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MOBILITY MANAGEMENT FOR SOFTWARE
DEFINED RADIO ACCESS NETWORKS

RELATED APPLICATIONS

The present application claims the priority to International Application
PCT/CN2015/094258, which was filed on November 11, 2015, the contents of which are hereby
incorporated by reference as though fully set forth herein.

BACKGROUND

LTE (Long-Term Evolution) is a standard for wireless communication of high-speed
data for mobile phones and data terminals (mobile devices). An LTE cellular communication
system may include a Radio Access Network (RAN) section and a "core" network section. The
RAN section may handle the wireless (radio) communications with the mobile devices. The
"core" section may handle control functionality relating to providing data services to the mobile
devices.

One trend in cellular network deployments has been the usage of high density access
networks (sometimes called ultra-dense radio access networks (UDN)) in which a large number
of standalone small cells (SC), each with a relatively limited coverage area, are deployed. UDN
deployments may be used in either outdoor or indoor traffic hotspots where additional capacity
is needed. UDN deployments, however, can result in additional challenges, such as inter-cell
interference. Additionally, a large number of small cells can lead to a high volume of signaling
messages, from the small cells, in the network core.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments described herein will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this description, like
reference numerals may designate like structural elements. Embodiments are illustrated by way
of example and not by way of limitation in the figures of the accompanying drawings.

Fig. 11is a diagram of an example environment, corresponding to a cellular network, in
which systems and/or methods described herein may be implemented;

Fig. 2 is a flowchart illustrating a process for performing an intra-controller handover in
the environment of Fig. 1;

Fig. 3 is a signal flow diagram illustrating an example intra-controller handover;

Fig. 4 is a diagram of environment that particularly illustrates multiple controllers;

Fig. 5 is a flowchart illustrating a process for performing an inter-controller handover in
the environment of Fig. 1;

Fig. 6 1s a signal flow diagram illustrating an example inter-controller handover; and
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Fig. 7 illustrates example components of an electronic device.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The following detailed description refers to the accompanying drawings. The same
reference numbers in different drawings may identify the same or similar elements. It is to be
understood that other embodiments may be utilized and structural or logical changes may be
made without departing from the scope of the present disclosure. Therefore, the following
detailed description is not to be taken in a limiting sense, and the scope of embodiments is
defined by the appended claims and their equivalents.

A Software Defined Network (SDN) architecture, for the RAN of a cellular
communications system, is described herein. The described architecture separates the control
plane and the user plane in the RAN. A controller, in the RAN, may serve a number of base
stations and perform mobility management control functions (i.e., functions related to
handovers), via the control plane, for base stations in the RAN. User plane traffic may be
separately communicated between base stations and an SDN switch. The SDN switch, in the
RAN, may be used to route data plane traffic and terminate the backhaul connection towards the
core network.

The control and user plane separation may facilitate efficient mobility management
decisions by the controller. Additionally, the control and user plane separation may enable
multiple base stations to be associated with a "virtual" cell, in which mobility management
decisions within the virtual cell may be hidden (i.e., may not need to be communicated) from the
core network. In this manner, the amount of signaling with the core network can be reduced.

In one implementation, as described herein, intra-controller handover operations (i.e.,
between base stations within a virtual cell), may be made, by the controller, based on global
knowledge relating to load within the virtual cell. For inter-controller handover operations (i.e.,
between base stations in different virtual cells), a control plane handover may first be performed
between the controllers of the different virtual cells. The user plane handover between base
stations may then be performed.

Fig. 11is a diagram of an example environment 100, corresponding to a cellular network,
in which systems and/or methods described herein may be implemented. Environment 100 may
generally provide a Software Defined Network (SDN)-based architecture, in the RAN, that
separates control plane signaling and user plane data traffic. In Fig. 1, the RAN control plane
interface is illustrated with dashed lines and the RAN user plane interface is illustrated with
solid lines.

As illustrated, environment 100 may include mobile devices, which may be referred to as
2
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User Equipment (UE) 105, a RAN 110, and an Evolved Packet Core (EPC) 130. Environment
100 may represent a wireless cellular communications network, such as a network based on the
Third Generation Partnership Project (3GPP) standards. RAN 110 may generally provide the
wireless (e.g., radio) interface with UE 105. The core portion may provide back-end control
plane and user plane transport paths, user control and authentication, and other features.

UE 105 may include a portable computing and communication device, such as a personal
digital assistant (PDA), a smart phone, a cellular phone, a laptop computer with connectivity to a
cellular wireless network, a tablet computer, etc. UE 105 may also include non-portable
computing devices, such as desktop computers, consumer or business appliances, or other
devices that have the ability to wirelessly connect (e.g., via radio links) to cellular wireless
network. For simplicity, a single UE 105 is shown. In practice, multiple UEs 105 may operate
in the context of a wireless network.

RAN 110 may represent a 3GPP access network that includes one or more Radio Access
Technologies (RATs). RAN 110 may include one or more base stations, such as macrocells 112
and small cells 114. RAN 110 may additionally include a controller 120 and a SDN switch 125.

In the context of 3GPP networks, base stations, such as macrocells 112 and small cells
114, may be referred to as Evolved NodeBs (eNBs). Relative to existing eNBs, macrocells 112
and small cells 114 may include less control logic. Instead, the control logic may be
implemented by controller 120. Macrocells 112 may provide a radio interface, for UEs 105, to
arelatively larger area than small cells 114. Small cells 114 may be deployed to increase system
capacity and can include coverage areas within the coverage area of macrocell 112. Small cells
114 may include, for example, picocells, femtocells, and/or home NodeBs. Macrocells 112 and
small cells 114 may implement, for example, logic relating to Packet Data Convergence
Protocol (PDCP) layer processing, Radio Link Control (RLC) processing, Medium Access
Control (MAC) layer processing, and Physical (PHY) layer processing.

Controller 120 may include one or more computation and communication devices that
act as a control node for RAN 110. Although a single controller is shown in Fig. 1, in practice,
multiple controllers 120 may be used to control RAN 110, where each controller 120 may be
assigned to control a number of base stations (e.g., macrocells 112 and/or small cells 114). The
base stations assigned to a particular controller 120 may be referred to as a "virtual cell" herein.
Controller 120 may operate to perform the control functions for the air interface of RAN 110.
For instance, as shown in Fig. 1 as non-limiting examples, controller 120 may perform control
functions relating to: (1) Radio Resource Control (RRC) signaling; (2) Radio Resource
Management (RRM); (3) Self-Organizing Networks (SON); (4) base station (BS) control; (5)

S1-Application Protocol (S1-AP) signaling; (6) X2-Application Protocol (X2-AP) signaling;
3
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and/or (7) SDN control.

As part of the RRC signaling, controller 120 may perform control functions relating to
the RRC protocol sublayer that relates to the LTE air interface between UEs 105 and the base
stations. Services and functions provided by the RRC sublayer may include broadcasting of
System Information related to the non-access stratum (NAS), broadcasting of System
Information related to the access stratum (AS), paging, Quality of Service (QoS) management
functions, and other functions. As part of RRM signaling, controller 120 may analyze and
control radio resources, such as to manage co-channel interference and other wireless radio
transmission characteristics. For example, controller 120 may control parameters, at macrocell
112 and small cells 114, relating to radio transmit power, user allocation, beamforming, data
rates, the modulation scheme being used, the error coding scheme being used, etc. Controller
120 may also, in some implementations, control SON parameters at the base stations and/or at
SDN switch 125. The SON parameters may generally relate to self-configuration, self-
optimization, and self-healing of the base stations.

