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RADIO LINK FAILURE, RLF, FAILOVER IN A MULTI-CONNECTIVITY NETWORK

Claim of Priority under 35 U.S.C. §119

[0001] This application claims priority to U.S. Application No. 15/140,465, filed
April 27, 2016, which claims benefit of U.S. Provisional Patent Application Serial No.
62/267,150, filed December 14, 2015 and are both assigned to the assignee hereof and

hereby expressly incorporated by reference herein.
Field

[0002] The present disclosure relates generally to wireless communication, and
more particularly, to methods and apparatus for radio link failure (RLF) failover in a

multi-connectivity environment.

BACKGROUND

[0003] Wireless communication systems are being developed with the goal of
enabling new services and devices, which will offer new user experiences. One
approach to achieve this is to leverage multiple existing radio access technologies
(RATsS), for example, using a combination of features from wireless wide area networks
(e.g., 3G and LTE) and wireless local area networks (e.g., based on WiFi and millimeter
wave (mmW)). Dual connectivity (DC) operation enables a wireless device to utilize
multiple radio resources provided by multiple distinct schedulers located in more than

one access node connected via non-ideal backhaul over the X2 interface.

[0004] One challenge with a system that utilizes dual connectivity is how to handle

radio link failure failover on the multiple radio resources.

SUMMARY

[0005] Certain aspects of the present disclosure provide a method of wireless
communication by a mobile device. The method generally includes establishing one or
more first data flows with a first network entity, wherein the link recovery configuration
comprises a list of network entities, determining a link recovery configuration, the link

recovery configuration having information related to establishing a second data flow in
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the event of a link failure at the first network entity, detecting a link failure at the first
network affecting a service associated with the first data flows, and recovering the
service associated with the first data flows from the link failure by selecting a second
network entity from the list of network entities and establishing the second data flow

associated with the service based on the link recovery configuration.

[0006] Certain aspects of the present disclosure provide a method of wireless
communication by a network entity. The method generally includes establishing a first
data flow with a mobile device, determining a link recovery configuration, the link
recovery configuration having information related to establishing a second data flow in
the event of a link failure affecting a service associated with the first data flow, wherein
the link recovery configuration comprises a list of network entities, detecting a link
failure affecting the first data flow, and taking action to initiate recovery from the link

failure based on the link recovery configuration.

[0007] Certain aspects of the present disclosure provide a method of wireless
communication by a network entity. The method generally includes determining a link
recovery configuration, the link recovery configuration having information related to
recovery, by a mobile device, from a link failure affecting a service associated with a
first data flow established with the mobile device, wherein the link recovery
configuration comprises a list of network entities, and taking action to configure the

mobile device according to the link recovery configuration.

[0008] Aspects also provide various apparatus, systems, computer program

products, and processing systems for performing the operations described above.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates an example wireless environment, in accordance with

certain aspects of the present disclosure.

[0010] FIGs. 2A and 2B illustrate example protocol layers for control plane and

user plane routing, in accordance with certain aspects of the present disclosure.

[0011] FIG. 3 illustrates an example multi-connectivity protocol stack, in

accordance with aspects of the present disclosure.
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[0012] FIG. 4 illustrates example operations that may be performed by a wireless

device for performing failover, in accordance with aspects of the present disclosure.

[0013] FIGs. 5A and 5B illustrate example operations that may be performed by a
network entity for performing failover, in accordance with aspects of the present

disclosure.

[0014] FIG. 6-8 illustrate reference network architectures, in accordance with

aspects of the present disclosure.

[0015] FIG. 9 illustrates three example U-plane splitting options, in accordance with

aspects of the present disclosure.

[0016] FIG. 10 illustrates example fast failover configuration call flows, in

accordance with aspects of the present disclosure.

[0017] FIG. 11 illustrates an example X2 based UE initiated fast failover call flow,

in accordance with aspects of the present disclosure.

[0018] FIG. 12 illustrates an example X2 based network initiated fast failover call

flow, in accordance with aspects of the present disclosure.

[0019] FIG. 13 illustrates an example S1 based UE initiated fast failover call flow,

in accordance with certain aspects of the present disclosure.

[0020] FIG. 14 illustrates an example S1 based NW initiated fast failover call flow,

in accordance with certain aspects of the present disclosure.

[0021] FIG. 15 illustrates an example autonomous path-switch fast failover call

flow, in accordance with certain aspects of the present disclosure.

[0022] FIG. 16 illustrates an example RRC connection reestablishment without fast

failover call flow, in accordance with aspects of the present disclosure.

[0023] FIG. 17 illustrates an example S1-based context fetch RRC connection re-

establishment call flow 1700, in accordance with aspects of the present disclosure.
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[0024] FIG. 18 illustrates a block diagram of an example user equipment, in

accordance with aspects of the present disclosure.

[0025] FIG. 19 illustrates a block diagram of an example base station, in accordance

with aspects of the present disclosure.

DETAILED DESCRIPTION

[0026] Where an RRC connection is established to more than one access node (AN)
concurrently, if a RLF to a primary radio connection (PRC) occurs, a service may
failover and be recovered by another radio connection. That is, where multi-
connectivity is implemented and a UE is connected for multiple access nodes (ANs),
where a RLF is detected for one AN, the temporarily dropped flows associated with the
AN experiencing RLF may be quickly reestablished on the other serving ANSs

previously serving other flows.

[0027] Aspects of the present disclosure provide techniques that may be used to
route data between a core network and a user equipment (UE) connected via multiple
access nodes (AN) and/or radio access technologies (RATs). In some cases, an entity
making admission control or load balancing decisions (to routed data between the

multiple RATs) may consider which particular services are activated.

[0028] Aspects of the present disclosure may be applied to a wide variety of
different types of mobile devices communicating via a wide variety of different RATs.
Different terminology may be used to refer to mobile devices. For example, in some
cases depending on the RAT(s) supported thereby, a mobile device may be referred to as
a wireless device, user terminal (UT), access terminal (AT), user equipment (UE),
station, mobile station, wireless station, wireless node, or the like. Similarly, different
terminology may be used to refer to a base station that provides services to a mobile
device, such as access to a core network. For example, in some cases depending on the
RAT(s) supported thereby, a base station may be referred to as an access point (AP), a
node B, an access node (AN), an enhanced Node B (eNodeB), or simply an eNB.

[0029] In certain examples that follow, a mobile device is referred to as a UE and

base station are referred to as eNBs or AN. Such references are not meant to limit
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aspects of the present disclosure to any particular RAT or RATS, but are merely to help

describe illustrative examples meant to facilitate understanding.

[0030] The detailed description set forth below in connection with the appended
drawings is intended as a description of various configurations and is 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
a thorough understanding of various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some instances, well-known structures and components are shown in block diagram

form in order to avoid obscuring such concepts.

[0031] Several aspects of telecommunication systems will now be presented with
reference to various apparatus and methods. These apparatus and methods will be
described in the following detailed description and illustrated in the accompanying
drawings by various blocks, modules, components, circuits, steps, processes,
algorithms, etc. (collectively referred to as “elements”). These elements may be
implemented using hardware, software, or combinations thereof. =~ Whether such
elements are implemented as hardware or software depends upon the particular

application and design constraints imposed on the overall system.

[0032] By way of example, an element, or any portion of an element, or any
combination of elements may be implemented with a “processing system” that includes
one or more Processors. Examples of processors include microprocessors,
microcontrollers, digital signal processors (DSPs), field programmable gate arrays
(FPGAs), programmable logic devices (PLDs), state machines, gated logic, discrete
hardware circuits, and other suitable hardware configured to perform the various
functionality described throughout this disclosure. One or more processors in the
processing system may execute software. Software shall be construed broadly to mean
instructions, instruction sets, code, code segments, program code, programs,
subprograms, software modules, applications, software applications, software packages,
firmware, routines, subroutines, objects, executables, threads of execution, procedures,
functions, etc., whether referred to as software/firmware, middleware, microcode,

hardware description language, or otherwise.
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[0033] Accordingly, in one or more exemplary embodiments, the functions
described may be implemented in hardware, software, or combinations thereof If
implemented in software, the functions may be stored on or encoded as one or more
instructions or code on a computer-readable medium. Computer-readable media
includes computer storage media. 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, PCM (phase change memory),
flash memory, 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 in the form of instructions or data structures and that can be accessed by a
computer. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-

readable media.

AN EXAMPLE WIRELESS ENVIRONMENT

[0034] FIG. 1 illustrates an example wireless environment 100, in which aspects of
the present disclosure may be utilized to manage data flows between a core network and

a wireless device, such as UE 110.

[0035] As illustrated, UE 110 may be capable of communicating with multiple base
stations, such as a PRC 120 and a secondary radio connection (SRC) 130. PRC 120 and
SRC 130 may communicate via the same RAT or different RATs. For example, PRC
120 may communicate via a wireless wide area network (WWAN) protocol (e.g. LTE)
while SRC 130 may communicate via a wireless local area network (WLAN) protocol

(e.g., WiFi).

[0036] As used herein, the term PRC generally refers to an AN that terminates an
S1-MME (Mobility Management Entity) control plane for the UE, while the term SRC
generally refers to an AN serving the UE that is not the PRC. An S1 connection may be
used by the PRC or SRC to communicate with the core network (CN), for example via a

CN gateway (GW) 140. For example, the S1 interface may include an S1-U interface,
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which serves the data plane between the PRC or SRC and the CN GW, and an S1-

MME, which serves the control plane.

[0037] In certain aspects, the PRC may be connected to one or more SRCs to serve
a UE via multi-connectivity. The PRC and SRC may communicate with one another
via a backhaul connection 150 (e.g., an X2 connection). The backhaul connection need
not be direct but may be routed through one or more intermediate nodes (e.g., an MME,
an interworking gateway function, or a router). The number of SRCs may be limited,
depending on the capabilities of the UE. The PRC may coordinate mobility and user-
plane (U-plane) split procedures within the corresponding operator network. The PRC
may be considered as “access agnostic,” meaning it may support any type of RAT both
to serve the UE and also for managing the UE configuration of a U-plane split with one
or more SRCs. For example, a PRC may utilize a common U-plane anchored in the
operator’s core network (CN) in order to enable procedures to manage the U-plane split

via multiple RATs.

[0038] The SRC may be utilized as a source of supplemental capacity for the PRC
and may also use a different RAT (from the RAT of the PRC) to serve the UE. Having
the SRC as a supplemental capacity for the PRC may provide an opportunistic and
energy efficient operation, which may be initiated by the UE’s user or the network

operator.

[0039] The SRC may be loosely or tightly coupled with the PRC, depending on
backhaul bandwidth capabilities and latency requirements. For example, a SRC that is
considered tightly coupled with a PRC may have the SRC’s connection to the UE
substantially managed by the PRC. On the other hand, a SRC that is considered loosely
coupled with a PRC may leave the SRC’s connection to the UE under the control of the
SRC subject to, for example, general requirements such as Quality of Service (QoS)
from the PRC. For example, a SRC with a high-capacity and low-latency backhaul link
to a PRC may be tightly coupled with the operations of the PRC. The SRC may be used
as a supplemental downlink (SDL) or as an additional cell for both uplink (UL) and
downlink (DL). In some cases, the SRC may be used to help achieve supplemental
mobility robustness of the PRC, for example, for mission critical applications. For

example, the SRC may provide a redundant path for delivery of critical information and
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may also provide a fast failover (to the SRC) in the event the PRC experiences a radio

link failure (RLF).

[0040] Multi-connectivity (MC) generally refers to a mode of operation wherein a
UE is connected (e.g., radio resource control (RRC) connected) to a PRC and at least
one SRC, as illustrated in FIG. 1. FIG. 1 shows a specific example of MC, with two
different ANs, that may be referred to as dual connectivity (DC). In MC, a group of
serving cells associated with the PRC, including a primary cell (PCell) and optionally
one or more secondary cells (SCells), may be referred to as a master cell group (MCG).
Similarly, a group of serving cells associated with the SRC may be referred to as a

secondary cell group (SCGQG).

[0041] Certain aspects of the present disclosure present MC procedures which
include procedures to change (add to an SCG, remove from an SCG, or modify the
configuration of) one or more cells of a SRC, while maintaining a current PRC. As will
be described in greater detail below, MC procedures may include various options for
offloading data communications using MC, for example, at the packet level, bearer

level, or access packet network (APN) level.

[0042] MC procedures may also include handover procedures to change the PRC,
e.g., by transferring the functionality of the PRC for a UE’s MC configuration to
another AN, as well as additional aggregation procedures. The aggregation procedures
may include procedures to change (add, remove, or modify) a set of one or more
secondary component carriers (SCC) of the PRC and/or a SRC. In some cases,
aggregation may imply a primary component carrier (PCC) controlling one or more
secondary component carrier (SCCs) with a common media access control (MAC)

layer.

