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(57) Abstract: Embodiments of an Evolved Node-B (eNB), radio access
network (RAN) central unit (RCU) and methods for radio resource con-
trol (RRC) are generally described herein. A RAN distributed unit
(RDU) at an eNB may communicate with an RCU of a cloud RAN to
cooperatively perform RRC functionality for the eNB 104. The RDU
105 may receive a request for an RRC connection from a User Equip-
ment (UE), and may request global load information from the RCU. The
RDU may determine whether to establish the requested RRC connection
based on the global load information when a response from the RCU is
received before a predetermined time. The RDU may determine whether
to establish the requested RRC connection based on local load informa-
tion when the response from the RCU is not received before the prede-
termined time.
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EVOLVED NODE-B (ENB), RADIO ACCESS NETWORK (RAN) CENTRAL
UNIT (RCU) AND METHODS FOR RABIO RESOURCE CONTROL (RRC)

W

TECHNICAL FIELD

{6001} This application claims priority under 35 USC 120 to
International Application Serial No. PCT/CN2016/079087, filed Apnl 12, 2016,

10 which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

{0002} Embodiments pertain to wireless communications. Some
1S embodiments relate to wireless networks including 3GPP (Third Generation
Partnership Project) networks, 3GPP LTE (Long Term Evolution) networks,
3GPP LTE-A (LTE Advanced) networks, and/or Fifth Generation (5G)
networks, although the scope of the embodiments is not limited 1o this respect.
Some embodiments relate to cloud radio access network (RAN) arrangements.
20 Some embodiments relate to internet-of-things (IoT) operation. Some

embodiments relate to radio resource control (RRC) operations.

BACKGROUND
25
{0003} Base stations and mobile devices operating in a network may
exchange data and related control information. Various control operations may
be performed, including exchanging of control information between the base
stations and mobile devices. In an example scenario, a large number of devices
30 may be supported by the network. In this scenario, the exchanging of control
inforration may be challenging. Accordingly, there 1s a general need for
methods and systems for exchanging of control information and other control

operations in these and other scenarios.
1
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BRIEF DESCRIPTION OF THE DRAWINGS
{0004} FIG. 1 is a functional diagram of a 3GPP network in accordance
5 with some embodiments,
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{0005} FIG. 2 illustrates a block diagram of an example machine in
accordance with some embodiments;

{06006} FIG. 3 1s a block diagram of an Evolved Node-B (eNB) in
accordance with some embodiments;

10007} FIG. 4 is a block diagram of a User Equipment (UE) in
accordance with some embodiments;

{0008] FIG. S iHustrates a block diagram of a radio access network
{(RAN) central unit (RCU) and a block diagram of a RAN distributed unit (RDU)
in accordance with some embodiments;

00091 FIG. 6 iHustrates the operation of a method of radio resource
control {(RRC) in accordance with some embodiments;

{6010} FiG. 7 iHustrates an example network in accordance with some
embodiments;

0011} FIG. 8 illustrates example operations in accordance with some
embodiments;

{0012} FIG. 9 iHlustrates the operation of another method of RRC in
accordance with some embodiments; and

10013} FIG. 10 illustrates the operation of another method of RRC in

accordance with some embodiments.

DETAILED DESCRIPTION

{6014} The tollowing description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other

changes. Portions and features of some embodiments may be included in, or
2
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substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

{0015] FIG. 1 s a functional diagram of a 3GPP network in accordance
with some embodiments. It should be noted that embodiments are not limited to
the example 3GPP network 100 shown in FIG. 1, as other networks may be used
in some embodiments. As an example, a Fifth Generation (5G) network may be
used in some cases. As another example, a cloud radio access network (RAN)
may be used in some cases. As another example, a wireless local area network
{(WLAN) may be used in some cases.

{0016} In some embodiments, one or more techniques, operations and/or
methods described herein may be performed in a network that includes one or
more components shown in FIG. 1. In some embodiments, one ot more
techniques, operations and/or methods described herein may be performed in a
network that includes one or more components shown in FIG. 7. In some
embodiments, one or more techniques, operations and/or methods described
herein may be performed in a network that includes one or more components
shown in FIG. 1 and further includes one or more components shown in FIG. 7.
Embodiments are not limited to the arrangement of components shown in FIG. |
and are also not limited to the arrangement of components shown in FIG. 7.
{00617} Embodiments are not limited to these example networks,
however, as other networks may be used in some embodiments. In some
embodiments, a network roay include one or more components shown in FIG. 1
and may further include one or more additional components. Embodiments are
not limited to the arrangement or connectivity shown in FIG 1. In addition, in
some embodiments, one or more networks, including these example networks
and/or other networks, may be used in combination. As an example, the UE 102
may be configured to communicate with a 3GPP network and with a WLAN 10
some cases. Such networks may or may not include some or all of the
components shown in FIG. 1, and may include additional components and/or
alternative components in some cases.

{0018} The network 100 may comprise a radio access network (RAN)
(e.g., as depicted, the E-UTRAN or evolved universal terrestrial radio access

network) 101 and the core network 120 (e.g., shown as an evolved packet core
3
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(EPC)) coupled together through an 51 interface 115, For convenience and
brevity sake, only a portion of the core network 120, as well as the RAN 101 is
shown.

{0019} The core network 120 may include a mobility management entity
(MME) 122, a serving gateway (serving GW)} 124, and/or packet data network
gateway (PDN GW) 126, In some embodiments, the core network 120 may
include a RAN central unit (RCU), although the scope of embodiments is not
fimited in this respect. The RCU 128 may not necessarily be included in the
core network 120, in some embodiments.

10020} The RAN 101 may include one or more Evolved Node-B’s
(eNBs) (such as 104, 106 and/or 108) which may operate as base stations for
communicating with User Equipment (UE) 102, The eNBs 104 may include
macro eNBs and/or low power (LP) eNBs, in some embodiments.

10021} In some embodiments, an eNB (such as 104, 106} may include,
host and/or implement a RAN distributed unit (RDU) (such as 105, 107}, The
scope of embodiments is not limited in this respect, however, as an eNB (such as
108) may not necessarily include an RDU. In addition, an RDU {such as 109)
may not necessarly be included in, hosted by and/or implemented 1o an eNB, in
some embodiments. For instance, the eNB 108 may communicate with the RDU
109, although the RDU 109 may be a stand-alone device or may be hosted by
another device. Such a stand-alone RDU 109 may communicate with a plurality
of eNBs 104 and may perform radio resource control (RRC) operations on
behalf of the plurality of eNBs, in some embodiments.

{00221 It should be noted that descriptions herein of some techniques,
concepts, operations and/or methods may refer to the eNB 104 and the RDU 105
hosted by the eNB 104, but such descriptions are not limiting. Some or all of the
techniques, concepts, operations and/or methods may be applicable to other
arrangements, such as an arrangerment in which the RDU 109 communicates
with the eNB 108 and/or other eNBs. For instance, the RDU 109 may
communicate with a plurality of eNBs.

{0023} In some embodiments, one or more of the UEs 102 may be
configured to operate in accordance with a 5G protocol, 5G techniques, an

internet-of-things (IoT) protocol and/or IoT techniques. In some embodiments,
4
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the eNB 104 may be configured to operate in accordance with a 3G protocol, SG
techniques, an IoT protocol and/or IoT techniques. In some embodiments, the
UE 102 and/or eNB 104 may be configured to operate in accordance with a
machine type communication (MTC) protocol and/or MTC techniques.

{0024} In some embodiments, the eNB 104 may receive control
information and/or messages from a UE 102, The eNB 104 may also transnit
control information and/or messages to the UE 102, These embodiments will be
described in more detail below.

{0025} The MME 122 18 similar in function to the control plane of legacy
Serving GPRS Support Nodes (SGSN}. The MME 122 manages mobility
aspects in access such as gateway selection and tracking area list management.
The serving GW 124 terminates the interface toward the RAN 100, and routes
data packets between the RAN 101 and the core network 120, In addition, it may
be a local mobility anchor point for inter-eNB handovers and also may provide
an anchor for inter-3GPP mobility. Other responsibilities may include lawful
intercept, charging, and some policy enforcement. The serving GW 124 and the
MME 122 may be implemented in one physical node or separate physical nodes.
The PDN GW 126 terminates an SGi interface toward the packet data network
(PDN). The PDN GW 126 routes data packets between the EPC 120 and the
external PDN, and may be a key node for policy enforcement and charging data
coliection. It may also provide an anchor point for mobility with non-LTE
accesses. The external PDN can be any kind of 1P network, as well as an IP
Multimedia Subsystem (IMS) domain. The PDN GW 126 and the serving GW
124 may be implemented in one physical node or separated physical nodes.
10026} The eNBs 104 {macro and micro) terminate the air interface
protocol and may be the first point of contact for a UE 102, In some
embodiments, an eNB 104 may fulfill various logical functions for the RAN 101
including but not limited to RNC (radio network controller functions} such as
radio bearer management, uplink and downlink dynamic radio resource
management and data packet scheduling, and mobility management. In
accordance with embodiments, UEs 102 may be configured to communicate
Orthogonal Frequency Division Multiplexing (CFDM) communication signals

with an eNB 104 over a multicarrier communication channel 1n accordance with
5
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an Orthogonal Frequency Diviston Multiple Access (OFDMA) communication
technique. The OFDM signals may comprise a plurality of orthogonal
subcartiers.

{06027} The S1 interface 115 1s the interface that separates the RAN 101
and the EPC 120. It is split into two parts: the S1-U, which carries traffic data
between the eNBs 104 and the serving GW 124, and the S1-MME, whichis a
signaling interface between the eNBs 104 and the MME 122, The X2 interface is
the interface between eNBs 104, The X2 interface comprises two parts, the X2-C
and X2-U. The X2-C is the control plane interface between the eNBs 104, while
the X2-1J is the user plane interface between the eNBs 104

{0028} With cellular networks, LP cells are typically used to extend
coverage to indoor areas where outdoor signals do not reach well, or to add
network capacity in areas with very dense phone usage, such as train stations. As
used herein, the term low power (LP) eNB refers to any suitable relatively low
power eNB for implementing a narrower cell (narrower than a macro cell) such
as a femtocell, a picocell, or a micro cell. Femtocell eNBs are typically provided
by a mobile network operator to its residential or enterprise customers. A
femtocell is typically the size of a residential gateway or smaller and generally
connects to the user's broadband line. Once plugged in, the femtocell connects to
the mobile operator's mobile network and provides extra coverage in a range of
typically 30 to 50 meters for residential femtocells. Thus, a LP eNB mightbea
femtocell eNB since 1t is coupled through the PDN GW 126, Similarly, a
picocell is a wireless communication system typically covering a small area,
such as in-building (offices, shopping malls, train stations, etc.), or more recently
in-aircraft. A picocell eNB can generally connect through the X2 link to another
eNB such as a macro eNB through its base station controlier (BSC)
functionality. Thus, LP eNB may be implemented with a picocell eNB since it is
coupled to a macro eNB via an X2 interface. Picocell eNBs or other LP eNBs
may incorporate some or all functionality of a macro eNB. In some cases, this
may be referred to as an access point base station or enterprise femtocell.

{0029} In some embodiments, a downlink resource grid may be used for
downlink transmissions from an eNB 104 to a UE 102, while uplink

transmission from the UE 102 to the eNB 104 may utilize similar techniques.
6
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The grid may be a time-frequency grid, called a resource grid or time-frequency
resource grid, which is the physical resource in the downlink in each slot. Such a
time-frequency plane representation is a common practice for OFDM systems,
which makes it intuitive for radio resource allocation. Each column and each row
of the resource grid correspond to one OFDM symbol and one OFDM
subcarrier, respectively. The duration of the resource grid in the time domain
corresponds to one slot in a radio frame. The smallest time-frequency unitin a
resource grid is denoted as a resource element (RE). There are several different
physical downlink channels that are conveyed using such resource blocks. With
particular relevance to this disclosure, two of these physical downlink channels
are the physical downlink shared channel and the physical down link control
channel.

