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SYSTEMS, METHODS AND DEVICES FOR MOBILE EDGE COMPUTING - RADIO
ACCESS NODE CONTROL PLANE INTERFACE

Related Application
[0001] This application claims the benefit under 35 U.S.C. § 119(e) of PCT Application No.
PCT/CN2016/094859 filed August 12, 2016, which is incorporated by reference herein in its

entirety.

Technical Field

[0002] The present disclosure relates to mobile edge computing (MEC) and more specifically
to a control plane interface between a RAN node and a MEC server.

Background
[0003] Wireless mobile communication technology uses various standards and protocols to
transmit data between a base station and a wireless mobile device. Wireless communication
system standards and protocols can include the 3rd Generation Partnership Project (3GPP)
long term evolution (LTE); the Institute of Electrical and Electronics Engineers (IEEE)
802.16 standard, which is commonly known to industry groups as worldwide interoperability
for microwave access (WiMAX); and the IEEE 802.11 standard for wireless local area
networks (WLAN), which is commonly known to industry groups as Wi-Fi. In 3GPP radio
access networks (RANs) in LTE systems, the base station can include a RAN node such as a
Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Node B (also commonly
denoted as evolved Node B, enhanced Node B, eNodeB, or eNB) and/or Radio Network
Controller (RNC) in an E-UTRAN, which communicate with a wireless communication
device, known as user equipment (UE). In fifth generation (5G) wireless RANs, RAN nodes
can include a 5G Node or gNB.
[0004] RANS use a radio access technology (RAT) to communicate between the RAN node
and UE. RANSs can include global system for mobile communications (GSM), enhanced data
rates for GSM evolution (EDGE) RAN (GERAN), Universal Terrestrial Radio Access
Network (UTRAN), and/or E-UTRAN, which provide access to communication services
through a core network. Each of the RANs operates according to a specific 3GPP RAT. For
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example, the GERAN implements GSM and/or EDGE RAT, the UTRAN implements
universal mobile telecommunication system (UMTS) RAT or other 3GPP RAT, and the E-
UTRAN implements LTE RAT.

[0005] A core network can be connected to the UE through the RAN node. The core
network can include a serving gateway (SGW), a packet data network (PDN) gateway
(PGW), an access network detection and selection function (ANDSF) server, an enhanced
packet data gateway (ePDG) and/or a mobility management entity (MME).

Brief Description of the Drawings

[0006] FIG. 1 is a diagram illustrating a MEC server consistent with embodiments disclosed
herein.

[0007] FIG. 2 is a diagram illustrating mobile edge computing with a MEC control interface
to a RAN node consistent with embodiments disclosed herein.

[0008] FIG. 3 is a table of definitions for a radio network information (RNI) report consistent
with embodiments disclosed herein.

[0009] FIG. 4 is a diagram illustrating a radio access network (RAN) system consistent with
embodiments disclosed herein.

[0010] FIG. 5 is a diagram illustrating electronic device circuitry that can be RAN node
circuitry, user equipment circuitry , or network node circuitry consistent with embodiments
disclosed herein.

[0011] FIG. 6 is a diagram illustrating example components of a user equipment (UE) or
mobile station (MS) device consistent with embodiments disclosed herein.

[0012] FIG. 7 is a flow chart illustrating a method for performing operations of a mobile edge
computing (MEC) node consistent with embodiments disclosed herein.

[0013] FIG. 8 is a block diagram illustrating components able to read instructions from a
machine-readable or computer-readable medium consistent with embodiments disclosed
herein.

Detailed Description

[0014] A detailed description of systems and methods consistent with embodiments of the
present disclosure is provided below. While several embodiments are described, it should be
understood that the disclosure is not limited to any one embodiment, but instead encompasses
numerous alternatives, modifications, and equivalents. In addition, while numerous specific
details are set forth in the following description in order to provide a thorough understanding
of the embodiments disclosed herein, some embodiments can be practiced without some or

all of these details. Moreover, for the purpose of clarity, certain technical material that is
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known in the related art has not been described in detail in order to avoid unnecessarily
obscuring the disclosure.

[0015] Techniques, apparatus and methods are disclosed that enable a control plane interface
between a mobile edge computing (MEC) server and a RAN node that provides radio
network information (RNI). The control plane interface can be used by the MEC server to
receive one time or periodic reports on RNI. The MEC server can use the RNI in different
ways, including (1) providing some or all of the RNI to a third-party application hosted in the
MEC (e.g., with or near the MEC server); (2) performing traffic analysis with the information
and providing statistics on whether any specific application is used in this region exceeding a
threshold (e.g., more than others, a fixed threshold, etc.) to enable a local network to be
updated with specific application server support and/or network congestion support; or (3)
using a rate policing mechanism in the MEC server (e.g., similar to the aggregate maximum
bit rate (AMBR) for traffic for which the MEC server is the end point) and performing
filtering if more than a specific number of flows or UEs are served through the MEC.

[0016] In addition to offload capabilities, MEC also can use certain radio related information
for the Radio Network Information (RNI) service API. This information can be used by MEC
servers, e.g., to make offloading decisions. This interface is defined within this disclosure.
[0017] A control plane interface between MEC and RAN (i.e., (fifth generation/new radio
(5G/NR) base station) is defined through which MEC may retrieve the radio related
information related to radio conditions, such as: physical resource block (PRB) usage (e.g.,
Total PRB usage and per traffic class); number of active UEs per quality of service class
indicator (QCI) in downlink (DL) or in uplink (UL); packet delay in the DL per QCI; data
Loss (e.g., packet discard rate in the DL per QCI, packet Uu Loss Rate in the DL and in UL
per QCI); scheduled IP throughput (e.g., in DL and/or in UL), minimization of drive test
(MDT) measurements; data volume (in DL and/or in UL); or E-UTRAN measurements
performed by the UE (e.g., Packet Delay). The metrics listed above are examples. The
control plane interface between a RAN node (e.g., NR eNB, etc.) and MEC defined in the
present disclosure can support other information as well.

[0018] The above information can be used by MEC, e.g., for offload decisions. For
example, the RNI can be used to decide which bearers/IP flows should be oftloaded to MEC.
Other optimizations decisions are also possible and described below.

[0019] UE identity can also be used in communications between RAN and MEC.

[0020] Mobile Edge Computing (MEC) is a technology that provides an IT service

environment and cloud-computing capabilities at the edge of the mobile network (e.g., in
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close proximity to mobile subscribers). The MEC can be used to reduce latency, ensure
highly efficient network operation and/or service delivery, and/or offer an improved user
experience. MEC is also being considered as a 5G technology to address end-to-end low
latency.

[0021] Mobile-Edge Computing (MEC) can provide application developers and content
providers cloud-computing capabilities and an IT service environment at an edge of a mobile
network. This environment can enable ultra-low latency and/or high bandwidth as well as
real-time access to radio network information that can be leveraged by applications.

[0022] FIG. 1 is a diagram illustrating a MEC server. A Traffic Offload Function (TOF) in
MEC can route selected, policy-based, user-data stream to and from authorized applications.
As shown in FIG. 1, TOF can be built as the component in a MEC server which is deployed
either at a RAN node (e.g., HeNB, gNB or eNB) site, or at a 3G Radio Network Controller
(RNC) site, or at a multi-technology (3G/LTE) cell aggregation site.