[0043] The present disclosure provides various options for aggregation and U-plane
splitting, such as aggregation within a same node, (e.g., carrier aggregation) and U-
plane splitting across nodes via the radio access network (RAN). For example, for
multi-connectivity, a data flow may be split on a per-packet basis or split on a per-

bearer basis (e.g., split over the X2 interface instead of the S1 interface).
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[0044] In some cases, the U-plane may also be split across nodes via the CN, for
example, via a bearer-split using multi-connectivity. That is, a CN sending data via
multiple bearers e.g., Bearer A and Bearer B in FIG. 1, to a UE may use multi-
connectivity to assign one bearer to a PRC and a second bearer to a SRC, and send data

packets to the PRC and SRC based on which bearer each packet is traversing.

[0045] Another option for aggregation and U-plane splitting is non-seamless
offload, which may include offloading to another operator (if allowed), for example, if
session continuity is not necessary. This may be considered equivalent to per-packet
splitting if multi-path transmission control protocol (MP-TCP) is available, otherwise
the split may occur at the Internet protocol (IP) flow level. Another option is multi-
casting (e.g., bi-casting) traffic wherein, for example, each packet is served by both the

PRC and SRC for greater reliability.

[0046] In some cases, per-packet U-plane splitting performance may be optimized
to support multiple access links across RATs with different latencies and link error
rates. Similarly, per-packet U-plane splitting performance may be optimized across
licensed, shared, and/or unlicensed bands, and for cells sharing the same carrier and/or

for cells on separate carriers.
Example Protocol Stack Configurations for Aggregation and User Plane Splitting

[0047] Different options for U-plane splitting may be described with reference to
wireless communication protocol stacks, such as the Long Term Evolution (LTE) C-
plane stack 200 and U-plane stack 210 shown in FIG. 2A. In the C-plane, a non-access
stratum (NAS) message is received by the radio resource control (RRC) layer and is
passed down to the packet data convergence protocol (PDCP) layer, radio link control
(RLC) layer and media access control (MAC) layer. In the U-plane, an IP packet is
received by the PDCP layer and passed down to the RLC layer and MAC layer.

[0048] As mentioned above, different levels of U-plane splitting are possible, with
different corresponding considerations when making routing decisions. For example,
for a per-bearer or per IP flow split, a decision of where to serve each IP packet may be
based on a Traffic Flow Template (TFT) associated with the bearer or IP flow. In this

case, a common PDCP layer or RLC layer may not be required between different
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serving nodes as there is no reordering issue between serving nodes, since all the IP
packets for a flow are routed through the same serving node. That is, because the
packets are routed based on which bearer or flow the packets belong to, all of the
packets for any given flow arrive at the UE from one serving node, and the receiving

UE can determine the correct order of the packets from indicators supplied by the node.

[0049] When packets of a flow arrive from multiple serving nodes, the indicators
(e.g., sequence numbers) used by the nodes may conflict, and the receiving UE cannot
determine the proper order of the packets. For example, in the case of a per-bearer or
per-IP-flow split, the split may occur at a serving gateway (SGW) via an S1 interface
(e.g., for MC) or at a packet data network gateway (PGW) or home agent (HA) (e.g., for
WLAN interworking), resulting in packets for the bearer or IP flow being delivered to
multiple serving nodes which may then assign their own indicators to the packets
without coordination. For the UE to reassemble the packets in the correct order, some
coordination or additional information must be provided. As an example, the node at
which the split occurs may provide packet identifiers that determine a sequence of
packets for the bearer, irrespective of the serving node that delivers a particular packet.
A RAN-only solution may also be possible via an interface between serving nodes, e.g.,

an X2 interface.

[0050] For U-plane splitting on a per-packet basis, a common PDCP layer (for MC)
across serving nodes may be utilized to reorder the packets in a flow, while RLC re-
ordering may also be possible. In the case of U-plane splitting on a per-packet basis, the
per-packet decision of where to serve each PDCP packet may be based on scheduling
requirements (e.g., bandwidth available at transmission times) on each AN. According
to certain aspects of the present disclosure, flow control may be defined between the
PRC and SRC to allow the PRC and SRC to make the per-packet determinations of
where to serve each PDCP packet.

[0051] In certain systems (e.g., current LTE), mobility and aggregation are
generally based on the principle that a UE is served by a single serving AN on the C-
plane, meaning that RRC and NAS signaling are only sent to the UE via a single AN.

In some versions of these systems, a UE may also be served by up to 2 serving ANs on
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the U-plane, and by multiple (e.g., up to 5 in Release 12 of LTE) cells across the 2
serving ANs.

[0052] FIG. 2B illustrates an example configuration 230 of carrier aggregation for
the U-plane protocol stack for an AN having a primary component carrier (PCC) 7 and
secondary component carriers (SCCs) f2-/5 in current wireless communication systems
(e.g., LTE Rel-10). In carrier aggregation (CA), reconfiguration, addition, and removal
of secondary cells (SCells) within a single serving AN may be performed by the RRC
function. The primary cell (PCell), belonging to the same AN, is used for transmission
of physical uplink control channels (PUCCH), and NAS information is taken from the
PCell. Cross-carrier scheduling, via a carrier indicator field (CIF), allows the physical
downlink control channel (PDCCH) of a serving cell (e.g., the PCell) to schedule
resources on another serving cell. Unlike SCells, it may not be possible to remove or

deactivate a PCell.

[0053] A PCell serving a UE may be changed with a handover procedure (i.e. with a
security key change and RACH procedure). For handover from one LTE PCell to
another LTE PCell, RRC functions can also add, remove, or reconfigure SCells for
usage with the target PCell. As a result, the UE may be able to handover (HO) to a
target AN and continue CA without the re-establishing connections to SCells serving
the UE. Re-establishment of connections by the UE is triggered when the PCell serving
the UE experiences RLF, but not when SCells experience RLF. UEs operating in a CA
system generally receive data faster due to the increased available bandwidth in a CA

system than in a system without CA.

[0054] FIG. 3 illustrates an example configuration 300 of a dual connectivity
protocol stack linking (via an X2 connection) a PRC and a SRC. The protocol stack for
a particular bearer generally depends on how that bearer is setup. For example, various
alternative types of bearer exist: MCG bearers, split bearers, and SCG bearers. For
MCG bearers (e.g., the left bearer in FIG. 3), the PRC is U-plane connected to the S-
GW via an S1-U interface and the SRC is not involved in the transport of user plane
data for this bearer. For split bearers (e.g., the middle bearer in FIG. 3), the PRC is U-
plane connected to the S-GW via an S1-U interface and, in addition, the PRC and the
SRC are interconnected via an X2-U interface, allowing both the PRC and the SRC to
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deliver U-plane data to the UE. For SCG bearers (e.g., the right bearer in FIG. 3), the
SRC is directly connected with the S-GW via an S1-U interface.

[0055] Signaling radio bearers (SRB) are typically of the MCG bearer type and,
therefore, use radio resources provided by the PRC. At least one cell in SCG typically
has a configured UL RRC connection, and one of them is configured with PUCCH
resources, which may be used for control procedures (e.g., data scheduling) that do not
require the existence of an SRB. As noted above, re-establishment may be triggered
when the PCell experiences RLF, but not when an SCell experiences RLF. The PRC
maintains the radio resource management (RRM) measurement configuration of the UE
and may decide to request a SRC to provide additional resources (serving cells) for a
UE (e.g., based on received measurement reports or traffic conditions or bearer types).
In this case, the PRC and the SRC may exchange information about UE configuration
by means of RRC containers (inter-node messages) carried in X2 messages. In DC, two
cell radio network temporary identifiers (C-RNTI) are typically independently allocated
to a UE, one for use in communicating with the MCG, and one for use in

communicating with the SCG.

Example Techniques for Radio Link Failure (RLF) Failover

[0056] In past 3GPP releases, DC configuration utilized a single RRC connection
served by a PRC. Where a UE radio connection to a PRC experiences radio link failure
(RLF) (e.g., drops), the RRC connection is lost and the UE can no longer communicate
with the network and all services associated with the UE are dropped. The UE must
then perform cell reselection in order to reconnect with the network, even if a SRC radio

connection 1s still valid.

[0057] According to certain aspects of the present disclosure, an RRC connection
may be established to more than one AN concurrently. Where multiple RRC
connections are established, where a RLF to a PRC occurs, a service may failover and
be recovered by another radio connection. That is, where multi-connectivity is
implemented and a UE is connected to multiple ANs, if a RLF is detected for one AN,
the temporarily dropped flows associated with the AN experiencing RLF may be
quickly reestablished on the other serving ANs previously serving other flows. For

example, for a UE connected to a PRC and a SRC when a PRC RLF is detected, the UE
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may perform a S1 or X2 fast failover or an autonomous path switch fast failover to the
SRC and transfer all bearers to the SRC. As another example, where a UE is connected
to a PRC and multiple SRCs, the UE may perform the fast failovers as in the previous
example, or move some of the bearers to each of the SRCs and configure, as part of a
bearer split, where to failover each bearer. Where a UE is connected only to a PRC and
no SRCs are available, and the UE is not configured for fast failover, or the UE is
configured such that it is forbidden to fast failover, the UE may perform an RRC
connection reestablishment. Where a SRC RLF is detected, the UE may failover in a

way similar to where a PRC RLF is detected.

[0058] As used herein, the term offload generally refers to the breaking out (i.e.,
offloading) of data at an earlier point in the path. For example, if data is routed from one
path (e.g., through a PRC and a SRC) to a shorter path (e.g., through a SRC only). For
example, a UE may be said to be operating with minimal offload for a flow, if all data is
routed through a GW in the CN via a PRC. The UE may be said to be operating with
local offload for a flow, if all data is routed through a SGW in the PRC while the UE
may be said to be operating with maximum offload for the flow if all the data is routed

through a SGW in the SRC and does not traverse the PRC.

[0059] As used herein, the term User plane (U-plane) splitting generally refers to
how the traffic is delivered from the GW to the UE. As will be described in greater
detail below, decisions regarding where to offload traffic and how to configure U-plane
splitting may be based on the data service requirements and other considerations (e.g.,

available resources and radio frequency (RF) conditions of potential offload targets).

[0060] FIG. 4 illustrates example operations 400 that may be performed by a
wireless device for performing failover, in accordance with aspects of the present
disclosure. The operations 400 may begin, at 402 by establishing one or more first data
flows with a first network entity. At 404, determining a link recovery configuration, the
link recovery configuration having information related to establishing a second data
flow in the event of a link failure at the first network entity. At 406, detecting a link
failure at the first network entity affecting a service associated with the first data flows.

At 408, recovering the service associated with the first data flows from the link failure
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by establishing the second data flow associated with the service based on the link

recovery configuration.

[0061] FIG. 5A illustrates example operations 500A that may be performed by a
network entity for performing failover, in accordance with aspects of the present
disclosure. At 502A, establishing a first data flow with a mobile device. At 504A,
determining a link recovery configuration, the link recovery configuration having
information related to establishing a second data flow in the event of a link failure
affecting a service associated with the first data flow. At 506A, detecting a link failure
affecting the first data flow. At 508A, taking action to initiate recovery from the link

failure based on the link recovery configuration.

[0062] FIG. 5B illustrate example operations 500B that may be performed by a
network entity for performing failover, in accordance with aspects of the present
disclosure. At 502B, determining a link recovery configuration, the link recovery
configuration having information related to recovery, by a mobile device, from a link
failure affecting a service associated with a first data flow established with the mobile
device. At 504B, taking action to configure the mobile device according to the link

recovery configuration.

[0063] FIG. 6 illustrates reference network architecture 600, according to certain
aspects of the present disclosure. In a first reference network architecture, a UE 602 is
connected to a single RAN 604 to a single MME cloud 608 with a single gateway 606.
The UE 602 has a single MME context in the MME cloud 608 and as a UE performs
handovers, the MME context remains the same. Handover within the same MME cloud
may be handled using an X2 or S1 interface. Where a UE is connected to a single MME
cloud, X2 based fast failover and autonomous path-switching fast failover may be

implemented.

[0064] FIG. 7 illustrates reference network architecture 700, according to certain
aspects of the present disclosure. In a second reference architecture, a UE 702 is
connected to two RANs 704A, 704B, which share a common gateway 706, but is
associated with two MME clouds 708A, 708B with relocation. As the UE moves

between the two MME clouds, for example due to handover or multi-connectivity, a
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new context may be established in the target MME. In some cases, such as handover,
the context associated with the UE in the source MME may be removed after handover

is completed.

[0065] FIG. 8 illustrates reference network architecture 800, according to certain
aspects of the present disclosure. In a third reference architecture, a UE 802 is
connected to two RANs 804A, 804B. Each RAN 804A, 804B is in turn, connected to
separate gateways 806A, 806B, and MME clouds 808A, 808B with MME relocation.
Again, as the UE moves between the twvo MME clouds, for example due to handover or
multi-connectivity, a new context may be established in the target MME and in some
cases, such as handover, the context associated with the UE in the source MME may be
removed after handover is completed. With separate gateways 806A, 806B, selected IP
traffic offload (SIPTO) may be configured within an operator (or across operators in the
case of inter-operator MC and offload) and the UE establishes a new IP address at the
target MME cloud when moving between MME clouds. In the case of inter-operator

MC, the UE may utilize separate subscriptions for each operator, or may be roaming.