{6030} As used herein, the term "circuitry” may refer to, be part of, or
include an Application Specific Integrated Circuit (ASIC), an electronic circutt,
a processor {shared, dedicated, or group), and/or memory (shared, dedicated, or
group} that execute one or more software or firmware programs, a combinational
fogic 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
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
contfigured hardware and/or software.

{0031} FIG. 2 illustrates a block diagram of an example machine in
accordance with some embodiments. The machine 200 is an example machine
upon which any one or more of the techniques and/or methodologies discussed
herein may be performed. In alternative embodiments, the machine 200 may
operate as a standalone device or may be connected (e g, networked) to other
machives. o a networked deployment, the machine 200 roay operate in the
capacity of a server machine, a client machine, or both in server-client network
environmments. In an example, the machine 200 may act as a peer machine in
peer-to-peer (P2P) {or other distributed) network environment. The machine 200

may be a UE 102, eNB 104, RDU 105, RCU 128, access point {AP), station
7
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(S8TA), mobile device, base station, personal computer (PC), a tablet PC, a set-
top box {(8TB), a personal digital assistant (PDA), a mobile telephone, a smart
phone, a web appliance, a network router, switch or bridge, or any machine
capable of executing instructions (sequential or otherwise) that specify actions to
be taken by that roachine. Further, while only a single machive 1s llustrated, the
term “machine” shall also be taken to include any collection of machines that
individually or jointly execute a set {or roultiple sets) of instructions to perform
any one or more of the methodologies discussed herein, such as cloud
computing, software as a service (SaaS), other computer cluster configurations.
10032} Examples as described herein, may include, or may operate on,
logic or a number of components, modules, or mechanisms. Modules are
tangible entities (e.g., hardware) capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuits may
be arranged (e.g., internally or with respect to external entities such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one or more computer systems (e.g., a standalone, client or server computer
system:} or one or more hardware processors may be configured by firmware or
software {(e.g., instructions, an application portion, or an application) as a rnodule
that operates to perform specified operations. In an example, the software may
reside on a machine readable medium. In an example, the software, when
executed by the underlying hardware of the module, causes the hardware to
perform the specified operations.

{0033} Accordingly, the term “module” 1s understood to encompass a
tangible entity, be that an entity that is physically constructed, specifically
configured (e.g , hardwired), or temporarily {e.g., transitorily} configured (e.g.,
programmed) to operate in a specified manner or to perform part or all of any
operation described herein. Considering examples in which modules are
temporarily configured, each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise a general-purpose
hardware processor configured using software, the general-purpose hardware
processot may be configured as respective different modules at different times.

Software may accordingly configure a hardware processor, for example, to
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counstitute a particular module at one instance of time and to constitute a different
module at a different instance of time.

10034} The machine (e.g., computer system) 200 may include a hardware
processor 202 (e.g., a central processing unit (CPU), a graphics processing unit
{(GPU), a hardware processor core, or any combination thereof), a main memory
204 and a static memory 206, some or all of which may communicate with each
other via an interlink {e.g., bus) 208. The machine 200 may further include a
display unit 210, an alphanumeric input device 212 {e.g., a keyboard}), and a user
interface (UT) navigation device 214 (e.g., a mouse). In an example, the display
unit 210, input device 212 and Ul navigation device 214 may be a touch screen
display. The machine 200 may additionally include a storage device (e.g ., drive
unit} 216, a signal generation device 218 (e.g., a speaker), a network interface
device 220, and one or more sensors 221, such as a global positioning system
(GPS) sensor, compass, accelerometer, or other sensor. The machine 200 may
include an output controller 228, such as a senal (e.g., universal serial bus
{USB), parallel, or other wired or wireless {e.g., infrared (IR}, near field
communication {(NFC), etc ) connection to comnunicate or control one or more
peripheral devices {e.g., a printer, card reader, etc ).

10035] The storage device 216 may include a machine readable medium
222 on which is stored one or more sets of data structures or instructions 224
{e.g., software) embodying or utilized by any one or more of the techniques or
functions described herein. The instructions 224 may also reside, completely or
at teast partially, within the main memory 204, within static memory 2006, or
within the hardware processor 202 during execution thereof by the machine

200. In an example, one or any combination of the hardware processor 202, the
main memory 204, the static memory 206, or the storage device 216 may
constitute machine readable media. In some embodiments, the machine readable
medium may be or may include a non-transitory computer-readable storage
medium.

{0036} While the machine readable medium 222 is illustrated as a single
medium, the term "machine readable medium” may include a single medium or
multiple media (e.g., a centralized or distributed database, and/or associated

caches and servers) configured to store the one or more instructions 224, The
9
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terim “machine readable medium” may include any medium that is capable of
storing, encoding, or carrying instructions for execution by the machine 200 and
that cause the machine 200 to perform any one or more of the techniques of the
present disclosure, or that is capable of storing, encoding or carrying data
structures used by or associated with such instructions. Nouo-limiting machine
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of machine readable media may include:
non-volatile memory, such as semiconductor memory devices (e.g., Electrically
Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)} and flash memory devices;
magnetic disks, such as internal hard disks and removable disks; magneto-optical
disks; Random Access Memory (RAM}; and CD-ROM and DVD-ROM

disks. In some examples, machine readable media may include non-transitory
machine readable media. In some examples, machine readable media may
include machine readable media that is not a transitory propagating signal.
{0037} The 1nstructions 224 may further be transmitted or recetved over
a communications network 226 using a transmission medium via the network
interface device 220 utilizing any one of a number of transfer protocols {e.g.,
frame relay, internet protocol (IP), transmission control protocol (TCP), user
datagram protocol (UDP), hypertext transfer protocol (HTTP), etc ). Example
communication networks may include a local area network (LAN), a wide area
network (WAN), a packet data network (e.g., the Iuternet), mobile telephone
networks {e.g., cellular networks), Plain Old Telephone (POTS) networks, and
wireless data networks (e.g., Institute of Electrical and Electronics Engineers
(IEEE) 802.11 family of standards known as Wi-Fi®, IEEE 802 16 family of
standards known as WiMax®), IEEE 802.15 4 family of standards, a Long Term
Evolution (LTE) family of standards, a Universal Mobile Telecommunications
System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 220 may include one or
more physical jacks {(e.g., Ethernet, coaxial, or phone jacks) or one or more
antennas to connect to the communications network 226, In an exarople, the
network interface device 220 may include a plurality of antennas to wirelessly

commumnicate using at least one of single-input multiple-output (SIMO),
10
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multiple-input multiple-output (MIMO), or multiple-input single-output (MIS()
techniques. In some examples, the network interface device 220 may wirelessly
communicate using Multiple User MIMO techniques. The term “transmission
medium” shall be taken to include any intangible medium that is capable of
storing, encoding or carrying iustructions for execution by the machine 200, and
includes digital or analog communications signals or other intangible medium to
facilitate communication of such software.

{6038} FIG. 3 1s a block diagram of an Evolved Node-B (eNB) in
accordance with some embodiments. Tt should be noted that in some
embodiments, the elNB 300 may be a stationary non-mobile device. The eNB
300 may be suitable for use as an eNB 104 as depicted in FIG. 1. The eNB 300
may include physical fayer circuitry 302 and a transceiver 305, one or both of
which may enable transmission and reception of signals to and from the UE 200,
other eNBs, other UEs or other devices using one or more antennas 301, Asan
example, the physical layer circuitry 302 may perform various encoding and
decoding functions that may include formation of baseband signals for
transmission and decoding of received signals. As another example, the
transceiver 305 may perform various transmission and reception functions such
as conversion of signals between a baseband range and a Radio Frequency (RF)
range. Accordingly, the physical layer circuitry 302 and the transceiver 305 may
be separate components or may be part of a combined component. In addition,
some of the described functionality related to transmission and reception of
signals may be performed by a combination that may include one, any or all of
the physical layer circuitry 302, the transceiver 305, and other components or
fayers. The eNB 300 may also include medium access control laver (MAC)
circuitry 304 for controlling access to the wireless medium. The eNB 300 may
also include processing circuitry 306 and memory 308 arranged to perform the
operations described herein. The eNB 300 may also include one or more
interfaces 310, which may enable communication with other coraponents,
including other eNBs 104 (FIG. 1), components in the EPC 120 (FIG. 1) or other
network components. Tun addition, the interfaces 310 may enable communication
with other components that may not be shown in FIG. 1, including components

external to the network. The interfaces 310 may be wired or wireless or a
11
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combination thereof. It should be noted that in some embodiments, an eNB or
other base station may include some or all of the components shown 1n either
FIG. 2 or FIG. 3 or both.

{0039} FIG. 4 18 a block diagram of a User Equipment (UE) in
accordance with some embodiments. The UE 400 may be suitable foruse as a
UE 102 as depicted in FIG. 1. In some embodiments, the UE 400 may include
application circuitry 402, baseband circuitry 404, Radio Frequency (RF)
circuttry 406, front-end module (FEM) circuitry 408 and one or more antennas
410, coupled together at least as shown. In some embodiments, other circutiry
or arrangements may include one or more elements and/or components of the
application circuitry 402, the baseband circuitry 404, the RF circuitry 406 and/or
the FEM circuitry 408, and may also include other elements and/or components
in some cases. As an example, “processing circuitry” may include one or more
elements and/or components, some or all of which may be included in the
application circuitry 402 and/or the baseband circuitry 404. As another example,
a “transceiver” and/or “transceiver circuitry” may inchude one or more elements
and/or components, some or all of which may be included in the RF circuitry
406 and/or the FEM circuitry 408. These examples are not limiting, however, as
the processing circuitry, transceiver and/or the transceiver circuitry may also
include other elements and/or components in some cases. It should be noted that
in some embodiments, a UE or other mobile device may include some or all of
the components shown n either FIG. 2 or FIG. 4 or both.

{0040} The application circuitry 402 may include one or more
application processors. For example, the application circuitry 402 may include
circutiry 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 mermory/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.

10041} The baseband circuttry 404 may inchude circuitry such as, but not

limited to, one or more single-core or multi-core processors. The baseband
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circuitry 404 may include one or more baseband processors and/or control logic
to process baseband signals received from a receive signal path of the RF
circutiry 406 and to generate baseband signals for a transmit signal path of the
RF circuitry 406. Baseband processing circuitry 404 may interface with the
application circuitry 402 for generation and processing of the baseband signals
and for controlling operations of the RF circuitry 406, For example, in some
embodiments, the baseband circuitry 404 may include a second generation (2G)
baseband processor 404a, third generation (3G) baseband processor 404b, fourth
generation {4G) baseband processor 404¢, and/or other baseband processor(s)
404d for other existing generations, generations in development or to be
developed in the future (e.g., fitth generation (5G), 6G, etc.}. The baseband
circutiry 404 (e.g., one or more of baseband processors 404a-d) may handle
various radio control functions that enable communication with one or more
radio networks via the RF circuitry 406. The radio control functions may
include, but are not limited to, signal modulation/demodulation,
encoding/decoding, radio frequency shifting, etc. In some embodiments,
modulation/demodulation circuitry of the baseband circuitry 404 may include
Fast-Fourier Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embaodiments, encoding/decoding
circuttry of the baseband circuitry 404 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.

