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AGGREGATION OF DATA BEARERS FOR

CARRIER AGGREGATION
CROSS-REFERENCE TO RELATED
APPLICATIONS
[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/668,313, entitled,

“AGGREGATION OF DATA BEARERS FOR CARRIER
AGGREGATION?”, filed on Jul. 5,2012, and U.S. Provisional
Patent Application No. 61/811,637, entitled, “PACKET-
LEVEL SPLITTING FOR DATA TRANSMISSION VIA
MULTIPLE CARRIERS,” filed on Apr. 12, 2013, which is
expressly incorporated by reference herein in its entirety.

BACKGROUND

[0002] I.Field

[0003] The present disclosure relates generally to data
transmission in a wireless communication network.

[0004] II. Background

[0005] Wireless communication networks are widely
deployed to provide various communication content such as
voice, video, packet data, messaging, broadcast, etc. These
wireless networks may be multiple-access networks capable
of supporting multiple users by sharing the available network
resources. Examples of such multiple-access networks
include Code Division Multiple Access (CDMA) networks,
Time Division Multiple Access (TDMA) networks, Fre-
quency Division Multiple Access (FDMA) networks,
Orthogonal FDMA (OFDMA) networks, and Single-Carrier
FDMA (SC-FDMA) networks.

[0006] A wireless communication network may include a
number of base stations that can support communication fora
number of user equipments (UEs). A UE may communicate
with a base station via the downlink and uplink. The downlink
(or forward link) refers to the communication link from the
base station to the UE, and the uplink (or reverse link) refers
to the communication link from the UE to the base station.
[0007] A wireless communication network may support
operation on multiple carriers. A carrier may refer to a range
of frequencies used for communication and may be associ-
ated with certain characteristics. For example, a carrier may
be associated with system information describing operation
on the carrier. A carrier may also be referred to as a compo-
nent carrier (CC), a frequency channel, a cell, etc. A base
station may transmit data and/or control information on mul-
tiple carriers to a UE for carrier aggregation. The UE, may
transmit data and/or control information on multiple carriers
to the base station.

SUMMARY

[0008] Inoneaspect of the disclosure, a method of wireless
communication includes identifying a plurality of data bear-
ers configured for a UE served by a first base station, receiv-
ing from the UE a measurement report identifying a second
base station, determining to offload at least one data bearer,
among the plurality of data bearers, to the second base station,
communicating with the second base station by the first base
station to offload the at least one data bearer to the second base
station, wherein data for the UE is sent via the plurality of data
bearers through the first base station and the second base
station, and forwarding data for the at least one data bearer
from the first base station to the second base station.
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[0009] In another aspect of the disclosure, a method of
wireless communication includes identifying a plurality of
data bearers configured for a UE served by a first base station,
receiving from the UE a measurement report identifying a
second base station, determining to offload at least one data
bearer, among the plurality of data bearers, to the second base
station, communicating with the second base station by the
first base station to offload the at least one data bearer to the
second base station, and communicating with a Mobility
Management Entity (MME) to convey the at least one data
bearer being offloaded to the second base station, wherein
data for the UE is sent via the plurality of data bearers through
the first base station and the second base station.

[0010] In a further aspect of the disclosure, a method of
wireless communication includes receiving an offload
request message sent from a first base station to a second base
station, the offload request message conveying at least one
data bearer to offload to the second base station, the at least
one data bearer being among a plurality of data bearers con-
figured for a UE, admitting the at least one data bearer of the
UE at the second base station, receiving, at the second base
station, data for the at least one data bearer from the first base
station, and exchanging the data for the at least one data
bearer of the UE via the second base station.

[0011] In a further aspect of the disclosure, a method of
wireless communication includes receiving a first reconfigu-
ration message sent by a first base station to a UE, the first
reconfiguration message including first radio resource con-
figuration information for at least one radio access bearer
associated with at least one data bearer being offloaded from
the first base station to a second base station, accessing the
second base station in response to the first reconfiguration
message, and exchanging data for the at least one data bearer
of the UE via the second base station.

[0012] In a further aspect of the disclosure, an apparatus
configured for wireless communication includes means for
identifying a plurality of data bearers configured for a UE
served by a first base station, means for receiving from the UE
a measurement report identifying a second base station,
means for determining to offload at least one data bearer,
among the plurality of data bearers, to the second base station,
means for communicating with the second base station by the
first base station to offload the at least one data bearer to the
second base station, wherein data for the UE is sent via the
plurality of data bearers through the first base station and the
second base station, and means for forwarding data for the at
least one data bearer from the first base station to the second
base station.

[0013] In a further aspect of the disclosure, an apparatus
configured for wireless communication includes means for
identifying a plurality of data bearers configured for a UE
served by a first base station, means for receiving from the UE
a measurement report identifying a second base station,
means for determining to offload at least one data bearer,
among the plurality of data bearers, to the second base station,
means for communicating with the second base station by the
first base station to offload the at least one data bearer to the
second base station, and means for communicating with a
Mobility Management Entity (MME) to convey the at least
one data bearer being offloaded to the second base station,
wherein data for the UE is sent via the plurality of data bearers
through the first base station and the second base station.
[0014] In a further aspect of the disclosure, an apparatus
configured for wireless communication includes means for
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receiving an offload request message sent from a first base
station to a second base station, the offload request message
conveying at least one data bearer to offload to the second
base station, the at least one data bearer being among a plu-
rality of data bearers configured for a UE, means for admit-
ting the at least one data bearer of the UE at the second base
station, means for receiving, at the second base station, data
for the at least one data bearer from the first base station, and
means for exchanging the data for the at least one data bearer
of the UE via the second base station.

[0015] In a further aspect of the disclosure, an apparatus
configured for wireless communication includes means for
receiving a first reconfiguration message sent by a first base
station to a UE, the first reconfiguration message including
first radio resource configuration information for at least one
radio access bearer associated with at least one data bearer
being offloaded from the first base station to a second base
station, means for accessing the second base station in
response to the first reconfiguration message, and means for
exchanging data for the at least one data bearer of the UE via
the second base station.

[0016] In a further aspect of the disclosure, a computer
program product for wireless communications in a wireless
network includes a non-transitory computer-readable
medium having program code recorded thereon. The program
code includes code for causing a computer to identify a plu-
rality of data bearers configured for a UE served by a first base
station, code for causing the computer to receive from the UE
a measurement report identifying a second base station, code
for causing the computer to determine to offload at least one
data bearer, among the plurality of data bearers, to the second
base station, code for causing the computer to communicate
with the second base station by the first base station to offload
the at least one data bearer to the second base station, wherein
data for the UE is sent via the plurality of data bearers through
the first base station and the second base station, and code for
causing the computer to forward data for the at least one data
bearer from the first base station to the second base station.
[0017] In a further aspect of the disclosure, a computer
program product for wireless communications in a wireless
network includes a non-transitory computer-readable
medium having program code recorded thereon. The program
code includes for causing a computer to identify a plurality of
data bearers configured for a UE served by a first base station,
code for causing the computer to receive from the UE a
measurement report identifying a second base station, code
for causing the computer to determine to offload at least one
data bearer, among the plurality of data bearers, to the second
base station, code for causing the computer to communicate
with the second base station by the first base station to offload
the at least one data bearer to the second base station, and code
for causing the computer to communicate with a Mobility
Management Entity (MME) to convey the at least one data
bearer being offloaded to the second base station, wherein
data for the UE is sent via the plurality of data bearers through
the first base station and the second base station.

[0018] In a further aspect of the disclosure, a computer
program product for wireless communications in a wireless
network includes a non-transitory computer-readable
medium having program code recorded thereon. The program
code includes code for causing a computer to receive an
offload request message sent from a first base station to a
second base station, the offload request message conveying at
least one data bearer to offload to the second base station, the
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atleast one data bearer being among a plurality of data bearers
configured for a UE, code for causing the computer to admit
the at least one data bearer of the UE at the second base
station, code for causing the computer to receive, at the sec-
ond base station, data for the at least one data bearer from the
first base station, and code for causing the computer to
exchange the data for the at least one data bearer of the UE via
the second base station.

[0019] In a further aspect of the disclosure, a computer
program product for wireless communications in a wireless
network includes a non-transitory computer-readable
medium having program code recorded thereon. The program
code includes code for causing a computer to receive a first
reconfiguration message sent by a first base station to a UE,
the first reconfiguration message including first radio
resource configuration information for at least one radio
access bearer associated with at least one data bearer being
offloaded from the first base station to a second base station,
code for causing the computer to access the second base
station in response to the first reconfiguration message, and
code for causing the computer to exchange data for the at least
one data bearer of the UE via the second base station.

[0020] In a further aspect of the disclosure, an apparatus
configured for wireless communication includes at least one
processor and a memory coupled to the processor. The pro-
cessor is configured to identify a plurality of data bearers
configured for a UE served by a first base station, to receive
from the UE a measurement report identifying a second base
station, to determine to oftload at least one data bearer, among
the plurality of data bearers, to the second base station, to
communicate with the second base station by the first base
station to offload the at least one data bearer to the second base
station, wherein data for the UE is sent via the plurality of data
bearers through the first base station and the second base
station, and to forward data for the at least one data bearer
from the first base station to the second base station.

[0021] In a further aspect of the disclosure, an apparatus
configured for wireless communication includes at least one
processor and a memory coupled to the processor. The pro-
cessor is configured to identify a plurality of data bearers
configured for a UE served by a first base station, to receive
from the UE a measurement report identifying a second base
station, to determine to oftload at least one data bearer, among
the plurality of data bearers, to the second base station, to
communicate with the second base station by the first base
station to offload the at least one data bearer to the second base
station, and to communicate with a Mobility Management
Entity (MME) to convey the at least one data bearer being
offloaded to the second base station, wherein data for the UE
is sent via the plurality of data bearers through the first base
station and the second base station.

[0022] In a further aspect of the disclosure, an apparatus
configured for wireless communication includes at least one
processor and a memory coupled to the processor. The pro-
cessor is configured to receive an offload request message
sent from a first base station to a second base station, the
offload request message conveying at least one data bearer to
offload to the second base station, the at least one data bearer
being among a plurality of data bearers configured for a UE,
to admit the at least one data bearer of the UE at the second
base station, to receive, at the second base station, data for the
at least one data bearer from the first base station, and to
exchange the data for the at least one data bearer of the UE via
the second base station.
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[0023] In a further aspect of the disclosure, an apparatus
configured for wireless communication includes at least one
processor and a memory coupled to the processor. The pro-
cessor is configured to receive a first reconfiguration message
sent by a first base station to a UE, the first reconfiguration
message including first radio resource configuration informa-
tion for at least one radio access bearer associated with at least
one data bearer being offloaded from the first base station to
a second base station, to access the second base station in
response to the first reconfiguration message, and to exchange
data for the at least one data bearer of the UE via the second
base station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a block diagram illustrating a wireless
communication network, which may be an LTE network or
some other wireless network.

[0025] FIG. 2 is a block diagram illustrating an exemplary
design of bearer level splitting with data bearers terminating
at the core network.

[0026] FIG. 3 is a block diagram illustrating exemplary
protocol stacks for the user plane for communication between
a UE and a PDN gateway based on the network architecture
shown in FIG. 2.

[0027] FIG. 4 is a block diagram illustrating an exemplary
design of bearer level splitting with data bearers terminating
at the RAN.

[0028] FIG. 5 is a block diagram illustrating exemplary
protocol stacks for the user plane for communication between
a UE and a PDN gateway via different eNBs based on the
network architecture shown in FIG. 4.

[0029] FIG. 6 is a block diagram illustrating an exemplary
design of bearer level splitting with data bearers terminating
at the RAN.

[0030] FIG. 7 is a block diagram illustrating exemplary
protocol stacks for the user plane for communication between
a UE and a PDN gateway 48 via different eNBs based on the
network architecture shown in FIG. 6.

[0031] FIG. 8 is a block diagram an exemplary design of
bearer level splitting with separate data connections in the
core network.

[0032] FIG. 9 is a call flow diagram illustrating a call flow
for a measurement procedure for identifying booster eNBs
with a known physical cell identity (PCI)-to-cell global iden-
tity (CGI) mapping.

[0033] FIG.10is a call flow diagram illustrating a call flow
for a measurement procedure for identifying booster eNBs
with an unknown PCI-to-CGI mapping.

[0034] FIG.111is acall flow diagram illustrating a design of
a call flow for offloading data bearers from an anchor eNB to
a booster eNB for data bearers terminated at the RAN.
[0035] FIG.12is acall flow diagram illustrating a design of
a call flow for offloading data bearers from an anchor eNB to
a booster eNB for data bearers terminated at the core network.
[0036] FIG.131is acall flow diagram illustrating a design of
acall flow for taking back data bearers from a booster eNB by
an anchor eNB for data bearers terminated at the RAN.
[0037] FIG.141is acall flow diagram illustrating a design of
acall flow for taking back data bearers from a booster eNB by
an anchor eNB for data bearers terminated at the core net-
work.