[0066] Where a UE is connected to a more than one MME cloud, such as in network

architectures 700 and 800, an S1 based fast failover may be implemented.

[0067] FIG. 9 illustrates three example U-plane splitting configuration options, in
accordance with aspects of the present disclosure. U-plane splitting configurations
generally define how and where bearers are served by the network and UE 910 for
seamless connectivity. Decisions regarding whether U-plane data is split on a per-packet
basis (packet splitting) or a per-bearer basis (bearer splitting) may be based on coupling
between the PRC 920 and SRC 930. In addition, the decisions may be a function of UE
capability and backhaul availability.

[0068] As illustrated, in a first configuration 902, U-plane data may be routed to or
from the gateway 940 and the core network via the SRC 930 and PRC 920, as the UE
910 has more than one independent RRC connection. This is an example of bearer
(flow) splitting in the core network and the multi-homed/multi-IP flow scenarios are the
typical use-case in this configuration. In the first configuration 902, the SRC 930 has an

RRC connection to the UE and does not need to know anything about the flows serviced
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by the PRC 920. Where one of the ANs experiences RLF, flow information may be
transferred and the RRC connections merged from the AN experiencing RLF to the
other ANs after failover. As the flow information needs to be transferred, a context
fetch fast failover mechanism may be implemented for this configuration, such as X2

based fast failover, where the context is transferred.

[0069] A second configuration 904 shows per-bearer U-plane splitting (or bearer, or
flow, splitting) in the RAN. In this second configuration 904, packets are routed based
on which bearer (flow) each packet is associated with by the core network and by the

RAN in configuration 904.

[0070] A third configuration 906 shows per-packet U-plane splitting in the RAN.
As illustrated, in this configuration, some packets for a bearer (flow) are served by the

PRC while other packets are served by the SRC.

[0071] Where flow splitting is implemented, such as for the second and third
configurations 904, 906, where a SRC is configured with a split bearer or flow, the SRC
is informed about the PRC configuration for UE configuration coordination and has
information related to the bearers or flows established on the PRC. As the SRC has
flow information related to the PRC, autonomous path-switching fast failover
mechanism may be implemented in addition to context fetch fast failover, such as X2

based fast failover, for these configurations.

[0072] In certain aspects of the present disclosure, fast failover may be configured,
based on the services in use, how to perform a failover procedure. This configuration
may be indicated, for example, via a fast failover configuration parameter in each E-
UTRAN Radio Access Bearer (E-RAB) indicating how to perform a failover procedure
for the bearer. In deploying fast failover, operators will want to configure fast failover
to prevent UEs from possibly selecting ANs as fast-failover target ANs that may not
support the same type of services as the AN experiencing RLF or may be better served
by other ANs. For example, a UE may be operating in a MC configuration where a
voice over LTE (VoLTE) radio access bearer (RAB) is served by a macro cell and
background packet data served by a small cell. In such a scenario, a network operator

may want to configure fast failover such that detecting a RLF for the macro cell does
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not result in failover to the small cell as the small cell may not support VOLTE or the

UE may be better served by another macro cell.

[0073] According to aspects of the present disclosure, fast failover may be
configured for a UE, for example, such that if the associated E-RAB is dropped due to
RLF, the UE may perform a fast failover with another cell or AN in a particular manner,
such as via X2/S1 failover initiated by either the UE or network. A fast failover
configuration may also contain a list of cells or ANs to use for fail over. This list of
cells may indicate to the UE the cells or ANs nearby or to which the UE is connected to
for use for fail over. The UE may, in certain configurations, select a cell or AN having

the best quality from the list and failover towards the selected cell or AN.

[0074] According to aspects of the present disclosure, fast failover may be
configured to include a target cell, AN, or radio connection, along with pre-
configuration information to use with the target cell, AN, or radio connection. This pre-
configuration may include, for example, pre-configured parameters such as a logical
channel group (LCG) to use with the service associated with a particular E-RAB, which
the UE may use to access to the target cell or AN, or via the target radio connection

after a RLF with the dropped E-RAB.

[0075] According to aspects of the present disclosure, failover may be configured to
include frequency or RAT information such that after an E-RAB is dropped due to RLF
a UE may perform a cell search based on the configured frequencies or RAT
information. The UE may then perform an RRC connection reestablishment procedure
on cells or ANs found on the configured frequencies or RATs. If no appropriate cells or

ANs are found, the UE may then perform a legacy RRC connection reestablishment.

[0076] FIG. 10 illustrates example fast failover configuration call flows, in
accordance with aspects of the present disclosure. A MME based configuration, Option
1, may be initiated after a UE establishes a RRC connection with two or more ANs. At
1002, the MME indicates to a first serving AN ANI, information related to the other
serving AN(s) AN2. This information, for example, may include a global identifier of
the other serving AN(s) AN2 and may be included in a S1 E-RAB modification request.
The first serving AN may respond with a S1 E-RAB modification response. At 1004,
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the MME indicates to the other serving AN(s) AN2 information related to the first
serving AN ANI, and this step may be repeated for any additional serving AN(s). At
1006, the first serving AN AN1 may configure the UE for fast failover by, for example,
an RRC connection reconfiguration message, if the AN expects the UE to perform a UE
initiated fast failover. At 1008, other serving AN(s) AN2 may also configure the UE for

fast failover in a similar manner.

[0077] In the case of UE notification based fast failover configuration, Option 2,
after RRC connection establishment, at 1010, the UE notifies a first serving AN ANI,
via a fast failover serving AN notification, information related to the other serving
AN(s) AN2. This information, for example, may include a global identifier of the other
serving ANs. At 1012, if the first AN ANI1 supports fast failover towards the other
serving AN(s) AN2, the first AN ANI1 acknowledges the fast failover serving AN
notification. This notification and acknowledgment may be repeated for other serving

AN(s) AN2 at 1014 and this step may be repeated for any additional serving AN(s).

[0078] At 1016, if the first serving AN AN1 does not support fast failover toward
the notified other AN(s) AN2, the first serving AN responds to the fast failover serving
AN notification with a reject message. The UE, at 1018, may then disable fast failover
towards the notified other serving AN(s) AN2. This notification and rejection may be
repeated for other serving AN(s) AN2 at 1020. Where fast failover is not available, the
UE may perform an RRC connection reestablishment without fast failover or a context

fetch RRC connection reestablishment.

[0079] Forward handover or context fetch handover, implemented as a part of Rel-
12 HetNet mobility enhancements, mitigated RRC connection re-establishment failure
by allowing a target AN to fetch the UE context from the source AN using the X2
interface. Elements of forward handover may be incorporated as a part of multi-

connectivity fast failover procedure.

[0080] For example, in a UE initiated fast failover procedure, a UE may be multi-
connectively connected to two or more ANs via independent RRC connections. The UE
may initiate fast failover when the UE detects a RLF as to a first (source) AN. The UE

may then declare the detected RLF to the network using a RRC connection to a second
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(target) AN. The second AN may then fetch the UE context from the first AN via an X2

interface.

[0081] As another example, in a network (NW) initiated fast failover procedure,
where a UE may be multi-connectively connected to two or more ANs via independent
RRC connections, a first (source) AN may detect an RLF with the UE. The first AN
may then initiate a fast failover procedure by sending the UE context to the second

(target) AN via an X2 interface.

[0082] FIG. 11 illustrates an example X2 based UE initiated fast failover call flow
1100, in accordance with aspects of the present disclosure. At 1102, a UE may be
configured for multi-connectivity including a fast failover configuration as described in
conjunction with FIG. 10. At 1104, the UE may detect a RLF on a first RRC
connection with a first AN AN1. At 1106, the UE declares the RLF detection via a
second RRC connection to a second AN AN2. This may be performed, for example, by
sending a new UL-DCCH message, such as RRCConnectionReestablishmentRequest.
This message may also convey an identifier for the first AN AN1, such as a global AN-
ID, enabling the second AN AN2 to determine which AN corresponds to the first AN
ANI so the second AN AN2 may fetch the UE context.

[0083] At 1108, the second AN AN2 may send a RLF indication, for example, a
X2AP RLF INDICATION to the first AN AN1. The first AN ANI1, upon receiving the
RLF indication, responds to the second AN AN2 with a handover request at 1110 and
performs handover preparations. At 1112, the second AN AN2 merges the first AN’s
ANI1 E-RAB associated with the UE into existing RRC connections so the UE context is
appropriately updated. At 1114, the second AN AN2 adds EPC bearers previously
served by the first AN ANI1 via, for example, RRC connection reestablishment
procedures or RRC connection reconfiguration procedures. At 1116, the first AN AN1

transfers status and data information to the second AN AN2.

[0084] At 1118, the UE sends a complete message after completion of the
reestablishment or reconfiguration procedure. The second AN AN2, at 11120, send an
S1AP path switch request to the MME. This path switch request may include all
bearers, that is, the bearers previously established between the second AN AN2 and the
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UE, along with bearers transferred from the first AN AN1. The MME may then
respond, at 1122, accepting the addition of the bearers transferred from the first AN
ANI1. The second AN AN2 may then send an indication to the first AN AN that the

first AN AN1 may release the context and resources related to the UE.

[0085] FIG. 12 illustrates an example X2 based network initiated fast failover call
flow 1200, in accordance with aspects of the present disclosure. At 1202, a UE may be
configured for multi-connectivity including a fast failover configuration as described in
conjunction with FIG. 10. At 1204, a first AN AN1 may detect a RLF on a first RRC
connection with the UE. At 1206, the first AN AN1 requests, to a second AN AN2, to
handover the E-RABs associated with the UE and served by the first AN AN1. At
1208, the UE releases the radio connection from the first AN AN1. At 1210, the second
AN AN?2 verifies that the requested E-RABs can be established by the second AN AN2.
If the second AN AN2 cannot verify that the requested E-RABs can be established, then
the RRC connection reconfiguration 1216 procedure may not occur and the second AN
AN2 would reject the reconfiguration request by sending a reject message or just

discarding the X2AP HO request message and not send back any response message.

[0086] Otherwise, at 1212, the second AN AN2 prepares the RRC connection
reconfiguration messages reestablishing the E-RABs served by the first AN AN1 with
the second AN AN2. At 1214, the second AN AN2 acknowledges the handover request
from the first AN ANI1 via the X2 interface. This may be performed, for example, using
anew X2AP HO Request message, or an existing Handover Request message. At 1216,
the second AN AN2 may send a DL RRC message, such as
RRC:RRCConnectionReconfiguration message to the UE. The first AN AN, at 1218,
transfers status and user data buffered in the first AN ANI1 to the second AN AN2. The
first AN ANI1, at 1220, then receives an indication, such as a RRC connection
reconfiguration complete message as an acknowledgment, from the UE upon successful
competition of the RRC reconfiguration procedure. At 1222, the second AN AN2
performs path switching from the first AN ANI1 to the second AN AN2. At 1224, the
second AN AN2 may then send an indication to the first AN ANI1 that the first AN AN1

may release the context and resources related to the UE.
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[0087] Where more than one MME cloud is involved in multi-connectivity, fast
failover requires use of an S1 based procedure. FIG. 13 illustrates an example S1 based
UE initiated fast failover call flow 1300, in accordance with certain aspects of the
present disclosure. At 1302, a UE may be configured for multi-connectivity including a
fast failover configuration as described in conjunction with FIG. 10. At 1304, the UE
may detect a RLF on a first RRC connection with the first AN AN1. At 1306, the UE
declares the RLF detection via a second RRC connection to a second AN via an uplink
message. The  uplink  message may be, for example, an
RRCConnectionReEstablishmentRequest message, and the UE may use a dedicated
resource in the second AN AN2 to transfer the RLF indication message (e.g.,
RRCConnectionReEstablishmentRequest). The second AN AN2 however, does not
know how to contact the first AN AN1. At 1308, the second AN AN2 may attempt to
determine how to contact the first AN AN1 by sending, for example, an S1 RLF
indication message to the MME so that the MME can determine how to route the RLF
Indication message to the first AN AN1. Each AN may be configured with, for
example, a Cell Global ID (CGI) = PLMN ID + Cell-ID).

[0088] At 1310, the first AN AN receives the RLF indication message from the
connected MME. The first AN ANI1, upon receiving the RLF indication, responds to
the second AN AN2 with a handover request at 1312 and performs handover
preparations. At 1314, a source MME sends a Forward Relocation Request message to
a target MME. At 1316, the target MME creates a new session at an S-GW connected
to the second AN AN2. At 1318, the target MME requests the second AN AN2 to
handover, for example, via a RRC connection re-establishment procedure, E-RABs
associated with the UE and served by the first AN AN1. At 1320, the second AN AN2
checks if there are enough resources to serve the new E-RABs, which were served by
the first AN AN previously. If the second AN AN2 does not have enough resources,
then the RRC connection reconfiguration procedure may not occur and the second AN
AN2 would reject the re-establishment request by sending a reject message, for
example, a RRCConnectionReEstablishmentReject message or just discarding the RRC

connection re-establishment request message and not send back any response message.

