., cable and satellite networks) as well as a packet-switched
wide area public network such as the Internet via suitable service provider access
networks. In a still further vanation, the client devices or subscriber end stations may
also access or consume content/services provided on virtual private networks (VPNs)
overlaid on {e.g., tunncled through) the Internet.

One or more embodiments of the present patent disclosure may be tmplemented
using different combinations of software, firmware, and/or hardware. Thus, one or
more of the technigues shown in the Figures {c.g., flowcharis) may be noplemented
using code and data stored and executed on one or more electronic devices or nodes
{c.g.. a subscriber chient device or end station, a network element, etc.).  Such
clectronic devices may store and communicate (internally and/or with other clectronic
devices over a network) code and data using computer-readable media, such as non-
transitory computer-readable storage media (¢ g., magnetic disks, optical disks, random
aceess memaory, read-only memory, flash memorv devices, phase-change memory,
¢tc.), transitory computer-readable transmission media {e.g., cloctrical, optical,
acoustical or other form of propagated signals — such as carricr waves, infrared signals,

digital signals), ctc. In addition, such network elements may tvpically include a set of
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one or more processors coupled to one or more other components, such as one or more
storage devices {¢.g., non-transitory machine-~readable storage media) as well as storage
database(s), user input/ouiput devices {c.g., a kevboard, a touch screen, a pointing
device, and/or a displav), and network connections for effectuating signaling and/or
bearer media transmission. The coupling of the set of processors and other components
may be typically through one or morc buscs and bridges {(also termed as bus
controllers), arranged wm any known {c.g., symmetric/shared multiprocessing) or
heretofore unknown architectures. Thus, the storage device or component of a given
clectronic device or network clement may be configured to store code and/or data for
gxecution on ong or more processors of that clement, node or electronic device for
purposes of mplementing one or more technigues of the present disclosure.

Referring now to the drawings and more particularly to FIG. 1, depicted therein
1s an example wircless network environment 100 for facilitating ABR streaming and
ABR client conirol modulation according to one or more embodiments of the present
patent application. A plurality of exemplary wircless or mobile devices or user
cquipment (UE) devices 108-1 to 108-N arc shown as being operational in the wireless
cnvironment 100 comprising an exeraplary mobile convnunication network or carner
network 102, In the discussion hercin, the terms “wireless network,” “mobile
commumnication network,” “carrier network”, or terms of sinilar tmport may be used
mterchangeably to refer to a wircless communication network (¢.g., a celiular network,
a proprictary data commmunication network, a corporate-wide wireless network, etc.)
that facilitates voice and/or data communications with different types of wireless
mobile devices {c.g., devices 108-1 to 108-N). In one embodiment, such devices may
be a User Equipment (UE) or a Mobie Station (MS) (also referred to by various

<

analogous terms such as “mobile handset,” “wireless handset,” “mobile device,”
“mobile terminal,” eic) capable of receiving adaptively streamed/delivered audio-
visual content from the network 102 and plaving it using a local ABR client player
executing thercon. In some other embodiments, wireless mobile devices may comprise
portable gaming devices. clectronic tablets, laptops equipped with suitable wireless
modems, ¢-readers, and the like, as alluded to proviously. To the extent a wireless UE

device may include an ABR client player for effectuating video streaming, it may also
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be referred to as an ABR client device or mobile client device, or simply a client,
depending on the context for purposes of the present patent application.

UE devices 108-1 to 108-N arc shown to be in wireless communication (via
respective radio hinks 110-1 to 110-N} with the wireless network 102 through one or
more base stations, ¢.g., base station (BS) 104 (also mterchangeably referred fo herein
as a “mobile communication network node” or simply a “node”) of the network 102.
The example base station 104 mav provide radio mierface (in the form of suitable
Radio Frequency (R¥) hinks depending on the particular mobile communications
cchnology) to devices 108-1 to 108-N via appropriate antenna clements. By way of
exarople, the base station 104 may comprise a base station in a Third Generation {3G)
network, or an evolved Node-B (eNodeB or eNB) when the carrier network is a Third
Generation Partnership Project’s (3GPP) Long Tomn Evolution (LTE) network. In
some example embodiments, the base station 104 may also include a site coniroller, an
access point (AP}, a radio tower, or any other type of radio mterface device capable of
operating in a wircless environment. {n addition to providing air interface or wireless
channel {e.g., as represented by wircless links 110-1 1o 110-N) to the wireless UE
devices, the comnwmication node {or base station} 104 may also perform radio resource
management {as, for example, in case of an eNodeB in an L'TE svstem). In casc of a
3G carrier network, example base station 104 may include functionalities of a 3G base
station along with some or all functionalities of a 3G Radio Network Condroller (RNC}.
Additionally, base station 104 may be part of an Access Network (AN} (not shown)
portion of the carrier network 102, wherein the AN may be a 3GPP cellular AN or an
International Mobile Telecommumication (IMT) Radio Access Network {RAN) such as,
for example, a Universal Terrestrial Radio Access Network (UTRAN), an Evolved-
UTRAN (E-UTRAN}, a GSM/EDGE RAN (GERAN), a Worldwide Interoperability
for Microwave Access (WIMAX) network, and the hike.

Example carner network 102 may include a network controller 106 coupled to
the base station 104 for providing logical and control functions relative o, ¢.g.,
roanung  support and/or terminal mobility management, subscriber account
management, billing, ctc., as well as accessing of external networks or comnwunication
entitics and delivery of streamed A/V contont from one or more content sources. By

way of example, connectivity to other networks or infrastructures such as, for instance,
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the Imtemet 112, CDN 116 and a circuit-switched landline telephone network (1., a
Public-Switched Telephone Network or PSTN) 114, is illustrated. In case of an LTE
carrier network, network controller 106 may include some or all functionalities of an
Access Gateway {AGW) or an Evolved Packet Core (EPC) node. In certain
embodiments, such functionalitics may comprise, for example, an IMT core network
functionality or an ETSI TISPAN (Furopean Teleconununications Standards fostitute
TIPHON (Telecommunications and Internet Protocol Harmonization over Networks)
and SPAN (Scrvices and Protocols for Advanced MNetworks)) core network
functionalitv. Regardless of a particular implementation of the carrer network, base
station 104 and/or network controller functionality 106 may be configured to facilitate,
m conjunction with or independent of one or more external network entities and
databases, methodologics for controlling delivery of ABR sitrcaming sessions as well as
modulating ABR client plaver controls in potential video outage arcas that may be
encountered in the wireless network environment 100, as will be set forth m detaid
hereinbelow.