[0023] The MEC server 102 forms part of Mobile Edge Computing. It includes a hosting
infrastructure 104 and an application platform 106. The hosting infrastructure 104 includes
hardware resources 108 and a virtualization layer 110. The application platform 106 provides
the capabilities for hosting applications 112 and consists of the application’s virtualization
manager 114 enabling the Infrastructure as a Service (IaaS) facilities and application platform
services 116 enabling the Platform as a Service (PaaS) facilities with provision of a set of
middleware services (e.g., TOF 120, radio network information services (RNIS) 122,
communication services 124, and/or service registry 126) to the hosted applications 112. The
hosted applications 112 are delivered as packaged-operating system Virtual Machine (VM)
images 118. Management systems 130, 132, 134 can provide management functionality at
various granularities, including application management systems 130 for MEC applications
112, application platform management systems 132 for the MEC application platform 106
and hosting infrastructure management systems 134 for the MEC hosting infrastructure 104.
The MEC server 102 can communicate with RAN nodes, such as 3GPP radio network
elements 140.

[0024] TOF in MEC can be supplied to applications in the following two ways: a pass-
through mode where (uplink and/or downlink) user plane traffic is passed to an application
which can monitor, modify or shape it and then send it back to the original PDN connection;
or an end-point mode where the traffic is terminated by the application which acts as a server.
In one embodiment, filters at the E-UTRAN Radio Access Bearer (E-RAB) or the packet
levels are set as given within a traffic offloading policy. E-RAB policy filters can be the
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basis of Subscriber Profile ID (SPID), Quality Class Indicator (QCI) and Allocation
Retention Priority (ARP). The packet filters can be based on the 3-tuple (UE IP address,
network IP address and IP protocol). Additional filtering criteria can also be supported.
[0025] FIG. 2 is a diagram illustrating mobile edge computing 200 with a MEC control
interface 206 to a RAN node 204. A MEC 202 (which can include one more servers) exists
on a user plane interface (NG3) 212 between the RAN node 204 and the core network 216.
The RAN node can have a control plane interface (NG2) to the core network 216. The MEC
202 can include a local network interface (NG6) 214 which can provide traffic offloading
and/or third-party services using a local network 208.

[0026] One of the ways to implement MEC 202 in RAN (5G/NR or LTE) is to place the
MEC 202 on the user plane interface 212 between one or more RAN nodes 204 and the core
network 216 (e.g., on NG3), so that the MEC function itself will be able to decide which
traffic to intercept or offload. The control plane interface between MEC and RAN is
described herein and denoted NGx in the FIGs. Note that different MEC placement options
can be used, however, for simplifying the description; the placement shown in FIG. 2 can be
used. Regardless of a placement option selected, the MEC can use a control plane interface
206.

[0027] The MEC-RAN control plane interface (NGx) can provide information about the
RAN node to support MEC. It should be noted that LTE terminology is used below for
clarity of description, but it is understood that once equivalent SG/NR terminology is defined,
it can also be applicable to the interface defined herein.

[0028] Radio network interface (RNI) information collection can be performed by the RAN
node and queried by the MEC through the NGx interface. For example, the MEC can request
an eNB to report (once or periodically) certain information. In one embodiment, the
information is classified as: per eNB, per cell, per UE, per QCI, per bearer and/or related to
congestion. A per eNB classification can include backhaul capacity and load, congestion
indicator, etc. A per cell cell classification can include total PRB usage (or its equivalent in
5G/NR), number of active UEs, congestion indicator, etc. A per UE classification can
include scheduled IP throughput, etc. A per QCI (or other equivalent parameter in SG/NR)
can include PRB usage per QCI, number of active UEs per QCI, etc. A per bearer (or per IP
flow, if SG/NR uses IP flows instead of bearers) can include data volume, etc. A congestion
indicator can be derived by MEC or explicitly sent. It should be noted that parameters can be
reported separately for uplink or downlink. The parameters listed above are just examples —

and the NGx interface is expected to support different kinds of radio related information.
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[0029] The MEC can request reporting of the above parameters. In one embodiment, the
MEC uses a NGx RESOURCE STATUS REQUEST message, indicating which parameters it
is interested in and whether these should be reported in one shot or periodically. If the eNB
acknowledges the request, e.g., using NGx RESOURCE STATUS RESPONSE, it performs
the measurements and reports these to MEC using a NGx RESOURCE STATUS UPDATE
message.

[0030] The MEC can use RNI in several different ways, including (1) providing some or all
of the RNI to a third-party application hosted in the MEC (e.g., with or near the MEC server);
(2) performing traffic analysis with the information and provide statistics on whether any
specific application is used in this region exceeding a threshold (e.g., more than others, a
fixed threshold, etc.) to enable the local network to be updated with specific application
server support and/or network congestion support; or (3) using a rate policing mechanism in
the MEC server (e.g., similar to the aggregate maximum bit rate (AMBR) for traftic for
which the MEC server is the end point) and performing filtering if more than a specific
number of flows or UEs are served through the MEC.

[0031] For example, in option 1, RNI information is passed to third-party applications hosted
in the MEC. The RNI reported by the eNB is shared with a hosted application. For example,
the third-party application initiates a corresponding representational state transfer (RESTful)
API in which HTTP requests to retrieve the RNI data are issued from a third-party
application to the MEC application platform service. The RNI data is then provided to the
third-party application with the HTTP response.

[0032] For example, in option 2, the MEC server (which can be co-located with third-party
applications) can do traffic analysis with the RNI information. The MEC server can also
provide statistics on whether any specific application is used in this region a lot more than
other applications. These statistics can be used to enable the local network to be updated
with specific application server support for the specific application. It can thus provide
localized modeling. These statistics can be provided using new messages or APIs such as
NGx ASSISTANCE INFORMATION or a generic terminology with information elements
(IEs) including the port/application ID if known/http request information identifying the
application, etc. This RNI information can also help to identify opportunities for a proactive
caching technique for an edge content delivery application.

[0033] When congestion information is sent by the eNB, a MEC server can perform content
scaling to save on resources (e.g., downscaling the content). In another example, the MEC

server can identify opportunities for local content delivery. Messages or information during a
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local event can be quickly delivered in downlink. For enterprise applications, it can be useful
to control congestion, as the message need not travel through the core network. Furthermore,
if a measured cell load is above a certain level, the MEC server can apply certain policies per
UE per application.

[0034] For example, in option 3, a rate policing mechanism is introduced in the MEC server
for traffic for which the MEC server is the end point (in one embodiment, it can be similar to
the Aggregate Maximum Bit Rate (AMBR)). The 5-tuple values (e.g., Source IP address,
Destination IP address, Source port number, Destination port number, Protocol ID) can be
used to perform some form of filtering if more than a specific number of flows or UEs are
served through MEC.

[0035] In one embodiment, two options can be used upon exceeding the limit at the server to
handle IP packets: (1) the MEC server may trigger offloading (e.g., if traffic is above
threshold) or transparently forward the traffic to the core network (e.g., if traffic is below
threshold) or (2) the MEC server may drop those IP packets. These actions can be
conditionally triggered if a congestion/overload indication is received from the eNB. A UL
scheduling algorithm at the eNB can take care of sending packets in order to the MEC server
which treats the packets in the FIFO model.

[0036] The MEC server can keep track of the IP 5-tuple of the packets that are sent in uplink
through an endpoint. When downlink packets arrive in this path, at least some of the packets
most likely correspond to the uplink flow that was previously sent. This correspondence can
provide an opportunity for scheduling quality of service (QoS) modeling, which can have
advantages under a congestion scenario. For example, the eNB can determine whether the
packets arrived via the local network or from the core network.

[0037] When a MEC server determines that it can serve a specific UE by doing a lookup in a
table of supported services (e.g., using the 5-tuple), the MEC server can inform the eNB
using a specific message (e.g., NGx SESSION SUPPORTED with the UE ID within). The
eNB can mark the corresponding data radio bearer (DRB) ID of the UE as being served
through the local network. In some embodiments, the system adjusts its evolved packet
system (EPS) bearer QoS enforcement rules accordingly.