[0089] Otherwise, at 1322, the second AN AN2 prepares the RRC connection re-
establishment procedure and sends an acknowledgment back to the target MME at 1324,
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At 1326, a target S-GW creates an indirect data forwarding tunnel for data forwarding
during the RRC connection re-establishment procedure, and at 1328, the source MME
receives the Forward Request Response. At 1330, a source S-GW creates an indirect
data forwarding tunnel for data forwarding during the zone update procedure. At 1332,
the source MME tells the first AN AN1 the indirect data forwarding tunnel information
via, for example, a handover command message. At 1334, the second AN AN2 sends
an RRC message, for example, a RRCConnectionReestablishment message, to the UE
to re-establish the RRC connection as well as E-RABs, which were previously served

by the first AN AN1.

[0090] The first AN AN, at 1336, forwards status and user data buffered in the first
AN ANI1 to the second AN AN2 via the indirect data forwarding tunnel. At 1338, the
UE sends back an RRC response message to the second AN AN2 upon completion of
the RRC connection re-establishment procedure. At 1340, the second AN AN2 tells the
target MME the completion of the relocation procedure. At 1342, the target MME
notifies the source MME of the completion of the relocation procedure and the source
MME acknowledges the reception of the notification. At 1344, the target MME
requests the target S-GW to modify the bearers so that only the target S-GW serves the

UE and the target S-GW sends a message modifying the bearers in response.

[0091] FIG. 14 illustrates an example S1 based NW initiated fast failover call flow
1400, in accordance with certain aspects of the present disclosure. In 1400, a UE may
be configured for multi-connectivity as described with respects to 1302 and FIGs. 10
and 13. At 1404, a first AN ANI may detect a RLF on a first RRC connection with the
UE. At 1406, the first AN ANI1 initiates a handover procedure through the S1 interface
towards a second AN AN2. In certain aspects, the handover procedure through the S1
interface corresponds with the handover procedure discussed in conjunction with 1306-
1340 of FIG. 13. At 1442, the ANs and the CN nodes perform the path switch from
first AN ANT1 to the second AN AN2 for the handed-over E-RABs. At 1444, the UE
performs the tracking area update, and at 1446, the network releases the resources

assigned for the UE at the first AN AN1.

[0092] When the bearer is split, a UE, upon detection of RLF may be able to switch

data paths immediately if the network preconfigures the bearer configuration for a
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second AN AN2. For example, the network may preconfigure a Logical Channel Group
(LCQ) so that UE can request UL resource for the bearer served by the second AN AN2
after RLF with a first AN AN1. FIG. 15 illustrates an example autonomous path-switch
fast failover call flow 1500, in accordance with certain aspects of the present disclosure.
At 1502, a UE may be configured for multi-connectivity including a fast failover
configuration. As a part of the configuration, or during a reconfiguration, the network
preconfigures some parameters, such as the LCG, for the path switch procedure. At
1504, the UE detects RLF with the first AN AN1. At 1506, UE declares the RLF
detection via a second RRC connection to a second AN AN2. This may be performed
by, for example, sending a new UL-DCCH message
RRCConnectionReestablishmentRequest or PathSwitchRequest to the second AN AN2
from the first AN AN1, another AN, the UE, or via the network.

[0093] At 1508, the UE autonomously switches the data path from the first AN AN1
to the second AN AN2. At 1510, the second AN AN2 performs a path switch upon
reception of the RLF detection indication and allocates resources for the bearers
previously served by the first AN AN1. At 1512, the second AN AN2 may send an
indication of RLF to the first AN AN1 and the first AN AN1 begins data forwarding to
the second AN AN2. Alternatively, the first AN AN1 may also detect the RLF at 1504
and start data forwarding to the second AN AN2 after RLF detection. At 1514, the
second AN AN2 requests that the MME switch the downlink GPRS tunnel towards the
new tunnel endpoint at the second AN AN2. This request includes all bearers
associated with the UE (i.e. the existing bearers and the bearers transferred from the first
AN AN1) and informs the MME that the UE has performed a failover to the second AN
AN2.

[0094] Where fast failover is not available, the UE may perform an RRC connection
reestablishment without fast failover. FIG. 16 illustrates an example RRC connection
reestablishment without fast failover call flow 1600, in accordance with aspects of the
present disclosure. At 1602, a UE may be configured for multi-connectivity including a
fast failover configuration. The fast failover configuration indicates to the UE not to
perform a fast failover procedure for either any AN, or for particular ANs/cells,
services, or flows. The configuration may include RRC connection re-establishment

destination information related to supported frequency band or RAT information.
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[0095] At 1604, the UE detects a RLF on a first RRC connection with a first AN
ANI1. At 1606, the UE may perform a cell search on supported frequency bands, or the
frequency bands or RAT indicated in the fast failover configuration. If an appropriate
cell is found, the UE then attempts to camp on the cell. If the UE successfully camps on
a second AN AN2, the UE may declare the RLF with the first AN AN1 to the second
AN AN2, in a manner corresponding to 1106 and FIG. 11. The second AN AN2 may
then perform an X2 or context fetch based RRC connection reestablishment as

described in conjunction with 1108-1122 of FIG. 11.

[0096] FIG. 17 illustrates an example S1-based context fetch RRC connection re-
establishment call flow 1700, in accordance with aspects of the present disclosure. At
1702, a UE may be configured for multi-connectivity including a fast failover
configuration. The fast failover configuration indicates to the UE not to perform a fast
failover procedure for either any AN, or for particular ANs/cells, services, or flows.
The configuration may include information related to supported frequency band or RAT

information.

[0097] At 1704, the UE detects a RLF and performs a cell search, as described in
conjunction with 1604-1606 of FIG. 16. If an appropriate cell is found, the UE then
attempts to camp on the cell. If the UE successfully camps on a second AN AN2, the
UE may declare the RLF with the first AN AN1 to the second AN AN2. This may be
performed, for example, by sending an RRC message, such as
RRCConnectionReestablishmentRequest including the UE identity. The RRC message
may also include the source AN identity. The second AN AN2 however, does not know
how to contact the first AN AN1 and performs a S1 based context fetch procedure as

described in conjunction with 1308-1344 of FIG. 13.

[0098] FIG. 18 illustrates various components that may be utilized in a MC enabled
wireless device 1800 capable of operating in accordance with aspects provided herein.
The wireless device 1800 may, for example, be one implementation of UE 110 shown in

FIG. 1.

[0099] The wireless device 1800 may include one or more processors 1804 which

control operation of the wireless device 1800. The processors 1804 may also be
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referred to as central processing units (CPUs). The processors 1804 may perform, or
direct the UE in managing fast failover, as described with reference to FIGs. 10-17.
Memory 1806, which may include both read-only memory (ROM) and random access
memory (RAM), provides instructions and data to the processors 1804. A portion of the
memory 1806 may also include non-volatile random access memory (NVRAM). The
processors 1804 typically perform logical and arithmetic operations based on program
instructions stored within the memory 1806. The instructions in the memory 1806 may

be executable to implement the methods described herein.

[00100] The wireless device 1800 may also include radios 1810 and 1812 to
communicate via multiple RATs for MC. Each radio may, for example, include a
transmitter and receiver, and any other “RF chain™ components to allow transmission
and reception of data between the wireless device 1800 and different RATs. While two
radios are shown for two RATS, as an example only, more than two radios may be
included (e.g., to support more than two RATs). Each radio may communicate via a

single or a plurality of antennas 1816.

[00101] The wireless device 1800 may also include a signal detector 1818 that may
be used in an effort to detect and quantify the level of signals received by the transceiver
1814. The signal detector 1818 may detect such signals as total energy, energy per
subcarrier per symbol, power spectral density and other signals. The wireless device
1800 may also include a digital signal processor (DSP) 1820 for use in processing
signals.

[00102] FIG. 19 illustrates various components that may be utilized in a base station
1900 capable of participating in communication with a MC enabled wireless device.
The base station 1900 may, for example, be one implementation of PRC 120 or SRC
130 shown in FIG. 1.

[00103] The base station 1900 may include one or more processors 1904 which
control operation of the base station 1900. The processors 1904 may also be referred to
as central processing units (CPUs). The processors 1904 may manage data or perform
fast failover, as described with reference to FIGs. 10-17. Memory 1906, which may
include both read-only memory (ROM) and random access memory (RAM), provides
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instructions and data to the processors 1904. A portion of the memory 1906 may also
include non-volatile random access memory (NVRAM). The processors 1904 typically
perform logical and arithmetic operations based on program instructions stored within
the memory 1906. The instructions in the memory 1906 may be executable to

implement the methods described herein.

[00104] The base station 1900 may also include one or more radios 1910, for
example to communicate with a UE via one or more RATs. Each radio may, for
example, include a transmitter and receiver, and any other “RF chain” components to
allow transmission and reception of data between the base station 1900 and different
UEs. Each radio may communicate via a single or a plurality of antennas 1916. The
base station 1900 may also include an interface 1912 for communicating with other base
stations (e.g., via an X2 backhaul connection) or a core network (e.g., via an Sl

connection).

[00105] The base station 1900 may also include a signal detector 1918 that may be
used in an effort to detect and quantify the level of signals received by the transceiver
1914. The signal detector 1918 may detect such signals as total energy, energy per
subcarrier per symbol, power spectral density and other signals. The base station 1900

may also include a digital signal processor (DSP) 1920 for use in processing signals.

[00106] It is understood that the specific order or hierarchy of steps in the processes
disclosed above is an illustration of exemplary approaches. Based upon design
preferences, it is understood that the specific order or hierarchy of steps in the processes
may be rearranged. Further, some steps may be combined or omitted.  The
accompanying method claims present elements of the various steps in a sample order,

and are not meant to be limited to the specific order or hierarchy presented.

[00107] Moreover, the term “or” is intended to mean an inclusive “or” rather than an
exclusive “or.” That is, unless specified otherwise or clear from the context, the phrase,
for example, “X employs A or B” is intended to mean any of the natural inclusive
permutations. That is, for example the phrase “X employs A or B” is satisfied by any of
the following instances: X employs A; X employs B; or X employs both A and B. In

addition, the articles “a” and “an™ as used in this application and the appended claims
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should generally be construed to mean “one or more” unless specified otherwise or clear
from the context to be directed to a singular form. A phrase referring to “at least one
of” a list of items refers to any combination of those items, including single members.
As an example, “at least one of: a, b, or ¢” is intended to cover: a, b, ¢, a-b, a-c, b-c, and

a-b-c.

[00108] The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be limited
to the aspects shown herein, but is to be accorded the full scope consistent with the
language claims, wherein reference to an element in the singular is not intended to mean
“one and only one” unless specifically so stated, but rather “one or more.” Unless
specifically stated otherwise, the term “some™ refers to one or more. All structural and
functional equivalents to the elements of the various aspects described throughout this
disclosure that are known or later come to be known to those of ordinary skill in the art
are expressly incorporated herein by reference and are intended to be encompassed by
the claims. Moreover, nothing disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in the claims. No claim
element is to be construed as a means plus function unless the element is expressly

recited using the phrase “means for.”
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CLAIMS

1. A method for wireless communications by a mobile device, comprising:

establishing one or more first data flows with a first network entity;

determining a link recovery configuration, the link recovery configuration
having information related to establishing a second data flow in the event of a link
failure at the first network entity, wherein the link recovery configuration comprises a
list of network entities;

detecting a link failure at the first network entity affecting a service associated
with the first data flows; and

recovering the service associated with the first data flows from the link failure
by selecting a second network entity from the list of network entities and establishing
the second data flow associated with the service based on the link recovery

configuration.

2. The method of claim 1, wherein the establishing the second data flow comprises

utilizing one or more preexisting radio connections.

3. The method of claim 2, further comprising sending an indication of the link

failure to the second network entity.

4, The method of claim 2, wherein:
information related to establishing the second data flow comprises an indication
of which network entity, of the list of network entities, to select; and

selecting the second network entity is based on the indication.

5. The method of claim 2, wherein:
the information related to establishing the second data flow comprises
configuration information for the network entities in the list of network entities; and
the second data flow is established with the second network entity using the

configuration information.

6. The method of claim 2, further comprising:
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receiving, from a second network entity, a connection reestablishment request;
and
establishing the second data flow with the second network entity in response to

the connection reestablishment request.

7. The method of claim 6, wherein the link recovery configuration comprises an
indication the mobile device is to wait for the connection reestablishment request before

establishing the second data flow with the second wireless node.

8. The method of claim 1, wherein the link recovery configuration is based on a

predetermined policy.

9. The method of claim 1, wherein the link recovery configuration is received

from a network entity.

10. The method of claim 1, further comprising providing, to a network entity, the

link recovery configuration.

11. The method of claim 1, wherein the information related to establishing the

second data flow is based on a core network configuration.

12. The method of claim 1, wherein the information related to establishing the

second data flow is based on a service type associated with the first data flow.