FIG. 2 depicts a flowchart of an example methodology 200 for building a
database of video/ABR outage arcas (i.c.. radio white spot areas) according to an
embodiment for purposes of the present patent application. As shown at block 202 in
FIG. 2, a network entity {e.g.. in the carner network 102 or a subscriber policy
management node associated with CDN 116 of FIG. 1) may mitially determine a
mimimum threshold bitrate {e.g., for enforcing a QoS policy) authorized under an
adaptive streaming technigue used by a mobile device (c.g., wireless UE device 108-1)
to play an audio/visual content file or program. The network entity may then monitor
whether a current audio/visual segment is being delivered to the wireless UE device at
a delivery bitrate that is lower than the threshold bitrate (block 204}, When the
delivery bitrate of the current streaming scgment is determined to be lower than the
threshold bitrate, the notwork entity may obtain the geographic location coordinates for
the wircless UE device (block 206) because such reduced delivery bitrate may indicate
a less than acceptable service, possibly due to various radio signal guality conditions,
mcluding a radio outage condition. Thereafter, the network entity may report those
geographical location coordinates for storage into a database {block 208), which may

be configured to maintain a dataset of geo-locations {¢.g., in the form of location
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coordinates} with respect to the geographical arca of the network 107 that have a less-
than-desired radio coverage. Those skilled in the art will recogunize that the dataset of
video outage areas s nof static and may not necessartly mean that there is a complete
radio outage at the reported locations. Depending on vanable signal parameters,
mprovemends to the infrastructure, changes in the envirommental and structural
clements {c.g., buildings, towers, etc.} within the wireless network environment, and
the like, a location database of potential white spot arcas may be continually and/or
dynamically updated as nceded (1.e., by way of a leaming process). Furthermore, white
spot arca databases and/or server systems hosting such databases may be provided with
suitable application program interfaces or APIs that faciitate interaction with other
network entifies and services, e.g., including bandwidth control.

Those skilled in the art will recognize that if the network entity {¢.g., network
controller 106 in FIG. 1) serving a mobile device determines that the mobile device is
heading toward an outage area {¢.g., while roaming in a vehicle) where data coverage is
poor or less-than-~-desired, the network entity may calculate how long it would take for
that vehicle to reach closest to the video outage arca based on the vehicle’s current
speed and direction of travel. Such a calculation may vield, among others, paramcters
such as “Time_to_video_outage location” or “Time to location”, which may be used
to further calculate how long the network entity should wait before forcing {e.g., by
hmiting the bandwidth of the delivered data) or instructing (¢.g., via a message) the
mobile device to switch to a lower bitrate within the manifest file associated with a
streaming session. For example, a UE-specific message may be sent from the network
entity informing the UE to switch to the lowest bitrate in the currently~-plaved video
segment’s manifest file while fraversing the white spot area.

In onc embodiment, by preemptivelyv forcing a bitrate change, the network
entity may cnable the mobile device’s client player to fill available empty portions of
its playback buffer with lower quality video segments, resulting in a larger number of
segments pre-downloaded. With more segments in its playback butfer, the client can
continue the video playback for a much longer time than with fewer segments at a
higher bitrate stream. Thus, by forcing the client to the lowest bitrate and enabling it to
fill its iternal butfer with lower quality video segments to maxinize the video playout

length, the network entity may enable the mobile chient to navigate through the outage
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arca {assuming that the vchicle carrving the mobile device reasonably maintains the
same speed of travelheading) without video data disruptions. In one embodiment,

such “advance” filling of client’s playback butfer (with lower guality video segments)

just prior to the client device’s entry into an outage arca may be sufficient to enable the

client device to cross that arca without running out of video segments during transit. I
another embodiment, the network entity may perform a different type of calculation to
deternune the “proper” or “most suitable” bitrate based on a calculated length of time
to navigate the outage area. This calculation may prevent the mobile client from going
to the absolute worst video quality {e.z., at the lowest bitrate in the manifest) it the
calculated time to navigate through the outage arca based on various segment bitrates
can settle on a higher quality of video {at a higher bitrate) and still fill the chient’s
plavback buffer with enough playout time to make it through the outage arca without
video interruptions.

Because encoded content segments may be defined for the client player across
multiplc bitrates in ABR streaming, a key consideration is to “prime” the mobile client
based on available bitrate(s) at a location before cntering an outage arca. fn one
mplementation, priming the clicnt may commence afier it has been deternuned that the
system cannot achicve the highest bitrate of the manifest but at the highest bit rate that
has been determined to be possible at a particular location. For example, a client might
be able to get 2 megabits per sccond {(Mbps or Mbs) but it is desired that the client
buffer be primed for the 800 Kbs stream at a muvowm. 1o an example manifest having
400 Kbs, 800 Kbs, and 1.3 Mbs formats, strecaming could be throttled at 1.2 Mbs,
allowing the buffer to be primed as fast as possible but at 800 Kbs.

By way of an cxample implementation, a parameter called
“Time to lower bitrate” may be calculated based on the “Time to location”
parameter mentioned above as well as available lowest segment delivery bitrate values
so that enough video segments may be delivered to the mobile UE chient while 15 still
under acceptable data coverage (from the serving base station infrastructure) prior to
entering the video outage arca. The network entity may asceriain whether the client
device’s actual physical location {¢.g., as reported by the device itself or as determined
using one or more known or heretofore unknown location/positioning methods) has

reached a “Calculated Location” {i.c., the location the UE-carrving vehicle may reach,
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assuming no significant change in the direction or speed of travel, where the bitrate s
to be lowerced) to force the lower delivery bitrate.  If there is a change in onc or more
variables {(¢.g., a significant change n travel direction or speed), the network entity
may return 1o its monitoring of the streaming delivery scssion as well as the mobile
chient’s paramcters to recalculate appropriate parameters to determine adjusted times
where the lowered delivery rates should start.  Accordingly, by selecting the lowest
authorized bitrates in the manifest, and thereby enabling the mobile client to fill its
video playback buffer with sufficient number of video segments (albeit of lower
quality), sufficient video buffer priming may be provided to last through a video outage
arca.