[0038] In some embodiments, the UE identity is also used. For example, the IP address of
the UE can be used as a UE identity for RNI reporting in the MEC. A third-party application
hosted in MEC can extract the identity from a packet coming from the UE through the user
plane. The MEC may use an interface to other core network nodes (e.g., MME) if this
identity is to be mapped to the UE identity used in RAN.
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[0039] In some embodiments, a packet filter is based on the 5-tuple (UE IP address, network
IP address, UE port number, network port number and IP protocol). The 5-tuple is used as
the identity in MEC requested RNI report per bearer. The eNB creates a mapping between the
packet filter and bearer identity upon delivering the message over the NG3 interface for the
bearer establishment. Thus, eNB is able to report the corresponding RNI after receiving the
RNI request identified with the packet filter.

[0040] FIG. 3 is a table of definitions for a radio network information (RNI) report. In some
embodiments, a new set of application identifiers, command codes and Attribute-Value-Pairs
(AVP) are introduced for the RNI report as listed in the table 300 in FIG. 3. A content of the
RNI data is encoded as the key-value element such as {information_name: value}. Given the
command for the RNI request, content of the RNI data is encoded as {information name: }.
Multiple key-value elements are allowed to be contained in the single AVP.

[0041] In some embodiments, a control interface (NGx) establishment between the MEC and
RAN node can follow a Diameter-based protocol. For example, the MEC acts as a Diameter
client to initiate a Diameter session with an eNB that takes the role of a Diameter server.
After the accomplishment of the Diameter session establishment, the MEC issues a Diameter
message asking for an RNI report and the eNB then responds with a Diameter message
containing the requested RNL

[0042] In another embodiment, the NGx interface is modelled after an X2 interface and can
support an Application Protocol (NGx-AP) to convey control plane information, modelled
after X2-AP. The interface can thus support message exchange such as NGx-AP SETUP
REQUEST, NGx-AP SETUP RESPONSE or NGx-AP SETUP FAILURE. The setup
procedure can be initiated either by MEC or by the eNB. In some embodiments,
establishment can use a certain amount of operation and management (OAM) information
(e.g., eNB and MEC IP addresses).

[0043] FIG. 4 is an example of a portion of a radio access network (RAN) system 400 that
includes a cellular air interface (such as an LTE/LTE-Advanced access link) being provided
between RAN node A 404 and the UE 402 (i.e., on Access Link A), and a second air
interface (such as a second cellular access interface, a supplemental network interface such as
a wireless local area network (WLAN) based interface, etc.) being provided between the
RAN node B 406 and the UE 402 (i.e., on Access Link B). UE 402 is located within macro
cell coverage 408. The UE 402 determines that connection with a RAN node B 406 will be
beneficial to a user of the UE 402. In some embodiments, the UE 402 retains Access Link A

to RAN node B 406. The UE 402 can offload some or part of wireless services onto Access
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Link A. In other embodiments, the UE 402 disconnects from Access Link A and moves
wireless services to Access Link B. In some embodiments Access Link A and Access Link B
use a same frequency and technology. In other embodiments, Access Link A and Access
Link B use different frequencies (e.g., LTE licensed frequencies and unlicensed frequencies)
and different link technology (e.g., LTE and Wi-Fi). In other embodiments, Access Link A
and Access Link B use different frequencies and the similar link technology (e.g., LTE and
LTE over mmWave).

[0044] FIG. 5 is a block diagram illustrating electronic device circuitry 500 that may be radio
access node (RAN) node circuitry (such as an eNB circuitry), UE circuitry, network node
circuitry, or some other type of circuitry in accordance with various embodiments. In
embodiments, the electronic device circuitry 500 may be, or may be incorporated into or
otherwise a part of, a RAN node (e.g., an eNB), a UE, a mobile station (MS), a BTS, a
network node, or some other type of electronic device. In embodiments, the electronic device
circuitry 500 may include radio transmit circuitry 510 and receive circuitry 512 coupled to
control circuitry 514 (e.g., baseband processor(s), etc.). In embodiments, the transmit
circuitry 510 and/or receive circuitry 512 may be elements or modules of transceiver
circuitry, as shown. In some embodiments, some or all of the control circuitry 515 can be in
a device separate or external from the transmit circuitry 510 and the receive circuitry 512
(baseband processors shared by multiple antenna devices, as in cloud-RAN (C-RAN)
implementations, for example).

[0045] The electronic device circuitry 510 may be coupled with one or more plurality of
antenna elements 516 of one or more antennas. The electronic device circuitry 500 and/or the
components of the electronic device circuitry 500 may be configured to perform operations
similar to those described elsewhere in this disclosure.

[0046] In embodiments where the electronic device circuitry 500 is or is incorporated into or
otherwise part of a UE, the transmit circuitry 510 can transmit data and/or RNI information as
shown in FIG. 4. The receive circuitry 512 can receive data as shown in FIG. 4.

[0047] In embodiments where the electronic device circuitry 500 is an eNB, BTS and/or a
network node, or is incorporated into or is otherwise part of an eNB, BTS and/or a network
node, the transmit circuitry 510 can transmit reports or establish a control plane interface as
shown in FIG. 2. The receive circuitry 512 can receive requests for reports and establish a
control plane interface as shown in FIG. 2.

[0048] In certain embodiments, the electronic device circuitry 500 shown in FIG. 5 is

operable to perform one or more methods, such as the methods shown in FIG. 7.
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[0049] As used herein, the term "circuitry" may refer to, be part of, or include an Application
Specific Integrated Circuit (ASIC), an electronic circuit, a processor (shared, dedicated, or
group), and/or memory (shared, dedicated, or group) that execute one or more software or
firmware programs, a combinational logic circuit, and/or other suitable hardware
components that provide the described functionality. In some embodiments, the circuitry may
be implemented in, or functions associated with the circuitry may be implemented by, one or
more software or firmware modules. In some embodiments, circuitry may include logic, at
least partially operable in hardware.

[0050] Embodiments described herein may be implemented into a system using any suitably
configured hardware and/or software. FIG. 6 is a block diagram illustrating,

for one embodiment, example components of a user equipment (UE) or mobile station (MS)
device 600. In some embodiments, the UE device 600 may include application circuitry 602,
baseband circuitry 604, Radio Frequency (RF) circuitry 606, front-end module (FEM)
circuitry 608, and one or more antennas 610, coupled together at least as shown in FIG. 6.
[0051] The application circuitry 602 may include one or more application processors. By
way of non-limiting example, the application circuitry 602 may include 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 processor(s) may be operably coupled and/or include
memory/storage, and may be configured to execute instructions stored in the memory/storage
to enable various applications and/or operating systems to run on the system.

[0052] By way of non-limiting example, the baseband circuitry 604 may include one or more
single-core or multi-core processors. The baseband circuitry 604 may include one or more
baseband processors and/or control logic. The baseband circuitry 604 may be configured to
process baseband signals received from a receive signal path of the RF circuitry 606. The
baseband 604 may also be configured to generate baseband signals for a transmit signal path
of the RF circuitry 606. The baseband processing circuitry 604 may interface with the
application circuitry 602 for generation and processing of the baseband signals, and for
controlling operations of the RF circuitry 606.