Controller 120 may also, in some implementations, control base stations ("BS ctrl"),
such as controlling of the provisioning and operation of macro cells 112 and small cells 114.
Controller 120 may also, in some implementations, perform functions for the S1-Application
Protocol signaling between RAN 110 and EPC 130. The S1-AP signaling messages may be
routed through SDN switch 125 to EPC 130. The S1-AP signaling messages may include, for
example, signaling relating to UE capability information, context transfer, S1 interface
management, and/or other application protocol functions. Additionally, controller 120 may also
perform functions for the X2-AP signaling. The X2-AP signaling messages may relate to, for
example, UE mobility management and load management. Controller 120 may also perform
functions relating to SDN configuration and control (SDN ctrl). For example, controller 120
may update routing tables in SDN switch 125 or update/configure other networking aspect of
SDN switch 125.

SDN switch 125 may be a SDN device that operates to connect RAN 110 to EPC 130.
SDN switch 125 may be configured by controller 120. Although referred to as a "switch,"
herein, SDN switch 125 may include functionality of a router or another networking device.
Software-defined networking, in general, refers to an approach to computer networking that
allows network administrators to manage network services through abstraction of higher-level
functionality. In SDN, decisions about where traffic is sent (the control plane) may be
decoupled from systems that forward traffic to the selected destination (the data plane).

In one implementation, configuration of the SDN aspects (e.g., configuration of SDN

switch 125, macrocells 112, and/or small cells 114) may be performed using the OpenFlow
4
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protocol. OpenFlow is a communications protocol that gives access to the forwarding plane of a
network switch or router, such as SDN switch 125. For example, controller 120 may
communicate, using OpenFlow messages, (labeled as interface "OF" in Fig. 1), to SDN switch
125, to configure the encapsulation, the de-capsulation, and routing of packets (e.g., GPRS
Tunneling Protocol (GTP) user plane packets). Additionally, controller 120 may communicate,
using messages (labeled as interface "OF-w" in Fig. 1), with the base stations to configure the
base stations; set up, modify, and/or delete wireless pipes associated with the base stations; and
perform aerial (radio) coordination.

A number of interfaces, including the OF and OF-w interfaces, are illustrated in Fig. 1.
An interface may refer to a physical or logical connection between devices in environment 100.
In addition to the control plane OF and OF-w interfaces, the user plane "Xi" and "S1" interfaces
are illustrated in Fig. 1. The Xi interfaces may be used to transfer payload data (e.g., S1-U
payload data) between the base stations and SDN switch 125. The S1 interfaces, which may
include the 3GPP S1-user plane (S1-U) interface, may be used to transfer the payload data
between SDN switch 125 and various devices (e.g., SGW 142 and MME 144) of EPC 130.

As is further shown in Fig. 1, EPC 130 may include a number of network devices,
including serving gateway (SGW) 142, Mobility Management Entity (MME) 144, and packet
data network gateway (PGW) 146. SGW 142 may include one or more network devices that
aggregate traffic received from one or base stations. SGW 142 may generally handle user (data)
plane traffic. MME 144 may include one or more computation and communication devices that
perform operations to register UE 105 with EPC 130, and/or perform other operations. MME
144 may generally handle control plane traffic.

PGW 146 may include one or more devices that act as the point of interconnect between
core network 140 and external IP networks and/or operator IP services. PGW 146 may route
packets to and from the access networks, and external IP networks.

The quantity of devices and/or networks, illustrated in Fig. 1, is provided for explanatory
purposes only. In practice, there may be additional devices and/or networks; fewer devices
and/or networks; different devices and/or networks; or differently arranged devices and/or
networks than illustrated in Fig. 1. Alternatively, or additionally, one or more of the devices of
environment 100 may perform one or more functions described as being performed by another
one or more of the devices of environment 100. Furthermore, while "direct" connections are
shown in Fig. 1, these connections should be interpreted as logical communication pathways,
and in practice, one or more intervening devices (e.g., routers, gateways, modems, switches,
hubs, etc.) may be present.

As mentioned above, the OF-w interface may be a control interface used, by controller
5
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120, to control the operation of macro cell 112 and/or small cells 140. One example
implementation of OF-w messages are listed in Table I. In Table I, the "message name" column
includes potential names or message labels, and the "description of main fields" column includes

a more detailed description of the fields and/or function of the various messages.

Table I
Message Name Description of Main Fields
Cell configure Radio frame structure (including scheduling of

System Information Block (SIB)), antenna installation, intra-

frequency /inter-frequency neighbor cells, etc.

Paging configure Paging message from MME to UE, including UE
Paging ldentity chosen from subscriber identifier (e.g., SAE-
Temporary Mobile Subscriber Identity or International

Mobile Subscriber Identity)

Wireless pipe UE Identity, signaling radio bearer (SRB)
configure configuration including set up/modify/release a
particular signaling pipe, data radio bearer (DRB)
configure including set up/modify/release a particular
data pipe, L1/L2 configure, MAC Control Element (used
for Msg. 4)

UE context setup UE identity, AS Security info, UE Aggregate
Maximum Bit Rate (AMBR), dedicated bearer
configuration, L1/L2 configure, random access channel
(RACH) configuration (used for handover), sequence
number (SN) status (used for handover), signaling radio

bearers (SRB) configuration (used for handover)

UE context modify UE identity, AS security info, UE AMBR

UE context release UE Identity

UE handover UE Identity, RRC-packet data unit (PDU)
command
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UE status report UE Identity, SN status

Uplink (UL) RRC UE Identity, RRC-PDU

message transmission

Downlink (DL) RRC UE Identity, RRC-PDU

message transmission

Control & Anchor UE Identity, New Controller Identity, New SDN

Switch Switch Identity

Fig. 2 is a flowchart illustrating a process 200 for performing a handover operation in
environment 100. For process 200, the handover operation may be an intra-controller handover
operation. That is, the handover operation may be between base stations that are connected to a
particular controller 120. Process 200 may be performed by controller 120. In the discussion
that follows, the term "source" base station will be used to refer to, in the context of a network
handover, the beginning base station to which the UE is attached. The term "target" base station
will be used to refer to, in the context of a network handover, the base station at the end of the
handover procedure to which the UE is attached.

Process 200 may include determining that a handover should occur (block 210). For
process 200, assume that the handover operation is an intra-controller handover. For example,
with reference to Fig. 1, the handover operation may be handover from one of small cells 114 to
the other of small cells 114. The determination of the handover may be made based on a
number of factors. For example, UE 105 may occasionally or periodically measure the strength
of signals received by UE 105 from various cells in the vicinity of UE 105. UE 105 may report,
to controller 120, the measurements. Controller 120 may determine, based on the received
measurements and potentially based on other factors, such as congestion or load of other base
stations that are in the virtual cell of controller 120, to initiate a handover operation to cause the
UE to attach to a different base station (e.g., to a different small cell 114). In one
implementation, controller 120 may additionally use trajectory or velocity information relating
to UE 105, to select appropriate base stations for a handover.