Referring to FIG. 3 now, an excmplary pictorial representation 300 shows how
the forced bitrate control scheme may enable a UE-carryving vehicle 308 1o have an
uninterrupted playback of the ABR-delivered video content while transiting through a
video outage region 312, fmtially, the UE may be downloading ABR video segments
at the hitrate of 2 megabits per second (Mbs or Mbps). If the UE’s ABR client has a
plavback buffer 302 of size 32 MB, that buffer may be able to accommodate twelve
{12) such 2 Mbs segments {(assuming that cach segment contains 10 seconds of video).
As a result, the UE would have 2 minutes (12 scgments x 10 scconds/segment) of High
Quality (HQ) playback time as exemplified by the buffer configuration 302, which the
UE’s plaver would continue to play from its buffer. When the UE/vehicle 308 starts
approaching the outage arca 312 as indicated by the example travel direction 306, the
network entity may deternune — based on UE/vehicle’s speed and direction of travel -
that the UE/vehicle 308 would “hit” the outage region 312 in the next 7.1 nunutes, as
excroplified by the dlustrative calculation block 314, As shown, the estimated
direction/heading of the vehicle i1s such that the radio signal guality becomes
progressively less desirable, as exemplified by signal strength bars 303, 307 and 309,
before the outage arca 312 1s encountered. In one embodiment, whenever a UE/vehicle
1s within certain time interval {e.g., 7 to 8 minutes of travel time or 1is corresponding
distance based the vehicle’s velocity) from the outage region 312, the network entity
may force the UE to switch to a lower bitrate for playback of video content {c.g., the
lowest biirate in the video content’s manifest file). Hence, in the illustrative

representation 300 of FIG. 3, when the network entity deternunes that the UE/vehicle



WO 2015/162576 PCT/IB2015/052950

Lh

16

3
Lh

30

1;.
S G
15

308 1s heading toward the outage region 312 and would “hit” that region in the next 7.1
minutes, the network entity may reduce its segment delivery bitrate to 600 Kbps as
mdicated at the example calculation block 314, As a result, the UE’s ABR player
would be forced to select the lowest bitrate in the manifest (e, 500 Kbps) to
download video scgments from the network’s conmtent delivery server. Instead of the
previous HQ segments at 2 Mbps, the client player would be now forced to stait
maintaining its playback bufter with Low Quality (L) video segments downloaded at
the lowest manifest bitrate of 500 Kbps, as illustrated by the buffer configuration 304,
This process may continue as shown by the buffer contigurations 316 and 318 and
conclude when the entire playback buffer is filled with such LQ video secgments.

When the UE/vehicle ts physically closest to the outage region —as indicated by
reference numeral 310 — the client’s plavback buffer would be filled with enough 500
Kbps segments to allow the UEfchicle “traverse” the outage arca 312 without
plavback interruption. in the cmbodiment of FIG. 3, it is shown that the client’s 32MB
playback buffer is now filled with a plurality of LG (500 Kbps) video segments, cach
segment containing 10 seconds of video, which would allow the client to have about
8.5 minutes (¢.g., 31 scgments x 10 seconds/segment) of L4 plav. H the UE-carrving
vehicle 308 is travehing at 60 MPH, this would allow uninterropted video playback for
the next 8.5 miles of travel distance, which may be significantly more than the “size”
{in terms of the traversal distance) of the outage region 312 m the vehicle’s direction of
travel.  Additional details regarding forced delivery rate technigues may be found in
one or more of the following commonly owned co-pending U.S. patent application(s):
(i) “ADAPTIVE VIDEO WHITE SPOT LEARNING AND USER BANDWIDTH
DELIVERY CONTROL SYSTEM” (Ericsson Ref No.o P409539-USI), Application
No.: 14/036,841, filed September 25, 2013, in the name(s) of Christopher Phillips et al,
cross-referenced hereinabove and hereby incorporated by reference herein,

Whereas a forced bitrate control technique cmploving buffer pnming, ¢.g., in
accordance with the embodiments set forth above, may allow an ABR chient to
continue to plav back video content while passing through a koown outage area,
engaging some client plaver functionalities by users during such playout may give rise
to unexpecied — and potentially distuptive — results, however. For example, if the user

decides to change the current content streaming session {(i.c., switching the current
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streaming channcl) to recetve some other content, not only the ABR player will not be
able to swiich to the ntended new channel, 1 may experience glitches if 1t decides to
switch back to the “old” channel. Also, 1t may not be possible to engage in any trick
mode or trick play that mimic actions such as, e.g., fast-forwarding or rewind, etc.,
while playing out from the primed video bufter, thereby leaving the user somewhat less
than satisfied with the plavback experience. FIGS. 4A-4C depict flowcharts of various
blocks, steps and/or acts that may be combined i one or more arrangements that
iHustrate one or more embodiments of the present patent disclosure for modulating or
otherwise selectivelv controlling channel changing or other navigational controls of the
client player while traversing a radic white spot arca of a wircless network
covironment.  Reference numeral 400A m FIG. 4A generally refers 1o a broad
methodology for allowing deactivation or disablement of one or more ABR client
controls of a wireless UE device engaged in a forced bitrate streaming scssion
according to one embodiment. For purposes of the present patent application, the
wireless UE device mav be configured to roceive or otherwise consume various types
of content via streaming sessions effectuated over a suitable wircless connection, which
streaming sessions may af least partly involve delivery or distribution of convent via a
delivery network such as CDN 116 coupled to the wircless network serving the
wireless UE device regardiess of whether the wireless network is a home network or a
visited network. As onc skilled in the art will appreciate, example CDN 116 may
comprise an ovetlay network architected for high-performance streaming of a varnety of
digital assets or program assets as well as services (hereinafter referred to as “content™)
to subscribers, including wireless/mobile cquipment users, using one or more Intermet-
based mfrastructures, private/dedicated mfrastructures or a combination thercof. In
general, the terms “content”, “content file”, or “media segment” and the hike as used in
reference to at least some embodiments of the present patent disclosure may include
digital assets and program assets such as any type of audio/video content or program
segment, live or static {¢.g., recorded over-the-air free network television (TV) shows
or programs, pay TV broadcast programs via cable networks or satcliitc networks, free-
to-air satellite TV shows, IPTV programs, ¢tc.), Over-The-Top (OTT) and video-on-~
demand (VOD) or movic-on-demand (MOD) shows or programs, time-shifted TV

{(TSTV) content, as well as other content assets provided by content publishers, owners
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or providers, including but not limited to software files, executable computer code or
programs, online clecironic games, Internet radio shows/programs, cutertainment
programs, cducational programs, movies, music video programs, and the like, that may
be delivered using anv known or heretofore unknown streaming tochnologies. By way
of tllustration, content delivered via the serving wireless network {(e.g., carricr network
102) may be encoded using suitable ABR streaming technigues to support Microsofi®
Silverlight® Smooth Streaming, HTTP streaming (for mstance, Dynamic Adaptive
Streaming over HTFP or DASH, HTTP Live Streaming or HLS, HTTP Dvnamic
Streaming or HDS, etc ), Icecast, and so on.