[0038] FIG.15is acall flow diagram illustrating a design of
a call flow for adding or removing data bearers at a booster
eNB for data bearers terminated at the RAN.

Jan. 9, 2014

[0039] FIG.161is a call flow diagram illustrating a design of
a call flow for adding or removing data bearers at a booster
eNB for data bearers terminated at the core network.

[0040] FIGS. 17-19 are functional block diagrams illustrat-
ing example blocks executed to implement aspects of the
present disclosure.

[0041] FIG. 20is a block diagram illustrating an exemplary
design of a UE and an eNB/base station as depicted in FIG. 1.

DETAILED DESCRIPTION

[0042] Techniques for supporting communication via mul-
tiple carriers for carrier aggregation in a wireless communi-
cation network are disclosed herein. These techniques may be
used for various wireless communication networks such as
CDMA, TDMA, FDMA, OFDMA, SC-FDMA and other
wireless networks. The terms “network™ and “system” are
often used interchangeably. A CDMA network may imple-
ment a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband
CDMA (WCDMA), Time Division Synchronous CDMA
(TD-SCDMA), and other variants of CDMA. c¢dma2000
includes IS-2000, I1S-95 and IS-856 standards. A TDMA net-
work may implement a radio technology such as Global Sys-
tem for Mobile Communications (GSM). An OFDMA net-
work may implement a radio technology such as Evolved
UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE
802.11 (Wi-Fi and Wi-Fi Direct), IEEE 802.16 (WiMAX),
IEEE 802.20, Flash-OFDM®, etc. UTRA, E-UTRA, and
GSM are part of Universal Mobile Telecommunication Sys-
tem (UMTS). 3GPP Long Term Evolution (LTE) and LTE-
Advanced (LTE-A), in both frequency division duplexing
(FDD) and time division duplexing (TDD), are recent
releases of UMTS that use E-UTRA, which employs
OFDMA on the downlink and SC-FDMA on the uplink.
UTRA, E-UTRA, GSM, UMTS, LTE and LTE-A are
described in documents from an organization named “3rd
Generation Partnership Project” (3GPP). ¢cdma2000 and
UMB are described in documents from an organization
named “3rd Generation Partnership Project 2” (3GPP2). The
techniques described herein may be used for the wireless
networks and radio technologies mentioned above as well as
other wireless networks and radio technologies. For clarity,
certain aspects of the techniques are described below for LTE,
and LTE terminology is used in much of the description
below.

[0043] FIG. 1 shows a wireless communication network
100, which may be an LTE network or some other wireless
network. Wireless network 100 may include a radio access
network (RAN) 120 that supports radio communication and a
core network (CN) 140 that supports data communication
and/or other services. RAN 120 may also be referred to as an
Evolved Universal Terrestrial Radio Access Network (E-UT-
RAN).

[0044] RAN 120 may include a number of evolved Node Bs
(eNBs) that support radio communication for UEs. For sim-
plicity, only two eNBs 130 and 132 are shown in FIG. 1. An
eNB may be an entity that communicates with the UEs and
may also be referred to as a Node B, a base station, an access
point, etc. Each eNB may provide communication coverage
for a particular geographic area and may support radio com-
munication for the UEs located within the coverage area. To
improve network capacity, the overall coverage area of an
eNB may be partitioned into multiple (e.g., three) smaller
areas. Each smaller area may be served by a respective eNB
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subsystem. In 3GPP, the term “cell” can refer to a coverage
area of an eNB and/or an eNB subsystem serving this cover-
age area. RAN 120 may also include other network entities
that are not shown in FIG. 1 for simplicity.

[0045] Core network 140 may include a Mobility Manage-
ment Entity (MME) 142, a Home Subscriber Server (HSS)
144, a serving gateway (SGW) 146, and a Packet Data Net-
work (PDN) gateway (PGW) 148. Core network 140 may
also include other network entities that are not shown in FIG.
1 for simplicity.

[0046] MME 142 may perform various functions such as
control of signaling and security for a Non Access Stratum
(NAS), authentication and mobility management of UEs,
selection of gateways for UEs, bearer management functions,
etc. HSS 144 may store subscription-related information
(e.g., user profiles) and location information for users, per-
form authentication and authorization of users, and provide
information about user location and routing information
when requested.

[0047] Serving gateway 146 may perform various func-
tions related to Internet Protocol (IP) data transfer for UEs
such as data routing and forwarding, mobility anchoring, etc.
Serving gateway 146 may also terminate the interface
towards RAN 120 and may perform various functions such as
support for handover between eNBs, buffering, routing and
forwarding of data for UEs, initiation of network-triggered
service request procedure, accounting functions for charging,
etc.

[0048] PDN gateway 148 may perform various functions
such as maintenance of data connectivity for UEs, IP address
allocation, packet filtering for UEs, service level gating con-
trol and rate enforcement, dynamic host configuration proto-
col (DHCP) functions for clients and servers, gateway GPRS
support node (GGSN) functionality, etc. PDN gateway 148
may also terminate an SGi interface toward a packet data
network 190, which may be the Internet, a packet data net-
work of a network operator, etc. SGi is a reference point
between a PDN gateway and a packet data network for pro-
vision of data services.

[0049] FIG. 1 also shows exemplary interfaces between
various network entities in RAN 120 and core network 140.
eNBs 130 and 132 may communicate with each other via an
X2 interface. eNBs 130 and 132 may communicate with
MME 142 via an S1-MME interface and with serving gate-
way 146 via an S1-U interface. MME 142 may communicate
with HSS 144 via an S6a interface and may communicate
with serving gateway 146 via an S11 interface. Serving gate-
way 146 may communicate with PDN gateway 148 via an S5
interface.

[0050] The various network entities in RAN 120 and core
network 140 and the interfaces between the network entities
are described in 3GPP TS 36.300, entitled “Evolved Univer-
sal Terrestrial Radio Access (E-UTRA) and Evolved Univer-
sal Terrestrial Radio Access Network (E-UTRAN); Overall
description,” and in 3GPP TS 23.401, entitled “General
Packet Radio Service (GPRS) enhancements for Evolved
Universal Terrestrial Radio Access Network (E-UTRAN)
access.” These documents are publicly available from 3GPP.
[0051] A UE 110 may communicate with one or more
eNBs at any given moment for radio communication. UE 110
may be stationary or mobile and may also be referred to as a
mobile station, a terminal, an access terminal, a subscriber
unit, a station, etc. UE 110 may be a cellular phone, a smart-
phone, a tablet, a wireless communication device, a personal
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digital assistant (PDA), a wireless modem, a handheld device,
a laptop computer, a cordless phone, a wireless local loop
(WLL) station, a netbook, a smartbook, etc.

[0052] Wireless network 100 may support operation on
multiple carriers, which may be referred to as carrier aggre-
gation or multi-carrier operation. UE 110 may be configured
with multiple carriers for the downlink and one or more
carriers for the uplink for carrier aggregation. One or more
eNBs may transmit data and/or control information on one or
more carriers to UE 110. UE 110 may transmit data and/or
control information on one or more carriers to one or more
eNBs.

[0053] Wireless network 100 may support communication
via a user plane and a control plane. A user plane is a mecha-
nism for carrying data for higher-layer applications and
employing a user-plane bearer, which is typically imple-
mented with standard protocols such as User Datagram Pro-
tocol (UDP), Transmission Control Protocol (TCP), and
Internet Protocol (IP). A control plane is a mechanism for
carrying data (e.g., signaling) and is typically implemented
with network-specific protocols, interfaces, and signaling
messages such as Non Access Stratum (NAS) messages and
Radio Resource Control (RRC) messages. For example, traf-
fic/packet data may be sent between UE 110 and wireless
network 100 via the user plane. Signaling for various proce-
dures to support communication for UE 110 may be sent via
the control plane.

[0054] UE 110 may be configured with multiple data bear-
ers for data communication with carrier aggregation. A bearer
may refer to an information transmission path of defined
characteristics, e.g., capacity, delay, bit error rate, etc. A data
bearer is a bearer for exchanging data and may terminate at a
UE and a network entity (e.g., a PDN gateway) designated to
route data for the UE. A data bearer may also be referred to as
an Evolved Packet System (EPS) bearer in LTE, etc. A data
bearer may be established when UE 110 connects to a desig-
nated network entity (e.g., a PDN gateway) and may remain
established throughout the lifetime of the connection in order
to provide UE 110 with always-on IP connectivity. This data
bearer may be referred to as a default data bearer. One or more
additional data bearers may be established to the same net-
work entity (e.g., the same PDN gateway) and may be
referred to as dedicated data bearer(s). Each additional data
bearer may be associated with various characteristics such as
(1) one or more traffic flow templates (TFTs) used to filter
packets to be sent via the data bearer, (ii) quality-of-service
(QoS) parameters for data transfer between the UE and the
designated network entity, (iii) packet forwarding treatment
related to scheduling policy, queue management policy, rate
shaping policy, Radio Link Control (RLC) configuration,
etc., and/or (iv) other characteristics. For example, UE 110
may be configured with one data bearer for transfer of data for
a Voice-over-1P (VoIP) call, another data bearer for Internet
download traffic, etc. In summary, a default data bearer may
be established with each new data connection (e.g., each new
PDN connection) and its context may remain established
throughout the lifetime of the data connection. The default
data bearer may be a non-guaranteed bit rate (GBR) bearer. A
dedicated data bearer may be associated with uplink packet
filters in a UE and downlink packet filters in a designated
network (e.g., a PDN gateway), where the filters may only
match certain packets. Each data bearer may correspond to a
radio bearer. The default data bearer may typically be best
effort and may carry all packets for an IP address that do not
match the packet filters of any of the dedicated data bearers.
The dedicated data bearers may typically be associated with
traffic of a specific type (e.g., based on the packet filters) and
may be associated with certain QoS.
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[0055] In an aspect of the present disclosure, multiple data
bearers may be configured for UE 110 for carrier aggregation
and may be split among multiple eNBs, which may be
referred to as bearer level splitting. eNBs may be selected to
serve the multiple data bearers of UE 110 based on various
criteria such as channel conditions, loading, etc. In one
design, eNBs may be selected to serve data bearers of UE 110
on a per data bearer basis, so that a particular eNB may be
selected to serve each data bearer of UE 110. Each data packet
for UE 110 may be sent via an appropriate data bearer based
on a TFT associated with each data bearer. Bearer level split-
ting may be supported in various manners and with various
network architectures.

[0056] FIG. 2 shows an exemplary design of bearer level
splitting with data bearers terminating at core network 140.
UE 110 may communicate with multiple eNBs 130 and 132
for carrier aggregation. eNB 130 may be an anchor eNB for
UE 110, and eNB 132 may be a booster eNB for UE 110. An
anchor eNB may be an eNB designated to control communi-
cation for a UE. An anchor eNB may also be referred to as a
serving eNB, a primary eNB, a main eNB, etc. A booster eNB
may be an eNB selected to exchange data with a UE, e.g.,
transmit data to and/or receive data from the UE. A booster
eNB may also be referred to as a secondary eNB, a supple-
mental eNB, etc.

[0057] UE 110 may be configured with multiple data bear-
ers for carrier aggregation. At least one of the multiple data
bearers may be served by anchor eNB 130, and remaining
ones of the multiple data bearers may be served by booster
eNB 132. Each data bearer of UE 110 may thus be served by
one eNB for UE 110. MME 142 may manage the data bearers
of UE 110 and may determine which data bearers of UE 110
are served by which eNBs, e.g., using methods defined in LTE
Release 8, except that the tunnel endpoints for the data bearers
are now at different eNBs instead of a single eNB. MME 142
may send Modity Bearer Request messages to affected net-
work entities (e.g., serving gateway 146) to change eNBs
serving the data bearers of UE 110.

[0058] For data transmission on the downlink, PDN gate-
way 148 may receive data intended for UE 110 and may
separate the data into different data bearers of UE 110. PDN
gateway 148 may forward the data for UE 110 to serving
gateway 146, which may forward the data to appropriate
eNBs based on a Modify Bearer Request message from MME
142.

[0059] For data transmission on the uplink, each eNB may
receive data from UE 110 and may forward the data to serving
gateway 146 via an appropriate data bearer. Serving gateway
146 may forward the data for all data bearers of UE 110 to
PDN gateway 148.

[0060] For bearer level splitting with data bearers terminat-
ing at core network 140, no changes may be needed to serving
gateway 146 or PDN gateway 148. MME 142 may be modi-
fied for a new type of Path Switch Request (e.g., a Bearer
Switch Request), which may impact only a portion of the data
bearers of UE 110.