13. The method of claim 1, wherein the link recovery configuration comprises an
indication for the mobile device to perform a cell search for link recovery in response to

detecting the link failure.

14. The method of claim 13, wherein:

the information related to establishing a second data flow comprises frequency
carrier information, and;

establishing the second data flow comprises searching for a second network

entity based on the frequency carrier information to establish the second data flow.
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15. The method of claim 13, wherein:

the information related to establishing a second data flow comprises radio access
technology (RAT) information indicating one or more RATS for establishing the second
data flow; and

establishing the second data flow comprises searching for a second network

entity based on the RAT information to establish the second data flow.

16. The method of claim 13, wherein the link recovery configuration comprises an
indication the mobile device is to perform a legacy radio resource control (RRC)
connection reestablishment upon detecting the link failure at the first network entity and

performing a legacy RRC connection reestablishment based on the indication.

17. A method for wireless communications by a network entity, comprising:

establishing a first data flow with a mobile device;

determining a link recovery configuration, the link recovery configuration
having information related to establishing a second data flow in the event of a link
failure affecting a service associated with the first data flow, wherein the link recovery
configuration comprises a list of network entities;

detecting a link failure affecting the first data flow; and

taking action to initiate recovery from the link failure based on the link recovery

configuration.

18. The method of claim 17, further comprising sending an indication of the link

recovery configuration to the mobile device.

19. The method of claim 17, further comprising sending an indication of the link

recovery configuration to another network entity.

20. The method of claim 17, wherein detecting the link failure comprises at least one
of:
receiving an indication of the link failure from the mobile device; or

receiving an indication of the link failure from another network entity.
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21. A method for wireless communications by a network entity, comprising:
determining a link recovery configuration, the link recovery configuration
having information related to recovery, by a mobile device, from a link failure affecting
a service associated with a first data flow established with the mobile device, wherein
the link recovery configuration comprises a list of network entities; and
taking action to configure the mobile device according to the link recovery

configuration.

22. The method of claim 21, wherein the information comprises information related

to establishing a second data flow utilizing one or more preexisting radio connections.

23. The method of claim 22, wherein:
the information related to establishing the second data flow further comprises

configuration information for the network entities in the list of network entities.

24, The method of claim 21, wherein the information comprises an indication the
mobile device is to wait for a connection reestablishment request before establishing the

second data flow.

25. The method of claim 21, wherein the link recovery configuration is based on a

predetermined policy.

26. The method of claim 21, further comprising receiving the link recovery

configuration from another network entity.

27. The method of claim 21, wherein the information related to recovery is based on

a core network configuration.

28. The method of claim 21, wherein the information related to recovery is based on

a service type associated with the first data flow.
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29. The method of claim 21, wherein the link recovery configuration comprises an
indication for the mobile device to perform a cell search for link recovery in response to

detecting the link failure.

30. The method of claim 29, wherein the information comprises frequency carrier

information.

31. The method of claim 21, wherein:
the information comprises radio access technology (RAT) information indicating

one or more RATSs for establishing the second data flow.

32. The method of claim 21, wherein the information comprises an indication the
mobile device is to perform a legacy radio resource control (RRC) connection

reestablishment upon detecting the link failure.

33. The method of claim 21, further comprising:
receiving an indication of a link failure from the mobile device; and
performing a handoff procedure with the mobile device in response to receiving

the indication.

34, The method of claim 33, wherein the indication of the link failure is received via

an interface from another network entity.

35. The method of claim 33 further comprising:
receiving an identifier for another network entity experiencing a link failure with

the mobile device; and

performing the handover procedure to handover the mobile device from the

other network entity.

36. An apparatus for wireless communications by a mobile device, comprising:

means for establishing one or more first data flows with a first network entity;
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means for determining a link recovery configuration, the link recovery
configuration having information related to establishing a second data flow in the event
of a link failure at the first network entity, wherein the link recovery configuration
comprises a list of network entities;

means for detecting a link failure at the first network entity affecting a service
associated with the first data flows; and

means for recovering the service associated with the first data flows from the
link failure by selecting a second network entity from the list of network entities and
establishing the second data flow associated with the service based on the link recovery

configuration.

37.  The apparatus of claim 36, wherein the means for recovering comprises means

for utilizing one or more preexisting radio connections.

38. The apparatus of claim 37, further comprising means for sending an indication

of the link failure to the second network entity.

39.  The apparatus of claim 37, wherein:

information related to establishing the second data flow comprises an indication
of which network entity, of the list of network entities, to select; and the means for
recovering further comprises means for selecting the second network entity based on the

indication.

40.  The apparatus of claim 37, wherein:
the information related to establishing the second data flow further comprises
configuration information for the network entities in the list of network entities; and
the second data flow is established with the second network entity using the

configuration information.

41. The apparatus of claim 37 further comprising:
means for receiving, from a second network entity, a connection reestablishment

request; and
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means for establishing the second data flow with the second network entity in

response to the connection reestablishment request.

42. The apparatus of claim 41, wherein the link recovery configuration comprises an
indication the mobile device is to wait for the connection reestablishment request before

establishing the second data flow with the second wireless node.

43. The apparatus of claim 36, wherein the link recovery configuration is based on a

predetermined policy.

44, The apparatus of claim 36, wherein the link recovery configuration is received

from a network entity.

45, The apparatus of claim 36, further comprising means for providing, to a network

entity, the link recovery configuration.

46.  The apparatus of claim 36, wherein the information related to establishing the

second data flow is based on a core network configuration.

47.  The apparatus of claim 36, wherein the information related to establishing the

second data flow is based on a service type associated with the first data flow.

48. The apparatus of claim 36, wherein the link recovery configuration comprises an
indication for the mobile device to perform a cell search for link recovery in response to

detecting the link failure.

49, The apparatus of claim 48, wherein:

the information related to establishing a second data flow comprises frequency
carrier information, and

the means for establishing the second data flow comprises means for searching
for a second network entity based on the frequency carrier information to establish the

second data flow.
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50. The apparatus of claim 48, wherein:

the information related to establishing a second data flow comprises radio access
technology (RAT) information indicating one or more RATS for establishing the second
data flow; and

means for establishing the second data flow comprises means for searching for a

second network entity based on the RAT information to establish the second data flow.

51. The apparatus of claim 48, wherein the link recovery configuration comprises an
indication the mobile device is to perform a legacy radio resource control (RRC)
connection reestablishment upon detecting the link failure at the first network entity,
and means for performing a legacy RRC connection reestablishment based on the

indication.

52. An apparatus for wireless communications by a network entity, comprising:

means for establishing a first data flow with a mobile device;

means for determining a link recovery configuration, the link recovery
configuration having information related to establishing a second data flow in the event
of a link failure affecting a service associated with the first data flow, and wherein the
link recovery configuration comprises a list of network entities;

means for detecting a link failure affecting the first data flow; and

means for taking action to initiate recovery from the link failure based on the

link recovery configuration.

53. The apparatus of claim 52, further comprising means for sending an indication

of the link recovery configuration to the mobile device.

54, The apparatus of claim 52, further comprising means for sending an indication

of the link recovery configuration to another network entity.

55. The apparatus of claim 52, wherein means for detecting the link failure
comprises at least one of:
means for receiving an indication of the link failure from the mobile device; or

means for receiving an indication of the link failure from another network entity.
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56. An apparatus for wireless communications by a network entity, comprising:
means for determining a link recovery configuration, the link recovery
configuration having information related to recovery, by a mobile device, from a link
failure affecting a service associated with a first data flow established with the mobile
device, wherein the link recovery configuration comprises a list of network entities; and
means for taking action to configure the mobile device according to the link

recovery configuration.

57. The apparatus of claim 56, wherein the information comprises information
related to establishing a second data flow utilizing one or more preexisting radio

connections.

58.  The apparatus of claim 57, wherein:
the information related to establishing the second data flow further comprises

configuration information for the network entities in the list of network entities.

59.  The apparatus of claim 56, wherein the information comprises an indication the
mobile device is to wait for a connection reestablishment request before establishing the

second data flow.

60. The apparatus of claim 56, wherein the link recovery configuration is based on a

predetermined policy.

61. The apparatus of claim 56, further comprising means for receiving the link

recovery configuration from another network entity.

62.  The apparatus of claim 56, wherein the information related to recovery is based

on a core network configuration.

63.  The apparatus of claim 56, wherein the information related to recovery is based

on a service type associated with the first data flow.
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64, The apparatus of claim 56, wherein the link recovery configuration comprises an
indication for the mobile device to perform a cell search for link recovery in response to

detecting the link failure.

65. The apparatus of claim 64, wherein the information comprises frequency carrier

information.

66. The apparatus of claim 56, wherein:
the information comprises radio access technology (RAT) information indicating

one or more RATS for establishing the second data flow.

67.  The apparatus of claim 56, wherein the information comprises an indication the
mobile device is to perform a legacy radio resource control (RRC) connection

reestablishment upon detecting the link failure.

68. The apparatus of claim 56, further comprising:
means for receiving an indication of a link failure from the mobile device; and
means for performing a handoff procedure with the mobile device in response to

receiving the indication.

69.  The apparatus of claim 68, wherein the indication of the link failure is received

via an interface from another network entity.

70. The apparatus of claim 68 further comprising:
means for receiving an identifier for another network entity experiencing a link

failure with the mobile device; and

means for performing the handover procedure to handover the mobile device

from the other network entity.

71. An apparatus for wireless communications by a mobile device, comprising:
an interface configured to establish one or more first data flows with a first

network entity; and
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a processing system configured to:

determine a link recovery configuration, the link recovery configuration
having information related to establishing a second data flow in the event of a
link failure at the first network entity, wherein the link recovery configuration
comprises a list of network entities;

detect a link failure at the first network entity affecting a service
associated with the first data flows; and

recover the service associated with the first data flows from the link
failure by selecting a second network entity from the list of network entities and
establishing the second data flow associated with the service based on the link

recovery configuration.

72.  The apparatus of claim 71, wherein the recovering the service comprises

utilizing one or more preexisting radio connections.

73.  The apparatus of claim 72, wherein the processor is further configured to send

an indication of the link failure to the second network entity.

74.  The apparatus of claim 72, wherein:
information related to establishing the second data flow comprises an indication
of which network entity, of the list of network entities, to select; and the processor

further configured to select the second network entity based on the indication.

75.  The apparatus of claim 72, wherein:
the information related to establishing the second data flow comprises
configuration information for the network entities in the list of network entities; and
the second data flow is established with the second network entity using the

configuration information.

76. The apparatus of claim 72, wherein the processor is further configured to:
receive, from a second network entity, a connection reestablishment request; and
establish the second data flow with the second network entity in response to the

connection reestablishment request.
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717. The apparatus of claim 76, wherein the link recovery configuration comprises an
indication the mobile device is to wait for the connection reestablishment request before

establishing the second data flow with the second wireless node.

78.  The apparatus of claim 71, wherein the link recovery configuration is based on a

predetermined policy.

79.  The apparatus of claim 71, wherein the link recovery configuration is received

from a network entity.

80. The apparatus of claim 71, wherein the processor is further configured to

provide, to a network entity, the link recovery configuration.

81.  The apparatus of claim 71, wherein the information related to establishing the

second data flow is based on a core network configuration.

82.  The apparatus of claim 71, wherein the information related to establishing the

second data flow is based on a service type associated with the first data flow.

83. The apparatus of claim 71, wherein the link recovery configuration comprises an
indication for the mobile device to perform a cell search for link recovery in response to

detecting the link failure.

84.  The apparatus of claim 83, wherein:

the information related to establishing a second data flow comprises frequency
carrier information, and

establishing the second data flow comprises searching for a second network

entity based on the frequency carrier information to establish the second data flow.

85.  The apparatus of claim 83, wherein:
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the information related to establishing a second data flow comprises radio access
technology (RAT) information indicating one or more RATs for establishing the second
data flow; and

establishing the second data flow comprises searching for a second network

entity based on the RAT information to establish the second data flow.

86. The apparatus of claim 83, wherein the link recovery configuration comprises an
indication the mobile device is to perform a legacy radio resource control (RRC)
connection reestablishment upon detecting the link failure at the first network entity,
and the processor is further configured to perform a legacy RRC connection

reestablishment based on the indication.

87. An apparatus for wireless communications by a network entity, comprising:

an interface configured to establish a first data flow with a mobile device; and
a processor configured to:

determine a link recovery configuration, the link recovery configuration
having information related to establishing a second data flow in the event of a
link failure affecting a service associated with the first data flow, and wherein
the link recovery configuration comprises a list of network entities;

detect a link failure affecting the first data flow; and

take action to initiate recovery from the link failure based on the link

recovery configuration.

88.  The apparatus of claim 87, wherein the interface is further configured to send an

indication of the link recovery configuration to the mobile device.

89.  The apparatus of claim 87, wherein the interface is further configured to send an

indication of the link recovery configuration to another network entity.