{0042} In some embodiments, the baseband circuitry 404 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} 404e of the baseband circuitry
404 may be configured to tun 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)
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(DSP) 404f The audio DSP(s) 404f may be include elements for
compression/decompression and echo cancellation and may include other
suitable processing elements in other embodiments. 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 404 and the
application circuitry 402 may be implemented together such as, for example, on
a system on a chip (SOC).

{0043} In some embodiments, the baseband circuitry 404 may provide
for communication compatible with one or more radio technologies. For
example, in some embodiments, the baseband circuitry 404 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 404 1s configured to
support radio communications of more than one wireless protocol may be
referred to as multi-mode baseband circuitry.

{0044} RF circuitry 406 may enable communication with wireless
networks using modulated electromagnetic radiation through a non-solid
medium. In various embodiments, the RF circuitry 406 may include swiiches,
filters, amplifiers, etc. to facilitate the communication with the wireless network.
RF circuitry 406 may tnclude a receive signal path which may include circuitry
to down-convert RF signals received from the FEM circuitry 408 and provide
baseband signals to the baseband circuitry 404. RF circuitry 406 may also
include a transmit signal path which may include circuitry to up-convert
baseband signals provided by the baseband circuitry 404 and provide RF output
signals to the FEM circuitry 408 for transmission.

0045} In some embodiments, the RF circuitry 406 may include a receive
signal path and a transmit signal path. The receive signal path of the RF circuiiry
406 may include mixer circuitry 406a, amplifier circuitry 406b and filter
circuitry 406¢. The transmut signal path of the RF circuitry 406 may include
filter circuitry 406¢ and mixer circuitry 406a. RF circuitry 406 may also include

synthesizer circuitry 406d for synthesizing a frequency for use by the mixer
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circuitry 406a of the receive signal path and the transmit signal path. In some
embodiments, the mixer circuitry 406a of the receive signal path may be
configured to down-convert RF signals received from the FEM circuitry 408
based on the synthesized frequency provided by synthesizer circuitry 406d. The
amplifier circuitry 406b may be configured to amplify the down-converted
signals and the filter circuitry 406¢ 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. Cutput baseband signals may be
provided to the baseband circuitry 404 tor further processing. In some
embodiments, the output baseband signals may be zero-frequency baseband
signals, although this 1s not a requirement. In some embodiments, mixer circuitry
406a of the receive signal path may comprise passive mixers, although the scope
of the embodiments 1s not limited in this respect. In some embodiments, the
mixer circuitry 406a of the transmit signal path may be configured to up-convert
input baseband signals based on the synthesized frequency provided by the
synthesizer circuitry 4064 to generate RY output signals for the FEM circuitry
408. The baseband signals may be provided by the baseband circuitry 404 and
may be filtered by filter circuitry 406¢. The filter circuitry 406¢ may include a
low-pass filter (LPF), although the scope of the embodiments is not limited in
this respect.

{0046} In some embodiments, the mixer circuitry 400a of the receive
signal path and the mixer circuitry 4062 of the transruit 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 406a of the
receive signal path and the mixer circuitry 406z 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 400a of the
receive signal path and the mixer circuitry 406a may be arranged for direct
downconversion and/or direct upconversion, respectively. In some embodiments,
the mixer circuitry 406a of the receive signal path and the mixer circuitry 406a
of the transmit signal path may be configured for super-heterodyne operation.
10047} In some embodiments, the output baseband signals and the input

baseband signals may be analog baseband signals, although the scope of the
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embodiments is not limited in this respect. In some alternate embodiments, the
output baseband signals and the input baseband signals may be digital baseband
signals. In these alternate embodiments, the RF circuitry 406 may include
analog-to-digital converter (ADC) and digital-to-analog converter (DAC)
circuitry and the baseband circuitry 404 may include a digital baseband interface
to communicate with the RF circuitry 406. 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.
{0048} In some embodiments, the synthesizer circuitry 406d may be a
fractional-N synthesizer or a fractional N/N-+1 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 406d may be a
delta-sigma synthesizer, a frequency multiplier, or a synthesizer comprising a
phase-locked loop with a frequency divider. The synthesizer circuitry 406d may
be configured to synthesize an output frequency for use by the mixer circuitry
406a of the RF circuitry 406 based on a frequency input and a divider control
input. In some embodiments, the synthesizer circuitry 406d may be a fractional
N/N+1 synthesizer. To some embodiments, frequency input may be provided by
a voltage controlled oscillater (VCO), although that is not a requirement. Divider
control input may be provided by either the baseband circuitry 404 or the
applications processor 402 depending on the desired output trequency. 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 402,

0049} Synthesizer circuitry 406d of the RF circuitry 406 may include a
divider, a delay-locked loop (BLL), 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+1 {e.g., based on a carry out) to provide a fractioval division ratio. In some
example embodiments, the BDLL may include a set of cascaded, tunable, delay
elements, a phase detector, a charge pump and a D-type flip-flop. Tn these
embodiments, the delay elements may be configured to break a VCO period up

into Nd equal packets of phase, where INd 1s the number of delay elements in the
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delay line. In this way, the DLL provides negative feedback to help ensure that
the total delay through the delay line is one VCO cycele.

{0050] In some embodiments, synthesizer circuitry 406d 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 multiple
signals at the carrier frequency with multiple different phases with respect to
each other. In sorme embodiments, the output frequency may be a LO frequency
{(fro). In some embodiments, the RF circuitry 406 may include an {)/polar
converter.

{0051} FEM circuitry 408 may include a recetve signal path which may
include circuitry configured to operate on RF signals received from one or more
antennas 410, amplity the received signals and provide the amplified versions of
the received signals to the RF circuitry 406 for further processing. FEM circuitry
408 may also include a transmit signal path which may include circuitry
configured to amplify signals for transmission provided by the RF circuitry 406
for transmission by one or more of the one or more antennas 410.

10052} In some embodiments, the FEM circuitry 408 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 curcuitry may include a low-notse amplifier
(LNA) to amplify received RF signals and provide the amplified received RF
signals as an output (e.g, to the RF circuitry 406). The transmit signal path of
the FEM circuitry 408 may tnclude a power amplifier (PA) to amplify input RF
signals (e.g., provided by RF circuitry 406), and one or more filters to generate
RF signals for subsequent transmission {e.g., by one or more of the one or more
antennas 410. In some embodiments, the UE 400 may include additional
elements such as, for example, memory/storage, display, camera, sensor, and/or
input/output (/) interface.

{0053} It should be noted that one or more of the components, concepts,
techniques and/or operations described in relation to FIG. 4 for the UE 400 may

be applicable to an eNB 104, 300, in some embodiments. In some embodiments,
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one or more components {and/or similar components) shown in FIG. 4 may be
included in the eNB 104, 300. For instance, the eNB 104, 300 may include one
or more components shown in FIG. 4, in addition to or instead of one or more
components of FIG. 2 and/or FIG. 3. In addition, one or more of the concepts,
techniques and/or operations described regarding the UE 400 {(and/or
component(s} of the UE 400) may be practiced by the eNB 104, 300, in some
embodiments.

{0054} The antennas 230, 301, 410 may comprise one of more
directional or omnidirectional antennas, including, for example, dipole antennas,
monopole antennas, patch antennas, loop antennas, microstrip antennas or other
types of antennas suitable for transmission of RF signals. In some multiple-input
multiple-output (MIMO) embodiments, the antennas 230, 301, 410 may be
etfectively separated to take advantage of spatial diversity and the different
channel characteristics that may result.

{0055] In some embodiments, the UE 400 and/or the eNB 300 may be a
mobile device and may be a portable wireless communication device, such as a
personal digital assistant (PDA}, a laptop or portable computer with wireless
communication capability, a web tablet, a wireless telephone, a smariphone, a
wireless headset, a pager, an instant messaging device, a digital camera, an
access point, a television, a wearable device such as a medical device {e.g, a
heart rate monitor, a blood pressure monitor, etc.), or other device that may
receive and/or transmit information wirelessly. In some embodiments, the UE
400 or eNB 300 may be configured to operate in accordance with 3GPP
standards, although the scope of the embodiments is not limited in this respect.
Mobile devices or other devices in some embodiments may be configured to
operate according to other protocols or standards, including 5G standards, IEEE
802.11 or other IEEE standards. In some embodiments, the UE 400, eNB 300 or
other device may include one or more of a keyboard, a display, a non-volatile
memory port, multiple antennas, a graphics processor, an application processor,
speakers, and other mobile device elements. The display may be an LCD screen
including a touch screen.

10056 FIG. 5 iHlustrates a block diagram of a radio access network

(RAN) central unit {(RCU) and a block diagram of a RAN distributed unit (RDU)
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in accordance with some embodiments. It should be noted that in some
embodiments, the RCU 500 may be a stationary non-mobile device. The RCU
500 may be suitable for use as an RCU 128 as depicted in FIG. 1, in some
embodiments. The RCU 500 may also include processing circuitry 506 and
memory 508 arranged to perform the operations described herein. The RCU 500
may also include one or more interfaces 510, which may enable communication
with other components, including other eNBs 104 (FIG. 1), components in the
EPC 120 (FIG. 1} or other network components. In addition, the interfaces 510
may enable communication with other components that may not be shown in
FIG. 1, including components external to the network. The interfaces 510 may
be wired or wireless or a combination thereof. In some embodiments, the
interfaces 510 of the RCU 500 may be or may be coupled to the 81 interface
115, k should be noted that in some embodiments, an RCU may include some
or all of the components shown in either FIG. 2 or FIG. § or both.

{00571 In some embodiments, the RDU 550 may be a stationary non-
mobile device. The RDU 550 may be suitable for use as an RDU 109 as
depicted in FIG. 1, in some embodiments. The RDU 550 may alsc include
processing circuitry 556 and memory 558 arranged to perform the operations
described herein. The RDU 550 may also include one or more interfaces 560,
which may enable comrounication with other components, including the RCU
128 (FIG. 1}, elNBs 104 (FIG. 1), components in the EPC 120 (FIG. 1) or other
network components. Tun addition, the interfaces 560 may enable communication
with other components that may not be shown in FIG. 1, including components
external to the network. The interfaces 560 may be wired or wireless or a
combination thereof. In some embodiments, the interfaces 560 of the RCU 550
may be or may be coupled to the S1 interface 115, Tt should be noted that in
some embodiments, an RBU may include some or all of the components shown
in either FIG. 2 or FIG. 5 or both.

{0058} Although the UE 400, the eNB 300, the RCU 500 and the RDU
550 are each illustrated as having several separate functional elements, one or
more of the functional elements may be combined and may be implemented by
combinations of software-configured elements, such as processing elements

including digital signal processors (DSPs), and/or other hardware elements. For
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example, some elements may comprise one or more microprocessors, DSPs,
field-programmable gate arrays (FPGAs), application specific integrated circuits
{ASICs), radio-frequency integrated circuits (RFICs) and combinations of
various hardware and logic circuitry for performing at least the functions
described herein. In some embodiments, the functional elements may refer to
ONe OF MOTe Processes operating on one or more processing elements.

{06059} Embodiments may be implemented 10 one or a cornbination of
hardware, firmware and software. Embodiments may also be implemented as
instructions stored on a computer-readable storage device, which may be read
and executed by at least one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for storing information in a form readable by a machine{e.g, a
computer). For example, a computer-readable storage device may include read-
only memory (ROM), random-access memory {RAM}, magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with instructions stored on a computer-readable storage device.
{0060} In some embodiments, an apparatus for a UE may include various
components shown in the UE 400 and/or the machine 200 as shown in FiGs. 2
and 4. Accordingly, techniques and operations described herein that refer to the
UE 400 and/or 102 may be applicable to an apparatus for a UE.