[0061] FIG. 3 shows exemplary protocol stacks for the user
plane for communication between UE 110 and PDN gateway
148 based on the network architecture shown in FIG. 2. UE
110 may exchange (e.g., transmit and/or receive) data with
PDN gateway 148 via IP. At UE 110, IP may operate over (i)
Packet Data Convergence Protocol (PDCP), Radio Link Con-
trol (RLC), and Medium Access Control (MAC) in Layer 2
(L2) and (i1) E-UTRA air-link in physical layer (PHY)/Layer
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1 (L1). Booster eNB 132 may communicate with serving
gateway 146 via GPRS Tunneling Protocol for User Plane
(GTP-U), UDP, IP, L2 and L1.

[0062] The user plane for UE 110 via booster eNB 132 in
FIG. 3 may be similar to the user plane for UE 110 via a
conventional eNB in LTE Release 8. The user plane for UE
110 via anchor eNB 130 may be similar to the user plane for
UE 110 via booster eNB 132.

[0063] FIG. 4 shows an exemplary design of bearer level
splitting with data bearers terminating at RAN 120. UE 110
may communicate with multiple eNBs 130 and 132 for car-
rier aggregation and may be configured with multiple data
bearers for carrier aggregation. At least one of the multiple
data bearers may be served by anchor eNB 130, and remain-
ing ones of the multiple data bearers may be served by booster
eNB 132. Anchor eNB 130 may act as an anchor for the data
plane aggregating data of UE 110 sent via booster eNB 132.
In one design, PDCP may terminate at booster eNB 132. A
single S1 interface between anchor eNB 130 and serving
gateway 146 may be used for all data bearers of UE 110. The
mapping of data bearers to eNBs may be hidden from core
network 140, which may operate in the same manner as if all
data bearers of UE 110 are served by only eNB 130. For
bearer level splitting with data bearers terminating at the
RAN, no changes may be needed for network entities in the
core network since mobility to and from booster eNBs may be
hidden from the core network.

[0064] For data transmission on the downlink, PDN gate-
way 148 may receive data intended for UE 110 and may
separate the data into different data bearers of UE 110. PDN
gateway 148 may forward the data for UE 110 to serving
gateway 146, which may forward the data to anchor eNB 130.
Anchor eNB 130 may identify and separate data for data
bearers of UE 110 served by anchor eNB 130 and data for data
bearers of UE 110 served by booster eNB 132. Anchor eNB
130 may forward the data for the data bearers served by
booster eNB 132 to the booster eNB via X2-U interface. For
data transmission on the downlink, the operation performed
by anchor eNB 130 may be similar to operations performed
by an eNB for handover of UE 110 to booster eNB 132.
However, for bearer level splitting, anchor eNB 130 may
continue to forward data for UE 110 to booster eNB 132 for
the duration of the connection of UE 110 at booster eNB 132.
[0065] For data transmission on the uplink, anchor eNB
130 may receive data sent by UE 110 via data bearers served
by anchor eNB 130. Booster eNB 132 may receive data sent
by UE 110 via the data bearers served by booster eNB 132 and
may forward the data to anchor eNB 130 via the X2-U inter-
face.

[0066] FIG. 5 shows exemplary protocol stacks for the user
plane for communication between UE 110 and PDN gateway
148 via eNBs 130 and 132 based on the network architecture
shown in FIG. 4. UE 110 may exchange data with PDN
gateway 148 via IP. At UE 110, IP may operate over PDCP,
RLC, MAC, and PHY. Booster eNB 132 may communicate
with anchor eNB 130 via GTP-U, UDP, IP, L2 and L1. Simi-
larly, anchor eNB 130 may communicate with serving gate-
way 146 via GTP-U, UDP, IP, L2 and L1.

[0067] The user plane for UE 110 via anchor eNB 130 may
be similar to the user plane for UE 110 via booster eNB 132
in FIG. 3, which may be similar to the user plane for UE 110
via a conventional eNB in LTE Release 8. The user plane for
UE 110 via anchor eNB 130 may be the same as the user plane
for UE 110 via booster eNB 132. On the downlink, the user
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plane for UE 110 via booster eNB 132 may be similar to the
user plane for UE 110 via a conventional eNB in LTE Release
8 for data packets sent to anchor eNB 130 that are forwarded
to booster eNB 132.

[0068] FIG. 6 shows an exemplary design of bearer level
splitting with data bearers terminating at RAN 120. The
design in FIG. 6 is similar to the design in FIG. 4, except that
PDCP is terminated at anchor eNB 130 in FIG. 6 (instead of
at booster eNB 132 in FIG. 4). Booster eNB 132 may be
considered as a cell with regard to UE 110 since it does not
terminate PDCP for UE 110 and is not a full eNB to UE 110.
[0069] For data transmission on the downlink, PDN gate-
way 148 may receive data intended for UE 110 and may
separate the data into different data bearers of UE 110. PDN
gateway 148 may forward the data for UE 110 to serving
gateway 146, which may forward the data to anchor eNB 130.
Anchor eNB 130 may identify and separate data for data
bearers served by anchor eNB 130 and data for offloaded data
bearers served by booster eNB 132. Anchor eNB 130 may
process data for the offloaded data bearers for PDCP and may
send the processed data to booster eNB 132 via an X3-U
interface. For data transmission on the uplink, booster eNB
132 may receive data sent by UE 110 on the offloaded data
bearers and may forward the data to anchor eNB 130 via the
X3-U interface. X3-U may be a new data plane interface
between anchor eNB 130 and booster eNB 132 and may carry
PDCP protocol data units (PDUs) on the uplink and downlink
over GTP

[0070] For bearer level splitting with data bearers terminat-
ing at RAN 120 with PDCP terminated at anchor eNB 130,
security for the Uuinterface may be terminated at anchor eNB
130. Radio Resource Control (RRC) may be terminated at
anchor eNB 130. In case of handover of UE 110 to another
eNB, buffered data for PDCP may be available at anchor eNB
130.

[0071] FIG. 7 shows exemplary protocol stacks for the user
plane for communication between UE 110 and PDN gateway
148 via eNBs 130 and 132 based on the network architecture
shown in FIG. 6. UE 110 may exchange data with PDN
gateway 148 via IP. At UE 110, IP may operate over PDCP,
RLC, MAC, and PHY. PDCP may terminate at anchor eNB
130 whereas RL.C, MAC, and PHY may terminate at booster
eNB 132. Booster eNB 132 may communicate with anchor
eNB 130 via GTP-U, IP, L.2 and L.1. Anchor eNB 130 may
communicate with serving gateway 146 via GTP-U, UDP, IP,
L2 and L1. The user plane for UE 110 via anchor eNB 130
may be the same as the user plane for UE 110 via booster eNB
132 in FIG. 3, which may be similar to the user plane for UE
110 via a conventional eNB in LTE Release 8.

[0072] FIG. 8 shows an exemplary design of bearer level
splitting with separate data connections in core network 140.
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A data connection is a data path between two entities
exchanging data. A data connection may also be referred to as
a PDN connection, etc. A data connection may be associated
with various characteristics such as an IP address used to send
data to an entity terminating the data connection. The IP
address may correspond to a packet data network (PDN)
requested by a UE for a type of access. For example, the UE
may request an Access Point Name (APN) that corresponds to
a type of access such as Internet, voice, operator services,
local breakout, etc. Based on the name, an MME may select
a PDN that can provide the type of access requested by the UE
and then, through a series of procedures defined in TS 23.401,
the UE may be assigned an IP address corresponding to that
PDN. The PDN may then have one or more associated data
bearers so the UE can perform QoS for traffic related to that
PDN.

[0073] Bearer level splitting with separate data connections
may be used to support multipath TCP. TCP typically
assumes in-order delivery of data. If a UE sends packets using
multiple IP addresses (e.g., for WL AN interface and cellular),
then a mechanism is needed to (a) support a TPC client having
multiple interfaces and (b) deal with packet loss separately on
each interface. Multipath TCP is a method of TCP defined by
IETF which allows a TCP client to have multiple IP addresses
with respect to a TCP server.

[0074] Inone design of bearer level splitting with separate
data connections, the data bearers of UE 110 for each eNB
may correspond to a separate data connection at PDN gate-
way 148. For example, data bearers of UE 110 served by
anchor eNB 130 may correspond to a first data connection
associated with a first IP address assigned to UE 110, and data
bearers of UE 110 served by booster eNB 132 may corre-
spond to a second data connection associated with a second IP
address assigned to UE 110. In contrast, for the design in FIG.
2, all data bearers of UE 110 may correspond to a single data
connection at PDN gateway 148.

[0075] In one design, a common serving gateway may be
used (depending on the control plane) for all data connections
of UE 110. This design may simplify bearer management for
each data connection as data bearers are activated, de-acti-
vated, and/or changed. In another design, different serving
gateways may be used for different data connections of UE
110.

[0076] Inonedesign, asingle PDN gateway may terminate
all data connections of UE 110, e.g., as shown in FIG. 8. In
another design, different PDN gateways may terminate dif-
ferent data connections of UE 110 since (i) UE 110 may be
assigned a separate IP address at each eNB and (ii) the data
connections for UE 110 may be independent in the data plane.
[0077] Table 1 summarizes various characteristics of
bearer level splitting for the three exemplary designs shown in
FIGS. 2,4 and 6.

TABLE 1

Bearer Level Splitting

Data bearers
terminated at RAN

Data bearers
terminated at RAN

Data bearers via X2 - PDCP via X3 - PDCP
Evaluation  terminated at terminated at booster terminated at anchor
criteria core network eNB eNB
Impact MME is updated to None None
to core handle per bearer
network handover.

No changes to

PGW/SGW.
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TABLE 1-continued

Bearer Level Splitting

Data bearers

Data bearers
terminated at RAN
via X2 - PDCP

Data bearers
terminated at RAN
via X3 - PDCP

Evaluation  terminated at terminated at booster terminated at anchor
criteria core network eNB eNB
Anchor Normal eNB Normal eNB functions New X3 interface with
eNB functions for data for served data bearers. booster eNB.
data plane bearers served by Forward data for Forward data for
functions anchor eNB. offloaded data bearers offloaded data bearers
via X2 to booster eNB. via X3 to booster eNB.
Received data via X2 Received data via X3
from booster eNB and from booster eNB and
forward to SGW. forward to SGW.
Booster Normal eNB Receive downlink data Receive downlink data
eNB functions for data for offloaded data for offloaded data
data plane bearers served by bearers from anchor bearers from anchor
functions booster eNB. eNB via X2. eNB via X3.
Forward uplink data for ~ Forward uplink data for
offloaded data bearers offloaded data bearers
to anchor eNB via X2. to anchor eNB via X3.
Anchor - Control plane plus Control plane plus X2- Control plane plus X3
booster initial X2-U U forwarding from forwarding from anchor
interface forwarding from anchor eNB for eNB for duration of
anchor eNB as part duration of offloaded offloaded data bearers
of bearer data bearers served at served at booster eNB.
establishment at booster eNB.
booster eNB.
Routing Good routing Routing efficiency is Routing efficiency is
efficiency efficiency on dependent on routing dependent on routing
downlink and uplink  path between anchor path between anchor
as packets are sent eNB and booster eNB. eNB and booster eNB.
directly to SGW. Routing bottleneck, if Routing bottleneck, if
present, will be at present, will be at
anchor eNB and not anchor eNB and not
booster eNB. booster eNB.
Security Common or Common or All security at anchor
independent security ~ independent security eNB.
for each eNB. for anchor eNB and set ~ Encrypted data sent on
Anchor eNB is of booster eNBs. data plane between
aware of security Anchor eNB is aware anchor eNB and UE via
keys for booster of security keys for booster eNB.
eNB. booster eNB. Better if booster eNB is
CN may be updated not trusted.
to support
independent security
for more than one
booster eNB.
Coexistence Low complexity. Medium complexity. Higher complexity.
between Common data plane -  Mostly common data Separate data plane -
standalone  no difference plane - UE being UE being served as
flow and between UE being served as standalone standalone eNB is sent
multi-flow served by standalone  eNBissentin S1-Uvs.  in S1-U vs. UE being
at booster eNB or booster eNB.  UE being served as served as booster eNB
eNB booster eNB is sent in would forward data

X2-U but both are via
same GTP protocol.

packets to anchor eNB
for PDCP.

[0078] Data bearers may be terminated at the core network
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be designated as a primary cell (Pcell) for UE 110, and each

orthe RAN, and this choice may be selected based on various
criteria such as routing efficiency, impact to the core network,
etc. Routing efficiency may also be dependent on how the
anchor eNB and booster eNBs are connected in an actual
deployment. PDCP may be terminated in the anchor eNB or
the booster eNB, and this choice may be selected based on
various factors such as whether security and RRC are termi-
nated at the anchor eNB or the booster eNB.