90.  The apparatus of claim 87, wherein the processor is further configured to detect
the link failure based on at least one of:
receiving an indication of the link failure from the mobile device; or

receiving an indication of the link failure from another network entity.
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91. An apparatus for wireless communications by a network entity, comprising:

an processor configured to:

determine a link recovery configuration, the link recovery configuration
having information related to recovery, by a mobile device, from a link failure
affecting a service associated with a first data flow established with the mobile
device, wherein the link recovery configuration comprises a list of network
entities; and

take action to configure the mobile device according to the link recovery

configuration.

92. The apparatus of claim 91, wherein the information comprises information
related to establishing a second data flow utilizing one or more preexisting radio

connections.

93.  The apparatus of claim 92, wherein:
the information related to establishing the second data flow further comprises

configuration information for the network entities in the list of network entities.

94, The apparatus of claim 91, wherein the information comprises an indication the
mobile device is to wait for a connection reestablishment request before establishing the

second data flow.

95.  The apparatus of claim 91, wherein the link recovery configuration is based on a

predetermined policy.

96.  The apparatus of claim 91, wherein the interface is further configured to receive

the link recovery configuration from another network entity.

97.  The apparatus of claim 91, wherein the information related to recovery is based

on a core network configuration.

98.  The apparatus of claim 91, wherein the information related to recovery is based

on a service type associated with the first data flow.
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99. The apparatus of claim 91, wherein the link recovery configuration comprises an
indication for the mobile device to perform a cell search for link recovery in response to

detecting the link failure.

100.  The apparatus of claim 99, wherein the information comprises frequency carrier

information.

101.  The apparatus of claim 91, wherein:
the information comprises radio access technology (RAT) information indicating

one or more RATS for establishing the second data flow.

102.  The apparatus of claim 91, wherein the information comprises an indication the
mobile device is to perform a legacy radio resource control (RRC) connection

reestablishment upon detecting the link failure.

103.  The apparatus of claim 91, wherein the interface is further configured to receive
an indication of a link failure from the mobile device, and
the processor is further configured to perform a handoff procedure with the

mobile device in response to receiving the indication.

104.  The apparatus of claim 103, wherein the indication of the link failure is received

via the interface from another network entity.

105.  The apparatus of claim 103, wherein the interface is further configured to
receive an identifier for another network entity experiencing a link failure with the
mobile device, and

the processor is further configured to perform the handover procedure to

handover the mobile device from the other network entity.

106. A computer readable medium having instructions stored thereon for wireless
communications by a mobile device, comprising:

establishing one or more first data flows with a first network entity;
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determining a link recovery configuration, the link recovery configuration
having information related to establishing a second data flow in the event of a link
failure at the first network entity, wherein the link recovery configuration comprises a
list of network entities;

detecting a link failure at the first network entity affecting a service associated

with the first data flows; and

recovering the service associated with the first data flows from the link failure
by selecting a second network entity from the list of network entities and establishing
the second data flow associated with the service based on the link recovery

configuration.

107.  The computer readable medium of claim 106, wherein the establishing the

second data flow comprises utilizing one or more preexisting radio connections.

108.  The computer readable medium of claim 107, further comprising sending an

indication of the link failure to the second network entity.

109.  The computer readable medium of claim 107, wherein:
information related to establishing the second data flow comprises an indication
of which network entity, of the list of network entities, to select; and

selecting the second network entity is based on the indication.

110.  The computer readable medium of claim 107, wherein:
the information related to establishing the second data flow comprises
configuration information for the network entities in the list of network entities; and
the second data flow is established with the second network entity using the

configuration information.

111.  The computer readable medium of claim 107, further comprising:
receiving, from a second network entity, a connection reestablishment request;

and
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establishing the second data flow with the second network entity in response to

the connection reestablishment request.

112.  The computer readable medium of claim 111, wherein the link recovery
configuration comprises an indication the mobile device is to wait for the connection
reestablishment request before establishing the second data flow with the second

wireless node.

113.  The computer readable medium of claim 106, wherein the link recovery

configuration is based on a predetermined policy.

114.  The computer readable medium of claim 106, wherein the link recovery

configuration is received from a network entity.

115.  The computer readable medium of claim 106, further comprising providing, to a

network entity, the link recovery configuration.

116.  The computer readable medium of claim 106, wherein the information related to

establishing the second data flow is based on a core network configuration.

117.  The computer readable medium of claim 106, wherein the information related to
establishing the second data flow is based on a service type associated with the first data

flow.

118.  The computer readable medium of claim 106, wherein the link recovery
configuration comprises an indication for the mobile device to perform a cell search for

link recovery in response to detecting the link failure.

119.  The computer readable medium of claim 118, wherein:

the information related to establishing a second data flow comprises frequency
carrier information, and;

establishing the second data flow comprises searching for a second network

entity based on the frequency carrier information to establish the second data flow.
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120.  The computer readable medium of claim 118, wherein:

the information related to establishing a second data flow comprises radio access
technology (RAT) information indicating one or more RATS for establishing the second
data flow; and

establishing the second data flow comprises searching for a second network

entity based on the RAT information to establish the second data flow.

121.  The computer readable medium of claim 118, wherein the link recovery
configuration comprises an indication the mobile device is to perform a legacy radio
resource control (RRC) connection reestablishment upon detecting the link failure at the
first network entity and performing a legacy RRC connection reestablishment based on

the indication.

122. A computer readable medium having instructions stored thereon for wireless
communications by a network entity, comprising:

establishing a first data flow with a mobile device;

determining a link recovery configuration, the link recovery configuration
having information related to establishing a second data flow in the event of a link
failure affecting a service associated with the first data flow, and wherein the link
recovery configuration comprises a list of network entities;

detecting a link failure affecting the first data flow; and

taking action to initiate recovery from the link failure based on the link recovery

configuration.

123.  The computer readable medium of claim 122, further comprising sending an

indication of the link recovery configuration to the mobile device.

124,  The computer readable medium of claim 122, further comprising sending an

indication of the link recovery configuration to another network entity.

125.  The computer readable medium of claim 122, wherein detecting the link failure

comprises at least one of:
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receiving an indication of the link failure from the mobile device; or

receiving an indication of the link failure from another network entity.

126. A computer readable medium having instructions stored thereon for wireless
communications by a network entity, comprising:

determining a link recovery configuration, the link recovery configuration
having information related to recovery, by a mobile device, from a link failure affecting
a service associated with a first data flow established with the mobile device, wherein

the link recovery configuration comprises a list of network entities; and

taking action to configure the mobile device according to the link recovery

configuration.

127.  The computer readable medium of claim 126, wherein the information
comprises information related to establishing a second data flow utilizing one or more

preexisting radio connections.

128.  The computer readable medium of claim 127, wherein:
the information related to establishing the second data flow further comprises

configuration information for the network entities in the list of network entities.

129.  The computer readable medium of claim 126, wherein the information
comprises an indication the mobile device is to wait for a connection reestablishment

request before establishing the second data flow.

130.  The computer readable medium of claim 126, wherein the link recovery

configuration is based on a predetermined policy.

131.  The computer readable medium of claim 126, further comprising receiving the

link recovery configuration from another network entity.

132.  The computer readable medium of claim 126, wherein the information related to

recovery 1s based on a core network configuration.
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133.  The computer readable medium of claim 126, wherein the information related to

recovery is based on a service type associated with the first data flow.

134.  The computer readable medium of claim 126, wherein the link recovery
configuration comprises an indication for the mobile device to perform a cell search for

link recovery in response to detecting the link failure.

135.  The computer readable medium of claim 134, wherein the information

comprises frequency carrier information.

136.  The computer readable medium of claim 126, wherein:
the information comprises radio access technology (RAT) information indicating

one or more RATS for establishing the second data flow.

137.  The computer readable medium of claim 126, wherein the information
comprises an indication the mobile device is to perform a legacy radio resource control

(RRC) connection reestablishment upon detecting the link failure.

138.  The computer readable medium of claim 126, further comprising:
receiving an indication of a link failure from the mobile device; and
performing a handoff procedure with the mobile device in response to receiving

the indication.

139.  The computer readable medium of claim 138, wherein the indication of the link

failure is received via an interface from another network entity.

140.  The computer readable medium of claim 138 further comprising:
receiving an identifier for another network entity experiencing a link failure with

the mobile device; and

performing the handover procedure to handover the mobile device from the

other network entity.



WO 2017/105813

Bearer A

PCT/US2016/063829

1/24

100

GW
|
|
|
\/
120 130
PRC <—(7—> SRC
150
X
\
\
\
\

110

ocoo

UE

FIG. 1



WO 2017/105813 PCT/US2016/063829

2/24

200 210
\ r

=) ()

T e N

4 D
RRC

\ J v

4 ™ 4 D
PDCP PDCP

\ y \ J

4 A 4 A
RLC RLC

\ J \ J

4 ™ 4 R
MAC MAC

\ y \ J

\ C-Plane / K U-Plane /

FIG. 2A



WO 2017/105813 PCT/US2016/063829

3/24

[ Ip j [ Ip j
4 ) 4 )
PDCP PDCP
\_ Y, \_ Y,
4 ) 4 )
RLC RLC
1\ J . J
e ~
MAC
- .
PCC(fl) SCC(f2-15)

\ eNB /

FIG. 2B



PCT/US2016/063829

WO 2017/105813

4/24

¢ DIA

4 S ) a dd )
(+)DDS ($H)DDSd (ZDO0S (1DD0d
4 Ué ) 4 Ué N
> < - <
OTd u ﬁ OTd OTd u ﬁ OTd
g J g J
r u q - u h ~N
dDdd dDdd dDad
\ X - \
| J | T

\_ 0Cl /
Ioredq ypdg

[S

_/ 21e3q HON

[S

AN

00¢€



WO 2017/105813 PCT/US2016/063829

5/24

400

AN

/402

ESTABLISH ONE OR MORE FIRST DATA FLOWS WITH A NETWORK
ENTITY, WHEREIN THE LINK RECOVERY CONFIGURATION
COMPRISES A LIST OF NETWORK ENTITIES

404

DETERMINE A LINK RECOVERY CONFIGURATION, THE LINK
RECOVERY CONFIGURATION HAVING INFORMATION RELATED TO
ESTABLISHING A SECOND DATA FLOW IN THE EVENT OF A LINK
FAILURE AT THE FIRST NETWORK ENTITY

/406

DETECT A LINK FAILURE AT THE FIRST NETWORK ENTITY
AFFECTING A SERVICE ASSOCIATED WITH THE FIRST DATA FLOWS

/408

RECOVER THE SERVICE ASSOCIATED WITH THE FIRST DATA
FLOWS FROM THE LINK FAILURE BY SELECTING A SECOND
NETWORK ENTITY FROM THE LIST OF NETWORK ENTITIES AND

ESTABLISHING THE SECOND DATA FLOW ASSOCIATED WITH THE
SERVICE BASED ON THE LINK RECOVERY CONFIGURATION

FIG. 4



WO 2017/105813 PCT/US2016/063829

6/24
500A
Vs 502A
ESTABLISH ONE OR MORE FIRST DATA FLOWS WITH A FIRST
NETWORK ENTITTY
l Vs 504A

DETERMINE A LINK RECOVERY CONFIGURATION, THE LINK
RECOVERY CONFIGURATION HAVING INFORMATION RELATED TO
ESTABLISHING A SECOND DATA FLOW IN THE EVENT OF A LINK
FAILURE AT THE FIRST NETWORK ENTITY, WHEREIN THE LINK
RECOVERY CONFIGURATION COMPRISES A LIST OF NETWORK ENTITIES

¢ /506A

DETECT A LINK FAILURE AT THE FIRST NETWORK ENTITY
AFFECTING A SERVICE ASSOCIATED WITH THE FIRST DATA
FLOWS

l KSOSA

TAKE ACTION TO INITIATE RECOVERY FROM THE LINK FAILURE
BASED ON THE LINK RECOVERY CONFIGURATION

FIG. 5A

500B

Vs 502B

DETERMINE A LINK RECOVERY CONFIGURATION, THE LINK
RECOVERY CONFIGURATION HAVING INFORMATION RELATED TO
RECOVERY, BY A MOBILE DEVICE, FROM A LINK FAILURE
AFFECTING A SERVICE ASSOCIATED WITH A FIRST DATA FLOW
ESTABLISHED WITH THE MOBILE DEVICE, WHEREIN THE LINK
RECOVERY CONFIGURATION COMPRISES A LIST OF NETWORK ENTITIES

l Vs 504B

TAKE ACTION TO CONFIGURE THE MOBILE DEVICE
ACCORDING TO THE LINK RECOVERY CONFIGURATION

FIG. 5B



WO 2017/105813 PCT/US2016/063829

7/24
600
/
608
MME AAA
602 /
-
— | RAN S/PGW
555 \-604 \-606
UE FIG. 6
700
/
~T08A
/704 A MME AAA
702
==\ RAN 70
S/ PGW
7 N <
UE \-704B MME
\-708B
FIG. 7
800
~808A 4
/804A MME AAA
202 RAN ~806A
I S/PGW ,*"Common
,~" subscription
569 S/PGW [’
= \ RAN T Separate
UE 8068 subscriptions
mommm
5048 MME |------- | AAA !
! (
\-808B