[0053] By way of non-limiting example, the baseband circuitry 604 may include at least one
of a second generation (2G) baseband processor 604 A, a third generation (3G) baseband
processor 604B, a fourth generation (4G) baseband processor 604C, other baseband
processor(s) 604D for other existing generations, and generations in development or to be

developed in the future (e.g., fifth generation (5G), 6G, etc.). The baseband circuitry 604
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(e.g., at least one of baseband processors 604A-604D) may handle various radio control
functions that enable communication with one or more radio networks via the RF circuitry
606. By way of non-limiting example, the radio control functions may include signal
modulation/demodulation, encoding/decoding, radio frequency shifting, other functions, and
combinations thereof. In some embodiments, modulation/demodulation circuitry of the
baseband circuitry 604 may be programmed to perform Fast-Fourier Transform (FFT),
precoding, constellation mapping/demapping functions, other functions, and combinations
thereof. In some embodiments, encoding/decoding circuitry of the baseband circuitry 604
may be programmed to perform convolutions, tail-biting convolutions, turbo, Viterbi, Low
Density Parity Check (LDPC) encoder/decoder functions, other functions, and combinations
thereof. Embodiments of modulation/demodulation and encoder/decoder functions are not
limited to these examples, and may include other suitable functions.

[0054] In some embodiments, the baseband circuitry 604 may include elements of a protocol
stack. By way of non-limiting 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) 604E of the
baseband circuitry 604 may be programmed to run elements of the protocol stack for
signaling of the PHY, MAC, RLC, PDCP and/or RRC layers. In some embodiments, the
baseband circuitry 604 may include one or more audio digital signal processor(s) (DSP)
604F. The audio DSP(s) 604F may include elements for compression/decompression and
echo cancellation. The audio DSP(s) 604F may also include other suitable processing
elements.

[0055] The baseband circuitry 604 may further include memory/storage 604G. The
memory/storage 604G may include data and/or instructions for operations performed by the
processors of the baseband circuitry 604 stored thereon. In some embodiments, the
memory/storage 604G may include any combination of suitable volatile memory and/or non-
volatile memory. The memory/storage 604G may also include any combination of various
levels of memory/storage including, but not limited to, read-only memory (ROM) having
embedded software instructions (e.g., firmware), random access memory (e.g., dynamic
random access memory (DRAM)), cache, buffers, etc. In some embodiments, the
memory/storage 604G may be shared among the various processors or dedicated to particular

Processors.
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[0056] Components of the baseband circuitry 604 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 604 and
the application circuitry 602 may be implemented together, such as, for example, on a system
on a chip (SOC).

[0057] In some embodiments, the baseband circuitry 604 may provide for

communication compatible with one or more radio technologies. For example, in some
embodiments, the baseband circuitry 604 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 604 is configured to support radio
communications of more than one wireless protocol may be referred to as multi-mode
baseband circuitry.

[0058] The RF circuitry 606 may enable communication with wireless networks

using modulated electromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuitry 606 may include switches, filters, amplifiers, etc. to facilitate
the communication with the wireless network. The RF circuitry 606 may include a receive
signal path which may include circuitry to down-convert RF signals received from the FEM
circuitry 608, and provide baseband signals to the baseband circuitry 604. The RF circuitry
606 may also include a transmit signal path which may include circuitry to up-convert
baseband signals provided by the baseband circuitry 604, and provide RF output signals to
the FEM circuitry 608 for transmission.

[0059] In some embodiments, the RF circuitry 606 may include a receive signal path and a
transmit signal path. The receive signal path of the RF circuitry 606 may include mixer
circuitry 606A, amplifier circuitry 606B, and filter circuitry 606C. The transmit signal path
of the RF circuitry 606 may include filter circuitry 606C and mixer circuitry 606A. The RF
circuitry 606 may further include synthesizer circuitry 606D configured to synthesize a
frequency for use by the mixer circuitry 606A of the receive signal path and the transmit
signal path. In some embodiments, the mixer circuitry 606A of the receive signal path may
be configured to down-convert RF signals received from the FEM circuitry 608 based on the
synthesized frequency provided by synthesizer circuitry 606D. The amplifier circuitry 606B
may be configured to amplify the down-converted signals.

[0060] The filter circuitry 606C may include a low-pass filter (LPF) or band-pass filter (BPF)

configured to remove unwanted signals from the down-converted signals to generate output
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baseband signals. Output baseband signals may be provided to the baseband circuitry 604 for
further processing. In some embodiments, the output baseband signals may include zero-
frequency baseband signals, although this is not a requirement. In some embodiments, the
mixer circuitry 606A of the receive signal path may comprise passive mixers, although the
scope of the embodiments is not limited in this respect.

[0061] In some embodiments, the mixer circuitry 606A of the transmit signal path may be
configured to up-convert input baseband signals based on the synthesized frequency provided
by the synthesizer circuitry 606D to generate RF output signals for the FEM circuitry 608.
The baseband signals may be provided by the baseband circuitry 604 and may be filtered by
filter circuitry 606C. The filter circuitry 606C may include a low-pass filter (LPF), although
the scope of the embodiments is not limited in this respect. In some embodiments, the mixer
circuitry 606A of the receive signal path and the mixer circuitry 606A of the transmit signal
path may include two or more mixers, and may be arranged for quadrature downconversion
and/or upconversion, respectively. In some embodiments, the mixer circuitry 606A of the
receive signal path and the mixer circuitry 606A 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 606A of the receive signal path and the mixer
circuitry 606A may be arranged for direct downconversion and/or direct upconversion,
respectively. In some embodiments, the mixer circuitry 606A of the receive signal path and
the mixer circuitry 606A of the transmit signal path may be configured for super-heterodyne
operation.

[0062] In some embodiments, the output baseband signals and the input baseband signals
may be analog baseband signals, although the scope of the embodiments is not limited in this
respect. In some alternate embodiments, the output baseband signals and the input baseband
signals may be digital baseband signals. In such embodiments, the RF circuitry 606 may
include analog-to-digital converter (ADC) and digital-to-analog converter (DAC) circuitry,
and the baseband circuitry 604 may include a digital baseband interface to communicate with
the RF circuitry 606.

[0063] In some dual-mode embodiments, 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.

[0064] In some embodiments, the synthesizer circuitry 606D may include one or more of a
fractional-N synthesizer and 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
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suitable. For example, synthesizer circuitry 606D may include a delta-sigma synthesizer, a
frequency multiplier, a synthesizer comprising a phase-locked loop with a frequency divider,
other synthesizers and combinations thereof.

[0065] The synthesizer circuitry 606D may be configured to synthesize an output frequency
for use by the mixer circuitry 606A of the RF circuitry 606 based on a frequency input and a
divider control input. In some embodiments, the synthesizer circuitry 606D may be a
fractional N/N+1 synthesizer.

[0066] In some embodiments, frequency input may be provided by a voltage controlled
oscillator (VCO), although that is not a requirement. Divider control input may be provided
by either the baseband circuitry 604 or the applications processor 602 depending on the
desired output frequency. In some embodiments, a divider control input (e.g., N) may be
determined from a look-up table based on a channel indicated by the applications processor
602.

[0067] The synthesizer circuitry 606D of the RF circuitry 606 may include a divider, a delay-
locked loop (DLL), a multiplexer and a phase accumulator. In some embodiments, the
divider may include a dual modulus divider (DMD), and the phase accumulator may include
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 fractional
division ratio. In some example embodiments, the DLL may include a set of cascaded,
tunable, delay elements, a phase detector, a charge pump and a D-type flip-flop. In such
embodiments, the delay elements may be configured to break a VCO period up into Nd equal
packets of phase, where Nd is the number of delay elements in the delay line. In this way, the
DLL may provide negative feedback to help ensure that the total delay through the delay line
is one VCO cycle.