Process 200 may further include updating the SDN switch, associated with the virtual
cell (block 220). The updating of SDN switch 125 may include, for example, updating the
routing/switching table of SDN switch 125 to modify entries, corresponding to the traffic flow
or flows associated with UE 105, such that traffic from the target base station will continue to be
forwarded to the correct entity (e.g., the correct SGW 142) in EPC 130. The updating of SDN
switch 125 may be performed using the OF interface.

7
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Process 200 may further include updating the source base station using the OF-w
interface (block 230). For instance, with respect to the messages indicated in Table I, controller
120 may transmit the "UE handover command" message to the source base station. The source
base station may respond with a "UE status report" message back to controller 120.

Process 200 may further include updating the target base station using the OF-w
interface (block 240). The target base station may be updated to indicate that the UE will attach
to the target base station. For instance, with respect to the messages indicated in Table 1,
controller 120 may transmit the "UE context setup" message to the target base station, which
may provide context information, for the UE, to the target base station.

Because controller 120 controls each of the base stations in the virtual cell of controller
120, controller 120 has knowledge of the state of the base stations in the virtual cell (e.g., the
traffic loading state of each base station, the available radio resources, etc.). Accordingly, when
performing the intra-controller handover procedure pursuant to process 200, controller 120 can
more effectively control the handover operation. As a result, handover failure caused by a
handover being initiated with an improper target base station (e.g., one that is highly loaded and
does not have sufficient radio resource), may be reduced.

Fig. 3 is a signal flow diagram illustrating an example intra-controller handover
involving various devices in environment 100. In Fig. 3, the source base station and target base
station are labeled as source base station 310 and target base station 320, respectively.

UE 105 and controller 120 may exchange measurement information relating to the
connectivity of UE 105 to the source base station or to other base stations (at 305,
"measurement"). For example, UE 105 may communicate signal strength measurements
corresponding to the various base stations in the vicinity of UE 105. Controller 120, based on
the signal strength measurements, may make handover (HO) decisions relating to UE 105 (at
310, "HO decision"). For example, when the signal strength received from the base station, to
which the UE is currently attached (source base station 310), falls below a threshold, controller
120 may choose another base station (target base station 320) to which the UE should attach.
Target base station 320 may be chosen as another base station, in the vicinity of the UE, in
which the signal strength between the UE and target base station 320 is above a threshold and in
which the target base station has available radio resources. Because controller 120 is aware of
the state of all the base stations that are in the virtual cell of controller 120, controller 120 may
be able to make an optimal, or near optimal, handover decision. In one implementation, the
measurement information can be communicated, from the base station to the controller, by
transparently transferring RRC messages (received from the UE) to the controller, via the OF-w

interface (i.e., via the control plane interface). For example, RRC messages, received by the
8
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base station may be encapsulated, by the base station, as OF-w messages and sent to controller
120.

Controller 120 may subsequently modify SDN switch 125, such as by modifying the
routing table associated with SDN switch 125, to update SDN switch 125 such that SDN switch
125 will buffer packets received for UE 105 (at 315, "modify flow entry"). In one
implementation, the modification may particularly include deleting traffic flow entries
associated with bearers in the SDN switch, to thus cause received packets associated with the
bearers to be buffered by the SDN switch. The buffering may be performed until the handover
operation is completed. For example, the OF interface may be used to modify an entry to the
routing table, of SDN switch 125, to cause SDN switch 125 to buffer packets received for UE
105.

Controller 120 may subsequently transmit a UE handover command message to source
base station 310 (at 320, "UE handover command"). The UE handover command may be
transmitted, via the OF-w interface, and may correspond to the message "UE handover
command" (Table I). The message may include, for instance, an identification of UE 105 and an
indication of the RRC connection(s) that are to be reconfigured. In response, source base station
310 may initiate the RRC connection reconfiguration with UE 105 (at 325, "RRC connection
reconfiguration"). Source base station 310 may update controller 120 with a status report
relating to the RRC reconfiguration (at 330, "UE status report"). The UE status report may be
transmitted, via the OF-w interface, and may correspond to the message "UE status report"
(Table I).

Controller 120 may subsequently inform target base station 220 of the handover. In
particular, UE context information, needed to process the handover in a manner that will not
cause interruption at the UE, may be transmitted to target base station 320. As illustrated,
controller 120 may transmit a UE context setup message, via the OF-w interface, to target base
station 320 (at 335, "UE context setup"). As detailed in Table I, the UE context setup message
may include a number of information fields, including a UE identification field, security
information, dedicated bear configuration information, and random access channel (RACH)
configuration information.

As part of a handover operation, a RACH procedure may be performed. For instance, as
shown, a random access preamble may be transmitted from UE 105 to target base station 320
and the random access response may be transmitted from target base station 320 to UE 105 (at
340 and 345, "random access preamble" and "random access response"). During this period,
packets received at SDN switch 125 (e.g., packets from EPC 130), for UE 105, may be buffered

at SDN switch 125 (at 350, "packet buffering"). The handover operation, in the air interface,
9
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may be completed based on the communication, between UE 105 and target base station 320, of
an "RRC connection reconfiguration complete" message (at 355). Using the OF-w interface,
target base station 320 may transmit an "UL RRC message transfer" message to controller 120
(at 360), and controller 120 may additionally release the UE context from source base station
310 (at 365, "UE context release").

Controller 120 may modify SDN switch 125, such as by modifying the routing table
associated with SDN switch 125, to update SDN switch 125 such that SDN switch 125 will
appropriately forward traffic flows received from target base station 320 to EPC 130, and
forward traffic flows received from EPC 130 to target base station 320 (at 370, "modify flow
entry"). For example, the OF interface may be used to add an entry to the routing table, of SDN
switch 125, to forward traffic flows, corresponding to UE 105 and from target base station 320,
to EPC 130.

Fig. 4 is a diagram of environment 100 that particularly illustrates multiple controllers
120. As previously mentioned, each controller 120 may control a number of base stations,
where the set of base stations controlled by a particular controller 120 may be referred to herein
as the virtual cell for controller 120. In Fig. 4, two controllers 120 are shown, labeled as
controller 120-1 and controller 120-2. Additionally, four base stations are illustrated, labeled as
base stations 405-420. Base stations 405 and 410 are illustrated as being affiliated with
controller 120-1, and base station 420 is illustrated as being affiliated with controller 120-2.
Base station 415 may connect, via control plane message, to both base controllers 120-1 and
120-2. This base station may be considered to be in an "inter-controller handover (HO) zone"
that is affiliated with both controller 120-1 and 120-2 (i.e., both controllers 120 may control base
station 415). Base stations 405, 410, and 420, in contrast, may be considered to be in an "intra-
controller handover (HO) zone," as these base stations are only potentially controlled by one
controller. Whether a particular base station is potentially connected to multiple controllers 120
(inter-controller HO zone) or to a single controller 120 may be statically determined (e.g.,
configured by a network administer) or dynamically determined and configured by the network.