[0079] UE 110 may communicate with multiple eNBs for
carrier aggregation, e.g., as shown in FIGS. 1, 2, 4, 6 and 8.
From the perspective of UE 110, each eNB that serves data
bearers of UE 110 may be considered as a cell. One cell may

remaining cell may be considered as a secondary cell (Scell)
for UE 110. LTE Release 10 supports carrier aggregation
from one or more cells in the same eNB, and coordination
among all cells serving UE 110 for carrier aggregation may be
possible due to the cells being collocated at the same eNB.

[0080] Multiple data bearers may be configured for UE 110
for carrier aggregation and may be referred to as bearer level
aggregation. Bearer level aggregation may be combined with
carrier aggregation of cells in the same eNB defined in LTE
Release 10. In particular, UE 110 may be served by multiple
cells for carrier aggregation, which may include (i) a first
subset of cells in the same eNB and (ii) a second subset of
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cells non-collocated with the first subset of cells (and possibly
utilizing a different radio access technology) at a different
eNB. The first subset of cells may conform to carrier aggre-
gation rules defined in LTE Release 10. Bearer level aggre-
gation may be applied to the second subset of cells. The
functionality of the multiple cells serving UE 110 may be
disjoint at lower layers due to latency between eNBs to which
these cells belong.

[0081] Several aspects of carrier aggregation in LTE
Release 10 may be updated to enable independent cell opera-
tion for carrier aggregation. For transmission of control infor-
mation on the uplink, hybrid automatic retransmission
(HARQ) feedback and periodic channel state information
(CSI) feedback from UE 110 may be transmitted to a single
cell (e.g., the primary cell). Bearer level aggregation may
support transmission of control information on the uplink to
each cell, so that each cell may operate in similar manner as
for single-carrier operation. UE 110 may be assigned multiple
Physical Uplink Control Channels (PUCCHs) for transmis-
sion of control information on the uplink, e.g., one PUCCH
for each cell. UE 110 may perform random access on only the
primary cell, e.g., as defined in LTE Release 10. Alternatively,
UE 110 may perform random access on the primary and
secondary cells. UE 110 may be configured for discontinuous
transmission (DTX) by multiple cells such that good perfor-
mance can be obtained. A single MAC PDU may activate/
deactivate multiple cells, e.g., as defined in LTE Release 10.
Some coordination among cells may be established to enable
multiple cells to be activated/deactivated by a single MAC
PDU. Separate RL.C may be used for each cell serving UE
110, which is different from a single RL.C for all cells in LTE
Release 10. Separate RRC may be used for each cell serving
UE 110, which is different from a single RRC for all cells in
LTE Release 10.

[0082] Call flows for various procedures may be defined to
support bearer level splitting. Some exemplary call flows are
described below.

[0083] FIG. 9 shows a call flow 900 for a measurement
procedure for identifying booster eNBs with a known physi-
cal cell identity (PCI)-to-cell global identity (CGI) mapping.
In LTE, each cell may be associated with a PCl and a CGI. A
PCI is a 9-bit value that is unique for a cell in a particular
geographic area. A CGI is unique for a cell among all cells in
an LTE network. Anchor eNB 130 may provide a measure-
ment configuration to UE 110, e.g., when a connection is
established by UE 110 or based on some event (step 1). The
measurement configuration may convey (i) criteria in which
UE 110 should make measurements of cells and/or (ii) criteria
in which UE 110 should report measurement results of cells to
anchor eNB 130. UE 110 may be directed to make measure-
ments periodically and/or when triggered by certain events
based on the measurement configuration. UE 110 may make
measurements of cells in response to a trigger event (step 2).
UE 110 may then send a Measurement Report message to
anchor eNB 130. The Measurement Report message may
include measurement results and PCIs (but not CGIs) of
measured cells. The measurement results may be for received
signal strength/received power, received signal quality, path-
loss, geometry, etc. The measured cells may be uniquely
identified based on the reported PCIs and a known PCI-to-
CGI mapping for these cells. Anchor eNB 130 may determine
the PCI-to-CGI mapping due to automatic neighbor relations
(ANR) or based on configuration. ANR allows an eNB to find
out who its neighbors are and is described in 3GPP 36.300,
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Section 22.3.2a. If a UE reports a PCI of a target eNB that a
source eNB does not have information for, then the source
eNB may request the UE to read SIB1 of the target eNB for
the reported PCI and find out cell ID, tracking area, etc. The
source eNB may then use this information to route HOs to the
target eNB and may also use ANR procedures to find out an IP
address of the target eNB to establish an X2 connection.
Booster eNBs may be selected for UE 110 based on the
measurement results and/or other information.

[0084] FIG. 10 shows a call flow 1000 for a measurement
procedure for identifying booster eNBs with an unknown
PCI-t0o-CGI mapping. Anchor eNB 130 may provide a mea-
surement configuration to UE 110, e.g., when a connection is
established by UE 110 or based on some event (step 1). UE
110 may make measurements of cells in response to a trigger
event (step 2). UE 110 may then send a Measurement Report
message, which may include measurement results and PCIs
(but not CGIs) of measured cells, to anchor eNB 130 (step 3).
Anchor eNB 130 may not know the CGIs of one or more
measured cells based on the reported PCls (step 4). This may
be due to the presence of many cells (which may result in PCI
confusion) or the presence of dynamic cells (where the PCls
can change or cells can appear suddenly).

[0085] Anchor eNB 130 may then send a connection recon-
figuration message, such as RRCConnectionReconfiguration
message, to UE 110 (step 5). This RRC message may include
a list of PCIs of cells for which CGIs should be reported by
UE 110. Anchor eNB 130 may assign a measurement gap
pattern for UE 110 to acquire system information block type
1 (SIB1) of each cell for which CGI should be reported. UE
110 may return a connection reconfiguration complete mes-
sage, such as RRCConnectionReconfiguration-Complete
message, to anchor eNB 130 (step 6). UE 110 may read
system information, such as from SIB1, of each cell for which
CGI should be reported (e.g., during measurement gaps
assigned by anchor eNB 130) and may obtain CGI ofeach cell
based on the system information of the cell (step 7). UE 110
may then send a Measurement Report message with the CGIs
of the cells for which CGIs should be reported (step 8).
Booster eNBs may be selected for UE 110 based on the
measurement results and/or other information.

[0086] FIG. 11 shows a design of a call flow 1100 for
offloading data bearers from anchor eNB 130 to booster eNB
132 for data bearers terminated at RAN 120. Call flow 1100
may be applicable for the network architecture shown in FI1G.
4 or 6 and may assume that no RRC is available at booster
eNB 132. Call flow 1100 includes an offload preparation
phase, an offload execution phase, and an offload completion
phase.

[0087] Anchor eNB 130 may provide a measurement con-
figuration to UE 110 to make measurements of cells (not
shown in FIG. 11). UE 110 may make measurements of cells
when triggered by an event and may report measurement
results to anchor eNB 130 (step 1). UE 110 may read the
system information, such as through SIB1, of measured cells
to obtain CGls of these cells (if necessary), and the CGls may
be used to unambiguously identify these cells.

[0088] AnchoreNB 130 may determine which data bearers
to offload to booster eNB 132 based on the measurement
results and/or other information (step 2). For step 2, anchor
eNB 130 may determine which evolved Radio Access Bear-
ers (E-RABs) to offload to booster eNB 132. There may be a
one-to-one mapping between an E-RAB and a data bearer.
Anchor eNB 130 may then send an OFFLOAD REQUEST
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message (which may be similar to a HANDOVER
REQUEST message) to booster eNB 132 (step 3). An OFF-
LOAD REQUEST may be any type of message to serve the
data at another eNB other than the serving eNB, such as
anchor eNB 130. The OFFLOAD REQUEST message may
include a list of data bearers to be offloaded and pertinent
information for each data bearer such as QoS information, an
indication that anchor eNB 130 proposes to forward downlink
data, TNL IP address information, GTP Tunnel Endpoint ID
(TEID), etc. The QOS information may include a QoS Class
Identifier (QCI), allocation and retention priority (ARP)
which indicates a priority for access control (or which data
bearers to drop first if a cell becomes congested), GBR QoS
Information that may indicate a maximum bit rate and a
guaranteed bit rate of a GBR bearer for downlink and uplink,
etc. The TNL IP address information may include an IP
address that each side may use for a GTP tunnel for a data
bearer, e.g., an eNB may use a separate 1P address for each
type of QCI. The TEID may identify a tunnel for a data bearer
on each side. Anchor eNB 130 may or may not include
GTP-U addressing information of serving gateway 146 and/
or PDN gateway 148 since booster eNB 132 will use the X2
interface to anchor eNB 130 and not the S1 interface to core
network 140.

[0089] Booster eNB 132 may receive the OFFLOAD
REQUEST message from anchor eNB 130 and may perform
admission control for the list of data bearers sent by anchor
eNB 130 (step 4). Booster eNB 132 may then return an
acknowledgment message, such as OFFLOAD REQUEST
ACK message, (which may be similar to a HANDOVER
REQUEST ACK message) to anchor eNB 130 (step 5). The
OFFLOAD REQUEST ACK message may include a booster
eNB to anchor eNB transparent container and a list of data
bearers setup. The transparent container may include a com-
mand message, such as an OffloadCommand message, which
may be similar to a HandoverCommand message. The list of
data bearers setup may include pertinent information for each
data bearer such as (i) GTP-U addressing information for
booster eNB downlink, which may be used by anchor eNB
130 to forward downlink data for the data bearers to booster
eNB 132, and (ii) GTP-U addressing information for booster
eNB uplink, which may be used by booster eNB 132 to
forward uplink data for UE 110 to anchor eNB 130.

[0090] Anchor eNB 130 may send a connection reconfigu-
ration message, such as RRCConnectionReconfiguration
message, to UE 110 (step 6). This message may include
dedicated radio resource configuration information for the list
of data bearers being offloaded to booster eNB 132. UE 110
may reset MAC and may re-establish PDCP and RLC for all
data bearers being offloaded to booster eNB 132. UE 110 may
operate in an RRC_CONNECTED state and may send a
contention-free random access preamble (RAP) on a random
access channel (RACH) to booster eNB (step 7). Booster eNB
132 may receive the random access preamble from UE 110
and may validate a signature sequence in the random access
preamble. Booster eNB 132 may then send a random access
response to UE 110 (step 8). The random access response may
be addressed to an appropriate Cell Radio Network Tempo-
rary Identity (C-RNTI) on a PDCCH assigned to UE 110 by
booster eNB 132.

[0091] Anchor eNB 130 may send a status transfer mes-
sage, such as SN STATUS TRANSFER message, to booster
eNB 132 to convey uplink PDCP SN receiver status and
downlink PDCP SN transmitter status of data bearers for
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which PDCP status preservation applies, e.g., data bearers
with RLC acknowledged mode (AM) (step 9). Anchor eNB
130 may send this message only if at least one data bearer
with RLC-AM is being offloaded to booster eNB 132. Anchor
eNB 130 may begin to forward, in order, downlink data for the
offloaded data bearers (which may be stored in data bearer
buffers at anchor eNB 130) to booster eNB 132. Step 9 and
data forwarding by anchor eNB 130 may occur at any time
after step 6, e.g., in parallel and immediately following step 6.
[0092] UE 110 may send a connection reconfiguration
complete message, such as RRCConnectionReconfiguration-
Complete message, to anchor eNB 130 (step 10). Booster
eNB 132 may send control information on a PDCCH to the
UE. The control information may include an uplink grant for
a new transmission. The PDCCH may be addressed to a
C-RNTT assigned to UE 110 by booster eNB 132 and sent in
the connection reconfiguration message in step 6. UE 110
may thereafter send uplink data and receive downlink data for
all offloaded data bearers via booster eNB 132. Booster eNB
132 may send a completion message, such as UE OFFLOAD
COMPLETE message, (which may be similar to a UE CON-
TEXT RELEASE message) to anchor eNB 130 (step 11).
This message may include an eNB UE X2AP ID for anchor
eNB 130 and an eNB UE X2AP ID for booster eNB 132.
[0093] FIG. 12 shows a design of a call flow 1200 for
offloading data bearers from anchor eNB 130 to booster eNB
132 for data bearers terminated at core network 140. Call flow
1200 may be applicable for the network architecture shown in
FIG. 2. Call flow 1200 includes steps 1 to 11 that correspond
to steps 1 to 11 in call flow 1100 in FIG. 11. Call flow 1200
further includes additional steps to modify data bearers in
core network 140 to route data for UE 110 to and from serving
gateway 146.