[0068] In some embodiments, the synthesizer circuitry 606D may be configured to generate a
carrier frequency as the output frequency. In some embodiments, the output frequency may
be a multiple of the carrier frequency (e.g., twice the carrier frequency, four times the carrier
frequency, etc.) and used in conjunction with a quadrature generator and divider circuitry to
generate multiple signals at the carrier frequency with multiple different phases with respect
to each other. In some embodiments, the output frequency may be a LO frequency (fLO). In
some embodiments, the RF circuitry 606 may include an IQ/polar converter.

[0069] The FEM circuitry 608 may include a receive signal path which may include circuitry
configured to operate on RF signals received from one or more antennas 610, amplify the

received signals, and provide the amplified versions of the received signals to the RF
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circuitry 606 for further processing. The FEM circuitry 608 may also include a transmit
signal path which may include circuitry configured to amplify signals for transmission
provided by the RF circuitry 606 for transmission by at least one of the one or more antennas
610.

[0070] In some embodiments, the FEM circuitry 608 may include a TX/RX switch
configured to switch between a transmit mode and a receive mode operation. The FEM
circuitry 608 may include a receive signal path and a transmit signal path. The receive signal
path of the FEM circuitry 608 may include a low-noise amplifier (LNA) to amplify received
RF signals and provide the amplified received RF signals as an output (e.g., to the RF
circuitry 606). The transmit signal path of the FEM circuitry 608 may include a power
amplifier (PA) configured to amplify input RF signals (e.g., provided by RF circuitry 606),
and one or more filters configured to generate RF signals for subsequent transmission (e.g.,
by one or more of the one or more antennas 610.

[0071] In some embodiments, the MS device 600 may include additional elements such as,
for example, memory/storage, a display, a camera, one of more sensors, an input/output (I/0)
interface, other elements, and combinations thereof.

[0072] In some embodiments, the MS device 600 may be configured to perform one or more
processes, techniques, and/or methods as described herein, or portions thereof.

[0073] FIG. 7 is a flow chart illustrating a method for performing operations of a mobile edge
computing (MEC) node. The method 700 can be accomplished by systems such as those
shown in FIG. 2, including the MEC node and the RAN node communicating over the
control plane interface NGx. In block 702, the MEC node generates a request for a radio
network information (RNI) measurement report from the MEC node for transmission using a
MEC control plane interface to a radio access network (RAN) node. In block 704, the MEC
node processes the RNI measurement report received in response to the request to the RAN
node using the MEC control plane interface. In block 706, the MEC node applies a policy
based at least in part on the RNI measurement report from the RAN node.

[0074] FIG. 8 is a block diagram illustrating components, according to some example
embodiments, able to read instructions from a machine-readable or computer-readable
medium (e.g., a machine-readable storage medium) and perform any one or more of the
methodologies discussed herein. Specifically, FIG. 8 shows a diagrammatic representation of
hardware resources 800 including one or more processors (or processor cores) 810, one or
more memory/storage devices 820, and one or more communication resources 830, each of

which are communicatively coupled via a bus 840.
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[0075] The processors 810 (e.g., a central processing unit (CPU), a reduced instruction set
computing (RISC) processor, a complex instruction set computing (CISC) processor, a
graphics processing unit (GPU), a digital signal processor (DSP) such as a baseband
processor, an application specific integrated circuit (ASIC), a radio-frequency integrated
circuit (RFIC), another processor, or any suitable combination thereof) may include, for
example, a processor 812 and a processor 814. The memory/storage devices 820 may include
main memory, disk storage, or any suitable combination thereof.

[0076] The communication resources 830 may include interconnection and/or network
interface components or other suitable devices to communicate with one or more peripheral
devices 804 and/or one or more databases 806 via a network 808. For example, the
communication resources 830 may include wired communication components (e.g., for
coupling via a Universal Serial Bus (USB)), cellular communication components, Near Field
Communication (NFC) components, Bluetooth® components (e.g., Bluetooth® Low
Energy), Wi-Fi® components, and other communication components.

[0077] Instructions 850 may comprise software, a program, an application, an applet, an app,
or other executable code for causing at least any of the processors 810 to perform any one or
more of the methodologies discussed herein. The instructions 850 may reside, completely or
partially, within at least one of the processors 810 (e.g., within the processor’s cache
memory), the memory/storage devices 820, or any suitable combination thereof.
Furthermore, any portion of the instructions 850 may be transferred to the hardware resources
800 from any combination of the peripheral devices 804 and/or the databases 806.
Accordingly, the memory of processors 810, the memory/storage devices 820, the peripheral
devices 804, and the databases 806 are examples of computer-readable and machine-readable
media.

Examples

[0078] The following examples pertain to further embodiments.

[0079] Example 1 is an apparatus. The apparatus is a radio access network (RAN) node
supporting mobile edge computing (MEC), includes storage designed to store radio network
information (RNI) measurement data. The apparatus is a radio access network (RAN) node
supporting mobile edge computing (MEC), includes a processor attached to the storage, the
processor designed to: process a request for RNI measurement data from a MEC server using
a MEC control plane interface (NGx), and generate a report for the MEC server based at least

in part on the request.
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[0080] Example 2 is the apparatus of Example 1, where the processor is further designed to
establish a session with the MEC server using a Diameter based protocol with the RAN node
acting as a Diameter server.

[0081] Example 3 is the apparatus of Example 1, where the request is a NGx status request
message.

[0082] Example 4 is the apparatus of Example 1, where to generate the report further
includes to generate an application identifier of NGx, a command code of RNI-Report-
Answer and attribute-value-pair data.

[0083] Example 5 is the apparatus of Example 1, where the report is a NGx resource status
response or a NGx resource status update.

[0084] Example 6 is the apparatus of any of Examples 1-5, where the RAN node is an
enhanced node B (eNB) or a fifth generation enhanced node B (gNB).

[0085] Example 7 is the apparatus of any of Examples 1-5, where the processor is a baseband
processor.

[0086] Example 8 is a method to perform operations of a mobile edge computing (MEC)
node. The method includes generating a request for a radio network information (RNI)
measurement report from the MEC node for transmission using a MEC control plane
interface to a radio access network (RAN) node. The method includes processing the RNI
measurement report received in response to the request to the RAN node using the MEC
control plane interface, and applying a policy based at least in part on the RNI measurement
report from the RAN node.

[0087] Example 9 is the method of Example 8, where applying the policy further includes
generating a message to a hosted application associated with the MEC node that includes data
from the RNI measurement report.

[0088] Example 10 is the method of Example 9, where generating the message to the hosted
application on the MEC node further includes processing a host request from the hosted
application through a representational state transfer application programming interface
(RESTful API), and generating a host response to the request using the RESTful APIL
[0089] Example 11 is the method of Example 10, where the request and response are
performed using a hypertext transfer protocol (HTTP).

[0090] Example 12 is the method of Example 8, where applying the policy further includes
performing traffic analysis using data from the RNI measurement report to determine
application usage that exceeds a threshold and enable local application server support for an

application associated with the application usage.
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[0091] Example 13 is the method of Example 8, where applying the policy further includes
performing traffic analysis using data from the RNI measurement report to determine content
usage that exceeds a threshold and enable local caching for the content or content
downscaling.

[0092] Example 14 is the method of Example 8, where applying the policy further includes
performing traffic analysis and providing local content delivery without use of a core
network.

[0093] Example 15 is the method of Example 8, where applying the policy further includes
performing traffic analysis using data from the RNI measurement report to determine cell
load and apply one or more policies per user equipment (UE) per application.

[0094] Example 16 is the method of Example 8, where applying the policy further includes
determining that the MEC node indicates an overload or congestion condition based at least
in part on a number of internet protocol (IP) flows or user equipment served by the MEC
node, triggering offloading of traffic, forwarding the traftic to a core network, or dropping IP
packets.