Fig. 5 is a flowchart illustrating a process 500 for performing a handover operation in an
inter-controller handover scenario. In the discussion that follows, the term "source" will be used
to refer to, in the context of a network handover, the beginning network device (i.e., base station,
controller, or SDN switch) to which the UE is affiliated at the beginning of the handover
operation. Similarly, the term "target" will be used to refer to, in the context of a network
handover, the ending network device (i.e., base station, controller, or SDN switch) to which the

UE 1is affiliated at the completion of the handover operation.
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Process 500 may include determining that a handover operation should occur (block
510). For process 500, assume that the handover operation is an inter-controller handover. That
is, the source base station may be associated with a different controller 120 than the target base
station or the source base station may be a base station that is in an inter-controller handover
zone. For example, assume that UE 105 is attached to base station 415 and is affiliated with
controller 120-1 (the source controller). Controller 120-1 may determine (e.g., on the basis of
the UE's historical data, including trajectory, location, velocity, observed neighboring cells, etc.)
that a handover is appropriate and that the target base station is base station 420, which is
affiliated with controller 120-2 (the target controller).

The source controller may transmit a handover request to the target controller (block
520). As mentioned, the target controller may be controller 120-2. The request may indicate
that an inter-controller handover is to occur. Process 500 may further include affiliating the
target controller (controller 120-2), with the UE, as the active controller (block 530). Process
500 may further include affiliating the target SDN switch (e.g., SDN switch 125-2), with the
UE, as the active switch (block 540). The configuration that is performed in blocks 520-540
may all be performed in the control plane of the RAN.

Process 500 may further include signaling the EPC to request the handover operation
(block 550). For instance, the target controller may communicate with EPC 130, such as with
SGW 142 and MME 144, to request bearer modifications, in EPC 130, relating to the handover.

After the target controller and the target SDN switch have been set (blocks 530 and 540),
the handover operation is equivalent to the intra-controller handover operation, as discussed
above with respect to Figs. 2 and 3. Process 500 may further include performing the intra-
controller handover procedure (block 560). In this manner, the handover between the source
and target base station may be performed.

Fig. 6 is a signal flow diagram illustrating an example inter-controller handover
involving various devices in environment 100. The inter-controller handover procedure can be
divided into two phases. The first phase includes control plane operations relating to switching
the active controller 120 (and, if a different SDN switch 125 is being used by the target
controller, switching the SDN switch) and notifying EPC 130. The second phase follows the
intra-controller handover operation, as discussed with respect to Figs. 2 and 3.

As shown in Fig. 6, UE 105 may initially be communicating, with SGW 142 of the EPC,
using source base station 415 and source SDN switch 125-1 (at 605, "packet data"). At some
point, source controller 120-1 may determine that a handover operation should be performed (at
610, "HO decision"). As previously mentioned, the handover decision may be based on

information such as the trajectory of the UE, the location of the UE, the velocity of the UE,
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signal strength measurements made by the UE, etc. The handover decision may involve a
handover between base stations in different virtual cells, such as, with reference to Fig. 4, a
handover that involves base stations associated with two different controllers 120 (e.g., between
source base station 415 and target base station 420).

Source controller 120-1 may transmit a handover request to target controller 120-2 (at
615, "handover request"). The handover request may be made via a control plane signaling in
RAN 110. The handover request may be acknowledged by target controller 120-2 (at 620,
"handover request ACK"). Source controller 120-1 may indicate, to source base station 415,
that the controller and SDN switch that are to be used, for the particular UE, are being switched
to target controller 120-2, and target SDN switch 125-2 (at 625, "controller and anchor switch").
Target controller 120-2 may correspondingly update target SDN switch 125-2 to modify or add
entries for the traffic flows, corresponding to the UE (at 630, "modify flow entry").

Target controller 120-2 may inform EPC 130 of the handover. As shown, target
controller 120-2 may transmit a path switch request to MME 144 (at 635, "path switch request").
In response, MME 144 may control SGW 142 to modify the bearer path (at 640, "modify bearer
request"). SGW 142 may switch the downlink (DL) path for the bearer (at 142, "switch DL
path"). At this point, packet data communicated between SGW 142 and UE 105 may be
transmitted via target SDN switch 152-2 and source base station 415. Acknowledgement of the
downlink path switch may be transmitted back to target controller 120-2 (at 655 and 660,
"modify bearer response" and "path switch response"). At this point, the target controller and
target SDN switch are affiliated with UE 105, and the handover procedure may be completed as
in the intra-controller handover procedure (described with respect to Figs. 2 and 3) (at 665,
"intra-controller handover procedure").

With the techniques described above, high-density radio access networks may be
employed in a flexible manner and in which signaling to the core network, due to handovers,
may be reduced. In particular, core network signaling may only be needed for inter-controller
handovers. Handovers within the virtual cell of a controller, however, may be handled in the
RAN.

As used herein, the term "circuitry" or "processing circuitry" may refer to, be part of, or
include an Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor
(shared, dedicated, or group), and/or memory (shared, dedicated, or group) that execute one or
more software or firmware programs, a combinational logic circuit, and/or other suitable
hardware components that provide the described functionality. In some embodiments, the

circuitry may be implemented in, or functions associated with the circuitry may be implemented
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by, one or more software or firmware modules. In some embodiments, circuitry may include
logic, at least partially operable in hardware.

Embodiments described herein may be implemented into a system using any suitably
configured hardware and/or software. Fig. 7 illustrates, for one embodiment, example
components of an electronic device 700. In embodiments, the electronic device 700 may be a
UE, a base station, an SDN switch, a controller (e.g., controller 120), an MME, PGW, or SGW.
In some embodiments, the electronic device 700 may include application circuitry 702,
baseband circuitry 704, Radio Frequency (RF) circuitry 706, front-end module (FEM) circuitry
708 and one or more antennas 760, coupled together at least as shown. In embodiments in
which a radio interface is not needed for electronic device 700 (e.g., a data gateway, network
controller, etc.), the RF circuitry 706, FEM circuitry 708, and antennas 760 may be omitted. In
other embodiments, any of said circuitries can be included in different devices.

Application circuitry 702 may include one or more application processors. For example,
the application circuitry 702 may include circuitry such as, but not limited to, one or more
single-core or multi-core processors. The processor(s) may include any combination of general-
purpose processors and dedicated processors (e.g., graphics processors, application processors,
etc.). The processors may be coupled with and/or may include memory/storage and may be
configured to execute instructions stored in the memory/storage to enable various applications
and/or operating systems to run on the system. The memory/storage may include, for example,
computer-readable medium 703, which may be a non-transitory computer-readable medium.
Application circuitry 702 may, in some embodiments, connect to or include one or more sensors,
such as environmental sensors, cameras, etc.

Baseband circuitry 704 may include circuitry such as, but not limited to, one or more
single-core or multi-core processors. The baseband circuitry 704 may include one or more
baseband processors and/or control logic to process baseband signals received from a receive
signal path of the RF circuitry 706 and to generate baseband signals for a transmit signal path of
the RF circuitry 706. Baseband processing circuitry 704 may interface with the application
circuitry 702 for generation and processing of the baseband signals and for controlling
operations of the RF circuitry 706. For example, in some embodiments, the baseband circuitry
704 may include a second generation (2G) baseband processor 704a, third generation (3G)
baseband processor 704b, fourth generation (4G) baseband processor 704c, and/or other
baseband processor(s) 704d for other existing generations, generations in development or to be
developed in the future (e.g., fifth generation (5G), 7G, etc.). The baseband circuitry 704 (e.g.,
one or more of baseband processors 704a-d) may handle various radio control functions that

enable communication with one or more radio networks via the RF circuitry 706. The radio
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control functions may include, but are not limited to, signal modulation/demodulation,
encoding/decoding, radio frequency shifting, etc. In some implementations, the functionality of
baseband circuitry 704 may be wholly or partially implemented by memory/storage devices
configured to execute instructions stored in the memory/storage. The memory/storage may
include, for example, a non-transitory computer-readable medium 704h.