In general, the overlay architecture of CDN 116 may include a muiti-level,
hierarchicallv-organized interconnected assembly of network servers for providing
media pathways or “pipes” from one or more central distribution nodes to one or more
evels of regional distribution nodes that are connected to one or more local edge
servers and/or radio network entitics configured to serve a plurality of end users or
subscribers in respective serving location areas.  In addition to such “distribution
servers”, CDIN 116 may also include and/or interoperate with various network clements
configured to effectuate roquest redirection or rerouting meochanisms as well as related
back office svsiems or nodes such as operator/subscriber policy management systoms,
bandwidth scheduling svystens, account/billing systems, and the like, that mav be
deployed as part of a streaming vetwork back office infrastructure (not specifically
shown in FIG. 1)

Continuing to refer to FI(G. 4A, a deterounation may be made at block 402 that
the wircless UE device mcluding a suitable ABR client and currently engaged in an
ABR streaming session 1s heading towards and/or entening a radio white spot area
based on a vanety of technigues for posttioning/locating and estimating a travel
direction of a mobile device known in the art. For example, such technigues may
comprise positioning methods based on radio cell coverage, Global Positioning Systers
(GPS), Assisted GPS (A-GPS), Global Navigation Sateliite System (GLONASS),
Galileo, or other satcliite based svstems/methods, or Time-Of-Arrival (TOA), Uplink
Time Dafference Of Amval (UTDOA), Observed Time Difforence OF Agrival
{OTDOA), or Enbanced Observed Time Ditference (E-OTD) methods.  In general,

additional description of the positioning methods m a cellular network may be found in
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such 3GPP Tochnical Specifications (18) as, for example, the TS 36.305 (E-UTRAN;
Stage 2 functional specification of UE positioning in E-UTRAN), the TS 25 305 (Stage
7 functional specification of UE positioning in UTRAN), and TS 43.039 (Functional
stage 2 description of Location Services (LCS) in GERAN). Many of these positioning
methods may be based on network triangulation, Wi-Fi posttioning, and/or wireless UE
device’s internal sources such as accelerometers, position sensors, ote., in addition to
uitlizing speed/direction estimations of a vehicle in which the wireless UE device may
be operating. Accordingly, given a set of current location coordinates of the wireless
UE device {(and/or the wvehicle) as well as a speed/diroction estimate associated
thercwith, 1t can be anticipated as to where and when the vehicle and its UE device
(heremafter, the terms “vehicle” and “wireless UE device” operating therein will be
used somewhat interchangeably for purposes of the cxample embodiments unless
otherwise expressly noted) will encounter radio white spots over a projected route
and/or duration of time by querving a suitable video outage database.

Afier determining that the wireless UE device is in a radio white spot area and
the client player is playving out or will play out from the video buffer primed with lower
gquality segments as discussed above, one or more client controls may be disabled or
deactivated (block 404).  For cxample, such client controls may comprise
functionalitics such as chaonel change, fast-forward, rewind, and/or trick mode.
Reference numeral 4008 in FIG. 4B generally refers to at least a portion of additional
features and associated blocks that may be added, replaced, or supplemented, either
alone or m any combination, in vrespect of the ABR client control
modulation/modification process 400A described above. As one variation, for
examople, a notification may be provided to the ABR clicnt informing the user of the
outage condition and/or its duration (block 412) that may be cstimated as discussed
above in reference to FIG. 3. A further determination or inguiry may be made as to
whether the user wants to continue with the current ABR streaming session {¢.g.,
continue to play back the video content out of the primed buffer), as set forth at block
414. If so, a further message, warning, alert or notification may be provided (block
416) to indicate that certain ABR client controls will be disabled while in the outage
arca {c.g., for a specific time duration in order to avoid potential disruption of the

current video streaming session). If the user does not wish to continue with the current
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streaming session, the plavback of the prmed buffer content may be suspended,
terminated or otherwise disabled. In a stull further variation, vet another mguiry may be
as to whether the user wants to play back certain pre-cached local content (which may
be reforred to as alternative content). Accordingly, in certain additional or altemative
embodiments, the ABR client of the wireless UE device mav be instructed to
commence playback of other content locally cached or otherwise buffered at the
wireless  UE  device while the ABR  streaming session 1S in a
deactivation/redirection/suspension mode (block 418},  For cxample, the locally
available altemative content may comprise advertisements, weather reports, news clips,
¢tc., that mav be relevant with respect to (1) the video outage arca that the wireless UE
device 15 m; {11} demographic information of the wireless UE device user; (ui) the
user’s estimated travel route passing through the video outage arca; and/or some other
user- or network-specified information identified for preloading, etc., i any
combination thereof. The amount of such alternative content available for playvback or
play-out may be predeternmined based on the cstimated time it may take for the
vehicle/UE device to traverse a particular video outage arca.  Additional details
regarding playback of alternative conterd while m an outage arca may be found in one
or more of the following commonly owned co-pending U.S. patent application{s):
‘ABR VIDEOC WHITE SPOT COVERAGE SYSTEM AND METHOD” (Ericsson Ref.
No.: P42807-US1), Application No.: 14/200,491, filed March 7, 2014, in the name(s)
of Johan Kohli et al; cross-referenced hereinabove and hercby incorporated by
reference herein.

FIG. 4C depicts a flowchart of a process 400C involving various steps/blocks
that may take place relative to a UE/vechicle exiting the outage arca wherein the UE’s
ABR client controls have been disabled. Upon determiming that the UE/vehicle is
exiting the outage arca (block 420), a notification may be generated or otherwise
provided to or obtained by the UE device 1o that effect (block 422). One or more ABR
chient controls that were previously deactivated/disabled mav be re-activated or
enabled, ¢.g., upon query and/or responsive uput from the user (block 424}, f the
video streaming session was also suspended while traversing the outage area, a further
deternunation may be made as to whether the user wants to (re)commence or resume

the plavback of the suspended streamung session, c.g., from the point where it was
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suspended (i.¢., from a media segment adjacent to the particular segment that was last
plaved), as set forth at blocks 426 and 428,

It should be appreciated that the foregoing blocks, steps and/or acts of FIGS.
4A-4C may be arranged or re-arranged in several combinations, vielding a varicty of
embodiments and tmplementations. Further, the various blocks, steps and/or acts may
be exccuted at or by different entitics (¢.g., by one or more network-side entitics, a UE
device, or both). It should thercfore be appreciated that features such as outage arca
notification, ABR client control deactivation/disablement, ¢tc.. may be network-
mitiated or client-inttiated, depending on where some of the foregoing blocks, steps
and/or acts may take place. Additional details with respect to one or more of such
embodiments may be exemplified in view of the following Figures described below.