{0061} In some embodiments, an apparatus for an eNB may include
vartous components shown in the eNB 300 and/or the machine 200 as shown in
FiGs. 2 and 3. Accordingly, techniques and operations described herein that
refer to the eNB 300, 104, 106 and/or 108 may be applicable to an apparatus for
an eNB.

10062} In some embodiments, an apparatus for an RCU may include
various components shown in the RCU 500 and/or the machine 200 as shown in
FIGs. 2 and 5. Accordingly, techuiques and operations described herein that
refer to the RCU 500 and/or 128 may be applicable to an apparatus for an RCU.
{0063} In some embodiments, an apparatus for an RDU may include

variogus components shown in the RBU 550 and/or the machine 200 as shown in
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FiGs. 2 and 5. Accordingly, techniques and operations described herein that
refer to the RDU 500 and/or 109 may be applicable to an apparatus for an RDU.
{0064} In accordance with some embodiments, a radio access network
(RAN) distributed unit (RDU) 105 may be implemented by the processing
circuitry of an eNB 104, The RDU 105 may be implemented to communicate
with a RAN central unit (RCU) 128 of a cloud RAN to cooperatively perform at
least radio resource control (RRC) functionality for the eNB 104. The RDU 105
may decode a request for an RRC connection from a User Equipment (UE} 102
The RDU 105 may communicate, to the RCU, a service request for global load
information to determine whether to establish the requested RRC connection.
The global load information may be based at least partly on per-eNB load
information of other eNBs 104 supported by the cloud RAN. The RDU may,
when a service response from the RCU 128 1s received before a predetermined
time, determine whether to establish the requested RRC connection based at
least partly on the global load information included in the service response. The
RDU may, when a service response is not received before the predetermined
time, determine whether to establish the requested RRC connection based on
focal load intormation of the eNB 104, The service response may be received in
response to the service request. These embodiments are described in more detail
below.

{0065] FIG. 6 iHlustrates the operation of a method of communication in
accordance with some embodiments. It is important to vote that embodiments of
the method 000 may include additional or even fewer operations or processes in
comparison to what is tllustrated in FIG. 6. In addition, embodiments of the
method 600 are not necessarily limited to the chronological order that is shown
in FIG. 6. In describing the method 600, reference may be made to FIGs. 1-5
and 7-10, although it is understood that the method 600 may be practiced with
any other suitable systems, interfaces and components.

{0066] In addition, while the method 600 and other methods described
herein may refer to eNBs 104 or UEs 102 operating in accordance with 3GPP
standards, 3G standards and/or other standards, embodiments of those methods
are not limited to just those eNBs 104 or UEs 102 and may also be practiced on

other devices, such as a Wi-Fi access point (AP) or user station (STA). In
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addition, the method 600 and other methods described herein may be practiced
by wireless devices configured to operate in other suitable types of wireless
communication systems, including systems configured to operate according to
vartous IEEE standards such as TEEE 802.11. The method 600 may also refer to
an apparatus for an RDU 105, eNB 104, UE 102 and/or other device described
above.

{00671 It should be noted that one or more of the operations of the
method 600 may be performed by the eNB 104, such as in processing circuitry
and/or other component(s) of the eNB 104. In some embodiments, processing
circuitry of the eNB 104 may implement the RDU and/or perform one or more
operations of the method 600. In some embodiments, an RDU 105 may be
implemented in the eNB 104, hosted by the eNB 104 and/or included in the eNB
104, and may perform one or more of the operations of the method 600. The
scope of embodiments is not Himited in this respect, however, as one or more
operations of the method 600 may be performed by an eNB 104 in which an
RDU 109 may not necessarily be implemented, hosted and/or included. In some
embodiments, an RDU 109 may perform one or more of the operations of the
method 600, and the RDU 109 may not necessarily be implemented in the eNB
104, hosted by the eNB 104 and/or included in the eNB 104. Forinstance, a
stand-alone RDU 109 may perform one or more of the operations of the method
600, in some embodiments.

{0068} In some embodiments, one or more operations described herein,
including but not limited to the operations of the method 600, may be performed
by an eNB 104 at an RDU 105 implemented by the processing circuitry. The
RDU 105 may communicate with a RAN central unit (RCU) 128 of a cloud
RAN to cooperatively perform at least radio resource control (RRC)
functionality for the eNB 104. It should be noted that one or more operations of
the method 600 (and/or similar operations) may be performed by a stand-alone
RDU (like 109), in some embodiments.

{0069] It should also be noted that embaodiments are not limited by
references herein (such as in descriptions of the methods 600, 900, 1000 and/or
other descriptions herein) to transmission, reception and/or exchanging of

elements such as frames, messages, requests, indicators, signals or other
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elements. In some embodiments, such an element may be generated, encoded or
otherwise processed by processing circuitry {such as by a baseband processor
included in the processing circuttry) for transmission. The transmission may be
performed by a transceiver or other component, in some cases. In some
embodiments, such an element may be decoded, detected or otherwise processed
by the processing circuitry (such as by the baseband processor). The element
may be received by a transceiver or other component, 1n some cases. In some
embodiments, the processing circuitry and the transceiver may be included in a
same apparatus. The scope of embodiments s not limited in this respect,
however, as the transceiver may be separate from the apparatus that comprises
the processing circuiiry, in some embodiments.

16070} At operation 602, the eNB 104 may transmit one or more control
messages that indicate information related to RRC connections. For instance,
the information may include RRC configuration information for usage by UEs
102 to request RRC connections, in some cases. The control messages may be
or may include system information blocks (SIB}, in some embodiments.

16071} At operation 605, the eNB 104 may receive a request for an RRC
connection from a User Equipment (UE) 102,

10072} At operation 610, the eNB 104 may determine local load
information of the eNB 104, In some embodiments, the local load information
of the eNB 104 may be based at least partly on a number of RRC connections
supported by the eNB 104, Other local load information may be related to data
rates of the RRC connections and/or parameters of the RRC connections, in
some cases. In some embodiments, the local load information of the eNB 104
may be based at least partly on a number of RRC connections at the eNB 104
and/or on data rates of the RRC connections at the eNB 104, These examples
are not limiting, however, as the local load information may include other
information in addition to, or instead of, the examples given above.

{06073} At operation 612, the eNB 104 may send the local load
information to the RCU 128, In a non-limiting example, the local load
inforration may be sent in response to a request from the RCU 128, In another
non-limiting example, local load information may be sent pericdically. In some

embodiments, the local load information may be included 1n a service request
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message (such as at operation 620}, although the scope of embodiments is not
limited in this respect.

10074} At operation 615, the eNB 104 may initiate a timer for a service
request and/or service response.

{0075} At operation 620, the eNB 104 may send, to the RCU 128, a
service request for global load information to determine whether to establish the
requested RRC connection. The global load information may be based at least
partly on per-eNB load information of other eNBs supported by the cloud RAN.
In some emnbodiments, the per-eNB load information of the other eNBs may be
based at least partly on numbers of RRC connections supported by the other
eMNBs. This example is not limiting, however, as other information, such as
types of RRC connections, data rates and/or other information, may be included
in the per-eNB load information of the other eNBs, in some cases.

{0076} At operation 625, the eNB 104 may attempt to receive a service
response from the RCU 128 in response to the service request.

106077} At operation 630, the eNB 104 may monitor the timer. One or
more predetermined times, durations, expiration times and/or other may be used
for the timer. Such values may be included in a 3GPP standard and/or other
standard, in some cases, although embodiments are not limited to values that are
necessarily included in a standard.

{6078} In some embodiments, the predetermined time may be basedon a
summation that includes a predetermined duration and an initiation time of the
timer. Accordingly, the predetermined time may be a time at a predetermined
duration after the initiation of the timer. For instance, the timer may expire after
the predetermined duration has elapsed, with respect to the initiation time of the
timer.

{00791 The eNB 104 may set a predetermined time (such as an expiration
time, time duration and/or other) in any suitable manner. In some embodiments,
the predetermined time may be indicated by the service request message,
although the scope of embodiments is not limited in this respect. In some
embodiments, the predetermined tirne may be included 1o a 3GPP standard
and/or other standard and may not necessarily be indicated in the service request

message.
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{06030} In a non-limiting example, the predetermined time may be based
on a priority level of the requested RRC connection. In another non-limiting
example, the predetermined time may be a first value when the requested RRC
connection is for mission critical (M) communication and may be a second
value when the requested RRC connection is for non-MC communication. The
second value may be larger than the first value, in some cases. For instance, the
MC communication may be considered higher priority than non-MC
communication. The MC communication may also have time restrictions and/or
fimits that are lower than those of non-MC communication, in some cases. It
should be noted that embodiments are not limited to usage of mission critical
(MC) communication as described in this example or elsewhere herein. In some
embodiments, critical machine type communication (MTC), ultra-reliable and
low-latency communications (URLLC) and/or other type of communication may
be used.

{0081} For instance, the predetermined time may be a first value when
the requested RR{ connection is for critical MTC and may be a second value
when the requested RRC connection is for non-critical MTC. The critical MTC
communication may be considered higher priority than non-critical MTC
communication. The critical MTC communication may also have time
restrictions and/or limits that are lower than those of non-critical MTC
communication, in some cases.

{0082} For instance, the predetermined time may be a first value when
the requested RRC connection is for URLLC and may be a second value when
the requested RRC connection s for non-URLLC. The URLLC communication
may be considered higher priority than non-URLLC communication. The
URLLC communication may also have time restrictions and/or limits that are
fower than those of non-URLLC communication, in some cases.

{0083} Other examples and embodiments described herein may use
mussion critical (MC) communication, MTC, URLLC and/or other
communication, in some cases.

{0084} In another non-timiting example, a value of zero for the
predetermined time may indicate that the RDU 105 does not intend to use the

global load information to determine whether to establish the requested RRC
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connection, and a value greater than zero for the predetermined time indicates
that the RDU 105 intends to use the global load information to determine
whether to establish the requested RRC connection.

{6085} At operation 635, the eNB 104 may receive the service response
from the RCU 128 in response to the service request. Accordingly, the eNB 104
may attempt to receive the service response from the RCU 128 in response to the
service request, and may or may not successfully receive the service response, in
some cases.

{0036} At operation 640, the eNB 104 may determine whether to
establish the RRC connection based at least partly on global load information.
At operation 645, the eNB 104 may determine whether to establish the RRC
connection based at least partly on local load information. In some
embodiments, a combination of local load information and global load
information may be used. In some embodiments, memory of the eNB 104
and/or an apparatus of the eNB 104 may be configurable to store the global load
information.

{6087} In some embodiments, when the service response trom the RCU
128 is recetved in response to the service request before a predetermined time,
the eNB 104 may determine whether to establish the requested RRC connection
based at least partly on the global load information 1ncluded 1o the service
response. When the service response is not received in response to the service
request before the predetermined time, the eNB 104 may determine whether to
establish the requested RRC connection based at least partly on local load
information of the eNB 104, The examples of predetermined time described
above regarding operations 615 and/or 630 may be used, although the scope of
embodiments is not limited in this respect.

10088} In some embodiments, when the service response 1s received
before the predetermined time, the eNB 104 may determine to establish the RRC
connection when the number of RRC connections supported by the eNB 104 is
fess than or equal to a first threshold. The eNB 104 may also select another eNB
104 to establish the RRC connection when the number of RRC conunections
supported by the eNB 104 1s greater than the first threshold and the number of

RRC connections supported by the other eNB 104 15 less than or equal to a
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second threshold. That is, the eNB 104 may decide that the RRC connection is
to be established with the other eNB 104 (and not the eNB 104 requesting the
RRC connection) in some cases. The first and second thresholds may or may
not be the same.