In some embodiments, modulation/demodulation circuitry of the baseband circuitry 704
may include Fast-Fourier Transform (FFT), precoding, and/or constellation mapping/demapping
functionality. In some embodiments, encoding/decoding circuitry of the baseband circuitry 704
may include convolution, tail-biting convolution, turbo, Viterbi, and/or Low Density Parity
Check (LDPC) encoder/decoder functionality. Embodiments of modulation/demodulation and
encoder/decoder functionality are not limited to these examples and may include other suitable
functionality in other embodiments. In some embodiments, the baseband circuitry 704 may
include elements of a protocol stack such as, for example, elements of an evolved universal
terrestrial radio access network (EUTRAN) protocol including, for example, physical (PHY),
media access control (MAC), radio link control (RLC), packet data convergence protocol
(PDCP), and/or radio resource control (RRC) elements. A central processing unit (CPU) 704e
of the baseband circuitry 704 may be configured to run elements of the protocol stack for
signaling of the PHY, MAC, RLC, PDCP and/or RRC layers. In some embodiments, the
baseband circuitry may include one or more audio digital signal processor(s) (DSP) 704f. The
audio DSP(s) 704f may be include elements for compression/decompression and echo
cancellation and may include other suitable processing elements in other embodiments.

In some embodiments, the baseband circuitry 704 may include elements of a protocol
stack such as, for example, elements of an evolved universal terrestrial radio access network
(EUTRAN) protocol including, for example, physical (PHY), media access control (MAC),
radio link control (RLC), packet data convergence protocol (PDCP), and/or radio resource
control (RRC) elements. A central processing unit (CPU) 704e of the baseband circuitry 704
may be configured to run elements of the protocol stack for signaling of the PHY, MAC, RLC,
PDCP and/or RRC layers. In some embodiments, the baseband circuitry may include one or
more audio digital signal processor(s) (DSP) 704f. The audio DSP(s) 104f may be include
elements for compression/decompression and echo cancellation and may include other suitable
processing elements in other embodiments.

Baseband circuitry 704 may further include memory/storage 704g. The memory/storage
704g may be used to load and store data and/or instructions for operations performed by the
processors of the baseband circuitry 704. Memory/storage 704g may particularly include a non-

transitory memory. Memory/storage for one embodiment may include any combination of
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suitable volatile memory and/or non-volatile memory. The memory/storage 704g may include
any combination of various levels of memory/storage including, but not limited to, read-only
memory (ROM) having embedded software instructions (e.g., firmware), random access
memory (e.g., dynamic random access memory (DRAM)), cache, buffers, etc. The
memory/storage 704g may be shared among the various processors or dedicated to particular
processors.

Components of the baseband circuitry may be suitably combined in a single chip, a
single chipset, or disposed on a same circuit board in some embodiments. In some
embodiments, some or all of the constituent components of the baseband circuitry 704 and the
application circuitry 702 may be implemented together such as, for example, on a system on a
chip (SOC).

In some embodiments, the baseband circuitry 704 may provide for communication
compatible with one or more radio technologies. For example, in some embodiments, the
baseband circuitry 704 may support communication with an evolved universal terrestrial radio
access network (EUTRAN) and/or other wireless metropolitan area networks (WMAN), a
wireless local area network (WLAN), a wireless personal area network (WPAN). Embodiments
in which the baseband circuitry 704 is configured to support radio communications of more than
one wireless protocol may be referred to as multi-mode baseband circuitry.

RF circuitry 706 may enable communication with wireless networks using modulated
electromagnetic radiation through a non-solid medium. In various embodiments, the RF
circuitry 706 may include switches, filters, amplifiers, etc. to facilitate the communication with
the wireless network. RF circuitry 706 may include a receive signal path which may include
circuitry to down-convert RF signals received from the FEM circuitry 708 and provide baseband
signals to the baseband circuitry 704. RF circuitry 706 may also include a transmit signal path
which may include circuitry to up-convert baseband signals provided by the baseband circuitry
704 and provide RF output signals to the FEM circuitry 708 for transmission.

In some embodiments, the RF circuitry 706 may include a receive signal path and a
transmit signal path. The receive signal path of the RF circuitry 706 may include mixer circuitry
706a, amplifier circuitry 706b and filter circuitry 706¢. The transmit signal path of the RF
circuitry 706 may include filter circuitry 706¢ and mixer circuitry 706a. RF circuitry 706 may
also include synthesizer circuitry 706d for synthesizing a frequency for use by the mixer
circuitry 706a of the receive signal path and the transmit signal path. In some embodiments, the
mixer circuitry 706a of the receive signal path may be configured to down-convert RF signals
received from the FEM circuitry 708 based on the synthesized frequency provided by

synthesizer circuitry 706d. The amplifier circuitry 706b may be configured to amplify the
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down-converted signals and the filter circuitry 706¢ may be a low-pass filter (LPF) or band-pass
filter (BPF) configured to remove unwanted signals from the down-converted signals to generate
output baseband signals.

Output baseband signals may be provided to the baseband circuitry 704 for further
processing. In some embodiments, the output baseband signals may be zero-frequency
baseband signals, although this is not a requirement. In some embodiments, mixer circuitry
706a of the receive signal path may comprise passive mixers, although the scope of the
embodiments is not limited in this respect.

In various embodiments, when the electronic device 700 is implemented as part of a
base station or a controller, electronic device 700 may include an apparatus for controlling the
mobility of UEs. The electronic device may include handover circuitry, or other logic, to
determine that the UE should be switched, from a source (serving) base station; determine
whether the source base station lies within an intra-controller handover zone or an inter-
controller-handover zone; select one or more of a target base station or target controller for the
UE to be switched to; and cause switchover of the connection between the UE and the serving
base station to the target base station.

In some embodiments, the mixer circuitry 706a of the transmit signal path may be
configured to up-convert input baseband signals based on the synthesized frequency provided by
the synthesizer circuitry 706d to generate RF output signals for the FEM circuitry 708. The
baseband signals may be provided by the baseband circuitry 704 and may be filtered by filter
circuitry 706¢. The filter circuitry 706¢ may include a low-pass filter (LPF), although the scope
of the embodiments is not limited in this respect.

In some embodiments, the mixer circuitry 706a of the receive signal path and the mixer
circuitry 706a of the transmit signal path may include two or more mixers and may be arranged
for quadrature downconversion and/or upconversion respectively. In some embodiments, the
mixer circuitry 706a of the receive signal path and the mixer circuitry 706a of the transmit signal
path may include two or more mixers and may be arranged for image rejection (e.g., Hartley
image rejection). In some embodiments, the mixer circuitry 706a of the receive signal path and
the mixer circuitry 706a may be arranged for direct downconversion and/or direct upconversion,
respectively. In some embodiments, the mixer circuitry 706a of the receive signal path and the
mixer circuitry 706a of the transmit signal path may be configured for super-heterodyne
operation.