[0094] After steps 7 and 8, booster eNB 132 may send a
switch request message, such as E-RAB SWITCH
REQUEST message, (which may be similar to a PATH
SWITCH REQUEST message) to MME 142 for E-RABs
corresponding to data bearers being offloaded to booster eNB
132 (step 12). The E-RAB SWITCH REQUEST message
may include an MME UE S1AP ID, an eNB UE S1AP ID for
booster eNB 132, a list of data bearers being offloaded, and
pertinent information for each data bearer, which may include
GTP-U addressing information for booster eNB downlink
and uplink. Alternatively, booster eNB 132 may send an
E-RAB SWITCH REQUEST message to MME 142 after
step 9.

[0095] MME 142 may receive the E-RAB SWITCH
REQUEST message and may send a Modify Bearer Request
message to serving gateway 146/PDN gateway 148 (step 13).
The Modify Bearer Request message may include the list of
data bearers being offloaded, pertinent information for each
data bearer, address information for booster eNB 132, etc.
The pertinent information for each data bearer may include a
data bearer ID for each data bearer, e¢.g., data bearer IDs for
the default data bearer and all dedicated data bearers. The
address information may include a Tunnel End Point Identi-
fier (TEID) and an IP address of booster eNB 132 for the user
plane, which may be used to uniquely identify the default data
bearer and the dedicated data bearers for UE 110.

[0096] Serving gateway 146/PDN gateway 148 may
receive the Modify Bearer Request message from MME 142
and may send one or more GTP-U ‘End Marker’ packets to
anchor eNB 130. Serving gateway 146/PDN gateway 148
may also begin to send downlink data for the offloaded data
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bearers directly to booster eNB 132. Anchor eNB 130 may
send one or more GTP-U ‘End Marker’ packets to booster
eNB 132. Booster eNB 132 may receive downlink data for the
offloaded data bearers directly from serving gateway 146/
PDN gateway 148 and may begin to send the downlink data
for the offloaded data bearers to UE 110.

[0097] Serving gateway 146/PDN gateway 148 may send a
Modify Bearer Response message to MME 142 (step 14).
MME 142 may send a switch request acknowledgement mes-
sage, such as E-RAB SWITCH REQUEST ACK message,
(which may be similar to a PATH SWITCH REQUEST ACK
message) to booster eNB 132 (step 15).

[0098] FIG. 13 shows a design of a call flow 1300 for
modifying handling of the data bearers from booster eNB 132
by anchor eNB 130 for data bearers terminated at RAN 120.
When the modification of the handling of the data bearers
results in the data bearers returning for handling by anchor
eNB 130, it may also be referred to as take back or fallback.
Call flow 1300 may be applicable for the network architecture
shown in FIG. 4 or 6 and may assume that no RRC is available
at booster eNB 132. Call flow 1300 includes a modify han-
dling preparation phase, a modify handling execution phase,
and a modity handling completion phase.

[0099] UE 110 may send a measurement report to anchor
eNB 130 in response to a trigger event, which may be deter-
mined by a measurement configuration of UE 110 (step 1).
The measurement report may include measurement results
for one or more cells served by booster eNB 132 and/or other
cells. Anchor eNB 130 may determine to modify handling of
all data bearers of UE 110 that have been offloaded to booster
eNB 132 (step 2). Alternatively, anchor eNB 130 may decide
to modify handling of only a subset of the data bearers that
have been offloaded to booster eNB 132. Alternatively still,
anchor eNB 130 may decide to direct handling of the all or a
subset of the offloaded data bearers to one or more other
booster eNBs. An offloading procedure (e.g., in FIG. 11 or 12)
or a modity handling procedure may be used to change which
data bearers to offload to booster eNB 132 while maintaining
an active connection with booster eNB 132.

[0100] Anchor eNB 130 may send a handling modification
request message, such as MODIFY HANDLING REQUEST
message, to booster eNB 132 (step 3). In case of changing
which data bearers to offload to booster eNB 132, the
MODIFY HANDLING REQUEST message may include a
list of data bearers that are no longer offloaded and/or a list of
additional data bearers to be offloaded. The message may also
include pertinent information for each additional offloaded
data bearer such as QoS information, an indication that
anchor eNB 130 proposes to forward downlink data for the
data bearer, etc. If anchor eNB 130 does not take back the data
bearers, then, in alternative aspects, anchor eNB 130 may
send oftfload requests to one or more other booster eNBs, such
as booster eNBs 1301 and 1302 (alternative steps 3a and 35)
and inform booster eNB 132 in the message that the data
bearers will be forwarded to booster eNBs 1301 and 1302.
Booster eNB 132 may receive the message from anchor eNB
130 and may return an acknowledgement message, such as
MODIFY HANDLING REQUEST ACK message, to anchor
eNB 130 (step 4).

[0101] Anchor eNB 130 may send connection reconfigura-
tion message, such as RRCConnectionReconfiguration mes-
sage, to UE 110 (step 5). This message may include dedicated
radio resource configuration information for the list of data
bearers whose handling is being modified by anchor eNB
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130. Alternatively, the message may indicate to release the
data bearers at booster eNB 132 and to reconfigure the data
bearers to be used at anchor eNB 130 or one or more of
booster eNBs 1301 and 1302 or a combination thereof. In any
case, UE 110 may receive the connection reconfiguration
message from anchor eNB 130 and may reset MAC and
re-establish PDCP and RLC for all data bearers whose han-
dling is being modified.

[0102] Booster eNB 132 may send a transfer status mes-
sage, such as SN STATUS TRANSFER message, to anchor
eNB 130 to convey uplink PDCP SN receiver status and
downlink PDCP SN transmitter status of E-RABs for which
PDCP status preservation applies, e.g., for data bearers with
RLC-AM (step 6). Booster eNB 132 sends this message only
ifatleast one data bearer is RLC-AM was offloaded to booster
eNB 132. Booster eNB 132 may begin forwarding, in order,
downlink data for data bearers whose handling is being modi-
fied (which may be stored in data bearer buffers) to anchor
eNB 130 or the base station who will be handling the oft-
loaded data bearers. Alternatively, anchor eNB 130 may have
buffered the downlink data for UE 110, and so the data does
not need to be forwarded by booster eNB 132. Step 6 and data
forwarding by booster eNB 132 may occur at any time after
step 4, e.g., in parallel and immediately following step 4.
[0103] UE 110 may send a connection reconfiguration
complete message, such as RRCConnectionReconfiguration-
Complete message, to anchor eNB 130 (step 7). If there are no
remaining E-RABs for UE 110 at booster eNB 132, then UE
110 may stop communicating with booster eNB 132 and may
release any related resources assigned to UE 110 by booster
eNB 132.

[0104] It should be noted that in alternative aspects, such as
when anchor eNB 130 decides to offload the data bearers
from booster eNB 132 to booster eNBs 1301 and 1302, the
packet data exchanged with UE 110 may be exchanged with
booster eNBs 1301 and 1302, in addition to or instead of from
anchor eNB 130.

[0105] Anchor eNB 130 may send a handling modification
complete message, such as UE MODIFY HANDLING
COMPLETE message, (which may be similar to a UE CON-
TEXT RELEASE message) to booster eNB 132 (step 8). The
UE handling modification complete message may include an
eNB UE X2AP ID for anchor eNB 130 or any of the other
base stations now handling the offloaded bearers from booster
eNB 132 and an eNB UE X2AP ID for booster eNB 132.
[0106] FIG. 14 shows a design ofa call flow 1400 for taking
back data bearers from booster eNB 132 by anchor eNB 130
for data bearers terminated at core network 140. Call flow
1400 may be applicable for the network architecture shown in
FIG. 2 and may assume that no RRC is available at booster
eNB 132. Call flow 1400 includes steps 1 to 8 that correspond
to steps 1 to 8 in call flow 1300 in FIG. 13. Call flow 1400
further includes additional steps to modify data bearers in
core network 140 to route data for UE 110 to and from serving
gateway 146.

[0107] Anchor eNB 130 may send an E-RAB SWITCH
REQUEST message to MME 142 for data bearers to be
offloaded (which may exclude data bearers whose handling is
being modified). This message may include an MME UE
S1APID for MME 142, an eNB UE S1AP ID for booster eNB
132, a list of data bearers to be offloaded, and pertinent
information for each data bearer such as eNB GTP-U
addressing information (step 9). Step 9 may occur any time
after (e.g., immediately following) steps 6 and 7.
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[0108] MME 142 may send a Modity Bearer Request mes-
sageto serving gateway 146/PDN gateway 148. This message
may include the list of data bearers to be offloaded and per-
tinent information for each data bearer such as a data bearer
1D (e.g., data bearer IDs for the default data bearer and all
dedicated data bearers), TEID and IPv4 address of anchor
eNB 130 for the user plane (which may be used to uniquely
identify the default data bearer and the dedicated data bearers
of UE 110), and/or other information.

[0109] Serving gateway 146/PDN gateway 148 may
receive the Modify Bearer Request message from MME 142
and may send one or more GTP-U ‘End Marker’ packets to
booster eNB 132. Serving gateway 146/PDN gateway 148
may also begin to send downlink data (e.g., directly) to anchor
eNB 130 for data bearers whose handling is being modified.
Booster eNB 132 may forward one or more GTP-U ‘End
Marker’ packets to anchor eNB 130. Anchor eNB 130 may
thereafter receive downlink data for the offloaded data bearers
of UE 110 from serving gateway 146/PDN gateway 148 and
may send the data to UE 110.

[0110] Serving gateway 146/PDN gateway 148 may send a
Modify Bearer Response message to MME 142 (step 11).
MME 142 may send an E-RAB SWITCH REQUEST ACK
message to anchor eNB 130 (step 12).

[0111] FIG. 15 shows a design of a call flow 1500 for
adding or removing data bearers at booster eNB 132 for data
bearers terminated at RAN 120. Call flow 1500 may be appli-
cable for the network architecture shown in FIG. 4 or 6 and
may assume that no RRC is available at booster eNB 132.
[0112] UE 110 may send a measurement report to anchor
eNB 130 in response to a trigger event, which may be deter-
mined by a measurement configuration of UE 110 (step 1).
The measurement report may include measurement results
for one or more cells served by booster eNB 132 and/or other
cells. Anchor eNB 130 may determine a list of E-RABs to be
added and/or a list of E-RABs to be removed at booster eNB
132 (step 2). Each E-RAB may be associated with a data
bearer of UE 110 to be added or removed at booster eNB 132.
[0113] Anchor eNB 130 may send a MODIFY E-RABs
REQUEST message (which may be similar to a HAN-
DOVER REQUEST message) to booster eNB 132 (step 3).
The MODIFY E-RABs REQUEST message may include a
list of data bearers to be added to the data bearers (if any)
already served by booster eNB 132 (i.e., a list of data bearers
to offload) and/or a list of data bearers to no longer be served
by booster eNB 132 and/or (a list of data bearers whose
handling should being modified). The message may also
include pertinent information for each data bearer to be added
such as QoS information, an indication that anchor eNB 130
proposes to forward downlink data for UE 110, etc. Anchor
eNB 130 may or may not include GTP-U addressing infor-
mation for serving gateway 146 and PDN gateway 148 since
booster eNB 132 may use the X2 interface to anchor eNB 130
and not the S1 interface.

[0114] Booster eNB 132 may perform admission control
for the list of data bearers to be added as sent by anchor eNB
130 (step 4). Booster eNB 132 may send a MODIFY E-RABs
REQUEST ACK message (which may be similar to a HAN-
DOVER REQUEST message) to anchor eNB 130 (step 5).
The MODIFY E-RABs REQUEST ACK message may
include a booster eNB to anchor eNB transparent container, a
list of data bearers to be added to booster eNB 132, and
pertinent information for each data bearer. The transparent
container may include a ModifyCommand message (which

Jan. 9, 2014

may be similar to a HandoverCommand message). The per-
tinent information for each data bearer may include (i)
booster eNB DL GTP-U addressing information, which may
be used by anchor eNB 130 to forward downlink data for the
added offloaded data bearers to booster eNB 132, and (ii)
booster eNB UL GTP-U addressing information, which may
be used by booster eNB 132 to forward uplink data for the
added offloaded data bearers to anchor eNB 130.

[0115] Anchor eNB 130 may send an RRCConnectionRe-
configuration message to UE 110 (step 6). This message may
include dedicated radio resource configuration information
for the data bearers to be added at booster eNB 132 and the
data bearers to be removed from booster eNB 132 and served
at anchor eNB 130. UE 110 may reset MAC and re-establish
PDCP and RLC for all data bearers to be added or removed at
the booster eNB 132.