{0089} In some embodiments, when the service response 1s not received
before the predetermined time, the eNB 104 may determine to establish the RRC
connection when the number of RRC connections supported by the eNB 104 is
fess than or equal to a third threshold. The eNB 104 may determine to refrain
from establishment of the RRC connection when the number of RRC
connections supported by the eNB 104 is greater than the third thresheold. The
third threshold may or may not be the same as the first or second thresholds.
{0090} At operation 650, the eNB 104 may receive a mobility request.
The eNB 104 may determine whether to accept the mobility request at operation
655, In some embodiments, techniques similar to those of operations described
above for determination of whether to accept the RRC connection may be used,
although the scope of embodiments ts not limited in this respect.

16091} In some embodiments, the eNB 104 may receive a mobility
request from a UE 102 for a hand-over of an RRC conuection to the eNB 104
from another eNB 104 or for a hand-over of the RRC connection from the eNB
104 to another eNB 104, The eNB 104 may send, to the RCU 128, a service
request for global load information to determine whether to accept the mobility
request. When a service response 18 received in response to the service request
before a predetermined time, the eNB 104 may determine whether to accept the
mobility request based at least partly on global load information included in the
service response. When the service response is not received in response to the
service request before the predetermined time, the eNB 104 may determine
whether to accept the mobility request based at least partly on local load
information of the eNB 104,

{0092} At operation 660, the eNB 104 may receive self-organizing
network (SON) information from the RCU 128, In some embodiments, the eNB
104 may transmit a request for the SON information from the RCU 128. The
SON information may be based on cellular layout, sector layout, channel usage

by the other eNBs 104 and/or other information. The eNB 104 may determine
27
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channel usage for the eNB 104 based at least partly on the received SON
information, in some embodiments.

{0093} In some embodiments, the eNB 104 may send, to an RCU 128 of
a cloud RAN, a service request for global load information of the cloud RAN for
which the RCU 128 serves as a central entity for distribution of information
between RDUs of the cloud RAN. The eNB 104 may determine whether to
initiate a handover of an RRC connection between the eNB 104 and a UE 102 to
another eNB 104 based at least partly on the global load information and further
based at least partly on local load information of the eNB 104, The RDUs may
be implemented at a plurality of eNBs 104 for performance of at least RRC
functionality for the eNBs 104 cooperatively within the cloud RAN. The global
information may be based at least partly on per-eNB load information of the
eNBs 104, The eNB 104 may determine whether to initiate the handover as part
of an RDU of the eNB 104 allocated at least partly to performance of RRC
functionality for the eNB 104 cooperatively within the cloud RAN. The local
foad information may be based on a number of RRC connections supported by
the eNB 104, The global load information may be based on per-eNB numbers of
RRC connections supported by the plurality of eNBs 104, The eNB 104 may
determine to initiate the handover of the RRC connection to another eNB 104
when the number of RRC connections supported by the eNB 104 is above a first
threshold and when the number of RRC connections supported by the other eNB
104 is less than a second threshold.

{0094} FIG. 7 illustrates an example network in accordance with some
embodiments. FIG. 8 illustrates example operations in accordance with some
embodiments. It should be noted that the examples shown in FiGs. 7-8 may
illustrate some or all of the concepts and techniques described herein in some
cases, but embodiments are not limited by the examples. For instance,
embodiments are not limited by the name, number, type, size, ordering,
arrangement and/or other aspects of the operations, components and other
elements as shown in FiGs. 7-8. Although some of the elements shown in the
examples of FIGs. 7-8 may be included 1n a 3GPP LTE standard and/or other
standard, embodiments are not limited to usage of such elements that are

included in standards.
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{0095} Referring to FIG. 7, an example network architecture for C-RAN
may comprise a central unit (RCU} 720 and a number of distributed units
{(RDUs}) 710, 715, They may be connected by a front-haul interface (FI)
network. In some embodiments, one or more of the RDUs 710, 715 may be
stand-alone components. In some embodiments, one or more of the RDUs 710,
715 may be implemented by an eNB. In the following description, reference
may be made to the RDU 710 for convenience, but such references are not
fimiting. 1t is understood that operations described below may be performed by
gither or both of RDUs 710 and 715, in some embodiments.

10096} Referring to FIG. &, an RDU 105 1s shown, but it is understood
that embodiments are not limited to the RDU. In some embodiments, processing
circutiry of the eNB 104 may perform or be part of one or more operations
shown in FIG. 8. At 805, the RDU 105 may calculate local load information. At
810, the UE 102 may transmit a connection request. At 815, the RDU 105 may
start a timer. The RDU 105 may send a service request to the RCU 128 at 820.
Load management and/or calculation of global load information may be
performed by the RCU 128 at 825,

{0097} The box 840 indicates one or more operations (830 and/or 835 1n
this case) that may be performed if a service response is received before
expiration of the timer. The service response may be sent from the RCU 128 to
the RDU 105 at 830, Admission management with global load information may
be performed by the RDU 10S at 835

{0098} The box 855 indicates one or more operations (845 and/or 850 1n
this case) that may be performed if a service response is not received before
expiration of the timer. The timer may expire at 845. Admission management
with local load information may be performed by the RDU 105 at 850,

10099] FIG. 9 illustrates the operation of another method of
communication in accordance with some embodiments. As mentioned
previously regarding the method 600, embodiments of the method 900 may
include additional or even fewer operations or processes in comparison to what
18 iHustrated in FIG. 9 and embodiments of the method 900 are not necessarily
limited to the chronological order that is shown in FIG. 9. In describing the

method 900, reference may be made to FIGs. 1-8 and 10, although it is
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understood that the method 900 may be practiced with any other suitable
systems, interfaces and components. In addition, embodiments of the method
900 may be applicable to RCUs 128, RDUs 105, UEs 102, eNBs 104, APs,
STAs and/or other wireless or mobile devices. The method 900 may also be
applicable to an apparatus for an RCU 128, RDU 105, UE 102, eNB 104 and/or
other device described above.

{00100} It should be noted that the method 900 may be practiced by an
RCU 128 and may include exchanging of elements, such as frames, signals,
messages and/or other elements, with an eNB 104, Similarly, the method 600
may be practiced at an elNB 104 and may include exchanging of such elements
with an RCU 128 In some cases, operations and techniques described as part of
the method 600 may be relevant to the method 900, In addition, embodiments of
the method 900 may include operations performed at the RCU 128 that are
reciprocal to or similar to other operations described herein performed at the
eNB 104, For instance, an operation of the method 900 may include reception of
a message from the eNB 104 by the RCU 128 while an operation of the method
600 may include transmission of the same message or similar message by the
eNB 104

100101} In addition, previous discussion of various techniques and
concepts may be applicable to the method 900 in some cases, including cloud
RAN, RDU, RCU, giobal load information, local load information, RRC
operations, timers, connection request, mobility request, service request
message, service response message and/or others. In addition, the examples
shown in FIGs. 7-8 may also be applicable, in some cases, although the scope of
embodiments is not limited in this respect.

{60102] At operation 905, the RCU 128 may receive, from an interface,
per-eNB load information for a plurality of eNBs 104, In some embodiments,
the per-eNB load information may be received from a plurality of RDUs hosted
by the eNBs 104, The RCU 128 may operate as a central entity of a cloud RAN
to communicate with the RDUs 105 to cooperatively perform at least RRC
functionality for the eNBs 104, In a non-himiting example, the per-eNB load
information of the plurality of eNBs 104 may be based at least partly on numbers

of RRC connections supported by the eNBs 104, Other information may be
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used, in some embodiments, such as data rates of the RRC connections, types of
RRC connections and/or other.

{00103} At operation 910, the RCU 128 may receive, from the interface, a
service request from a particular RDU 105 that indicates an RRC connection
request at the eNB 104 that hosts the particular RDU 105,

100104} At operation 9215, the RCU 128 may determine a time restriction
for determination of global load information. For instance, the service request
may include and/or indicate a predetermined time and/or timer value.

{00105} At operation 920, the RCU 128 may determine global load
information based at least partly on the per-eNB load information. In some
embodiments, the global load information may be determined in accordance with
the time restriction determined at operation 915,

{00106} At operation 925, the RCU 128 may send, on the interface and to
the particular RDU 105 and in response to the service request, a service response
that includes the global load information.

160107] At operation 930, the RCU 128 may determine whether the RRC
connection is to be made and/or which eNB 104 is to make the RRC connection.
In some embodiments, the RCU 128 may determine, based at feast partly on the
load information of the eNB 104 that hosts the particular RDU and on the load
information of one or more neighboring eNBs 104, whether the eNB 104 15 to
establish the requested RRC connection. The RCU 128 may determine, based at
feast partly on the load information of the eNB 104 that hosts the particular RDU
and on the load information of one or more neighboring eNBs 104, which of the
eNBs 104 is to establish the requested RRC connection.

{6G1038] At operation 935, the RCU 128 may send one or more messages
that indicate whether the RRC connection is to be made and/or which eNB 1s to
make the RRC connection. For instance, the RCU 128 may send a message to
the particular eNB 104 that 1s to establish the RRC connection.

{00109] At operation 940, the RCU 128 may receive a request for self-
organizing network (SON) information. The request for the SON information
may be received from a particular eNB 104, in some cases. At operation 945,
the RCU 128 may determine the SON information based at least partly on the

per-eNB load information and/or the global load information. In some
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embodiments, the SON information may be based at least partly on cellular
tayout, sector layout or channel usage by the plurality of eNBs 104, At
operation 950, the RCU 128 may send the SON information. The SON
information may be sent to the particular eNB 104 that requested it, other eNBs
and/or other components.

{00110} At operation 955, the RCU 128 may receive a mobility request.
The mobility request may be received from a particular eNB 104, in some cases.
At operation 960, the RCU 128 may determine whether the mobility request is to
be accepted. At operation 965, the RCU 128 may send information related to
whether the mobility request is to be accepted. The information may be sent to
the particular eNB 104 that requested it, other eNBs and/or other components.
{00111} In some embodiments, the RCU 128 may receive, from the
interface, a service request from an RDU 10S that indicates a mobility request
for a hand-over of an RRC connection from an eNB 104 that hosts the RDU 105,
The RCU 128 may determine global load information. The RCU 128 may send,
on the interface and to the RDU 105 and in response to the service request, a
service response that includes the global load information. The global load
inforrmation may be determined in accordance with a time restriction indicated in
the service request message.

[00112] FIG. 10 dlustrates the operation of another method of
communication in accordance with some embodiments. As mentioned
previously regarding the method 600, embediments of the method 1000 may
include additional or even fewer operations or processes in comparison to what
is illustrated in FIG. 10 and embodiments of the method 1000 are not necessarily
fimited to the chronological order that ts shown in FIG. 10, In describing the
method 1000, reference may be made to FIGs. 1-9, although it 1s understood that
the method 1000 may be practiced with any other suitable systems, interfaces
and components. In addition, embodiments of the method 1000 may be
applicable to RCUs 128 RDUs 109, UEs 102, eNBs 104, APs, STAs and/or
other wireless or mobile devices. The method 1000 may also be applicable to an
apparatus for an RCU 128, RDU 109, UE 102, eNB 104 and/or other device

described above.
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{00113} The method 1000 may be performed by a stand-alone RDU 109,
For instance, such as an RDU may not necessarnily implemented at an eNB 104
Accordingly, one or more operations described as part of descriptions of the
method 1000 may be similar to one or more operations described as part of
descriptions of the method 600, although the scope of embodiments 1s not
limited in this respect.