PCT/US2016/063829

WO 2017/105813

8/24

906 \\

NVY ut
1aoed 10g
O¥d AH
/omo
MD
ovo\

6 DId

—
\ / Nvy ut
19189q 19J
OAS  |e—»| DUd <
omo\ //omo
MD
J
06
06 \\

IUS

Om@\

06 \A

MD

ov@\



PCT/US2016/063829

WO 2017/105813

9/24

VOI "DIA _

101

WIUO)) UOHBUWLIOJU] NV SUIAIIS IOUY BT ——————
e— (QI-INV=0JuI NV SUIAIOS) UONEULIOJU] NV SUIAIDS JOgjouy 7 —

ULILJUO)) UOLRULIOJU]

C¢l01

>
NV SUIAIdS _douy B

(AI-ZNV=0Jul NV SUIAI3S)

0101 - UONEULIOJU] NV SUIAIRS IQIOTY |

_A_ paseq uonesynou g ‘g uondp

=0
——————— 919]dw0d UONBINTIFUOIAT UOTJIUUOD DY "B
coor T (uoneINIIFUOD IIAO[IR] ammb. uoneINSUOIAI UOHIIUUOD DY 't —
9)o1dwos uonem3yuodAlr
~ uo192uu0d DY BT
(uoneINIIFUOd IIAO[IR] ISBY)
9001 -f UONERINSFUOIAI UOHIIUUOI JY T g
_A_ (A[uo g, parenur ) uoneIngyuodar g 11 uondQ

asuodsay
AJIPOIN VI ‘B¢
(uoneuLIoyUI [NV)
7001 -{ 1sanbay AJIPON GV IH ‘€
- asuodsay AJIPOIN gV Bl
 (uoneuuoym gNV) 1sonbay AJIPON GVHH T —»

-

>

001

_A_ paseq uonem3yuod NN ‘T uondo

-

O s s ooy B

( TNV YA JUSWIYSI[QBIS? UONOUUO0D DY

)

C INV M JUSWYSI[QLISS UOI0uu0d )y

)

NN INV [ ]

| 40



PCT/US2016/063829

WO 2017/105813

10/24

dol "DIA

JINA

0201 -

_
be— (-1 NV=0Jul NV SUIAISS) UOTJRULIOJU] N[ SUIAIIS IOYIOUY 7 —

NV

Qozﬂ.m% st :ﬁu
0] IOAO[IR] 1B

1933y uonewIOJuU] NV SUIAIYS IOV BT —————p]

PIIqeSIP ST TNV
8101 0} IDAOTIR] 1S8,]

193[2y uonewIOUT
NV SUIAIdS 130Uy B

(QI-TNV=0JuI NV SUI1A195)
9101 S uoyeRULIOJU] NV SUIAIJS IYIOUY |

_A_ ased uondafar uonesynou g g uondp

INV _ 40 _



PCT/US2016/063829

WO 2017/105813

11/24

VII DL ,

UonNNIAXY <
IaA0pURH

-—
eIR( 198

- ———————a
Sureusi

8ILI

e— 9dwo) mqooo.m o) Oy L —

( Ny 20mog woyy s3osoed rapng )

oIl

Surpremioq

IQJSuelL],

SyeIS NS

NV 123181 0} s3ayoed ﬁmsmbu

Ul pue palapng IdAIRJ
_

— ISI'TPOIAPPVOL-GIP 70Ul "JUOIY "UUOD) DY "9 —w

)

y uonesdo[e "1q —»
_ il oy 1sanbay
(~ IOAOPURH By ™
TONOUUOD DY FUBSIX A}
oI SEVYH [NV SISIW NV ¢
cr - _
uoneredold < ( 1013u0) uorsswpy )
IaAopueH Jsanbay
OTT1 S T2AOpPURH “f
NOILLVOIANI q 129 P19219p A'TY U} woy
_ 8011 - AT ¢ UI] OIpeI 3y 3SLIRY
e————— UOTRIIPUI UONIARP JTY T
2011 \A . U011 :
bOL1 | . PATY 1 _
% uoyeIN3JUOD JIAO[IB] IS8+ ANANOIUUOI-IINIA () u
01l ~ _ _ _ _ _
BAMIIRD)
AININ NV INV an
00T1—" Buinag




PCT/US2016/063829

WO 2017/105813

12/24

dil DIA

, —_— || || ||
$90IN0SAY
IsBI[Y
N N |
oy 1sanbay XU0) 4N ™
ssmodssy | mS ged Ycell
uonajdwo) oI AIPOI @ === IR\ PUH] ===~ Amu_umm moumm -
10AOpUBE] < D T ©Jep JOOBd - m e e e e oo >
Sureusig
@Em 1a aoﬁgmv. uuuuuuuuu B SR 1E3 A 1 o —
1sanbay
- 1o183¢ AJIPOIN
1sonbay
A YoM ed '8
et i At e L L Lt >
ejep joyoed e — e} >
. eyep Jayoed
" _
BMIJBD)
SuIAIag ANIN NV INV an
00T 1—"




PCT/US2016/063829

WO 2017/105813

13/24

¢l DOIA

|| || || — ||
~ (s901mosay ases[ay "eg)
ASBI[Y
uonardwo >
H®.>O—Uﬁ&mo A 144! =t IX?JUO) (1 '8
C UOJIMS Tied "L )
V el e—— 9[dwo)) ISFAY o) HYY ®9 -
(N 9o1nog woy sjosoed sopng )
Surpremio
81¢C MAvA. |||||| wed
uonNOAXg e e e OJSUBLL,
JAOpURH < vIR(] 195 smels NS
NV 123181 0} s3axoed ysuen
Awn:gwﬁm Ul pue paIdgng IAIRJ v
—_— uoneINIPUOINY Uu0) WY 9 —»
" uoneso[[e J(q —»
~ oy Isonbay q
pizi-f  OH:dVTX 'S
.%&8 EM Aq paass mm%% ay
N39S 0] 93eSSoUl UONBINTJUOIII
uorjeredal]
IoAOpURTH 3 —~ Sk:k: R moa_%a NV Y
[4r4! ;
mequ UOISSIWIPY "¢ U 129 P1939p T PO ESU
01¢I » 1sanbay OH 30Z1 SUT] OTPeI 9] 3SBI[IY ‘B
~ 90T 1 - dVIX T — 1
voz1 X _ D00Rp AT T_ )
% UOPRINSLJUOD JAO[IR ] ISB, + ANQUOIUUOd-DN () )
cocl _ _ _ _ _




PCT/US2016/063829

WO 2017/105813

14/24

<Mﬁ @Hm _IIIIOMMWU. lllll L
asuoday [duun ], Surpremio eje(J 1921Ipu] 2JeAL) BO[
3sanbay] [ouun g, wﬁwcwmm,mm mn mumwm_numvnoh%ﬂ AeA) 0]
_ _
asuodsay uoned0[Y premio,] g —p
............. S s Y UONEI0[9Y P 476
p = =-=mmmmms oy 1sonbay] 1oAopuRy O
9T¢l Awmﬂ\ VI d PUBH 3L
2mpadoxd uonem3guodar
e saredaxd NV "qz
_ N4
( 100u0)) s5300Y "B/ ) e e
: ~
ssuodsay qommomv 1sonbay] 12AOpURH L orcl 0ZE1 BIR(] 19s)
It S <
B3I B9 Sureusig
un.u—moswom uoIsSaAg
9T¢T 9Jear) 9 7e— 159NDY UONBIO[NY PIeMIO] G ——
PIET ! 4 HOREDI P 4 mﬁﬂ p— paunbay 19A0pURH f —————
L NOILVOIGNI 4TY '8¢ —— NOLLVOIANT AT 48— ¢
- —~ uonespuy ATy '€ ()
80t 90LT g (IDD ‘32 “oJun N’ 20mos *Anuapt 7))
1SanbaYIUSWIYSTIEISIUONISUUOD Y : MY 7
"INV 2y 03 a3essawl NOLLVIIANI POl ~
AT 3Yp premIo] 03 FININ A sisanbar INV [Is ATy
00— 0S SSaIPPE [NV MOUY 1, USI0P TNV $10919p AN 1
I !
C UORRINSLUOD JOAO[IR] ISB,] + ANQUOIUUO-BMN "0 )
[ Z0c1~ [ [ [ [ [ [
MDS JININ MDS ANIN
13I1e] 18Ie] 0IN0Yg 0IN0Y NV INV dn




PCT/US2016/063829

WO 2017/105813

15/24

del "DIA

—

—

S3SBI[aI U0NI2UUO0d PIO 0C

1
epdn) eary 3umydei] 61

—/

............ - ---vJep Juelq 19s() yurdn

BIBP JUB[J IS JUI[UMO(] - --p>

eIR( 198

-
Sureusi

829:0UaﬁoﬁamzaﬁmmomgoroBEoUUMM ST

JURWIYSTIqRISAYPUONIUUO) N Y ¢l

>

|
|||||||||||||||||||||||||||||||| - == BJB(] QUB[J OS] NUI[UMO(] -===== ===~
asuodsay 1oreag q
AJIPOIN "q81
MDd ynm dsay/bay
el m&éom AJIpPOIN .cwﬁv
1sanbay 1o1Bg
n KJIPOIN 81 «— OV 82@800 uonedo[Y Eméo d BLT ——— el
L UONBOION 829:00 uoneoo[Y E?Co g L] —F
0 e KJ1ON 1oA0pUBH] ‘9]
|
@ - 2su0dsay [ouun |, Surpremio eje(q 0IPU] ALAI) B —=—-==
8ECT N

- - - - Jsonbay [ouun [, JurpremIo eje(y 19311pu] ABAI) '§ === -=====-=-- >
S prmmmmmmm e BIEp JO SUIPIBMIO] 1021IpU] ‘]

||||||| Ioysuer], smelg JINN €T ---4-------------p

9¢cl - — — = YOV 1X9UO0)) SSAIY pIemIo] 'qE] — -+
A A |
TONBOLTION 1XAIUO)) SSI00Y pIemIoJ'egy [~ == RJSUBLL SMEIS NV €1
00€1—> reet
Gl PUBLIWIO)) IOAOPURY] || —]
MDS ANIN MDS ANIN INV
18I 18Ie] 0IN0Y 0IN0Y

INV

an




PCT/US2016/063829

WO 2017/105813

16/24

Vi1 DIAd

asuodsay [ouun AN

Surpremio ejeq
10311pu] 9)BAI) B9

1sanbay] [ouun |, SurpIremio,] eje(J J921Ipu] eI 'Y

—— 9suodsay uoneds0[Y pIemIo L —m

— (OJUI [9UUN) ) PUBWHIWIO.) IOAOPURH *6 —

JUWIYSI[qRISIYUONUUO) Y 01 ™

- ————— -
| Jsonbay ouuny__ e
SuIpIeMIO,] RIB(] | MOV 1sanbay 1Aopuey og Sureusig
J21IpU] JJeAL)) . .
JOSTIPAL 98910 9 "ampadsoid ayepdduoy
saredard NV q¢
]
((108u0)) $5300V "B )
asuodsay uoIssag 1sonbay 10AOpUBH G ————
oy ey
A.”—moswom uoISSAg
T ooy e— 15onbay uoneoo[Y premio] ¢ — )
O 1% [Pd P won P (ZNV 01) paanbal 1aAopuef] ' — 201
00y 1—> ( ATASPAP INV T )
C uoneINIJUOd IIAO[IR] ISe,] + \@tﬁooqnoo-ﬁsz 0 )
MDS ANIN MDS ANIN
18R], 13Ie ], 0IM0Y 0IN0Y NV INV an




PCT/US2016/063829

WO 2017/105813

17/24

dvl DIA

S3SBI[a1 UOIdUUOI PIO L1 v

e _ _ _ _ _ _
ﬁ arepdp) eary Suryoei] ‘9| v
s _ _ _ _ _ _
C YouMS ed 1 )
A Al
< AJNON J9AOpPURH ‘]
o
do1dwoHIuAWYSIqRISHRYUOoNIUUOD) DY ‘€1
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| v
LT LT o, T LT T RPN R - -~ BJep JO SuIpIemio joa1puy ‘7J --- -
uuuuuu R_Jsuel], SB)I§ JINJN O] *====q=============p BlR(] 19
uuuuuuuuuuuuuuu h:::uuu.:uu.v -
MOV IXIUO)) SSAIIY pIemIo] "qT [ 3urreusis
4 ¢ - _. |||||||||||||||
0071 UONBOYTON 1X3IU07) _mm80< PremIod ‘Bl ] |- ropsueI] SIBIS NV 1T ~-----
|
MDS AININ MDS AININ
138Ie] 13Ie] 0IN0Y 0IN0Y NV INV dn




PCT/US2016/063829

WO 2017/105813

18/24

)