[0116] Anchor eNB 130 may send an SN STATUS
TRANSFER message to booster eNB 132 to convey uplink
PDCP SN receiver status and downlink PDCP SN transmitter
status of the added E-RABs for which PDCP status preserva-
tion applies, e.g., data bearers with RLC-AM (step 7). Anchor
eNB 130 may send this message only if at least one data
bearer with RLC-AM is added to the list of data bearers
offloaded booster eNB 132. Anchor eNB 130 may begin to
forward, in order, downlink data for the added offloaded data
bearers (which may be stored in data bearer buffers) to
booster eNB 132.

[0117] Booster eNB 132 may send an SN STATUS
TRANSFER message to anchor eNB 130 to convey uplink
PDCP SN receiver status and downlink PDCP SN transmitter
status of E-RABs for which PDCP status preservation applies
(step 8). Booster eNB 132 may send this message only if at
least one data bearer with RLC-AM was removed. Booster
eNB 132 may begin to forward, in order, downlink data for
UE 110 for the removed data bearers (which may be stored in
data bearer buffers) to anchor eNB 132. Step 8 and the data
forwarding may occur any time (e.g., in parallel and imme-
diately) after step 5. Alternatively, anchor eNB 130 may have
buffered the downlink data for UE 110, and booster eNB 132
may not need to forward the downlink data for UE 110.
[0118] UE 110 may send an RRCConnectionReconfigura-
tionComplete message to anchor eNB 130 (step 9). Anchor
eNB 130 may send a MODIFY E-RABs COMPLETE mes-
sage to booster eNB 132 (step 10).

[0119] FIG. 16 shows a design of a call flow 1600 for
adding or removing data bearers at booster eNB 132 for data
bearers terminated at core network 140. Call flow 1600 may
be applicable for the network architecture shown in FIG. 2
and may assume that no RRC is available at booster eNB 132.
Call flow 1600 includes steps 1 to 10 that correspond to steps
1 to 10 in call flow 1500 in FIG. 15. Call flow 1600 further
includes additional steps to modity data bearers in core net-
work 140 to route data for UE 110 to and from serving
gateway 146.

[0120] Anchor eNB 130 may send an E-RAB SWITCH
REQUEST message to MME 142 for data bearers to be added
or removed at booster eNB 132 (step 11). This message may
include an MME UE S1AP ID for MME 142, an eNB UE
S1AP ID for booster eNB 132, a list of data bearers to be
modified, and pertinent information for each data bearer such
as eNB GTP-U addressing information.

[0121] MME 142 may send a Modity Bearer Request mes-
sageto serving gateway 146/PDN gateway 148 (step 12). This
message may include the list of data bearers to be modified
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and pertinent information for each data bearer such as data
bearer ID (e.g., data bearer IDs for the default data bearer and
all dedicated data bearers). This message may also include,
for added data bearers, the TEID and IPv4 address of booster
eNB 132 for the user plane. This message may also include,
for removed data bearers, the TEID and IPv4 address of
anchor eNB 130 for the user plane.

[0122] Uponreceiving the Modify Bearer Request message
from MME 142, serving gateway 146/PDN gateway 148 may
send one or more GTP-U ‘End Marker’packets to anchor eNB
130 for added offloaded data bearers and to booster eNB 132
for removed offloaded data bearers. Serving gateway 146/
PDN gateway 148 may begin to send (i) downlink data for the
added offloaded data bearers directly to booster eNB 132 and
(i1) downlink data for the removed data bearers directly to
anchor eNB 130. For the added offloaded data bearers, anchor
eNB 130 may forward one or more GTP-U ‘End Marker’
packets to booster eNB 132. Booster eNB 132 may thereafter
receive downlink data for the added offloaded data bearers
from serving gateway 146/PDN gateway 148 and may send
the downlink data to UE 110. For the removed offloaded data
bearers, booster eNB 132 may forward one or more GTP-U
‘End Marker’ packets to anchor eNB 130. Anchor eNB may
thereafter receive downlink data for the removed offloaded
data bearers from serving gateway 146/PDN gateway 148 and
may send the downlink data to UE 110.

[0123] Serving gateway 146/PDN gateway 148 may send a
Modify Bearer Response message to MME 142 (step 13).
MME 142 may send an E-RAB SWITCH REQUEST ACK
message to anchor eNB 130 (step 14).

[0124] FIG. 17 shows a design of a process 1700 for sup-
porting communication in a wireless network. Process 1700
may be performed by a first base station/eNB (as described
below) or by some other entity. The first base station may
identify a plurality of data bearers configured for a UE served
by the first base station (block 1712). The first base station
may be an anchor eNB for the UE. In one design, the plurality
of data bearers may carry data sent via a plurality of carriers
configured for the UE for carrier aggregation. The first base
station may receive from the UE a measurement report iden-
tifying a second base station (block 1714). The first base
station may determine to oftload at least one data bearer, from
among the plurality of data bearers, to the second base station
(block 1716). The first base station may communicate with
the second base station to offload the at least one data bearer
to the second base station (block 1718). Data for the UE may
be sent via the plurality of data bearers through the first base
station and the second base station.

[0125] In one design of block 1718, the first base station
may send an offload request message to the second base
station (e.g., in step 3 in FIG. 11 or 12). The offload request
message may convey the at least one data bearer being off-
loaded to the second base station. The offload request mes-
sage may also include QoS information and/or other infor-
mation for the at least one data bearer. The first base station
may forward data for the at least one data bearer to the second
base station.

[0126] The first base station may send a reconfiguration
message to the UE (e.g., in step 6 in FIG. 11 or 12). The
reconfiguration message may include radio resource configu-
ration information for at least one radio access bearer associ-
ated with the at least one data bearer being offloaded to the
second base station. A switch request message may be sent
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from the second base station toa MME (e.g., in step 12 in FIG.
12) to convey the at least one data bearer being offloaded to
the second base station.

[0127] The first base station may determine to modify han-
dling of one or more data bearers from the second base station
(block 1720). The one or more data bearers may be among the
atleast one data bearer offloaded to the second base station. In
general, all or a subset of the offloaded data bearers may have
their handling modified. The first base station may commu-
nicate with the second base station to modify handling of the
one or more data bearers from the second base station, (block
1722). Data for the one or more data bearers of the UE may
thereafter be sent via the first base station.

[0128] In one design of block 1722, the first base station
may send a modify handling request message to the second
base station (e.g., in step 3 in FIG. 13 or 14). The modify
handling request message may convey the one or more data
bearer whose handling is being modified from the second
base station. The first base station may receive data for the one
or more data bearers forwarded from the second base station
to the first base station.

[0129] The first base station may send a reconfiguration
message to the UE (e.g., in step 5 in FIG. 13 or 14). The
reconfiguration message may include radio resource configu-
ration information for one or more radio access bearers asso-
ciated with the one or more data bearers whose handling is
being modified from the second base station. The first base
station may send a switch request message to the MME (e.g.,
in step 9 in FIG. 14). The switch request message may convey
the one or more data bearers whose handling is being modi-
fied from the second base station.

[0130] The first base station may determine to modify (e.g.,
to offload or to modify handling) one or more data bearers of
the UE (e.g., in step 3 in FIG. 15 or 16). The first base station
may then communicate with the second base station to
modify the one or more data bearers of the UE.

[0131] Inone design, the plurality of data bearers of the UE
may be terminated at a core network serving the first and
second base stations, e.g., as shown in FIG. 2. In another
design, the plurality of data bearers of the UE may be termi-
nated at a RAN including the first and second base stations,
e.g., as shown in FIGS. 4 and 6. The procedure for offloading
data bearers and the procedure for taking back data bearers
may be performed in different manners depending on
whether the data bearers are terminated at the core network or
the RAN, e.g., as shown in FIGS. 11 to 16.

[0132] In one design, the first base station may receive a
measurement report from the UE and may identify the second
base station to offload the at least one data bearer in block
1716 based on the measurement report. In one design, the first
base station may obtain a PCI for the second base station from
the measurement report and may identify the second base
station based on the PCI. In another design, the first base
station may obtain a CGI for the second base station from the
measurement report and may identify the second base station
based on the CGI.

[0133] FIG. 18 shows a design of a process 1800 for sup-
porting communication in a wireless network. Process 1800
may be performed by a second base station/eNB (as described
below) or by some other entity. The second base station may
receive an offload request message sent by a first base station
(e.g., in step 3 in FIG. 11 or 12) (block 1812). The offload
request message may convey at least one data bearer to off-
load to the second base station. The at least one data bearer
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may be among a plurality of data bearers configured for a UE,
e.g., for carrier aggregation. The first base station may be an
anchor eNB for the UE, and the second base station may be a
booster eNB for the UE. The second base station may admit
the at least one data bearer of the UE (e.g., in step 4 in FIG. 11
or 12) (block 1814). The second base station may receive
downlink data for the at least one data bearer from the first
base station. The second base station may thereafter exchange
(e.g., send and/or receive) data for the at least one data bearer
of the UE (block 1816).

[0134] The second base station may receive a modify han-
dling request message from (e.g., in step 3 in FIG. 13 or 14)
(block 1818). The modify handling request message may
convey one or more data bearers whose handling is being
modified by the first base station from the second base station.
The one or more data bearers may be among the at least one
data bearer offloaded to the second base station. The second
base station may forward downlink data for the one or more
data bearers to the first base station and may stop exchanging
data for the one or more data bearers (block 1820).

[0135] The second base station may receive a modify
request message from the first base station (e.g., in step 3 in
FIG. 15 or 16). The modify request message may convey one
or more data bearers being offloaded to or whose handling is
being modified from the second base station. The second base
station may (i) receive downlink data for the one or more data
bearers if they are being offloaded to the second base station
or (i) forward downlink data for the one or more data bearers
if they are whose handling is being modified by the first base
station.

[0136] FIG. 19 shows a design of a process 1900 for com-
municating in a wireless network. Process 1900 may be per-
formed by a UE (as described below) or by some other entity.
The UE may receive a first reconfiguration message from a
first base station (e.g., in step 6 in FIG. 11 or 12) (block 1912).
The first reconfiguration message may include first radio
resource configuration information for at least one radio
access bearer associated with at least one data bearer being
offloaded from the first base station to a second base station.
In one design, the at least one data bearer may be among a
plurality of data bearers configured for the UE for carrier
aggregation. The first base station may be an anchor eNB for
the UE, and the second base station may be a booster eNB for
the UE. The UE may access the second base station (e.g., via
a RACH) in response to the first reconfiguration message
(e.g., in step 7 in FIG. 11 or 12) (block 1914). The UE may
thereafter exchange (e.g., send and/or receive) data for the at
least one data bearer of the UE via the second base station
(block 1916).

[0137] The UE may receive a second reconfiguration mes-
sage from the first base station (in step 5 in FIG. 14 or 15)
(block 1918). The second reconfiguration message may
include second radio resource configuration information for
one or more radio access bearers associated with one or more
data bearers whose handling is being modified from the sec-
ond base station. The one or more data bearers may be among
the at least one data bearer offloaded to the second base
station. The UE may stop communicating with the second
base station for the one or more data bearers and may
exchange data for the one or more data bearers of the UE via
the first base station (block 1920).

[0138] The UE may receive a third reconfiguration message
from the first base station (in step 6 in FIG. 15 or 16). The third
reconfiguration message may include third radio resource
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configuration information for one or more radio access bear-
ers associated with one or more data bearers of the UE being
offloaded to the second base station or whose handling is
being modified from the second base station. The UE may (i)
start communicating with the second base station for the one
or more data bearers if they are being oftfloaded or (ii) stop
communicating with the second base station for the one or
more data bearers if they are whose handling is being modi-
fied.

[0139] FIG. 20 shows a block diagram of an exemplary
design of UE 110 and eNB/base station 130 in FIG. 1. eNB
130 may be equipped with T antennas 2034a through 2034z,
and UE 110 may be equipped with R antennas 2052a through
20527, where in general T=z1 and R=1.

[0140] AteNB 130, a transmit processor 2020 may receive
data for one or more UEs from a data source 2012 and control
information from a controller/processor 2040. Data source
2012 may implement data buffers for all data bearers config-
ured for UE 110 and other UEs served by eNB 130. Transmit
processor 2020 may process (e.g., encode, interleave, and
symbol map) the data and control information to obtain data
symbols and control symbols, respectively. Transmit proces-
sor 2020 may also generate reference symbols for one or more
reference signals. A transmit (TX) multiple-input multiple-
output (MIMO) processor 2030 may perform spatial process-
ing (e.g., precoding) on the data symbols, the control sym-
bols, and/or the reference symbols, if applicable, and may
provide T output symbol streams to T modulators (MODs)
2032a through 2032z. Each modulator 2032 may process a
respective output symbol stream (e.g., for OFDM,
SC-FDMA, CDMA, etc.) to obtain an output sample stream.
Each modulator 2032 may further process (e.g., convert to
analog, amplify, filter, and upconvert) the output sample
stream to obtain an uplink signal. T uplink signals from
modulators 2032a through 20327 may be transmitted via T
antennas 2034a through 2034¢, respectively.