{00114} In addition, previous discussion of various techniques and
concepts may be applicable to the method 1000 in some cases, including cloud
RAN, RDU, RCU, global load information, local load information, RRC
operations, timers, connection request, mobility request, service request
message, service response message and/or others. In addition, the examples
shown in FIGs. 7-8 may also be applicable, in some cases, although the scope of
embodiments is not limited in this respect.

{00115} The RDU 109 may receive, on an interface, per-eNB load
information from a plurality of eNBs 104 for which the RDU 109 is to perform
RRC operations cooperatively with an RCU 128 of a cloud RAN. The RDU 109
may receive, from a particular eNB 104 of the plurality, an indicator of a request
for an RRC connection between the particular eNB 104 and a UE 102, The
RDU 109 may send, to the RCUJ 128 on the interface, a service request for global
load information to determine whether to establish the requested RRC
connection. The global load information may be based at least partly on per-
¢NB load information of other eNBs 104 supported by the cloud RAN. When a
service response from the RCU 128 1s recetved in response to the service request
before a predetermined time, the RDU 109 may determine whether to establish
the requested RR{ connection based at least partly on the global load
information included in the service response. When a service response is not
received in response to the service request before the predetermined time, the
RDU 109 may determine whether to establish the requested RRC connection
based on the per-eNB load information of the plurality of ¢NBs 104, The RDU
109 may send, to the particular eNB 104 on the interface, an indicator of whether
the RRC connection is to be established.

00116} In some embodiments, cloud radio access network (RAN) (which

may be referred to herein as “C-RAN") techniques may be used. For instance,

3]
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usage of cloud RAN may be used to reduce computation (such as of a system},
to reduce a power consumption, to support advanced inter-cell coordination
functions such as CoMP and/or to perform other operations.

{00117} In some embodiments, the F1 network may be implemented by a
soft defined network (SDN) switch 705 to lead the packet to the correct network
equipment. In some embodiments, the SDN switch 705 could be merged into
the central unit (such as physically or otherwise). To make the FI network low-
cost and flexible, the FI network in C-RAN may be shared by some or all
distributed units in a statistical multiplexing manner. For instance, the FI-
network may be based on an Ethernet and/or related techniques. In some cases,
even with potential benefits of flexibility and scalability, Fi-based C-RAN
system may face challenges related to latency, jitter and/or other aspect in the
front-haul network.

100118} In some embodiments, in the architecture of Fl-based C-RAN,
RAN functionality may be split between a central unit and one or more
distributed units. In some cases, the split may be realized in user-plane functions
and layer-2 MAC control functions, but may not necessarily be related to the
fayer-3 RRC functions. Without a split in the layer-3 RRC tunctions, some or all
of the RRC signaling originated by a UE or MME 725 may be transferred to a
central unit through the front-haul network. For some services for which wide-
range coordination may be used, like radio resource management, the central
unit could provide global optimization in some cases. But for services for which
a relatively fast response may be specified, beneficial and/or necessary, like
critical machine type communication (MTC), ultra-reliable and low-latency
communications (URLLC) and/or Fifth Generation (5G) communication, the
introduced latency by front-haul network may not be acceptable, in some cases.
100119} In some embodiments, RRC functionality of connection control
may be split between an RCU 720 and one or more RDUs 710, Some or all of
the concepts, techniques, operations and/or methods described herein may be
applicable to 5G networks and/or protocols, although the scope of embodiments
is not limited in this respect. For tnstance, some or all of the concepts,
techniques, operations and/or methods described herein may be applicabletoa

5G objective such as the “Study on Next Generation New Radio Access
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Technology” or similar. Accordingly, some or all of the concepts, techniques,
operations and/or methods described herein may be applicable to a feasibility of
different options of splitting an architecture into a “central unit” and a

“distributed unit” with potential interface in between, including transport,

W

configuration and other required functional interactions between these nodes
(RAN2 RAN3).

{00120] In some embodiments, in a RAN, one or more RRC functions
may be split into two parts, handied by the RCU 720 and one or more RDUs
710. Non-limiting examples of such RRC functions may include, but are not
10 limited to: system information transfer, connection control, mobility control,

operations related to self-optimization network (SON) operations. In a non-

fimiting example, such functions may be performed in accordance with the

following table.

RRC function category Execution location Reason

System information RDU Direct information

transfer broadcasting to UE,
without gain from ceuntral
processing

Connection control RDU and RCU Both low-latency and

high-capacity are
required in this function,
may benefit from
collaboration of RDU
and RCU

Mobility control RDU and RCU Both low-latency and
high-capacity are
required in this function,
roay benefit from
collaboration of RDU
and RCU

SON RCU This function is semi-
static processing, global
optimization gain may be
maximized

15 (86121} In some embodiments, the RRC functions of connection control
and mobility control may be split between RDU{s) 710 and RCU 720 in a
manner in which the RCU 720 is responsibie for load management, including

arranging the load (like traffic, connections) across the network of multiple cells.
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The RDU 710 may be responsible for admission management, including
creating, modifying and deleting RRC connections and radio bearers.

{00122} In some embodiments, when connection control or mobility
control 1s triggered at the RDU 710, a service request message may be sent from
RDU 710 to RCU 729, to trigger load management at RCU 720. To softly
restrict the RRC processing latency, a timer may be started simultaneously to
regulate the maximum response tirme from RCU 720 to RDU 710, H the service
response message returns before the timer expires, the admission management at
RDU 710 may be based on the information from RCU 720. Otherwise, the
admission management may be based on information at the RBDU 710. In some
embodiments, the length of the timer may be dependent on the urgency of the
requested connection or mobility. In some embodiments, RRC function use
cases may include the connection setup for a new UE, the addition or
modification of service bearer for a connected UE, the admission of incoming
handover in the target cell.

{00123} In some embodiments, a split of RRC functionality (like
admission management) executed at the RDU 710 could mitigate and/or avoid
the fatency or jitter of message transfer in front-haul 1nterface, accelerating the
connection process and reduce service interruption. In addition, the split of the
RRC functionality (like load management) executed at the RCU 720 could
optimize {or at least improve) the network resource utilization, and balance the
foad within the network,

100124} In some embodiments, connection control and mobility control
may use collaboration between the RDU 710 and RCU 720, Example
procedures of connection control may include, but are not limtted to, RRC
procedures related to connection or bearer addition, removal or modification.
Example procedures of mobility control may include, but are not limited to,

RRC procedures related to camped or served cell change.

[00125] Example signaling message are shown in the following table.

Index | Name Direction Usage

1 SERVICE REQUEST RDUto RCU | RDU requests
RCU todo
central contro}

2 SERVICE RESPONSE RCU to RDU | RCU responds
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central control
result to RDU

3 INFORMATION INDICATION UL

RPU to RCU

RBU indicates
information to
RCU

4 INFORMATION INDICATION DL

RCUtw0RDU

RCU indicates
information to
RbUJ

{00126} The message of SERVICE REQUEST may include the

information (like status, parameters and/or other} of a requested service. The

message of SERVICE RESPONSE may include result(s} of the requested

service (if accepted, if supported, parameter(s) and/or other). The interface
messages of INFORMATION INDICATION UL and
INFORMATION INDICATION DL may be auxiliary messages to the

SERVICE REQUEST and SERVICE RESPONSE. The interface messages

may include updated imformation (such as for the service and/or other

information), in some cases.

{06127} In some embodiments, the RDU 710 may interface to the UE 102

(such as over a wireless link). The RDU 710 may execute one or more RRC

functions for which collaboration with other cells and/or other RDUs 710 may

not necessartly be performed. For instance, operation(s) related to system

information transfer may be performed by the RDU 710,

100128} In some embodiments, when connection control or mobility

control 1s triggered by a particular UE 102, the RDU 710 may perform

admission management based on the cell load status and/or other factors. As

part of the admission management, the RDU 710 may perform one or more

operations, including but not limited to: decide whether the connection or

mobility request is to be performed and/or allowed; execute associated

procedures with external nodes, hike the UE 102, MME 122, gateway and/or

other; and/or other operation(s}). The used cell load status may originate from

the RDU 710 (based on the resource utilization situation of the cell{s) controlled

by the RDU 710 and/or other factors) or from the RCU 720 (based on the

resource utilization situation of the network controlled by the RCU 720 and/or

other factors).
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100129} In some embodiments, the RDU 710 may send, to the RCU 720, a
SERVICE REQUEST that may include information of the requested connection
or mobility, the request of foad redistribution. The RBU 710 may start a timer
simultaneously. The length of the timer may be dependent on the urgency of the
requested connection or mobility, in some cases. I the RDU 710 receives a
SERVICE RESPONSE before the timer expires, the RDU 710 may execute
admission management based on the information included in the

SERVICE RESPONSE. Otherwise, the RDU 710 may execute admission
management based on the information owned by itself. By adjusting the length
of this timer, a priority weight may be softly shifted between the RDU 710 and
the RCU 720, As the length increases, operations may be shifted to the RCU
720 over the RDU 710, If the timer length is set to zero (and/or other
predetermined value), the connection control or mobility control may be fully
determined by the RDU 710, If the timer length 15 set to infinity (and/or other
predetermined value), the connection control or mobility control may be fully
determined by the RCU 720. The length of this timer {or other equivalent
information) may also be included in the SERVICE REQUEST. Accordingly,
the RCU 720 may be aware of the urgency of such a service request and may
take action(s) accordingly.

{006139] In some embodiments, the RCU 720 may not necessarily have a
direct interface {link) to communicate with the UE 102, but may have an
interface to communicate directly with a number of RDUs 710 among the
network. So it may be suitable, in some cases, to execute one or more RRC
functions that may not necessarily use, need, require and/or specify a relatively
fow latency, but may use, need, require and/or specify giobal collaboration or
joint optimization among cells. A self-optimization network (SON) function
may be an example of such.

{00131} In some embodiments, for connection control or mobility control,
the RCU 720 way receive the SERVICE REQUEST sent from the RDU 710,
and may then perform load management for the network. The RCU 720 may re-
distribute a load among cells, in some cases. For instance, the RCU 720 may
leave sufficient load volume for new requests for connection or mobility, and

may feedback the result to the RDU 710 1in a SERVICE RESPONSE message.
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If the timer length is included in the SERVICE REQUEST, the RCU 720 may
attempt to firush associated operations before the timer expires, in some cases.

In some embodiments, the RDU 710 and the RCU 720 may utilize the messages
of INFORMATION INDICATION UL and/or

INFORMATION INDICATION DL to exchange information, including but
not limited to load status, service status, one or more results of an RRC operation
{such as connection control, mobility control and/or other operation(s)}.

{00132} In some embodiments, a radio access network {(RAN} system may
include an RCU 720 and one or more RDUs 710 connected by a front-haul
interface. One or more Radio Resource Control (RRC) layer functions may be
split between the RCU 720 and RDU(s) 710. In some embodiments, the RRC
jayer functions may include system information transfer, connection conirol,
mobility control, self-optimization network (SON) operations and/or other. In
some embodiments, load management may be performed at the RCU 720
{00133} In some embodiments, admission management may be performed
at the RDU(s) 710, In some embodiments, the RCU 720 may calculate global
foad information and/or re-distribute a load of a cell to its overlapped neighbor
cells. The RCU 720 may send the calculated global load information to the
RDU(s) 710, In some embodiments, the RDU 710 may calculate local load
information. The RDU 710 may receive the global load information from the
RCU 720. The RDU 710 may determine whether a connection request or a
mobility request 18 to be performed and/or whether the connection request or the
mobility request is permitted. The determination may be performed in
accordance with the calculated local load information and/or the received global
foad information,

{00134} In some embodiments, the RDU 710 may send an indication to
the RCU 720 to trigger calculation of the global load information. The RDU
710 may start a timer upon sending of the indicator. The RDU 710 may
determine whether a connection request or a mobility request is to be performed
and/or whether the connection request or the mobility request is permitted. The
determination may be perforred in accordance with the received global load
information if the global load information is received before the timer expires.