FIG. 5 depicts a flowchart of an example video session tracking and location
update notification process 500 according to an cmbodiment of the present patent
application. At block 502, a gquery or determination is made if a mobile client 1s
watching or plaving ABR video. If the mobile chient is not currently engaged in an
ABR video session, the process flow is terminated (block 506). Otherwise, the mobile
chient’s geo-location, direction, travel coordinates, eic. are calculated or otherwise
determined (block 504). If the mobile chient is determined to be approaching a video
outage arca (¢.g., based on guerving a learned video outage location database, either
locally stored or at a network clement as described hereinabove), the outage area
mformation is retrieved, as set forth at block 50R and 510, If the client is inside the
video outage area {block 512}, an estimated exit time mayv be calculated based on the
location, direction and rate of travel {(block 314). In an implementation where the
foregoing acts are executed at a network clement, the cstimated exit time may be
pushed to the mobile client via a suitable notification scheme (block 516). It should be
appreciated that in an alternative embodiment where the acts may be executed at the
mobile UE device {e.g., because the mobile UE device has a copy of the learned video
outage location database or at least a relevant portion thereof), there will be no need to
push such notifications to the device. Regardless of where the steps/acts may take
place, however, the process flow may be exccuted iteratively until it is determined that

session tracking and update notifications are no longer necessary.
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FIG. 6 depicts a tlowchart of an example process 600 with respect to providing
client-specific ABR notifications according to an embodiment of the present patent
disclosure. Upon determining that the mobile client is in a defined video outage area
{block 602}, a notification may be provided to or obtained bv the mobile client, which
notification may include related information such as estimated outage time, time o exit
the outage area, etc. (block 604). When the user attempts to cngage an ABR client
control {c.g., using a trick mode or change to a different channel to watch another
video), a client-specific message may be presented to the user (e.g., on a display), as set
forth at blocks 606 and 608. By way of example, the client-specific message may
comprise a gquery that requires user input, such as, for instance: “Data connection is
low/weak. If you continue, video could be lost for mmuss. Do you wish to continue?”
If the user does not wish to continue with the specific ABR client control process,
appropriate input may be provided, whercupon the mobile client continues to play the
buffered content as described previously (block 612). On the other band, 1if the user
mput is affirmative, the new requested conternt may be buffered at real-time bitrate
{assuming that channel change was the ABR client control activated by the user), if the
radio signal conditions allow such buffering. If there is no service signal of suitable
quality, the requested content will not be buffered, however, as set forth at block 610,

FIGS. 7A and 7B depict flowcharts of example processes of non-clicnt-specific
notification schemes (i.¢., schemes that may not necessarily require or provide for user
mput) according to additional embodiments of the present patent disclosure. Reference
numeral 700A in FIG. 7A generally refers to various blocks, steps or acts relative to
notification messaging when a mobile chient/device enters an outage arca.  Similar to
some of the processes set forth hereimabove, the mobile client that 1s currently plaving
ABR video enters an outage area, as set forth at blocks 702 and 704, A notification
message indicating that the mobie device is within the outage arca (e.g., “Inside
outage: ETA to exit is mum:ss”) s provided to the client {(block 706). Additional
messaging text, alerting or warning may be inciuded in a display message to mform the
user that any changes to the current video session may result in service disruption, as
excroplificd m block 708, Tommng to FIG. 78, refercnce numeral 700B therein
generallv refers to various blocks, steps or acts relative to notification messaging when

a mobile chient/device eoxits an outage arca. As discussed above, the mobile
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client/device may be suspended, or playing ABR video content from the primed buffer,
or playing alternative content while 1t ts in the outage area (block 720). Regardless,
upon deternuning that the mobile client/device is exiting the outrage area (block 722), a
notification message (¢.g., “Outside Outage™) may be provided (block 724). Similar to
some of the processes st forth hereinabove, additional information may be included in
a display message to inform the user that # is safe to engage m ABR chient controls
{(c.g.. changing a streanung channel), as excmplified 1o block 726.

FIG. 8 depicts additional details with respect to a portion of an example
wireless network environment 800 optimized for ABR streaming and associated client
control according to an embodiment of the present patent disclosure.  Reference
numeral 830 gencrally refers to a svstem or sub-system of one or more network
clements operative to effectuate vanous network-contric acts or processes deseribed 1o
detail bercinabove. In one implementation, at least a portion of the network ¢lements
850 may form a radio network controller node {e.g., node 106 m FIG. 1) configured to
serve a mobile UE/vehicle 802 via suttable BS network infrastructure (not specifically
shown in FIG. 8). For cxample, a mobile-optimized ABR stream delivery server 810
may be provided as part of such a network controller node which mav be configured to
deliver ABR content to mobile client devices via respective sessions cstablished
through the serving base stations of the wireless network environment 800, wherein the
content being delivered may originate from any number of content sources and/or may
mvolve appropriate CDN mfrastracture eloments (not shown 1o FIG. 8}, Accordingly,
at least 10 onc embodiment, the ABR stream delivery server 8§10 may be provided with
appropriate radio interfaces with rospect to the serving base stations and mav be
configured to maimntain/monitor mobile chient devices’ real-time user sessions. By way
of illustration, reference numeral 818 refers to a user streaming session effectuated with
the mobhile client/vehicle 802, wherein a segment pull rate of 150 Kbs and lowest ABR
encoded hitrate ot 400 Kbs are exemplarv. The ABR stream delivery server 810 may
also interface with a video gquality location awareness server or subsystem 814 and
associated geo-location database 816 having relovant video outage area information. in
one implementation, such a database mav be developed using a learning process
described above with respect to FIG. 2, which may be augmented with additional

features sct forth in one or more commonty-owned patent applications cross-referenced
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previousty. The ABR stream delivery server 810 may further mchide or otherwise he
assoctated with a sub-system called Segment Encoding and User Session Segment
Delivery and Alternative Content Push control module (which may also be referred to
as a “delivery module™ or "delivery control module” herein, not specifically shown in
FI1G . 8}, that may be configured to monttor delivery bitrate/bandwidth for the strcaming
content delivered by the ABR stream delivery server 810 as well as effectuate the
delivery of alternative content {c.g., advertisements). As described in one or more
above-reforenced commonly-owned patent applications, the delivery module may be
mtegrated as part of the ABR stream dehivery server 810 to provide manifest files for
media segments to the UE devices in addition the alternative content delivered to the
UESs pursuant to respective ABR streaming sessions.