[0095] Example 17 is the method of Example 8, where the RNI measurement report from the
RAN node to the MEC node includes IP address information for UE identity, enabling the
MEC node to use an IP address when providing RNI measurement data to a MEC hosted
application associated with the MEC node.

[0096] Example 18 is an apparatus including manner to perform a method as exemplified in
any of Examples 8-17.

[0097] Example 19 is a machine-readable storage including machine-readable instructions,
when executed, to implement a method or realize an apparatus as exemplified in any of
Examples 8-17.

[0098] Example 20 is a machine readable medium including code that, when executed,
causes a machine to perform the method of any one of Examples 8-17.

[0099] Example 21 is a cellular node supporting mobile edge computing (MEC). The
cellular node includes a wireless interface designed to communicate with one or more user
equipment (UEs), a MEC control plane interface designed to provide a radio network
information (RNI) application program interface (API) to a MEC server, and a user plane
interface attached to the MEC server, the MEC server attached in a network between the
cellular node and a core network. The cellular node includes storage for RNI measurement
data. The cellular node includes one or more processing units attached to the wireless

interface and the MEC control plane interface and designed to construct RNI measurement
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data based at least in part on communication with the one or more UEs using the wireless
interface, process an API request for the RNI measurement data from the MEC server from
the MEC control plane interface. The cellular node includes one or more processing units
attached to the wireless interface and the MEC control plane interface and designed to
generate a report for the MEC server based at least in part on the API request, and transmit
the report to the MEC server using the MEC control plane interface.

[0100] Example 22 is the cellular node of Example 21, where the RNI measurement data
is physical resource block usage (PRB), number of active UEs per quality of service class
indicator (QCI), packet delay, data loss, scheduled internet protocol (IP) throughput, or Data
Volume.

[0101] Example 23 is the cellular node of Example 21, where the RNI measurement data
is provided per cellular node, per cell, per UE, per quality of service class indicator (QCI),
per bearer or per IP flow.

[0102] Example 24 is the cellular node of Example 21, where the MEC control plane
interface is a NGx interface.

[0103] Example 25 is the cellular node of Example 21, where to generate the report
further includes to periodically generate the report for the MEC server, and where to transmit
the report further includes to periodically transmit the periodically generated report.

[0104] Example 26 is the cellular node of any of Examples 21-25, where the cellular
node is an enhanced node B (eNB).

[0105] Example 27 is the cellular node of any of Examples 21-25, where the cellular
node is a fifth generation enhanced node B (gNB).

[0106] Example 28 is an apparatus of a mobile edge computing (MEC) node. The
apparatus includes a local network interface designed to offload traffic before reaching a core
network and a MEC-radio access network (RAN) control plane interface designed to be
attached to a RAN node. The apparatus includes a core network user plane interface
designed to be attached to the core network and a RAN user plane interface designed to be
attached to a RAN node. The apparatus includes storage for radio network information (RNI)
data. The apparatus includes a processor, attached to the local network interface, the MEC-
RAN control plane interface, the core network user plane interface, the RAN user plane
interface and the storage, the processor designed to: generate an API request for RNI
measurement data from the MEC node from the MEC-RAN control plane interface, process a
report comprising the RNI measurement data for the MEC node based at least in part on the
API request, and apply a policy based at least in part on the RNI measurement data.
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[0107] Example 29 is the apparatus of Example 28, where the local network interface is
attached to a third-party application; and where to apply the policy further includes to pass
RNI information to the third-party application.

[0108] Example 30 is the apparatus of Example 28, where the report indicates core
network congestion, and where to apply the policy further includes to provide proactive
caching.

[0109] Example 31 is the apparatus of Example 28, where the report indicates RAN node
congestion and where to apply the policy further includes to provide content scaling.

[0110] Example 32 is the apparatus of Example 28, where to apply the policy further
includes to provide local content delivery.

[0111] Example 33 is the apparatus of Example 28, where to apply the policy further
includes to apply rate policing.

[0112] Example 34 is a computer program product including a computer-readable storage
medium that stores instructions for execution by a processor to perform operations of a
mobile edge computing (MEC) node, the operations, when executed by the processor, to
perform a method. The method includes generating a request for a radio network information
(RNI) measurement report from the MEC node for transmission using a MEC control plane
interface to a radio access network (RAN) node. The method includes processing the RNI
measurement report received in response to the request to the RAN node using the MEC
control plane interface, and applying a policy based at least in part on the RNI measurement
report from the RAN node.

[0113] Additional Examples

[0114] Additional Example 1 is an Evolved Node B (eNB) comprising a radio interface
to the UE and a network interface to the MEC server to communicate radio network interface
(RNI) information.

[0115] Additional Example 2 is the eNB of claim 1, wherein the network interface is
configured to communicate RNI information periodically or based on an event.

[0116] Additional Example 3 is the eNB of claim 1, wherein the RNI information
comprises per eNB information, per cell information, per UE information, or per IP flow
information.

[0117] Additional Example 4 is a MEC server, comprising a Traffic Offload Function

(TOF) and a network interface to the eNB to receive RNI information
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[0118] Additional Example 5 is the MEC server of claim 4, further configured to perform
an offload and scheduling decisions based on the RNI information received via the said
network interface.

[0119] Embodiments and implementations of the systems and methods described herein
may include various operations, which may be embodied in machine-executable instructions
to be executed by a computer system. A computer system may include one or more general-
purpose or special-purpose computers (or other electronic devices). The computer system
may include hardware components that include specific logic for performing the operations
or may include a combination of hardware, software, and/or firmware.

[0120] Computer systems and the computers in a computer system may be connected via
a network. Suitable networks for configuration and/or use as described herein include one or
more local area networks, wide area networks, metropolitan area networks, and/or Internet or
IP networks, such as the World Wide Web, a private Internet, a secure Internet, a value-added
network, a virtual private network, an extranet, an intranet, or even stand-alone machines
which communicate with other machines by physical transport of media. In particular, a
suitable network may be formed from parts or entireties of two or more other networks,
including networks using disparate hardware and network communication technologies.
[0121] One suitable network includes a server and one or more clients; other suitable
networks may contain other combinations of servers, clients, and/or peer-to-peer nodes, and a
given computer system may function both as a client and as a server. Each network includes
at least two computers or computer systems, such as the server and/or clients. A computer
system may include a workstation, laptop computer, disconnectable mobile computer, server,
mainframe, cluster, so-called “network computer” or “thin client,” tablet, smart phone,
personal digital assistant or other hand-held computing device, “smart” consumer electronics
device or appliance, medical device, or a combination thereof.

[0122] Suitable networks may include communications or networking software, such as
the software available from Novell®, Microsoft®, and other vendors, and may operate using
TCP/IP, SPX, IPX, and other protocols over twisted pair, coaxial, or optical fiber cables,
telephone lines, radio waves, satellites, microwave relays, modulated AC power lines,
physical media transfer, and/or other data transmission “wires” known to those of skill in the
art. The network may encompass smaller networks and/or be connectable to other networks
through a gateway or similar mechanism.