[0141] At UE 110, antennas 2052a through 20527 may
receive the downlink signals from eNB 130 and other eNBs
and may provide received signals to demodulators (DE-
MODs) 2054a through 20547, respectively. Each demodula-
tor 2054 may condition (e.g., filter, amplify, downconvert,
and digitize) a respective received signal to obtain received
samples. Each demodulator 2054 may further process the
received samples to obtain received symbols. A MIMO detec-
tor 2056 may obtain received symbols from all R demodula-
tors 2054a through 20547 and may perform MIMO detection
onthe received symbols to obtain detected symbols. A receive
processor 2058 may process (e.g., symbol demap, deinter-
leave, and decode) the detected symbols, provide decoded
data to a data sink 2060, and provide decoded control infor-
mation to a controller/processor 2080.

[0142] On the uplink, at UE 110, data from a data source
2062 and control information from controller/processor 2080
may be processed by a transmit processor 2064, precoded by
a TX MIMO processor 2066 if applicable, conditioned by
modulators 2054a through 20547, and transmitted to eNB 130
and other eNBs. At eNB 130, the uplink signals from UE 110
and other UEs may be received by antennas 2034, condi-
tioned by demodulators 2032, processed by a MIMO detector
2036, and further processed by a receive processor 2038 to
obtain the data and control information sent by UE 110 and
other UEs. Processor 2038 may provide the decoded datato a
data sink 2039 and the decoded control information to con-
troller/processor 2040.
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[0143] Controllers/processors 2040 and 2080 may direct
the operation at eNB 130 and UE 110, respectively. Memories
2042 and 2082 may store data and program codes for eNB
130 and UE 110, respectively. A scheduler 2044 may sched-
ule UE 110 and other UEs for data transmission on the down-
link and uplink and may assign resources to the scheduled
UEs. Processor 2040 and/or other processors and modules at
eNB 130 may perform or direct the operation performed by
eNB 130 in call flow 900 in FIG. 9, call flow 1000 in FIG. 10,
call flow 1100 in FIG. 11, call flow 1200 in FIG. 12, call flow
1300 in FIG. 13, call flow 1400 in F1G. 14, call flow 1500 in
FIG. 15, call flow 1600 in FIG. 16, process 1700 in FIG. 17,
process 1800 in FIG. 18, and/or other call flows and processes
for the techniques described herein. Processor 2080 and/or
other processors and modules at UE 110 may perform or
direct the operation of UE 110 in call flows 900, 1000, 1100,
1200, 1300, 1400, 1500 and 1600, process 1900 in FIG. 19,
and/or other call flows and processes for the techniques
described herein data transmission on the downlink.

[0144] eNB 132 may be implemented in similar manner as
eNB 130. One or more processors and/or modules at eNB 132
may perform or direct the operation performed by eNB 132 in
call flows 900, 1000, 1100,1200, 1300, 1400, 1500 and 1600,
processes 1700 and 1800, and/or other processes for the tech-
niques described herein.

[0145] Those of skill in the art would understand that infor-
mation and signals may be represented using any of a variety
of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

[0146] Those of skill would further appreciate that the vari-
ous illustrative logical blocks, modules, circuits, and algo-
rithm steps described in connection with the disclosure herein
may be implemented as electronic hardware, computer soft-
ware, or combinations of both. To clearly illustrate this inter-
changeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure.

[0147] The various illustrative logical blocks, modules, and
circuits described in connection with the disclosure herein
may be implemented or performed with a general-purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or
state machine. A processor may also be implemented as a
combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such configuration.
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[0148] The steps of a method or algorithm described in
connection with the disclosure herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium is
coupled to the processor such that the processor can read
information from, and write information to, the storage
medium. In the alternative, the storage medium may be inte-
gral to the processor. The processor and the storage medium
may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a user terminal.

[0149] In one or more exemplary designs, the functions
described may be implemented in hardware, software, firm-
ware, or any combination thereof. If implemented in soft-
ware, the functions may be stored on or transmitted over as
one or more instructions or code on a computer-readable
medium. Computer-readable media includes both computer
storage media and communication media including any
medium that facilitates transfer of a computer program from
one place to another. A storage media may be any available
media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation,
such computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program
code means in the form of instructions or data structures and
that can be accessed by a general-purpose or special-purpose
computer, or a general-purpose or special-purpose processor.
Also, any connection is properly termed a computer-readable
medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave
are included in the definition of medium. Disk and disc, as
used herein, 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.

[0150] The previous description of the disclosure is pro-
vided to enable any person skilled in the art to make or use the
disclosure. Various modifications to the disclosure will be
readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other variations
without departing from the spirit or scope of the disclosure.
Thus, the disclosure is not intended to be limited to the
examples and designs described herein but is to be accorded
the widest scope consistent with the principles and novel
features disclosed herein.

What is claimed is:

1. A method of wireless communication, comprising:

identifying a plurality of data bearers configured for a user
equipment (UE) served by a first base station;

receiving from the UE a measurement report identifying a
second base station;

Petitioners' Exhibit 1013, p. 33
ATA&T et al v. Innovative Sonic & Celerity
IPR2024-00991



US 2014/0010207 Al

determining to offload at least one data bearer, among the
plurality of data bearers, to the second base station;

communicating with the second base station by the first
base station to offload the at least one data bearer to the
second base station, wherein data for the UE is sent via
the plurality of data bearers through the first base station
and the second base station; and

forwarding data for the at least one data bearer from the

first base station to the second base station.

2. The method of claim 1, wherein the communicating with
the second base station by the first base station to offload the
at least one data bearer comprises:

sending an offload request message from the first base

station to the second base station, the offload request
message conveying the at least one data bearer being
offloaded to the second base station.

3. The method of claim 2, wherein the offload request
message further includes quality-of-service (QoS) informa-
tion for the at least one data bearer.

4. The method of claim 1, further comprising:

sending a reconfiguration message from the first base sta-

tion to the UE, the reconfiguration message including
radio resource configuration information for at least one
radio access bearer associated with the at least one data
bearer being offloaded to the second base station.

5. The method of claim 1, further comprising:

determining to modify handling of one or more data bear-

ers from the second base station, the one or more data
bearers being among the at least one data bearer off-
loaded to the second base station; and

communicating with the second base station by the first

base station to modify handling of the one or more data
bearers from the second base station, and

wherein data for the one or more data bearers of the UE is

sent via another base station.

6. The method of claim 5, wherein the determining to
modify handling of one or more data bearers from the second
base station comprise:

receiving a second measurement report from the UE at the

first base station, and

determining to modify handling of the one or more data

bearers from the second base station based on the second
measurement report.

7. The method of claim 5, wherein the communicating with
the second base station by the first base station to modify
handling of the one or more data bearers comprises:

sending a modification request message from the first base

station to the second base station, the modification
request message conveying the one or more data bearers
being modified from the second base station.

8. The method of claim 5, further comprising:

sending a reconfiguration message from the first base sta-

tion to the UE, the reconfiguration message including
radio resource configuration information for one or
more radio access bearers associated with the one or
more data bearers whose handling is being modified
from the second base station.

9. A method of wireless communication, comprising:

identifying a plurality of data bearers configured for a user

equipment (UE) served by a first base station;

receiving from the UE a measurement report identifying a

second base station;

determining to offload at least one data bearer, among the

plurality of data bearers, to the second base station;
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communicating with the second base station by the first
base station to offload the at least one data bearer to the
second base station; and

communicating with a Mobility Management Entity

(MME) to convey the at least one data bearer being
offloaded to the second base station, wherein data for the
UE is sent via the plurality of data bearers through the
first base station and the second base station.

10. The method of claim 9, further comprising:

sending a reconfiguration message from the first base sta-

tion to the UE, the reconfiguration message including
radio resource configuration information for at least one
radio access bearer associated with the at least one data
bearer being offloaded to the second base station.

11. The method of claim 9, further comprising:

determining to modify handling one or more data bearers

from the second base station, the one or more data bear-
ers being among the at least one data bearer offloaded to
the second base station; and

communicating with the second base station by the first

base station to modify handling of the one or more data
bearers from the second base station, and

wherein data for the one or more data bearers of the UE is

sent via another base station.

12. The method of claim 11, wherein the determining to
modify handling one or more data bearers from the second
base station comprises:

receiving a second measurement report from the UE at the

first base station, and

determining to modify handling of the one or more data

bearers from the second base station based on the second
measurement report.

13. The method of claim 11, wherein the communicating
with the second base station by the first base station to modify
handling the one or more data bearers comprises:

sending a modification request message from the first base

station to the second base station, the modification
request message conveying the one or more data bearers
whose handling is being modified from the second base
station.

14. The method of claim 11, further comprising:

sending a reconfiguration message from the first base sta-

tion to the UE, the reconfiguration message including
radio resource configuration information for one or
more radio access bearers associated with the one or
more data bearers whose handling is being modified
from the second base station.

15. A method of wireless communication, comprising:

receiving an offload request message sent from a first base

station to a second base station, the oftload request mes-
sage conveying at least one data bearer to offload to the
second base station, the at least one data bearer being
among a plurality of data bearers configured for a user
equipment (UE);

admitting the at least one data bearer of the UE at the

second base station;

receiving, at the second base station, data for the at least

one data bearer from the first base station; and
exchanging the data for the at least one data bearer of the
UE via the second base station.

16. The method of claim 15, further comprising:

receiving a modification request message sent from the first

base station to the second base station, the modification
request message conveying one or more data bearers
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whose handling is being modified by the first base sta-
tion from the second base station, the one or more data
bearers being among the at least one data bearer off-
loaded to the second base station; and

terminating exchange of data for the one or more data

bearers with the UE.

17. A method of wireless communication, comprising:

receiving a first reconfiguration message sent by a first base

station to a user equipment (UE), the first reconfigura-
tion message including first radio resource configuration
information for at least one radio access bearer associ-
ated with at least one data bearer being offloaded from
the first base station to a second base station;

accessing the second base station in response to the first

reconfiguration message; and

exchanging data for the at least one data bearer of the UE

via the second base station.
18. The method of claim 17, wherein the accessing the
second base station comprises accessing the second base
station via a random access channel (RACH).
19. The method of claim 17, further comprising:
receiving a second reconfiguration message sent by the first
base station to the UE, the second reconfiguration mes-
sage including second radio resource configuration
information for one or more radio access bearers asso-
ciated with one or more data bearers whose handling is
being modified from the second base station, the one or
more data bearers being among the at least one data
bearer offloaded to the second base station; and

exchanging data for the one or more data bearers of the UE
via the first base station.

20. The method of claim 19, further comprising:

terminating communication with the second base station

for the one or more data bearers whose handling is being
modified.

21. The method of claim 17, further comprising:

receiving a second reconfiguration message sent by the first

base station to the UE, the second reconfiguration mes-
sage including second radio resource configuration
information for one or more radio access bearers asso-
ciated with one or more data bearers of the UE being
offloaded to the second base station or whose handling is
being modified from the second base station.

22. An apparatus configured for wireless communication,
comprising:

means for identifying a plurality of data bearers configured

for a user equipment (UE) served by a first base station;
means for receiving from the UE a measurement report
identifying a second base station;

means for determining to offload at least one data bearer,

among the plurality of data bearers, to the second base
station;

means for communicating with the second base station by

the first base station to offload the at least one data bearer
to the second base station, wherein data for the UE is sent
via the plurality of data bearers through the first base
station and the second base station; and

means for forwarding data for the at least one data bearer

from the first base station to the second base station.

23. The apparatus of claim 22, wherein the means for
communicating with the second base station by the first base
station to offload the at least one data bearer comprises:

means for sending an offload request message from the first

base station to the second base station, the offload
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request message conveying the at least one data bearer
being offloaded to the second base station.

24. The apparatus of claim 23, wherein the offload request
message further includes quality-of-service (QoS) informa-
tion for the at least one data bearer.

25. The apparatus of claim 22, further comprising:

means for sending a reconfiguration message from the first

base station to the UE, the reconfiguration message
including radio resource configuration information for
at least one radio access bearer associated with the at
least one data bearer being offloaded to the second base
station.