In some embodiments, the output baseband signals and the input baseband signals may
be analog baseband signals, although the scope of the embodiments is not limited in this respect.

In some alternate embodiments, the output baseband signals and the input baseband signals may
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be digital baseband signals. In these alternate embodiments, the RF circuitry 706 may include
analog-to-digital converter (ADC) and digital-to-analog converter (DAC) circuitry and the
baseband circuitry 704 may include a digital baseband interface to communicate with the RF
circuitry 706.

In some dual-mode embodiments, a separate radio IC circuitry may be provided for
processing signals for each spectrum, although the scope of the embodiments is not limited in
this respect.

In some embodiments, the synthesizer circuitry 706d may be a fractional-N synthesizer
or a fractional N/N+6 synthesizer, although the scope of the embodiments is not limited in this
respect as other types of frequency synthesizers may be suitable. For example, synthesizer
circuitry 706d may be a delta-sigma synthesizer, a frequency multiplier, or a synthesizer
comprising a phase-locked loop with a frequency divider.

The synthesizer circuitry 706d may be configured to synthesize an output frequency for
use by the mixer circuitry 706a of the RF circuitry 706 based on a frequency input and a divider
control input. In some embodiments, the synthesizer circuitry 706d may be a fractional N/N+6
synthesizer.

In some embodiments, frequency input may be provided by a voltage-controlled
oscillator (VCO), although that is not a requirement. Divider control input may be provided by
either the baseband circuitry 704 or the applications processor 702 depending on the desired
output frequency. In some embodiments, a divider control input (e.g., N) may be determined
from a look-up table based on a channel indicated by the applications processor 702.

Synthesizer circuitry 706d of the RF circuitry 706 may include a divider, a delay-locked
loop (DLL), a multiplexer and a phase accumulator. In some embodiments, the divider may be a
dual modulus divider (DMD) and the phase accumulator may be a digital phase accumulator
(DPA). In some embodiments, the DMD may be configured to divide the input signal by either
N or N+6 (e.g., based on a carry out) to provide a fractional division ratio. In some example
embodiments, the DLL may include a set of cascaded, tunable, delay elements, a phase detector,
a charge pump and a D-type flip-flop. In these embodiments, the delay elements may be
configured to break a VCO period up into Nd equal packets of phase, where Nd is the number of
delay elements in the delay line. In this way, the DLL provides negative feedback to help ensure
that the total delay through the delay line is one VCO cycle.

In some embodiments, synthesizer circuitry 706d may be configured to generate a carrier
frequency as the output frequency, while in other embodiments, the output frequency may be a
multiple of the carrier frequency (e.g., twice the carrier frequency, four times the carrier

frequency) and used in conjunction with quadrature generator and divider circuitry to generate
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multiple signals at the carrier frequency with multiple different phases with respect to each
other. In some embodiments, the output frequency may be a LO frequency (fLO). In some
embodiments, the RF circuitry 706 may include an 1Q/polar converter.

FEM circuitry 708 may include a receive signal path which may include circuitry
configured to operate on RF signals received from one or more antennas 760, amplify the
received signals and provide the amplified versions of the received signals to the RF circuitry
706 for further processing. FEM circuitry 708 may also include a transmit signal path which
may include circuitry configured to amplify signals for transmission provided by the RF
circuitry 706 for transmission by one or more of the one or more antennas 760.

In some embodiments, the FEM circuitry 708 may include a TX/RX switch to switch
between transmit mode and receive mode operation. The FEM circuitry may include a receive
signal path and a transmit signal path. The receive signal path of the FEM circuitry may include
alow-noise amplifier (LNA) to amplify received RF signals and provide the amplified received
RF signals as an output (e.g., to the RF circuitry 706). The transmit signal path of the FEM
circuitry 708 may include a power amplifier (PA) to amplify input RF signals (e.g., provided by
RF circuitry 706), and one or more filters to generate RF signals for subsequent transmission
(e.g., by one or more of the one or more antennas 760.

In some embodiments, the electronic device 700 may include additional elements such
as, for example, memory/storage, display, camera, sensors, and/or input/output (I/O) interface.
In some embodiments, the electronic device of Fig. 7 may be configured to perform one or more
methods, processes, and/or techniques such as those described herein.

A number of examples, relating to implementations of the techniques described above,
will next be given.

In a first example, a controller device for a radio access network (RAN) of a
cellular communication network may include circuitry to: receive measurement information
relating to a strength of a connectivity of User Equipment (UE) to a source base station of a
plurality of base stations in the RAN; determine, based on the received measurement
information, to perform a handover operation; and when the source base station is affiliated with
a second controller device in the RAN, perform an inter-controller handover operation in which
the circuitry is further to: determine the second controller device as a controller device with
which the UE is to be affiliated, and communicate with the second controller device to switch an
affiliation of the UE from the controller device to the second controller device.

In example, 2, the subject matter of example 1, or any of the examples herein,
may further include wherein the circuitry is further to: store affiliations of the plurality of base

stations, to controller devices to which the plurality of base stations are affiliated, at least some
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of the plurality of the base stations being affiliated with the controller device and others of the
plurality of the base stations being affiliated with the controller device and with the second
controller device in the RAN; and when the source base station is affiliated with the controller
device and not the second controller device, perform an intra-controller handover operation in
which the circuitry is further to: determine a target base station to which the UE is to attach after
completion of the handover operation, modify configuration of a Software Defined Network
(SDN) switch, in the RAN, to indicate that traffic flows with the UE should be communicated
with a core portion of the cellular communication network via the SDN switch and the target
base station.

In example 3, the subject matter of example 1 or 2, or any of the examples herein, may
further include wherein the measurement information and the configuration of the SDN switch is
performed via control plane interfaces.

In example 4, the subject matter of example 1 or 2, or any of the examples herein, may
further include wherein the circuitry is further to: inform, during an inter-controller handover
operation, a core portion of the cellular communication network, of the handover operation, and
refrain from informing the core portion of the cellular communication network during an intra-
controller handover operation.

In example 5, the subject matter of example 4, or any of the examples herein, may
further include wherein informing the core portion of the cellular network includes transmitting
a path switch request to a Mobility Management Entity (MME).

In example 6, the subject matter of example 1 or 2, or any of the examples herein, may
further include wherein the measurement information includes measurement information,
obtained by the UE, and forwarded, from the source base station to the control device, via a
control plane interface.

In example 7, the subject matter of example 2, or any of the examples herein, may
further include wherein the determination of the target base station includes determining an
optimal target base station based on load information relating to the plurality of base stations.

In example 8, the subject matter of example 2, or any of the examples herein, may
further include wherein the configuration of the SDN switch includes deleting one or more
traffic flow entries to the SDN switch to cause buffering of packets, associated with the traffic
entries, at the SDN switch.

In example 9, the subject matter of example 8, or any of the examples herein, may
further include wherein the modification to the SDN switch additionally includes adding traffic
flow entries to the SDN switch to cause the traffic flows to be communicated with the target

base station.
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In example 10, the subject matter of examples 8 or 9, or any of the examples herein, may
further include wherein the modifications to the SDN? switch are performed via a control plane
in the RAN.