[0123] Various techniques, or certain aspects or portions thereof, may take the form of

program code (i.e., instructions) embodied in tangible media, such as floppy diskettes, CD-
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ROMs, hard drives, magnetic or optical cards, solid-state memory devices, a nontransitory
computer-readable storage medium, or any other machine-readable storage medium wherein,
when the program code is loaded into and executed by a machine, such as a computer, the
machine becomes an apparatus for practicing the various techniques. In the case of program
code execution on programmable computers, the computing device may include a processor,
a storage medium readable by the processor (including volatile and nonvolatile memory
and/or storage elements), at least one input device, and at least one output device. The
volatile and nonvolatile memory and/or storage elements may be a RAM, an EPROM, a flash
drive, an optical drive, a magnetic hard drive, or other medium for storing electronic data.
The eNB (or other base station or RAN node) and UE (or other mobile station) may also
include a transceiver component, a counter component, a processing component, and/or a
clock component or timer component. One or more programs that may implement or utilize
the various techniques described herein may use an application programming interface (API),
reusable controls, and the like. Such programs may be implemented in a high-level
procedural or an object-oriented programming language to communicate with a computer
system. However, the program(s) may be implemented in assembly or machine language, if
desired. In any case, the language may be a compiled or interpreted language, and combined
with hardware implementations.

[0124] Each computer system includes one or more processors and/or memory;, computer
systems may also include various input devices and/or output devices. The processor may
include a general purpose device, such as an Intel®, AMD®, or other “off-the-shelf”
microprocessor. The processor may include a special purpose processing device, such as
ASIC, SoC, SiP, FPGA, PAL, PLA, FPLA, PLD, or other customized or programmable
device. The memory may include static RAM, dynamic RAM, flash memory, one or more
flip-flops, ROM, CD-ROM, DVD, disk, tape, or magnetic, optical, or other computer storage
medium. The input device(s) may include a keyboard, mouse, touch screen, light pen, tablet,
microphone, sensor, or other hardware with accompanying firmware and/or software. The
output device(s) may include a monitor or other display, printer, speech or text synthesizer,
switch, signal line, or other hardware with accompanying firmware and/or software.

[0125] It should be understood that many of the functional units described in this
specification may be implemented as one or more components, which is a term used to more
particularly emphasize their implementation independence. For example, a component may
be implemented as a hardware circuit comprising custom very large scale integration (VLSI)

circuits or gate arrays, or off-the-shelf semiconductors such as logic chips, transistors, or
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other discrete components. A component may also be implemented in programmable
hardware devices such as field programmable gate arrays, programmable array logic,
programmable logic devices, or the like.

[0126] Components may also be implemented in software for execution by various types
of processors. An identified component of executable code may, for instance, comprise one
or more physical or logical blocks of computer instructions, which may, for instance, be
organized as an object, a procedure, or a function. Nevertheless, the executables of an
identified component need not be physically located together, but may comprise disparate
instructions stored in different locations that, when joined logically together, comprise the
component and achieve the stated purpose for the component.

[0127] Indeed, a component of executable code may be a single instruction, or many
instructions, and may even be distributed over several different code segments, among
different programs, and across several memory devices. Similarly, operational data may be
identified and illustrated herein within components, and may be embodied in any suitable
form and organized within any suitable type of data structure. The operational data may be
collected as a single data set, or may be distributed over different locations including over
different storage devices, and may exist, at least partially, merely as electronic signals on a
system or network. The components may be passive or active, including agents operable to
perform desired functions.

[0128] Several aspects of the embodiments described will be illustrated as software
modules or components. As used herein, a software module or component may include any
type of computer instruction or computer-executable code located within a memory device.
A software module may, for instance, include one or more physical or logical blocks of
computer instructions, which may be organized as a routine, program, object, component,
data structure, etc., that perform one or more tasks or implement particular data types. Itis
appreciated that a software module may be implemented in hardware and/or firmware instead
of or in addition to software. One or more of the functional modules described herein may be
separated into sub-modules and/or combined into a single or smaller number of modules.
[0129] In certain embodiments, a particular software module may include disparate
instructions stored in different locations of a memory device, different memory devices, or
different computers, which together implement the described functionality of the module.
Indeed, a module may include a single instruction or many instructions, and may be
distributed over several different code segments, among different programs, and across

several memory devices. Some embodiments may be practiced in a distributed computing
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environment where tasks are performed by a remote processing device linked through a
communications network. In a distributed computing environment, software modules may be
located in local and/or remote memory storage devices. In addition, data being tied or
rendered together in a database record may be resident in the same memory device, or across
several memory devices, and may be linked together in fields of a record in a database across
a network.

[0130] Reference throughout this specification to “an example” means that a particular
feature, structure, or characteristic described in connection with the example is included in at
least one embodiment. Thus, appearances of the phrase “in an example” in various places
throughout this specification are not necessarily all referring to the same embodiment.
[0131] As used herein, a plurality of items, structural elements, compositional elements,
and/or materials may be presented in a common list for convenience. However, these lists
should be construed as though each member of the list is individually identified as a separate
and unique member. Thus, no individual member of such list should be construed as a de
facto equivalent of any other member of the same list solely based on its presentation in a
common group without indications to the contrary. In addition, various embodiments and
examples may be referred to herein along with alternatives for the various components
thereof. It is understood that such embodiments, examples, and alternatives are not to be
construed as de facto equivalents of one another, but are to be considered as separate and
autonomous representations.

[0132] Furthermore, the described features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments. In the following description,
numerous specific details are provided, such as examples of materials, frequencies, sizes,
lengths, widths, shapes, etc., to provide a thorough understanding of embodiments. One
skilled in the relevant art will recognize, however, that the embodiments may be practiced
without one or more of the specific details, or with other methods, components, materials,
etc. In other instances, well-known structures, materials, or operations are not shown or
described in detail to avoid obscuring aspects.

[0133] It should be recognized that the systems described herein include descriptions of
specific embodiments. These embodiments can be combined into single systems, partially
combined into other systems, split into multiple systems or divided or combined in other
ways. In addition, it is contemplated that parameters/attributes/aspects/etc. of one
embodiment can be used in another embodiment. The parameters/attributes/aspects /etc. are

merely described in one or more embodiments for clarity, and it is recognized that the
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parameters/attributes/aspects /etc. can be combined with or substituted for
parameters/attributes/etc. of another embodiment unless specifically disclaimed herein.
[0134] Although the foregoing has been described in some detail for purposes of clarity,
it will be apparent that certain changes and modifications may be made without departing
from the principles thereof. It should be noted that there are many alternative ways of
implementing both the processes and apparatuses described herein. Accordingly, the present
embodiments are to be considered illustrative and not restrictive, and the specification is not
to be limited to the details given herein, but may be modified within the scope and
equivalents of the appended claims.

[0135] Those having skill in the art will appreciate that many changes may be made to
the details of the above-described embodiments without departing from the underlying
principles. The scope of the present description should, therefore, be determined only by the

following claims.
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Claims:

1. An apparatus of a radio access network (RAN) node supporting mobile edge
computing (MEC), comprising:
storage configured to store radio network information (RNI) measurement data;
a processor coupled to the storage, the processor configured to:
process a request for RNI measurement data from a MEC server using a MEC
control plane interface (NGx); and

generate a report for the MEC server based at least in part on the request.

2. The apparatus of claim 1, wherein the processor is further configured to establish a
session with the MEC server using a Diameter based protocol with the RAN node acting as a

Diameter server.

3. The apparatus of claim 1, wherein the request is a NGx status request message.

4. The apparatus of claim 1, wherein to generate the report further comprises to
generate an application identifier of NGx, a command code of RNI-Report-Answer and

attribute-value-pair data.

5. The apparatus of claim 1, wherein the report is a NGx resource status response or a

NGx resource status update.

6. The apparatus of any of claims 1-5, wherein the RAN node is an enhanced node B

(eNB) or a fifth generation enhanced node B (gNB).