Continuing to refer to FIG. 8, the ABR stream delivery server 810 may also be
mterfaced with a location update and outage-aware votification server 808 that is
configured for generating and providing appropriatc notifications and/or messages 1o
the mobile client devices as they enter or approach a vidco outage area. In one
examople implementation, such notification messages may comprise a video-encoded
stili image of a message (text, graphics, et} configured to apprisc the user of any
mformation relevant with respect to the streaming session, ¢.g., to the cffect that an
outage has occurred and/or alternative content mayv be plaved in licu of the requested
content for a certain predetermined time and/or deactivation of client controls and
warnings relative thereto, for instance. Additional details regarding video-encoded
notification messaging may be found n one or more of the following commonly owned
co-pending U8, patent application{s): (1) “CONFLICT DETECTION AND
RESOLUTION IN AN ABR NETWORK” (Encsson Ref No. P42221-USH),
Application No.. 14/194,868, filed March 3, 2014, in the name(s) of Christopher
Phillips et al.; and (1) "CONFLICT DETECTION AND RESOLUTION IN AN ABR
NETWORK USING CLIENT INTERACTIVITY” (Ericsson Ref No.: P42767-US1),
Application No.. 14/194,918, filed March 3, 2014, in the name(s) of Christopher
Phillips et al.; cross-referenced hercimabove and hereby incorporated by reference
herein.

Hlustratively, video outage arca 804 having an ingress boundary 806A and an

cgress boundary 8068 is a rendition of the learned outage area the mobile client/vehicle
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1s estimated to traverse, whose location updates are available to the notification server
808 via a suitable communication mterface 820, The notification server 808 is also
mterfaced with the video quality location awarencss server or subsvstem 814 and
assoctated geo-location database 816 such that appropriate votifications, mcluding
outage entry/exit notifications, ABR client countrol deactivation/cnablement messages,
warnings, as well as comresponding updates and the ke, may be provided to the mobile
client as the vechicle carrving it traverses the outage area and/or changes its direction
within the area. Initially, the vehicle’s path may be estimated to traverse locations 1-5
crossing both ingress and cgress boundaries 806A/8068, whereupon suitable entry
and/exit notifications may be provided to the mobile chient. If the vehicle 802 changes
its direction within the outage arca 804, ¢.g., as illustrated by locations 6 and 7, updated
location data may cause the notification server 808 to generate updated notifications
and messages to be mobile client in accordance with the teachings set forth herein.

FIG. 9 depicts a block diagram of an example mobile device or wircless UE
device 900 mcluding an ABR client/plaver 906 configured to execute certain aspects
under conirol of processor{s) 902 according to one or more embodiments of the present
patent application.  Appropriate transceiver {Tx/Rx} circuitry 904 coupled to one or
more antenna units 214 is operative to cffectuate radio communications for purposes of
the present disclosure including, ¢.g.. streanuing of media, notification messaging, pre-
caching of altemnative content, ¢tc. in addition to other standard cellular telephonv/data
communications. The ABR client 906 1s operative to play out segments stored n an
ABR buffer 912, which may be primed with lower quality segments for playback n an
outrage arca as described above. A local cache 910 is operative to store preloaded
content 810 n certain embodiments, preferably for alternative content that may be
downloaded from a network entity while the mobile device 900 is in a radio coverage
arca having sufficient signal quality for supporting an overall bandwidth rate that is
greater than a bandwidth ratc necessary for facilitating streaming of highest bitrate
content possible at a particular location.

As tllustrated, the ABR client/plaver 906 1s provided with a plurality of ABR
chient controls 916 that may be sclectively operated by users for controlling user
experience. Such ABR client controls may comprise andio controls as well as video

controls available with respect to a streaming session and may include Play 916-A,
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Skip 916-B, Fast Forward 916-C, Trick Mode or Trick Play 916-13, Rewind 916-E, and
Mext Chanoel or Channel Change 916-E. A persistent memory module 914 may be
provided for storing appropriate program code or sofiware mstructions that may be
executed by processors 902 for effectuating outage message processing, display of
notifications, ABR client control modulation, etc. in conjunction with other modules of
the mobile device 900,

FIG. 10 depicis a block diagram of an cxample nctwork element 1000
configured to oxecute certain aspects according to one or more embodiments of the
present patent application. By way of illustration, network clement 1000 is exemplary
of a mobile-optimized ABR stream delivery server and/or associated delivery control
module as well as a notification server as described above, which may be provided as
part of an RNC in certain embodiments. One or more processors 1002 mayv be
provided for controlling a plurality of subsystems, at least a portion of which may be
mplemented as a combination of hardware and software modules stored as instructions
or program code in suitable persistent memory 1022, An outage arca request module
1006 s operative to effectuate suitable reguest/response mechanisms for obtaining
video outage arca information via an interface (I/F) 1012 to appropriate video QoS-
aware location servers/databases described hercinabove.  Optionally, an altomative
content request module 1008 may be provided that is operative to cffectuate suitable
request/response mechanisms for obtaining segments of alternative content based on
the video outage mformation and/or user demographic mformation, ¢tc., via an
mterface 1014 0 onc or more altemative content servers/databases. In a notification
server implementation, the network clement may also include a message notification
module 1020 for obtaming and/or genecrating suitable notification messages {c.g.,
video-cncoded messages) regarding outage arca eniry/exit, related timing information,
ABR client control deactivation, ctc. to a mobile client in accordance with the
tcachings set forth hereinabove. A deliverv control module 1010 is operative to
cffectuate segment encoding, user session segment delivery as well as appropriate
bandwidth control for sessions via radio interfaces 1016 with respect to a serving
wireless network., Additionally, network element 1000 may also include appropnate

mterfacing 1018 with respect to content sources and/or associated delivery networks.
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Based upon the foregoing Detailed Description, it should be appreciated that
one or more ombodiments of the present disclosure can be advantageously
mplemented in a number of wireless ABR streaming cnvironmoents that may include
legacy client applications and/or custom client applications. By detecting potential
video outage arcas in a wircless network and appropriately notifying the users in a
preeroptive fashion {c.g., before the users attempt to change ABR player controls),
better user experience may be achieved i a video streaming environment, for example.