In an eleventh example, a computer readable medium may contain program instructions
for causing one or more processors, associated with a controller device for a radio access
network (RAN) of a cellular communication network, to: store an indication of a plurality of
base stations, in the RAN, to which the controller device is affiliated, at least some of the
plurality of the base stations being affiliated with the controller device and others of the plurality
of the base stations being affiliated with the controller device and with a second controller
device in the RAN; receive measurement information relating to a strength of the connectivity
of the UE to a source base station of the plurality of base stations, in the RAN, and to which the
UE is attached; determine, based on the received measurement information, to perform a
handover operation, as an inter-controller handover operation, when the source base station is
affiliated with another controller device in the RAN, wherein the one or more processors, as part
of performance of the inter-controller handover, are further to: determine the second controller
device as a controller device with which the UE is to be affiliated, and communicate with the
second controller device to switch an affiliation of the UE from the controller device to the
second controller device, the switching of the affiliation of the UE from the controller device to
the second controller device being performed before handover operations are performed with
respect to an air interface of the RAN and before handover operations are performed with
respect to a core portion of the cellular communication network.

In example 12, the subject matter of example 11, or any of the examples herein, may
further include wherein the program instructions are further to cause the one or more processors
to: determine, based on the received measurement information, to perform a handover operation,
as an intra-controller handover operation, when the source base station is not affiliated with
another controller device in the RAN, wherein the one or more processors are further to:
determine a target base station to which the UE is to attach after completion of the handover
operation, and modify configuration of a Software Defined Network (SDN) switch, in the RAN,
to indicate that traffic flows with the UE should be communicated with the core portion of the
cellular communication network via the SDN switch and the target base station.

In example 13, the subject matter of example 12, or any of the examples herein, may
further include wherein the measurement information and the configuration of the SDN switch is
performed via control plane interfaces.

In example 14, the subject matter of example 12, or any of examples herein, may further

include wherein the program instructions are further to cause the one or more processors to:
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inform, during an inter-controller handover operation, a core portion of the cellular
communication network, of the handover operation, and refrain from informing the core portion
of the cellular communication network during an intra-controller handover operation.

In example 15, the subject matter of example 14, or any of the examples herein, may
further include wherein informing the core portion of the cellular network includes transmitting
a path switch request to a Mobility Management Entity (MME).

In example 16, the subject matter of example 21, or any of examples herein, may further
include wherein the measurement information includes measurement information, obtain by the
UE, and forwarded, from the source base station to the control device, via a control plane
interface.

In example 17, the subject matter of example 12, or any of examples herein, may further
include wherein the determination of the target base station includes determining an optimal
target base station based on load information relating to the plurality of base stations.

In example 18, the subject matter of example 12, or any of examples herein, may further
include wherein the modification to the SDN switch includes deleting one or more traffic flow
entries to the SDN switch to cause buffering of packets, associated with the traffic entries, in the
SDN switch.

In example 19, the subject matter of example 18, or any of examples herein, may further
include wherein the modification to the SDN switch additionally includes adding traffic flow
entries to the SDN switch to cause the traffic flows to be communicated with the target base
station.

In a 20t example, a base station for a cellular communication network may comprise: a
radio interface to connect to User Equipment (UE) devices; a control plane interface to connect
to a controller device for a radio access network (RAN) of the cellular communication network;
a data plane interface to a Software Defined Network (SDN) switch in the RAN; and processing
circuitry to: decode a Radio Resource Control (RRC) layer measurement report received over
the radio interface from a particular UE, of the UE devices, the measurement report indicating a
strength of the connectivity of the particular UE to the base station; cause providing of the
measurement report, to the controller device, via the control plane interface; cause transmission
of the received user plane data, to a core portion of the cellular communications network, via the
data plane interface; process an indication, from the controller device, to perform a handover of
the particular UE with a second base station; and cause transmission, via the radio interface, of
a RRC connection reconfiguration message to the particular UE, to cause the particular UE to

1nitiate communication with the second base station.
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In example 21, the subject matter of example 20, or any of the examples herein, may
further include wherein the indication to perform the handover operation is received via the
control plane interface.

In example 22, the subject matter of example 20, or any of the examples herein, may
further include wherein the control plane interface includes an OpenFlow-based interface.

In example 23, the subject matter of example 20, or any of the examples herein, may
further include wherein the control plane interface connects the base station to a plurality of
controller devices in the RAN.

In a 24th example, a base station for a cellular communication network may comprise:
means for implementing a data plane interface to a Software Defined Network (SDN) switch in
Radio Access Network (RAN) of the cellular communications network; and means for
receiving, from a particular User Equipment (UE) device, and over a radio interface, a Radio
Resource Control (RRC) layer measurement report indicating a strength of the connectivity of
the particular UE to a base station; means for providing the measurement report, to a controller
device for the RAN of the cellular communication network; means for receiving, from the
particular UE and over the radio interface, user plane data; means for transmitting the received
user plane data, to a core portion of the cellular communications network, via the data plane
interface; means for receiving, from the controller device and based on the provided
measurement report, an indication to perform a handover of the particular UE with a second
base station; and means for transmitting, in response to the indication to perform the handover, a
RRC connection reconfiguration message to the particular UE, via the radio interface, to cause
the particular UE to initiate communication with the second base station.

In example 25, the subject matter of example 24, or any of the examples herein, wherein
the indication to perform the handover operation is received via the control plane interface.

In example 26, the subject matter of example 24, or any of examples herein, wherein the
control plane interface includes an OpenFlow-based interface.

In the preceding specification, various embodiments have been described with reference
to the accompanying drawings. It will, however, be evident that various modifications and
changes may be made thereto, and additional embodiments may be implemented, without
departing from the broader scope as set forth in the claims that follow. The specification and
drawings are accordingly to be regarded in an illustrative rather than restrictive sense.

For example, while series of signals and/or operations have been described with regard
to Figs. 2, 3, 5, and 6, the order of the signals may be modified in other implementations.

Further, non-dependent signals may be performed in parallel.
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It will be apparent that example aspects, as described above, may be implemented in
many different forms of software, firmware, and hardware in the implementations illustrated in
the figures. The actual software code or specialized control hardware used to implement these
aspects should not be construed as limiting. Thus, the operation and behavior of the aspects
were described without reference to the specific software code—it being understood that
software and control hardware could be designed to implement the aspects based on the
description herein.

Even though particular combinations of features are recited in the claims and/or disclosed
in the specification, these combinations are not intended to be limiting. In fact, many of these
features may be combined in ways not specifically recited in the claims and/or disclosed in the
specification.

No element, act, or instruction used in the present application should be construed as
critical or essential unless explicitly described as such. An instance of the use of the term "and,"
as used herein, does not necessarily preclude the interpretation that the phrase "and/or" was
intended in that instance. Similarly, an instance of the use of the term "or," as used herein, does
not necessarily preclude the interpretation that the phrase "and/or" was intended in that instance.
Also, as used herein, the article "a" is intended to include one or more items, and may be used

interchangeably with the phrase "one or more." Where only one item is intended, the terms

one," "single," "only," or similar language is used.
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WHAT IS CLAIMED IS:

1. A controller device for a radio access network (RAN) of a cellular
communication network, the controller device comprising circuitry to:
receive measurement information relating to a strength of a connectivity of User
Equipment (UE) to a source base station of a plurality of base stations in the RAN;
determine, based on the received measurement information, to perform a handover
operation; and
when the source base station is affiliated with a second controller device in the RAN,
perform an inter-controller handover operation in which the circuitry is further to:
determine the second controller device as a controller device with which the UE
is to be affiliated, and
communicate with the second controller device to switch an affiliation of the UE

from the controller device to the second controller device.