7. The apparatus of any of claims 1-5, wherein the processor is a baseband processor.

8. A method to perform operations of a mobile edge computing (MEC) node, the
method comprising:

generating a request for a radio network information (RNI) measurement report from
the MEC node for transmission using a MEC control plane interface to a radio access
network (RAN) node;

processing the RNI measurement report received in response to the request to the

RAN node using the MEC control plane interface; and
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applying a policy based at least in part on the RNI measurement report from the RAN

node.

9. The method of claim 8, wherein applying the policy further comprises generating a
message to a hosted application associated with the MEC node that includes data from the

RNI measurement report.

10. The method of claim 9, wherein generating the message to the hosted application
on the MEC node further comprises:

processing a host request from the hosted application through a representational state
transfer application programming interface (RESTful API); and

generating a host response to the request using the RESTful APL

11. The method of claim 10, wherein the request and response are performed using a

hypertext transfer protocol (HTTP).

12. The method of claim 8, wherein applying the policy further comprises performing
traffic analysis using data from the RNI measurement report to determine application usage
that exceeds a threshold and enable local application server support for an application

associated with the application usage.

13. The method of claim 8, wherein applying the policy further comprises
performing traffic analysis using data from the RNI measurement report to determine content
usage that exceeds a threshold and enable local caching for the content or content

downscaling.

14. The method of claim 8, wherein applying the policy further comprises
performing traffic analysis and providing local content delivery without use of a core

network.

15. The method of claim 8, wherein applying the policy further comprises
performing traffic analysis using data from the RNI measurement report to determine cell

load and apply one or more policies per user equipment (UE) per application.
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16. The method of claim 8, wherein applying the policy further comprises
determining that the MEC node indicates an overload or congestion condition based at least
in part on a number of internet protocol (IP) flows or user equipment served by the MEC
node; and

triggering oftloading of traffic;

forwarding the traffic to a core network; or

dropping IP packets.

17. The method of claim 8, wherein the RNI measurement report from the RAN node
to the MEC node includes IP address information for UE identity, enabling the MEC node to
use an IP address when providing RNI measurement data to a MEC hosted application

associated with the MEC node.

18. An apparatus comprising means to perform a method as claimed in any of claims

8-17.

19. Machine-readable storage including machine-readable instructions, when

executed, to implement a method or realize an apparatus as claimed in any of claims 8-17.

20. A machine readable medium including code that, when executed, causes a

machine to perform the method of any one of claims 8-17.

21. An apparatus of a mobile edge computing (MEC) node, comprising:

a local network interface configured to oftload traffic before reaching a core network;

a MEC-radio access network (RAN) control plane interface configured to be coupled
to a RAN node;

a core network user plane interface configured to be coupled to the core network;

a RAN user plane interface configured to be coupled to a RAN node;

storage for radio network information (RNI) data;

a processor, coupled to the local network interface, the MEC-RAN control plane
interface, the core network user plane interface, the RAN user plane interface and the storage,

the processor configured to:
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generate an API request for RNI measurement data from the MEC node from
the MEC-RAN control plane interface;

process a report comprising the RNI measurement data for the MEC node
based at least in part on the API request; and

apply a policy based at least in part on the RNI measurement data.

22. The apparatus of claim 21, wherein the local network interface is coupled to a
third-party application; and wherein to apply the policy further comprises to pass RNI
information to the third-party application.

23. The apparatus of claim 21, wherein the report indicates core network congestion,

and wherein to apply the policy further comprises to provide proactive caching.

24. The apparatus of claim 21, wherein the report indicates RAN node congestion

and wherein to apply the policy further comprises to provide content scaling.

25. The apparatus of claim 21, wherein to apply the policy further comprises to

provide local content delivery.

29



PCT/US2017/020737

WO 2018/031070

1/8

4/ usdp «—

SINPSUYAY OJN

l Ol

US| YOMIBN

OIPEY ddO¢

A 4

washks [~ el
Juswabeuey _mm ““
ainjoniselu|
bunsoH 03N

walsAg \NQ
Juswiabeuey o=

wiogeld  E—JS°

uonealddy D3N

SWA)SAS

v

Juswabeuely |5
\ uoneolddy
00} Juawabeuey

SINJINISEIU] mc_#on 94N

$90IN059Yy SIeMPIEH 3N )
NG
@ @ ~—T——230!
. e S_ﬁH__més AN )
N
90— = — -
\ L//

—0l1

\.

I

wiojie|d uoneaddy O3

190!

Pl

[ [

)
4 9oLl
1
>

( see| JaBeue}y uonezienyip DI
ﬂ S9JINIBS WIoye|d uonealddy D3N
(SINY) seaInas
S9IINIBS (40.) uonoun4
Ansibay 901n198 uonewlou|
ﬁ uoReoIuNWWO) SIOMAN OIPEY PEOILO ouel|
Afé f ol N T g
NA NA INA INA INA
ddy ddy ddy ddy ddy
OE!] om__>_ OE!L OE!1 om__>_

/w:/m: /w:N: ERENAT

/N: //w: 2l =20l



PCT/US2017/020737

WO 2018/031070

2/8

00¢

aImosyyale DI [9ns] ybiy sayensn|||

¢ Ol
ZON
oz~
NO XON NVY
eON—71 O £ON
4% N
oz~ 70z
20z oo_z/.\im
902

YIOMJSN [B90T

N\—g0z



PCT/US2017/020737

WO 2018/031070

3/8

€ Ol

1oday [NY Joj suoniuieQ

BuysIe

eled-INd

adA | eleq

SWEN 8NqUY

S8p0OY dAV

Jamsuy/isenbay-uoday-INY

8p0D pUBWWOY

XON

Jalyuep| uoleolddy

/

00€




PCT/US2017/020737

WO 2018/031070

4/8

abesano)
Y 9PON NV

80y

ealy abelano) wawdinb3 sesn
g 9PON NVYH
———
Do
20y 7
gyun Y ur
SS900Y $S900Y
oly
144
\
A% /
901 /
\
AQ_WVV \ /
& 9PON NVY Ml o ———v
' yurq ineysoe
w;\ | unnewoes N\

007 \

aInoniseu|
MILEN

1474

V 8PON NV

7 Ol



PCT/US2017/020737

WO 2018/031070

5/8

9lg —~

G Ol

Aninoai)
|oJJu0D
[euls)xg

S

Anouy L— z¢
SIELEN|
Anaain
|0Jjuo)
Ao /zim
Hwsueld | , 01G

A1)INDJID) 21A8(] 01U0JI08[]

// 00S

//m_\m



PCT/US2017/020737

6/8

WO 2018/031070

99l
JOVHOLS
IAJOWAIN RN %09
dsaolany L
409
Ndo 1
N~ 3509
¥0SS300dd
AULINONID | 83RO I avoo
HIZISFHINASN. qo09 | [ yossao0u4
AMLINDHID oF |- Or09
¥3LTS [} 0909 | [wossanowd
AMLINDHID o€ |- 8v09
¥4V [ 8909 | [yossanoud
AMLINDHID ¢ | w09
¥IXIN N woo9
>~_P_\_/_mwm_o . . b M AMLINDOHID | > zwm__w/_*@”_uﬂw/x
AMLINDYID 4y AaNva3svd
S \ ) )
809 909 09 209

019

f 009




WO 2018/031070

7/8

702 /

Generating a Request for a Radio Network
Information (RNI) Measurement Report
from the MEC Node for Transmission
Using a MEC Control Plane Interface to a
Radio Access Network (RAN) Node;

704 /

Processing the RNI Measurement Report
Received in Response to the Request to
the RAN Node Using the MEC Control
Plane Interface

706 /

Applying a Policy Based at Least in Part on
the RNI Measurement Report from the
RAN Node
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