26. The apparatus of claim 22, further comprising:

means for determining to modify handling of one or more

data bearers from the second base station, the one or
more data bearers being among the at least one data
bearer offloaded to the second base station; and
means for communicating with the second base station by
the first base station to modify handling of the one or
more data bearers from the second base station, and

wherein data for the one or more data bearers of the UE is
sent via another base station.
27. The apparatus of claim 26, wherein the means for
determining to modify handling of one or more data bearers
from the second base station comprises
means for receiving a second measurement report from the
UE at the first base station, and

means for determining to modify handling of the one or
more data bearers from the second base station based on
the second measurement report.

28. The apparatus of claim 26, wherein the means for
communicating with the second base station by the first base
station to modify handling of the one or more data bearers
comprises:

means for sending a modification request message from the

first base station to the second base station, the modifi-
cation request message conveying the one or more data
bearers being modified from the second base station.

29. The apparatus of claim 26, further comprising:

means for sending a reconfiguration message from the first

base station to the UE, the reconfiguration message
including radio resource configuration information for
one or more radio access bearers associated with the one
or more data bearers whose handling is being modified
from the second base station.

30. An apparatus configured for wireless communication,
comprising:

means for identifying a plurality of data bearers configured

for a user equipment (UE) served by a first base station;
means for receiving from the UE a measurement report
identifying a second base station;

means for determining to offload at least one data bearer,

among the plurality of data bearers, to the second base
station;

means for communicating with the second base station by

the first base station to offload the at least one data bearer
to the second base station; and

means for communicating with a Mobility Management

Entity (MME) to convey the at least one data bearer
being oftfloaded to the second base station, wherein data
forthe UE is sent via the plurality of data bearers through
the first base station and the second base station.
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31. The apparatus of claim 30, further comprising:

means for sending a reconfiguration message from the first
base station to the UE, the reconfiguration message
including radio resource configuration information for
at least one radio access bearer associated with the at
least one data bearer being offloaded to the second base
station.

32. The apparatus of claim 30, further comprising:

means for determining to modify handling one or more

data bearers from the second base station, the one or
more data bearers being among the at least one data
bearer offloaded to the second base station; and
means for communicating with the second base station by
the first base station to modify handling of the one or
more data bearers from the second base station, and

wherein data for the one or more data bearers of the UE is
sent via another base station.
33. The apparatus of claim 32, wherein the means for
determining to modify handling one or more data bearers
from the second base station comprises
means for receiving a second measurement report from the
UE at the first base station, and

means for determining to modify handling of the one or
more data bearers from the second base station based on
the second measurement repott.

34. The apparatus of claim 32, wherein the means for
communicating with the second base station by the first base
station to modify handling the one or more data bearers com-
prises:

means for sending a modification request message from the

first base station to the second base station, the modifi-
cation request message conveying the one or more data
bearers whose handling is being modified from the sec-
ond base station.

35. The apparatus of claim 32, further comprising:

means for sending a reconfiguration message from the first

base station to the UE, the reconfiguration message
including radio resource configuration information for
one or more radio access bearers associated with the one
or more data bearers whose handling is being modified
from the second base station.

36. An apparatus configured for wireless communication,
comprising:

means for receiving an offload request message sent from a

first base station to a second base station, the offload
request message conveying at least one data bearer to
offload to the second base station, the at least one data
bearer being among a plurality of data bearers config-
ured for a user equipment (UE);

means for admitting the at least one data bearer of the UE

at the second base station;

means for receiving, at the second base station, data for the

at least one data bearer from the first base station; and
means for exchanging the data for the at least one data
bearer of the UE via the second base station.

37. The apparatus of claim 36, further comprising:

means for receiving a modification request message sent

from the first base station to the second base station, the
modification request message conveying one or more
data bearers whose handling is being modified by the
first base station from the second base station, the one or
more data bearers being among the at least one data
bearer offloaded to the second base station; and
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means for terminating exchange of data for the one or more

data bearers with the UE.

38. An apparatus configured for wireless communication,
comprising:

means for receiving a first reconfiguration message sent by

a first base station to a user equipment (UE), the first
reconfiguration message including first radio resource
configuration information for at least one radio access
bearer associated with at least one data bearer being
offloaded from the first base station to a second base
station;

means for accessing the second base station in response to

the first reconfiguration message; and

means for exchanging data for the at least one data bearer

of the UE via the second base station.
39. The apparatus of claim 38, wherein the means for
accessing the second base station comprises accessing the
second base station via a random access channel (RACH).
40. The apparatus of claim 38, further comprising:
means for receiving a second reconfiguration message sent
by the first base station to the UE, the second reconfigu-
ration message including second radio resource configu-
ration information for one or more radio access bearers
associated with one or more data bearers whose han-
dling is being modified from the second base station, the
one or more data bearers being among the at least one
data bearer offloaded to the second base station; and

means for exchanging data for the one or more data bearers
of the UE via the first base station.

41. The apparatus of claim 40, further comprising:

means for terminating communication with the second

base station for the one or more data bearers whose
handling is being modified.

42. The apparatus of claim 38, further comprising:

means for receiving a second reconfiguration message sent

by the first base station to the UE, the second reconfigu-
ration message including second radio resource configu-
ration information for one or more radio access bearers
associated with one or more data bearers of the UE being
offloaded to the second base station or whose handling is
being modified from the second base station.

43. A computer program product for wireless communica-

tions in a wireless network, comprising:

a non-transitory computer-readable medium having pro-
gram code recorded thereon, the program code includ-
ing:
program code for causing a computer to identify a plu-
rality of data bearers configured for a user equipment
(UE) served by a first base station;

program code for causing the computer to receive from
the UE a measurement report identifying a second
base station;

program code for causing the computer to determine to
offload at least one data bearer, among the plurality of
data bearers, to the second base station;

program code for causing the computer to communicate
with the second base station by the first base station to
offload the at least one data bearer to the second base
station, wherein data for the UE is sent via the plural-
ity of data bearers through the first base station and the
second base station; and

program code for causing the computer to forward data
for the at least one data bearer from the first base
station to the second base station.

Petitioners' Exhibit 1013, p. 36
ATA&T et al v. Innovative Sonic & Celerity
IPR2024-00991



US 2014/0010207 Al

44. The computer program product of claim 43, further

comprising:

program code for causing the computer to determine to
modify handling of one or more data bearers from the
second base station, the one or more data bearers being
among the at least one data bearer offloaded to the sec-
ond base station; and

program code for causing the computer to communicate
with the second base station by the first base station to
modify handling ofthe one or more data bearers from the
second base station, and

wherein data for the one or more data bearers of the UE is
sent via another base station.

45. A computer program product for wireless communica-

tions in a wireless network, comprising:
a non-transitory computer-readable medium having pro-
gram code recorded thereon, the program code includ-
ing:
program code for causing a computer to identify a plu-
rality of data bearers configured for a user equipment
(UE) served by a first base station;

program code for causing the computer to receive from
the UE a measurement report identifying a second
base station;

program code for causing the computer to determine to
offload at least one data bearer, among the plurality of
data bearers, to the second base station;

program code for causing the computer to communicate
with the second base station by the first base station to
offload the at least one data bearer to the second base
station; and

program code for causing the computer to communicate
with a Mobility Management Entity (MME) to con-
vey the at least one data bearer being offloaded to the
second base station, wherein data for the UE is sent
via the plurality of data bearers through the first base
station and the second base station.

46. The computer program product of claim 45, further

comprising:

program code for causing the computer to determine to
modify handling one or more data bearers from the
second base station, the one or more data bearers being
among the at least one data bearer offloaded to the sec-
ond base station; and

program code for causing the computer to communicate
with the second base station by the first base station to
modify handling ofthe one or more data bearers from the
second base station, and

wherein data for the one or more data bearers of the UE is
sent via another base station.

47. A computer program product for wireless communica-

tions in a wireless network, comprising:

a non-transitory computer-readable medium having pro-
gram code recorded thereon, the program code includ-
ing:
program code for causing a computer to receive an off-

load request message sent from a first base station to
a second base station, the offload request message
conveying at least one data bearer to offload to the
second base station, the at least one data bearer being
among a plurality of data bearers configured for a user
equipment (UE);
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program code for causing the computer to admit the at
least one data bearer of the UE at the second base
station;

program code for causing the computer to receive, at the
second base station, data for the at least one data
bearer from the first base station; and

program code for causing the computer to exchange the
data for the at least one data bearer of the UE via the
second base station.

48. The computer program product of claim 47, further

comprising:

program code for causing the computer to receive a modi-
fication request message sent from the first base station
to the second base station, the modification request mes-
sage conveying one or more data bearers whose han-
dling is being modified by the first base station from the
second base station, the one or more data bearers being
among the at least one data bearer offloaded to the sec-
ond base station; and

program code for causing the computer to terminate
exchange of data for the one or more data bearers with
the UE.

49. A computer program product for wireless communica-

tions in a wireless network, comprising:
a non-transitory computer-readable medium having pro-
gram code recorded thereon, the program code includ-
ing:
program code for causing a computer to receive a first
reconfiguration message sent by a first base station to
a user equipment (UE), the first reconfiguration mes-
sage including first radio resource configuration
information for at least one radio access bearer asso-
ciated with at least one data bearer being offloaded
from the first base station to a second base station;

program code for causing the computer to access the
second base station in response to the first reconfigu-
ration message; and

program code for causing the computer to exchange data
for the atleast one data bearer of the UE via the second
base station.

50. The computer program product of claim 49, further

comprising:

program code for causing the computer to receive a second
reconfiguration message sent by the first base station to
the UE, the second reconfiguration message including
second radio resource configuration information for one
or more radio access bearers associated with one or more
databearers of the UE being offloaded to the second base
station or whose handling is being modified from the
second base station.

51. An apparatus configured for wireless communication,

the apparatus comprising:
at least one processor; and
a memory coupled to the at least one processor,
wherein the at least one processor is configured:
to identify a plurality of data bearers configured for a
user equipment (UE) served by a first base station;

to receive from the UE a measurement report identifying
a second base station;

to determine to offload at least one data bearer, among
the plurality of data bearers, to the second base sta-
tion;

to communicate with the second base station by the first
base station to offload the at least one data bearer to
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the second base station, wherein data for the UE is
sent via the plurality of data bearers through the first
base station and the second base station; and
to forward data for the at least one data bearer from the
first base station to the second base station.
52. The apparatus of claim 51, further comprising configu-
ration of the at least one processor:
to determine to modify handling of one or more data bear-
ers from the second base station, the one or more data
bearers being among the at least one data bearer off-
loaded to the second base station; and
to communicate with the second base station by the first
base station to modify handling of the one or more data
bearers from the second base station, and
wherein data for the one or more data bearers of the UE is
sent via another base station.
53. An apparatus configured for wireless communication,
the apparatus comprising:
at least one processor; and
a memory coupled to the at least one processor,
wherein the at least one processor is configured:
to identify a plurality of data bearers configured for a
user equipment (UE) served by a first base station;
to receive from the UE a measurement report identifying
a second base station;
to determine to offload at least one data bearer, among
the plurality of data bearers, to the second base sta-
tion;
to communicate with the second base station by the first
base station to offload the at least one data bearer to
the second base station; and
to communicate with a Mobility Management Entity
(MME) to convey the at least one data bearer being
offloaded to the second base station, wherein data for
the UE is sent via the plurality of data bearers through
the first base station and the second base station.
54. The apparatus of claim 53, further comprising configu-
ration of the at least one processor:
to determine to modify handling one or more data bearers
from the second base station, the one or more data bear-
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ers being among the at least one data bearer offloaded to
the second base station; and
to communicate with the second base station by the first
base station to modify handling of the one or more data
bearers from the second base station, and
wherein data for the one or more data bearers of the UE is
sent via another base station.
55. An apparatus configured for wireless communication,
the apparatus comprising:
at least one processor; and
a memory coupled to the at least one processor,
wherein the at least one processor is configured:
to receive an oftload request message sent from a first
base station to a second base station, the offload
request message conveying at least one data bearer to
offload to the second base station, the at least one data
bearer being among a plurality of data bearers config-
ured for a user equipment (UE);
to admit the at least one data bearer of the UE at the
second base station;
to receive, at the second base station, data for the at least
one data bearer from the first base station; and
to exchange the data for the at least one data bearer of the
UE via the second base station.
56. An apparatus configured for wireless communication,
the apparatus comprising:
at least one processor; and
a memory coupled to the at least one processor,
wherein the at least one processor is configured:
to receive a first reconfiguration message sent by a first
base station to a user equipment (UE), the first recon-
figuration message including first radio resource con-
figuration information for at least one radio access
bearer associated with at least one data bearer being
offloaded from the first base station to a second base
station;
to access the second base station in response to the first
reconfiguration message; and
to exchange data for the at least one data bearer of the UE
via the second base station.

#* #* #* #* #*

Petitioners' Exhibit 1013, p. 38
ATA&T et al v. Innovative Sonic & Celerity
IPR2024-00991