The determination may be performed in accordance with the calculated local
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load information if the global [oad information is not received before the timer
expires.

{00135] In some embodiments, the length of the timer may be dependent
on the urgency of the connection request or the urgency of the mobility request.
{00136} In Example 1, an apparatus of an Evolved Node-B (eNB) may
comprise memory. The apparatus may further comprise processing circuitry.
The processing circuitry may be configured to implement a radio access network
{RAN} distributed unit (RDU) to communicate with a RAN central unit (RCU}
of a cloud RAN to cooperatively perform at least radio resource control (RRC)
functionality for the eNB. The processing circuitry may be further configured
to, at the RDU: decode a request for an RRC connection from a User Equipment
{UE}; encode, for communication to the RCU, a service request for global foad
information to determine whether to establish the requested RRC connection, the
global load information based at least partly on per-eNB load information of
other eNBs supported by the cloud RAN; when a service response from the RCU
is received in response to the service request before a predetermined time,
determine whether to establish the requested RRC connection based at least
partly on the global load information included in the service response; and when
a service response is not received in response to the service request before the
predetermined time, determine whether to establish the requested RRC
connection based on local load information of the eNB.

{60137} In Example 2, the subject matter of Example 1, wherein the local
load information of the eNB may be based at least partly on a number of RRC
connections supported by the eNB. The per-eNB load information of the other
eNBs may be based at least partly on numbers of RRC connections supported by
the other eNBs.

100138} In Example 3, the subject matter of one or any combination of
Examples -2, wherein the processing circuitry may be further configured to, at
the RDU: when the service response 1s received before the predetermined time:
determine to establish the RRC connection when the number of RRC
connections supported by the eNB is less than or equal to a first threshold; and
select another eNB to establish the RRC connection when the number of RRC

connections supported by the eNB is greater than the first threshold and the
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number of RRC connections supported by the other eNB is less than or equal to
a second threshold.

{00139] In Hxample 4, the subject matier of one or any combination of
Examples 1-3, wherein the processing circuitry may be further configured to, at
the RDU: when the service response 1s not received before the predetermined
time: determine to establish the RRC connection when the number of RRC
connections supported by the ¢NB 1s less than or equal to a third threshold; and
determine to refrain from establishment of the RRC connection when the number
of RRC conuections supported by the eNB 13 greater than the third threshold.
100140} In Example 5, the subject matter of one or any combination of
Examples -4, wherein the processing circuitry further configured to, at the
RDU, set the predetermined time based on a priority level of the requested RRC
connection.

100141} In Example 6, the subject matter of one or any combination of
Examples 1-5, wherein the processing circuitry may be further configured to, at
the RDU: set the predetermined time to a first value when the requested RRC
connection is for mission critical (M) communication; and set the
predetermined tirne to a second value when the requested RRC counection 1s for
non-MC communication, the second value larger than the first value.

{00142} Tn Example 7, the subject rmatter of one or any combination of
Examples 1-6, wherein the predetermined time may be indicated by the service
request. A value of zero for the predetermined timne may indicate that the RDU
does not intend to use the global load information to determine whether to
establish the requested RRC connection. A value greater than zero for the
predetermined time may indicate that the RDU intends to use the global load
information to determine whether to establish the requested RRC connection.
100143} In Example 8, the subject matter of one or any combination of
Examples -7, wherein the processing circuitry may be further configured to, at
the RDU, initiate a timer for the service response from the RCU. The
predetermined time may be based on a summation that includes a predetermined
duration and an initiation time of the timer.

100144} In Example 9, the subject matter of one or any combination of

Examples 1-8, wherein the processing circuitry may be further configured to, at
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the RDU: determine the local load information of the eNB based at least partly
on a number of RRC connections at the eNB or on data rates of the RRC
connections at the eNB; and encode, for communication to the RCU, a message
that includes the local load information of the eNB.
{00145} In Example 10, the subject matter of one or any combination of
Examples 1-9, wherein the processing circuitry may be further configured to, at
the RDU, encode, for transmission, one or more system information blocks
{SIBs) that include RRC configuration information for usage by UEs to request
RRC connections.
100146} In Example 11, the subject matter of one or any combination of
Examples 1-10, wherein the processing circuitry may be further configured to, at
the RDU! encode, for transmission, a request for self-organization network
{SON) information from the RCU, the SON information based on cellular
layout, sector layout or channel usage by the other eNBs; and determine channel
usage for the eNB based at least partly on the received SON information.
160147] In Example 12, the subject matter of one or any combination of
Examples 1-11, wherein the requested RRC connection is a first requested RRC
connection, the UE 1s a first UE, the service request is a first service request, the
service response is a first service response, and the predetermined time is a first
predetermined time. The processing circuitry may be further configured to, at
the RDU: decode a mobility request from a second UE for a hand-over of a
second RRC connection to the eNB from another eNB or for a hand-over of the
second RRC connection from the eNB to another eNB; encode, for
communication to the RCU, a second service request for global load information
to determine whether to accept the mobility request, when the second service
response 1s received before a second predetermined time, determine whether to
accept the mobility request based at least partly on the global load information
included in the second service response; and when the second service response is
not received before the second predetermined time, determine whether to accept
the mobility request based on local load information of the eNB.
{00148} In Example 13, the subject matter of one or any combination of
Examples 1-12, wherein the memory may be configurable to store the global
load information.
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{00149} In Example 14, the subject matter of one or any combination of
Examples 1-13, wherein the apparatus may further include a transceiver to
receive the request for the RRC connection from the UE.

{00156] In Example 15, the subject matter of one or any combination of
Examples 1-14, wherein the processing circuitry may include a baseband
processor to determine whether to establish the requested RRC connection.
00151} In Example 16, a computer-readable storage medium may store
instructions for execution by one or more processors to perform operations for
communication by an Evolved Node-B (eNB). The operations may configure
the one or more processors to encode, for communication to a radio access
network (RAN) central unit (RCU) of a cloud RAN, a service request for global
foad information of the cloud RAN for which the RCU serves as a central entity
for distribution of information between RAN distributed units (RDUs) of the
cloud RAN. The operations may further configure the one or more processors o
determine whether to inttiate a handover of a radio resource control (RRC)
connection between the eNB and a User Equipment (UE) to another eNB based
at least partly on the global load information and further based at least partly on
focal load information of the eNB. The RDUs may be implemented at a plurality
of elNBs for performance of at least RRC functionality for the eNBs
cooperatively within the cloud RAN. The global information may be based at
least partly on per-eNB load information of the eNBs.

{00152} In Example 17, the subject matter of Example 16, wherein the
operations may further configure the one or more processors to encode the
service request and to determine whether to initiate the handover as part of an
RDU of the eNB allocated at least partly to perform RRC functionality for the
eNB cooperatively within the cloud RAN.

{00153} In Example 18, the subject matter of one or any combination of
Examples 16-17, wherein the local load information may be based on a number
of RRC connections supported by the eNB. The global load information may be
based on per-eNB numbers of RRC connections supported by the plurality of
e¢NBs. The operations may further configure the one or more processors to
determine to initiate the handover of the RRC connection to another eNB when

the number of RRC connections supported by the eNB is above a first threshold
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and when the number of RRC connections supported by the other eNB is less
than a second threshold.

160154] In Example 19, a radio access network (RAN) central unit (RCU)
may comprise an interface. The apparatus may further comprise processing
circuitry. The processing circuitry may be configured to receive, from the
interface, per-eNB load information for a plurality of eNBs, the per-eNB load
information recetved from a plurality of radio access network (RAN) distributed
units (RDUs} hosted by the eNBs. The RCU may operate as a central entity of a
cloud RAN to communicate with the RDUs to cooperatively perform at least
radic resource control (RRC) functionality for the eNBs. The processing
circuitry may be further configured to receive, from the interface, a service
request from a particular RDU that indicates an RRC connection request at the
eNB that hosts the particular RDU. The processing circuitry may be further
configured to determine global load information based at least partly on the per-
eNB load information, wherein the global load information is determined in
accordance with a time restriction indicated in the service request. The
processing circuitry may be further configured to send, on the interface and to
the particular RDU and 10 respounse to the service request, a service response that
includes the global load information.

[00155] Tn Example 20, the subject matter of Example 19, wherein the
per-eNB load information of the plurality of eNBs may be based at least partly
on numbers of RRC connections supported by the eNBs.

{00156} In Example 21, the subject matter of one or any combination of
Examples 19-20, wherein the processing circuitry may be further configured to
receive, from the interface, a request for self-organization network (SON)
information from the particular RDU. The processing circuitry may be further
configured to determine the SON information based at least partly on cellular
tayout, sector layout or channel usage by the plurality of eNBs.

{00157] Tn Example 22, the subject matter of one or any combination of
Examples 19-21, wherein the processing circuitry may be further configured to
determine, based at least partly on the load information of the eNB that hosts the
particular RDU and on the load information of one or more neighboring eNBs,

which of the eNBs is to establish the requested RRC connection. The processing
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circuitry may be further configured to send, on the interface, a message to the
eNB that hosts the particular RDU. The message may indicate whether the eNB
that hosts the particular RDU is to establish the RRC connection.

{60158] In Example 23, the subject matter of one or any combination of
Examples 19-22, wherein the service request 1s a first service request, the
particular RDU is a first RDU, the RRC connection 1s a first RRC connection,
the eNB that hosts the first RDU 15 a first eNB, the global load information is
first global load information, the service response is a first service response, and
the time restriction is a first time restriction. The processing circuitry may be
further configured to receive, from the interface, a second service request from a
second RDU that indicates a mobility request for a hand-over of a second RRC
connection from a second eNB that hosts the second RBU. The processing
circuitry may be further configured to determine second global load information.
The processing circuttry may be further configured to send, on the interface and
to the second RDU and in response to the second service request, a second
service response that includes the second global load information. The second
global load information may be determined in accordance with a second time
restriction indicated in the second service request.

100159] In Example 24, a radio access network {RAN} distributed unit
(RDU) may comprise an interface. The RDU may further comprise processing
circuttry. The processing circuitry may be configured to receive, on the
interface, per-Evolved Node-B (eNB) load information from a plurality of eNBs
for which the RDU is to perform radio resource control {(RRC) operations
cooperatively with a RAN central unit (RCU) of a cloud RAN. The processing
circutiry may be further configured to recetve, from a particular eNB of the
plurality, an indicator of a request for an RRC connection between the particular
eNB and a User Equipment (UE). The processing circuitry may be further
configured to send, to the RCU on the interface, a service request for global load
information to determine whether to establish the requested RRC connection.
The global load information may be based at least partly on per-elNB load
inforrmation of other eNBs supported by the cloud RAN. The processing
circuitry may be further configured to, when a service response from the RCU is

received in response to the service request before a predetermined time,
45
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determine whether to establish the reqguested RRC connection based at least
partly on the global load information included in the service response. The
processing circuitry may be further configured to, when a service response is not
received in response to the service request before the predetermined time,
determine whether to establish the requested RRC conuection based on the per-
eNB load information of the plurality of eNBs.