2. The controller device of claim 1, wherein the circuitry is further to:
store affiliations of the plurality of base stations, to controller devices to which the
plurality of base stations are affiliated, at least some of the plurality of the base stations being
affiliated with the controller device and others of the plurality of the base stations being
affiliated with the controller device and with the second controller device in the RAN; and
when the source base station is affiliated with the controller device and not the second
controller device, perform an intra-controller handover operation in which the circuitry is further
to:
determine a target base station to which the UE is to attach after completion of
the handover operation,
modify configuration of a Software Defined Network (SDN) switch, in the RAN,
to indicate that traffic flows with the UE should be communicated with a core portion of the

cellular communication network via the SDN switch and the target base station.

3. The controller device of claim 1 or claim 2, wherein the measurement

information and the configuration of the SDN switch is performed via control plane interfaces.

4, The controller device of claim 1 or claim 2, wherein the circuitry is further to:
inform, during an inter-controller handover operation, a core portion of the cellular
communication network, of the handover operation, and refrain from informing the core portion

of the cellular communication network during an intra-controller handover operation.
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5. The controller device of claim 4, wherein informing the core portion of the
cellular network includes transmitting a path switch request to a Mobility Management Entity

(MME).

6. The controller device of claim 1 or claim 2, wherein the measurement
information includes measurement information, obtained by the UE, and forwarded, from the

source base station to the control device, via a control plane interface.

7. The controller device of claim 2, wherein the determination of the target base
station includes determining an optimal target base station based on load information relating to

the plurality of base stations.

8. The controller device of claim 2, wherein the configuration of the SDN switch
includes deleting one or more traffic flow entries to the SDN switch to cause buffering of

packets, associated with the traffic entries, at the SDN switch.

9. The controller device of claim 8, wherein the modification to the SDN switch
additionally includes adding traffic flow entries to the SDN switch to cause the traffic flows to

be communicated with the target base station.

10. The controller device of claim 8 or 9, wherein the modifications to the SDN?

switch are performed via a control plane in the RAN.

11. A computer-readable medium containing program instructions for causing one or
more processors, associated with a controller device for a radio access network (RAN) of a
cellular communication network, to:

receive measurement information relating to a strength of the connectivity of a User
Equipment (UE) to a source base station of a plurality of base stations, in the RAN, and to which
the UE is attached;

determine, based on the received measurement information, to perform a handover
operation, as an inter-controller handover operation, when the source base station is affiliated
with another controller device in the RAN, wherein the one or more processors, as part of
performance of the inter-controller handover, are further to:

determine a second controller device as a controller device with which the UE is
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to be affiliated, and

communicate with the second controller device to switch an affiliation of the UE
from the controller device to the second controller device, the switching of the affiliation of the
UE from the controller device to the second controller device being performed before handover
operations are performed with respect to an air interface of the RAN and before handover

operations are performed with respect to a core portion of the cellular communication network.

12.  The computer-readable medium of claim 11, wherein the program instructions
are further to cause the one or more processors to:
determine, based on the received measurement information, to perform a handover
operation, as an intra-controller handover operation, when the source base station is not
affiliated with another controller device in the RAN, wherein the one or more processors are
further to:
determine a target base station to which the UE is to attach after completion of
the handover operation, and
modify configuration of a Software Defined Network (SDN) switch, in the RAN,
to indicate that traffic flows with the UE should be communicated with the core portion of the

cellular communication network via the SDN switch and the target base station.

13.  The computer-readable medium of claim 12, wherein the measurement

information and the configuration of the SDN switch is performed via control plane interfaces.

14. The computer-readable medium of claim 12, wherein the program instructions
are further to cause the one or more processors to:

inform, during an inter-controller handover operation, a core portion of the cellular
communication network, of the handover operation, and refrain from informing the core portion

of the cellular communication network during an intra-controller handover operation.

15.  The computer-readable medium of claim 14, wherein informing the core portion
of the cellular network includes transmitting a path switch request to a Mobility Management

Entity (MME).

16.  The computer-readable medium of claim 12, wherein the measurement
information includes measurement information, obtain by the UE, and forwarded, from the

source base station to the control device, via a control plane interface.
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17. The computer-readable medium of claim 12, wherein the determination of the
target base station includes determining an optimal target base station based on load information

relating to the plurality of base stations.

18.  The computer-readable medium of claim 12, wherein the modification to the
SDN switch includes deleting one or more traffic flow entries to the SDN switch to cause

buffering of packets, associated with the traffic entries, in the SDN switch.

19.  The computer-readable medium of claim 18, wherein the modification to the
SDN switch additionally includes adding traffic flow entries to the SDN switch to cause the

traffic flows to be communicated with the target base station.

20. A base station for a cellular communication network, the base station comprising:
aradio interface to connect to User Equipment (UE) devices;
a control plane interface to connect to a controller device for a radio access network
(RAN) of the cellular communication network;
a data plane interface to a Software Defined Network (SDN) switch in the RAN; and
processing circuitry to:
decode a Radio Resource Control (RRC) layer measurement report received over
the radio interface from a particular UE, of the UE devices, the measurement report indicating a
strength of the connectivity of the particular UE to the base station;
cause providing of the measurement report, to the controller device, via the
control plane interface;
cause transmission of the received user plane data, to a core portion of the
cellular communications network, via the data plane interface;
process an indication, from the controller device, to perform a handover of the
particular UE with a second base station; and
generate a RRC connection reconfiguration message for the particular UE, to

cause the particular UE to initiate communication with the second base station.

21.  The base station of claim 20, wherein the indication to perform the handover

operation is received via the control plane interface.

22. The base station of claim 20, wherein the control plane interface includes an
27
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OpenFlow-based interface.

23. The base station of claim 20, wherein the control plane interface connects the

base station to a plurality of controller devices in the RAN.

24, A base station for a cellular communication network, the base station comprising:

means for implementing a data plane interface to a Software Defined Network (SDN)
switch in Radio Access Network (RAN) of the cellular communications network;

means for receiving, from a particular User Equipment (UE) device, and over a radio
interface, a Radio Resource Control (RRC) layer measurement report indicating a strength of the
connectivity of the particular UE to a base station;

means for providing the measurement report, to a controller device for the RAN of the
cellular communication network;

means for receiving, from the particular UE and over the radio interface, user plane data;

means for transmitting the received user plane data, to a core portion of the cellular
communications network, via the data plane interface;

means for receiving, from the controller device and based on the provided measurement
report, an indication to perform a handover of the particular UE with a second base station; and

means for transmitting, in response to the indication to perform the handover, a RRC
connection reconfiguration message to the particular UE, via the radio interface, to cause the

particular UE to initiate communication with the second base station.

25.  The base station of claim 24, wherein the indication to perform the handover

operation is received via the control plane interface.
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