SI'DI (T T T T T
(s901mosay asea[y )
asuodsay oV 1sanboy . 9SBI[Y i
19183 AJIPOIA ™ UONMS g Xao) 4N
uonoerdwor) 2 - ——— e e1ep 1oNoRd- - - ———— o > BN PUY -----
qoyms gred ) (yed 1Q YoUMS Pl === === -1 BT — >
1sonbayy 1sanbay]
B -t
10189¢ AJIPOIN youms yred '
i e ity - —————mm e e mmmmm b e >
. eyep Joyoed eyep joyoed
\
(N 20mog woy sysoed ropng )
3
oo _Supmumiog |
ejeq
I9JSuBl],
-— <
uonndIXI < el 19s) zist < SmelS NS
oums yjed <€ ——mm e NV 12818} 03 syo3oed ysuen
3urreusis Ul pue parayng IAIR(
(|- NOILYDIONI___|
ATd v
UONBIO[[B 92INOSI doed saye) yoyms yie
L —_— G ) gocp AL2eId S%E) YIMS ed )
fe——————UOLBDIPUL UOL}I3IP JTY '€
20517 . uono}d .
% uoNRINGIJUOD IIAO[IR] ISB] + AJALIIUUOI-IINA |
051 _ _ _ _ _
Aemajen
SuIAIDg HNIN INV INV an




PCT/US2016/063829

WO 2017/105813

19/24

)

. - e— 910[dWOIUSWIYSI[RISIYUONOSUUO) )Y 'L ——
V9l DIA
(Nv 22mog wioy syoxoed 1oyng )
3
- STPIEAOL
eIe(
-— I9JSuBl],
wonopuer] < Hea oSN " smugNS
<+-------- NV 123181 0} s3ayoed ysuen
3ureusts Ul puB PAIdJING JOAIR(]
Eogmzaﬁmoonm:ouooqaooumm.o —>
uoneso[e 1q —»
_ oy Isonbay q
(" IDAOPURH ‘q¢
"21nPpa20Id JUIWYSI[qLISI-3T
O saredaxd Ny eg
uoneredalq < ﬁ 10UOD UOISSIPY v b
IoAopueH < }Sanbay
IQAOPUBH °G
NOLLVOIANI |
ATd v
~ a— 15aNbayIuUoUIYST[qRISIYUOIUUOD DY € —
7190 PA9AP T Y} WOIJ ASL[I JuI|
OIPEI AU} JOJB YOIBdS [[90 y swogod
9091— HM OS "4 Op 01 poMOJe JOU STH[
SOROIPUI UOLBINSIFU0D ] ‘T,
p091 A . UOHORP AT T
2091 A . . . uonemgyuod 5>o.:m J 158 + bguoogoo-wﬁsz 0 )
Aemajen
HNIN ENV INV an
0091— SuiALag




PCT/US2016/063829

WO 2017/105813

20/24

d91 DIA

\
S9OINOSAY
N N |
N N |
oV 1sanbay XUo) AN ™
asuodsoy q UONMS [ped g
EOSBQEOU i \m,ﬁ_uoz ¢ - - — IIBJN pUT ————+ Am u—lmm Molm MHI -
19AOPUR] < oo £)ep 10390 m e >
Sureusi
@Em 1d aoﬁgmu. ||||||||| - IR\ PUH === ===~ >
1soanbay
~ 1o183¢ AJIPOIN
< 1sanbay
UoNms med '8
it Attt e e e Tt >
ejep joyoed e = — o m e}
. eyep 19yoed
- _
BMIJeD)
Suiazog JNIN NV INV
0091—

an




PCT/US2016/063829

WO 2017/105813

21/24

VLI DIA

| dsuodsoy_ jouuny
Surpremioq eyeq
10211pu] JBAI)) BY
¢ 15onbay puuny,
Suipremio eje(q |« MOV 1sanbay mwAopueH 9/
1021Ipu] 2JBAI) '8 ampadsod dgepdnouoy
saredaxd NV "qz
1
( 10nu0) s5300V "B )
asuodsay uoIssag 1sanbay] 1A0pURH L
(TRl g T
A.Hmoswom uoISSAg
21831 9 «— )sonboy noumoﬂom premIO S — g parmboy JOAOPUEH °G
< uonespuy AT v JMW
15anbaIuaWYSI[qLISAIYUONIUUODDNY DY '€
(" 109 pawarep 4 TY
Y} WOIJ ASBI[I UI|
OIpEI AU} JAJE YoIBdS
20 v suolad N
"INV 23 03 d3essout om : m%% Swoao:m
NOLLVOIANI ATY Sy} preaiof 00,14  lousign sapeorpur
01 JINIA 2y s1sanbar os ssaippe \_ uone 3100 4 ° m\
[NV MOUY 1, USI0P NV : I
-~ uonald :
00L1 0L vo:\ﬁ_ HOWP A'Td wu
C UOPRINGLJUOD JOAO[IR ] ISB, + ANALOIUUOI-DN () )
MDS AININ MDS AININ
18I 13I1e], 0IN0Y 0IN0Yg NV INV an




PCT/US2016/063829

WO 2017/105813

22/24

—

d.Ll "DIA

—

—

S3SBI[aI UonI2UU0d PIO '0C

Y

epdn eary wmﬂoﬁ 161

./ \/

asuodsay Ivreag

1o1e9g AJIPOIN "Bg]

¢

AJIPOIN Q81
MDd ym %3%3@

1sanbay 1o1RIg

>

AJIPOIN "S1

uo

-
OV A9[dwo)) uoneoo[ay premio] BL]

BN A9[dWO ) UOTBIO[Y PIEMIO] '/ |
KnoN 10A0pueH 9]

>

< - - BJep Jue|] 198 yurdn
ejep Jue[d 195 D NUI[UMO(J - - -

829:0UEoEam:@SmmoMqo:ooqaooomm ST

MDS
131

HININ
13Ie]

||||||||||||||| @ - - —- IJJSURL], SNIBIS NV €] ----~--

JUWIYSI[qRISIYUONUUO) Y C1 ™
puetiio) JOAOPUBH "[] —

3sanbay] [ouun |, SurpIemio,] Bje(J J921puy eI 0
[ osuodsay uoned0Y pIreMIO] ‘6 |V_

MDS
90IN0g

ANIN
90IN0g

NV

INV

an




PCT/US2016/063829

WO 2017/105813

23/24

VAN

— 9181

VAN

81 ‘DIA
dsa v YOLDI.LAd TVNDIS
P o o e e . 8181~
i !
! o1avd z 1Lvd “ AJOWAN
|
1 ]
L ZI8 -~ ! 9081~
m m
" OIavy [ LVY " (S)40SSTD0Ud
| |
|
{018 1~ ! pos1-
o o o o e p m m n an e m em e S m em e e e em e - d
Ef\
008T INAINJINOA JdSN




PCT/US2016/063829

WO 2017/105813

24/24

61 DIA
omoﬁl/ 7261
dsa ) YOLOALAA TYNDIS
J
.......................... - 8161
TIOMLAN " i
TI0D JO/ANV " !
INVEDVE <*—t—+> HOVAIIALNI ; AJOWAN
|
|
NO™A/OL m 2161 ! 9061~
" "
1 |
" o1avy " (S)40SSTD0Ud
1 |
|
m o161~ ! p061-
e o o o o o — — — ————————————————— d
ri61”

—9161—

006T (AN°) NOILLV.LS ASvd

VANERVAN




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/063829

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W76/02
ADD. HO4W36/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0035],
[0045], [0071],
- [0180], [0185] - [0188]

[0036] ,

paragraphs [0072],
[0155] - [0157],

[0084] -
[0178],

SRINIVASAN [US] ET AL)

19 February 2015 (2015-02-19)
paragraphs [0013], [0018],
[6070], [0077],
[0095], [0101]

EP 2 919 505 Al (LG ELECTRONICS INC [KR])
16 September 2015 (2015-09-16)

[0168] - [0170],

US 2015/045035 Al (NIGAM ANSHUMAN [IN] ET
AL) 12 February 2015 (2015-02-12)
[0184]

US 2015/049707 Al (VAJAPEYAM MADHAVAN

[0087] - [0088],

1-140
[0041] -
[0176]

1-140
[0090] ,

1-140

[0022],

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

26 January 2017

Date of mailing of the international search report

22/02/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Englund, Terese

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/063829

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 20137182563 Al (JOHANSSON PER JOHAN
MIKAEL [SE] ET AL)

18 July 2013 (2013-07-18)

paragraphs [0008], [0011], [0049] -
[0050], [0053] - [0054], [0058]; claim 1
US 2015/117183 Al (HEO YOUN HYOUNG [KR] ET
AL) 30 April 2015 (2015-04-30)

paragraphs [0017] - [0019]

WO 2015/020584 A2 (ERICSSON TELEFON AB L M
[SE]) 12 February 2015 (2015-02-12)

page 7, lines 4-16

page 10, Tine 28 - page 12, line 14

page 13, lines 7-13

page 16, Tine 23 - page 19, line 20

EP 2 244 411 A2 (LG ELECTRONICS INC [KR])
27 October 2010 (2010-10-27)

paragraphs [0004] - [0007], [0037] -
[0038], [0041] - [0043]

1-140

1-140

1-140

1-140

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/063829
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2919505 Al 16-09-2015 CN 104769994 A 08-07-2015
EP 2919505 Al 16-09-2015
JP 2016500980 A 14-01-2016
US 2015264738 Al 17-09-2015
WO 2014069959 Al 08-05-2014

US 2015045035 Al 12-02-2015 US 2015045035 Al 12-02-2015
US 2016269963 Al 15-09-2016
WO 2015023067 Al 19-02-2015

US 2015049707 Al 19-02-2015 CN 105474738 A 06-04-2016
EP 3033918 A2 22-06-2016
JP 2016530811 A 29-09-2016
KR 20160042915 A 20-04-2016
US 2015049707 Al 19-02-2015
WO 2015023449 A2 19-02-2015

US 2013182563 Al 18-07-2013  CN 103314618 A 18-09-2013
CN 103348733 A 09-10-2013
EP 2659711 Al 06-11-2013
EP 2664189 Al 20-11-2013
JP 5815140 B2 17-11-2015
JP 5902315 B2 13-04-2016
JP 2015500595 A 05-01-2015
JP 2015500596 A 05-01-2015
JP 2016105660 A 09-06-2016
US 2013182563 Al 18-07-2013
US 2013183974 Al 18-07-2013
US 2015245405 Al 27-08-2015
US 2015245406 Al 27-08-2015
US 2015245407 Al 27-08-2015
WO 2013107380 Al 25-07-2013
WO 2013107391 Al 25-07-2013

US 2015117183 Al 30-04-2015 CN 105556994 A 04-05-2016
CN 105557051 A 04-05-2016
CN 105557052 A 04-05-2016
CN 105580417 A 11-05-2016
CN 105580440 A 11-05-2016
CN 105580464 A 11-05-2016
CN 105580477 A 11-05-2016
CN 105594140 A 18-05-2016
CN 105594266 A 18-05-2016
CN 105684529 A 15-06-2016
EP 3063882 Al 07-09-2016
EP 3063883 Al 07-09-2016
EP 3063980 Al 07-09-2016
EP 3063982 Al 07-09-2016
EP 3063992 Al 07-09-2016
EP 3064001 Al 07-09-2016
EP 3064003 Al 07-09-2016
EP 3064007 Al 07-09-2016
EP 3064012 Al 07-09-2016
EP 3064013 Al 07-09-2016
EP 3064016 Al 07-09-2016
JP 2016531533 A 06-10-2016
JP 2016536828 A 24-11-2016
KR 20160039235 A 08-04-2016

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/063829
Patent document Publication Patent family Publication

cited in search report date member(s) date
KR 20160048952 A 04-05-2016
US 2015117183 Al 30-04-2015
US 2015117187 Al 30-04-2015
US 2015117241 Al 30-04-2015
US 2015117332 Al 30-04-2015
US 2015117425 Al 30-04-2015
US 2015119015 Al 30-04-2015
US 2016219541 Al 28-07-2016
US 2016227496 Al 04-08-2016
US 2016227580 Al 04-08-2016
US 2016234847 Al 11-08-2016
US 2016234855 Al 11-08-2016
US 2016255602 Al 01-09-2016
US 2016255615 Al 01-09-2016
US 2016255640 Al 01-09-2016
WO 2015065608 Al 07-05-2015
WO 2015065619 Al 07-05-2015
WO 2015065631 Al 07-05-2015
WO 2015065632 Al 07-05-2015
WO 2015065761 Al 07-05-2015
WO 2015065768 Al 07-05-2015
WO 2015065881 Al 07-05-2015
WO 2015065947 Al 07-05-2015
WO 2015066123 Al 07-05-2015
WO 2015066281 Al 07-05-2015
WO 2015066476 Al 07-05-2015

WO 2015020584 A2 12-02-2015 EP 3031246 A2 15-06-2016
US 2015092686 Al 02-04-2015
WO 2015020584 A2 12-02-2015

EP 2244411 A2 27-10-2010  CN 102379093 A 14-03-2012
EP 2244411 A2 27-10-2010
KR 20100116128 A 29-10-2010
US 2011317552 Al 29-12-2011
WO 2010123252 A2 28-10-2010

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




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