{00160] Tn Example 25, the subject matter of Example 24, wherein the
processing circuitry may be further configured to send, to the particular eNB on
the interface, an indicator of whether the RRC connection 1s to be established.
100161} In Example 26, an apparatus of an Evolved Node-B (eNB)} may
comprise means for encoding, for communication to a radio access network
{RAN)} central unit (RCU) of a cloud RAN, a service request for global load
information of the cloud RAN for which the RCU serves as a central entity for
distribution of information between RAN distributed units (RDUs) of the cloud
RAN. The apparatus may further comprise means for determining whether to
initiate a handover of a radio resource control (RRC) connection between the
eNB and a User Equipment (UE) to another eNB based at least partly on the
global load information and further based at least partly on local load
information of the eNB. The RDUs may be implemented at a plurality of eNBs
for performance of at least RRC functionality for the eNBs cooperatively within
the cloud RAN. The global information may be based at least partly on per-eNB
foad information of the eNBs.

{00162] In Example 27, the subject matter of Example 26, wherein the
apparatus may further comprise means for encoding the service request and
means for determining whether to initiate the handover as part of an RDU of the
eNB allocated at least partly to perform RRC functionality for the eNB
cooperatively within the cloud RAN.

{00163} In Example 28, the subject matter of one or any combination of
Examples 26-27, wherein the local load 1nformation may be based on a number
of RRC connections supported by the eNB. The global load information may be
based on per-eNB numbers of RRC connections supported by the plurality of
eNBs. The apparatus may further comprise means for determining to initiate the

handover of the RRC connection to another eNB when the number of RRC
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connections supported by the eNB is above a first threshold and when the
number of RRC connections supported by the other eNB is less than a second
threshold.

{00164} The Abstract is provided to comply with 37 C F R. Section

W

1.72(b) requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with the understanding that 1t will
not be used to limit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detailed description, with each
claim standing on its own as a separate embodiment.

10
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CLAIMS

What is claimed is:

1. An apparatus for an Evolved Node-B (eNB), the apparatus comprising:
memory, and processing circuitry, configured to:

implement a radio access network (RAN) distributed unit (RDU) to
communicate with a RAN central unit (RCU) of a cloud RAN to cooperatively
perform at least radio resource control (RRC) functionality for the eNB,;

at the RDU:

decode a request for an RRC connection from a User Equipment (UE);

encode, tor communication to the RCU, a service request for global load
information to determine whether to establish the requested RRC connection, the
global load information based at least partly on per-eNB load information of
other eNBs supported by the cloud RAN;

when a service response from the RCU is received in response to the
service request before a predetermined time, determine whether to establish the
requested RRC connection based at least partly on the global load information
included in the service response; and

when a service response is not received in response to the service request
before the predetermined time, determine whether to establish the requested

RRC connection based on local load information of the eNB.

2. The apparatus according to claim 1, wherein:

the local load information of the eNB is based at least partly on a number
of RRC connections supported by the eNB, and

the per-eNB load information of the other eNBs 15 based at least partly on

numbers of RRC connections supported by the other eNBs.

3. The apparatus according to claim 2, the processing circuitry further
s } o 3/
ccnﬁgurc—:d to, at the RDU:

when the service response is received before the predetermined time:
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determine to establish the RRC connection when the number of
RRC connections supported by the eNB is less than or equal to a first threshold;

select another eNB to establish the RRC connection when the
number of RRC connections supported by the eNB is greater than the first
threshold and the number of RRC connections supported by the other ¢NB 1

less than or equal to a second threshold.

4. The apparatus according to claim 3, the processing circuitry further
configured to, at the RDU:
when the service response is not received before the predetermined time:
determine to establish the RRC connection when the number of
RRC connections supported by the eNB 1s less than or equal to a third threshold;
and
determine to refrain from establishment of the RRC connection
when the number of RRC connections supported by the eNB 1s greater than the

third threshold.

5. The apparatus according to claim 1, the processing circuttry further
configured to, at the RD1J:
set the predetermined time based on a priority level of the requested RRC

connecton.

6. The apparatus according to any of claims 1-5, the processing circuitry
further configured to, at the RDU:

set the predetermined time to a first value when the requested RRC
connection is for mission critical (MC) communication; and

set the predetermined time o a second value when the requested RRC
connection is for non-MC communication, the second value larger than the first

value.

7. The apparatus according to claim 1, wherein:

the predetermined time is indicated by the service request,
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a value of zero for the predetermined time indicates that the RDU does
not intend to use the global load information to determine whether to establish
the requested RR{ connection; and

a value greater than zero for the predetermined time indicates that the
RDU intends to use the global load information to determine whether to

establish the requested RRC connection.

8. The apparatus according to claim 1, the processing circuitry further
configured to, at the RDU:

initiate a timer for the service response from the RCU,

wherein the predetermined time is based on a summation that includes a

predetermined duration and an initiation time of the timer.

9. The apparatus according to claim 1, the processing circutiry further
configured to, at the RDUI:

determine the local load information of the eNB based at least partly on a
number of RRC connections at the eNB or on data rates of the RRC connections
at the eNB; and

encode, for communication to the RCU, a message that includes the local

load information of the eNB.

10. The apparatus according to any of claims 7-9, the processing circuitry
further configured to, at the RDU:

encode, for transmission, one or more system information blocks (SIBs)
that inchude RRC configuration information for usage by UEs to request RRC

connections,

11. The apparatus according to claim 1, the processing circuitry further
configured to, at the RDU:

encode, for transmission, a request for self-organization network (SON)
information from the RCU, the SON information based on cellular layout, sector

layout or channel usage by the other eNBs; and
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determing channel usage for the eNB based at least partly on the received

SON information.

12. The apparatus according to claim 1 or 11, wherein:
the requested RRC connection 15 a first requested RRC connection, the
UE 15 a first UE, the service request is a first service request, the service
response is a first service response, the predetermined time 1s a first
predetermined time,
the processing circuitry s further configured to, at the RDU:
decode a mobility request from a second UE for a hand-over of a
second RRC connection to the eNB from another eNB or for a hand-over of the
second RRC connection from the eNB to another eNB;
encode, for communication to the RCU, a second service request
for global load information to determine whether to accept the mobility request;
when the second service response is received before a second
predetermined time, determine whether to accept the mobility request based at
least partly on the global load information included in the second service
response; and
when the second service response is not received before the
second predetermined time, determine whether to accept the mobility request

based on local load information of the eNB.

13. The apparatus according to claim 1, wherein the memory is

configurable to store the global load information.

14. The apparatus according to claim 1, wherein the apparatus further
includes a transceiver to receive the request for the RRC connection from the

UE.

15. The apparatus according to any of claims 13-14, wherein the
processing circuitry includes a baseband processor to determine whether to

establish the requested RRC connection.
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16. A computer-readable storage medium that stores instructions for
execution by one or more processors to perform operations for communication
by an Evolved Node-B (eNB), the operations to configure the one or more
Processors 1o

encode, for communication to a radio access network (RAN) central unit
(RCU) of a cloud RAN, a service request for global load information of the
cloud RAN for which the RCU serves as a central entity for distribution of
information between RAN distributed units (RDUs) of the cloud RAN; and

determine whether to initiate a handover of a radio resource control
(RRC) connection between the eNB and a User Equipment (UE) to another eNB
based at least partly on the global load information and further based at least
partly on local foad information of the eNB,

wherein the RDUs are implemented at a plurality of eNBs for
performance of at least RRC functionality for the eNBs cooperatively within the
cloud RAN,

wherein the global information is based at least partly on per-eNB load

information of the eNBs.

17. The computer-readable storage medium according to claim 10,
wherein the operations further configure the one or more processors to encode
the service request and to determine whether to initiate the handover as part of
an RDU of the eNB allocated at least partly to perform RRC functionality for the

eNB cooperatively within the cloud RAN.

18. The computer-readable storage medium according to claim 16,
wherein:

the local load information is based on a number of RRC connections
supported by the eNB,

the global load information is based on per-eNB numbers of RRC
connections supported by the plurality of eNBs,

the operations further configure the one or more processors to:

determine to initiate the handover of the RRC connection to

another eNB when the number of RRC connections supported by the eNB is
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above a first threshold and when the number of RRC connections supported by

the other eNB 1s less than a second threshold.

19, A radio access network (RAN) central unit (RCU), the RCU
comprising; an interface; and processing circuitry, configured to:

receive, from the interface, per-eNB load information for a plurality of
eNBs, the per-eNB load information received fror a plurality of radio access
network (RAN) distributed units (RDUs) hosted by the eNBs, wherein the RCU
is to operate as a central entity of a cloud RAN to communicate with the RDUs
to cooperatively perform at least radio resource control (RRC) functionality for
the eNBs;

receive, from the interface, a service request from a particular RDU that
indicates an RRC connection request at the eNB that hosts the particular RDU;

determing global load information based at least partly on the per-eNB
load information, wherein the global load information 1s determined in
accordance with a time restriction indicated in the service request; and

send, on the interface and to the particular RDU and in response to the

service request, a service response that includes the global load information.

20. The RCU according to claim 19, wherein the per-eNB load
information of the plurality of eNBs is based at least partly on numbers of RRC

connections supported by the eNBs.

21. The RCU according to claim 19, the processing circuitry further
configured to:

receive, from the interface, a request for self-organization network (SON)
information from the particular RDU; and

determine the SON information based at least partly on cellular fayout,

sector layout or channel usage by the plurality of eNBs.

22. The RCU according to claim 19, the processing circuitry further

configured to:
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determing, based at least partly on the load information of the eNB that
hosts the particular RDU and on the load information of one or more
neighboring eNBs, which of the eNBs is to establish the requested RRC
connection; and

send, on the interface, a message to the eNB that hosts the particular
RDU, wherein the message indicates whether the ¢eNB that hosts the particular

RIDU 1s to establish the RRC connection.

23. The RCU according to claim 19, wherein:
the service request is a first service request, the particular RDU is a first
RDU, the RRC connection is a first RRC connection, the eNB that hosts the first
RDU is a first eNB, the global load information is first global load information,
the service response is a first service response, the time restriction is a first time
restriction,
the processing circuitry is further configured to:
receive, from the interface, a second service request from a
second RDU that indicates a mobility request for a hand-over of a second RRC
connection from a second eNB that hosts the second RDU;
determine second global foad information; and
send, on the interface and to the second RDU and in response to
the second service request, a second service response that includes the second
global load information,
wherein the second global load information is determined in

accordance with a second time restriction indicated in the second service request.

24. A radio access network (RAN} distributed unit (RDU), the RDU
comprising; an interface; and processing circuitry, configured to:

receive, on the interface, per-Evolved Node-B (eNB) load information
from a plurality of ¢eNBs for which the RDU is to perform radio resource control
{RRC) operations cooperatively with a RAN central unit (RCU) of a cloud RAN;

receive, from a particular eNB of the plurality, an indicator of a request

for an RRC connection between the particular eNB and a User Equipment {(UE};
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send, to the RCU on the interface, a service request for global load
information to determine whether to establish the requested RRC connection, the
global load information based at least partly on per-eNB load information of

other eNBs supported by the cloud RAN;

W

when a service response from the RCU is received in response to the
service request before a predetermined time, determine whether {o establish the
requested RRC connection based at least partly on the global load information
included in the service response; and

when a service response 18 not recetved in response to the service request
10 before the predetermined time, determine whether to establish the requested

RRC connection based on the per-eINB load information of the plurality of eNBs.
25. The RDU according to claim 24, the processing circuitry further

contfigured to send, to the particular eNB on the interface, an indicator of

15  whether the RRC connection is to be established.
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800 TRANSMIT ONE OR MORE CONTROL MESSAGES
s THAT INDICATE. INFORMATION RELATED 7O RRC CONNECTIONS

Y

i\l RECEVE A REQUEST FOR AN RRC CONNECTION FROM A UE

!

B — CALCULATE LOCAL LOAD INFORMATION
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