In the above-descrption of various embodiments of the present disclosure, it is
to be understood that the termmology used hercin 1s for the purpose of describing
particular cobodiments only and is not uended to be imiting of the invention. Unless
otherwise defined, all terms (including technical and scientific terms) used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. It will be further understood that terms, such as those defined in
commonly used dictionarics, should be interpreted as having a meaning that is
consistent with their meaning 1o the context of this specification and the relevant art
and may not be interpreted 1 an idealized or overly formal sense expressly so defined
herein.

At least some example embodiments are described herein with reference fo
block diagrams and/or flowchart illustrations of computer-implemented methods,
apparatus (systemas and/or devices) and/or computer program products. It is understood
that a block of the block diagrams and/or flowchart illustrations, and combinations of
blocks in the block diagrams and/or flowchart illustrations, can be implemented by
computer program instructions that arc performed by one or more computer circuils.
Such computer program instructions may be provided to a processor circuit of a general
purpose computer circutt, special purpose computer circuit, and/or other programmabie
data processing circuit to produce a machine, so that the instructions, which execuie via
the processor of the computer and/or other programmable data processing apparatus,
transform and control transistors, values stored in memory locations, and other
hardware components within such circuttry to mplement the functions/acts specified in
the block diagrams and/or flowchart block or blocks, and thereby create means
{(functionality}) and/or structure for mmplementing the functions/acts specified 1 the

block diagrams and/or tlowchart block(s). Additionally, the computer program
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mstructions may also be stored in a tangtble computer-readable medium that can direct
a computer or other programmable data processing apparatus to function in a particular
manner, such that the mstructions stored in the computer-readable medium produce an
article of manufacture including instructions which mmplement the functions/acts
specified in the block diagrams and/or flowchart block or blocks.

As alluded to previously, tangible, non-transitory computer-readable medung
may include an clectronic, magnetic, optical, clectromagnetic, or semiconductor data
storage system, apparatus, or device. More specitic examples of the computer-readable
medium would include the following: a portable computer diskette, a random access
memory {(RAM) circuit, a read-only memory (ROM) circuit, an crasable programmable
read-only memory (EPROM or Flash memory) circuit, a portable compact disc read-
ondly memory {CD-ROM), and a portable digital video disc read-only memory
(DVD/Blu-ray). The computer program instructions may also be loaded onto or
otherwise downloaded to a computer and/or other programmable data processing
apparatus to cause a series of operational steps to be performed on the computer and/or
other programmabic apparatus to producc a computer-implemented process.
Accordingly, cotbodiments of the prescnt invention may be cmbodied in hardware
and/or in software (including firmware, resident software, micro-code, ¢ic.) that runs
on a processor or controlicr, which may coliectively be referred to as "circuitry,” "a
module" or variants thereof.  Further, an example processing unit may include, by way
of illustration, a gencral purpose processor, a special purpose processor, a conventional
processor, a digital signal processor (DSP), a plurality of microprocessors, one or more
MICIOProcessors in association with a DSP core, a controller, a microcontroller,
Application Specific Integrated Circnits (ASICs), Field Programmable Gate Arrays
(FPGAs) circnits, anv other tvpe of ntegrated circuit (JC), and/or a statc machine As
can be appreciated, an example processor unit may emplov distributed processing in
certam embodiments.

Further, in at least some additional or alternative implementations, the
functions/acts descrnibed in the blocks may occur out of the order shown in the
flowcharts. For example, two blocks shown in succession may in fact be exccuted
substantially concurrently or the blocks may sometimes be exccuted m the reverse

order, depending upon the functionality/acts involved. Moreover, the functionality of a
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given block of the flowcharts and/or block diagrams may be separated into multiple
blocks and/or the functionality of two or more blocks of the flowcharts and/or block
diagrams may be at lcast partially mtegrated. For example, at least some of the nodes
shown n the wireless streaming network environment of FIG. 8 such as the ABR
stream delivery server and/or associated delivery control module, notification/message
generation systern, video outage arca location server and associated database(s), for
cxamople, may be integrated or otherwise co-located in different combinations,
mcluding as part of an RNC node.  Furthermore, although some of the diagrams
mclude arrows on communication paths to show a primary direction of communication,
it 15 to be understood that communication may occur in the opposite direction relative
1o the depicted arrows. Finally, other blocks may be added/inserted between the blocks
that are illustrated.

Although various embodiments have been shown and descnbed in detai, the
claims arc not hmited to any particular embodiment or example. None of the above
Detailed Description should be read as mmplving that any particular componcut,
clement, step, act, or function is essendial such that it must be included in the scope of
the claims. Reference to an clement in the singular 15 not idended to mean "onc and
only one" unless explicitly so stated, but rather "one or more” Al structural and
functional cquivalents to the clements of the above-described embodiments that are
known to those of ordinary skill in the art are expressly incorporated hercin by
reference and are imtended to be cncompassed by the present claims. Accordingly,
those skilled i the art will recognize that the exemplary embodiments described herein
can be practiced with various modifications and alicrations within the spinit and scope

of the clatas appended below.
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WHAT IS CLAIMED IS:
1. A method (400A, 4008, 400C) for modulating an adaptive bitratc (ABR)
streaming client (906} engaged n a current ABR streaming session, the method (400A,
4008, 4000) comprising:

determining (402) that a wircless UE device (900) executing the ABR streaming
chient {906) is approaching a radio white spot arca (804); and

allowing (404) deactivation of one or more ABR client controls (916} while the

wireless UE device (900} 15 in the radio white spot arca (804).

2. The method (4004, 4008, 4060C) as recited in claim 1, further comprising:

providing (412} a notification to the wireless UE device (900) with respect to
the radic white spot area (804), the notification including a time interval cstimate of
video outage while in the radio white spot arca (804);

mnquiring (414} if a user of the wireless UE device (900} wants to continue with
the current ABR strecaming session;

if so, providing (416} a message to the user that certain ABR clicnt controls
{916} will be deactivated for the time interval's duration while the wireless UE device

{900} is 1n the radio white spot arca (804).

3. The method (4004, 4008, 400C) as recited in claim 2, further comprising:
suspending (418} the current ABR streaming session if the user does not want
to continue with the current ABR streaming session; and
playing back (418} pre-cached comtent stored in a local cache (910} at the

wireless UE device (900) upon a user input.

4. The method (4004, 4008, 4000) as recited o claim 1, wherein the one or more
ABR chient controls (916) include at least one of a channel change, fast forward,

rewind, and trick mode.

5. The method (4004, 4008, 400C) as recited in claim 1, further comprising:
determining (420} that the wireless UE device (900} 18 exiting the radio white

spot arca (804); and
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enabling (424) one or more ABR client controls (916) that were previously
selected to be disabled while the wireless UE device (900) was in the radio white spot

arca (804).

6. The method (4004, 4008, 400C) as recited in claim 3, further comprising:
providing (422) a notification to the wireless UE device (900) that the wireless
UE device (900) i1s exiting the radio white spot area {804), the notification including an

mdication that previously disabled ABR client controls are allowed to be cnabled.

7. The method (400A, 400B, 4000) as recited in claim 1, wherein the acts of
deternining (402) that wireless UE device (900} is approaching the radio white spot
arca (804) and subscquently allowing deactivation (404) of the onc or more ABR client
controls (916) while the wireless UE device (900} is in the radio white spot arca (304)

are performed at the wireless UE device (900).

g. The method (400A, 400B, 400(C) as recited n claim 1, wherein the acts of
deternining (402) that wireless UE device (900} is approaching the radio white spot
arca (804) and subscquently allowing deactivation (404) of the onc or more ABR client
controls (916) while the wireless UE device (900} is in the radio white spot arca (304)

are performed in a network subsystern (850) adapted to serve the wircless UE device

(900).

9. A wireless user equipment (UE) device (900}, comprising:

an adaptive bitrate (ABR) buffer (912) for storing media segments encoded at
different bitrates pursuant to an ABR streaming session;

an ABR client playver (906} configured to play back content out of the ABR
buffer (912); and

one or more processors (902) coupled to a persistont memory (914) having
program instructions for controlling the ABR client plaver (906} to disable at least one
ABR chient player control (916} when the wireless UE device (900) 15 in a radio white

spot arca (304).
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10. The wircless UE device (900) as recited in claim 9, wherein the at least one

ABR client playver control (916) includes at least one of a channel change, fast forward,

rewind, and trick mode.

11 The wircless UE device (900} as recited in claim 9, further comprsing a cache
{910} for storing local content downloaded from a network entity while the wireless UE
device (9003 is in a radio coverage arca having sufficient signal quality for supporting
an overall bandwidth rate that is greater than a bandwidth rate necessary for facilitating

streaming of highest bitrate content possible at a location.

12 The wireless UE device (900) as recited in claim 11, wherein the persistent
memory {914} further includes program instructions configured to:

facilitate suspending of a current ABR streaming scssion by the ABR client
plaver (906) while the wireless UE device (900) 15 in the radio white spot arca (804);
and

facilitate playback of the local content stored in the cache (910} by the ABR

client plaver (906} while the current ABR streaming session 1s suspended.

13, A network subsystem (850) configured to modulate an adaptive brirate (ABR)
streaming client {906} engaged n a current ABR streaming session, the network
subsystem {850} comprising:

an adaptive bitrate (ABR} stream delivery server (R10} for facilitating ABR
streaming sessions in a wircless radio network environment {(800);

a video outage and Quality of Service ((305) datastore {(814) having geographic
location data pertaining to arcas where radio coverage is suboptimal for strcaming
content to a wireless user equipment (UE) device (900} executing the ABR strcaming
chient {906); and

a video outage awarencss and notification node (808) coupled to the ABR
stream delivery server (810) and the video outage and Qob datastore (814,

wherein the video outage awarcness and notification node (808) is adapted to:
deternune, respousive to a location update from the wireless UE device (900), that the

wireless UE device (900} is approaching a radio white spot area (804); and
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provide a notification to the wireless UE device (900) that one or more ABR
chient controls (916) will be disabled while the wireless UE device (900) 1s 1n the radio

white spot arca (804).

14, The network subsystem {850} as recited 1 claim 13, wherein the one or more
ABR chient controls (916) include at least one of a channel change, fast forward,

rewind, and trick mode.

15. The network subsystem (850) as recited in claim 13, wherein the video outage
awarencss and notification node (808) is further adapted to:

determine that the wireless UE device (900) is exiting the radio white spot arca
{804}, and

provide a message to the wireless UE device (900) that the one or more ABR
client controls (916) previously selected to be disabled may be enabled upon exiting the

radio white spot area (804).

16. The network subsystem (850) as recited in claim 13, wherein the current ABR
streaming session facilitated by the ABR stream delivery server (810) is suspended
TeSponsive 1o

determining that the wircless UE device (900} is in the radio white spot arca
{804}, and

receiving a user input that the current ABR streaming session be suspended

while the wireless UE device {900) is in the radio white spot area (304).

17. The network subsystem (850) as recited in claim 13, wherein the notification
from the video outage awarencss and notification node (808) further includes a time
mterval estimate of video outage while the wircless UE device is in the radio white spot

arca (804).

18. A nown-transitorv computer-readable medium condaining instructions stored
thereon which, when executed by one or more processors (902) of a wireless user

equipment (UE} device (900) disposed in an adaptive bitrate (ABR) streaming network
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environment (800), facilitate modulation of plaver controls of an ABR chent player
{906} exccuting on the wircless UE device (900), the non-transitory computer-readable
medium comprising:

a code portion for processing a notification that the wircless UE device (900} is
entering a video outage arca (804} of the ABR streaming network environment (300)
for a time interval; and

a code portion for allowing deactivation of one or more player controls (916} of

the ABR client player (906} for the time interval.

19. The non-transitory computer-readable medium as recited m claim 18, further
comprising a code portion for facilitating playback ot local content downloaded into a

cache {910} for the time interval.

20.  The non-transitory computer-readable medium as rectied in claim 18, further
comprising;

a code portion for processing a notification that the wircless UE device (900} s
exiting the video outage area (804); and

a code portion for cnabling the one or more player controls (916) of the ABR

chient player (906) that were previously disabled.

21, The non-transitory compuicr-readable medium as recited in claim 18, wherein
the one or more playver controls {916} of the ABR client player (906) include at least

one of a channel change, tast forward, rewind, and trick mode.
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