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METHOD FOR MANAGING A VIRTUAL RADIO ACCESS NETWORK AND
METHOD FOR CALIBRATING A SOFTWARE COMPONENT

Field

Examples relate to virtual radio access networks. In particular, examples relate to a method
for managing a virtual radio access network which serves a radio cell, and to a method for
calibrating a software component which represents a virtualized network function of a virtual

radio access network.

Background

Cloud computing is a model for enabling ubiquitous and convenient on demand network ac-
cess to a shared pool of configurable computing resources (e.g. networks, servers, storage,
applications, and services) that can be rapidly provisioned and released with minimal man-

agement effort or service provider interaction.

Communication protocols incorporate different resource requirements compared to general
purpose applications. In general, applications may be executed on almost any server or client
platform. However, telecommunication protocols — specifically baseband functionality in the
Radio Access Network (RAN) context — require a minimum performance to meet latency and

throughput requirements. Therefore, dedicated hardware is still a standard in the RAN field.

Virtual Radio Access Network (VRAN; also known as Cloud-RAN or Centralized R-RAN,
C-RAN) is an architecture in which the required baseband and protocol processing for one or
more radio cells is performed on centralized computing resources or cloud infrastructure.
VRAN extends the flexibility through abstraction (virtualization) of the execution environ-

ment.

In a vRAN, (essential) parts of the RAN (e.g. the LTE stack) are executed on General Purpose
Processing (GPP) platforms. With the dissemination of multi core platforms which enable for
binding tasks (processes or threads) to a single core or a set of cores to enhance their perfor-

mance, core affinity became an essential feature in the field of cloud resource management.



10

15

20

25

30

WO 2018/029047 PCT/EP2017/069463

However, conventional cloud management systems do not allow individual vRAN set-up and
management. Moreover, specific resource consumption and performance behavior as required

for baseband functionality is not efficiently managed.

Hence, there may be a desired for efficient vVRAN set-up and management as well as for re-

source and performance monitoring.

Summary

According to a first aspect of the present disclosure, it is provided a method for managing a
vRAN which serves a radio cell. The method comprises selecting, based on a radio access
technology of the radio cell, a construction scheme for the vVRAN in a repository. Further, the
method comprises querying, from the repository, at least one software component associated
to the construction scheme. The software component represents a virtualized network func-
tion of the VRAN. The method additionally comprises setting up, using the software compo-
nent, the virtualized network function on a runtime platform according to the construction

scheme.

In some examples, the construction scheme for the vRAN is further selected based on a num-
ber of users to be served by the radio cell and/or a configuration of the runtime platform and/or

a constraint of the radio cell’s radio access technology.

According to some examples, the repository comprises a plurality of versions of the software
component representing the virtualized network function, each version being calibrated for a
specific runtime platform configuration and/or a specific fronthaul configuration, wherein
querying the at least one software component associated to the construction scheme from the
repository is based on a configuration of the runtime platform and/or a constraint of the radio

cell’s radio access technology.

In some examples, setting up the virtualized network function on the runtime platform com-
prises allocating a number of processor cores of the runtime platform to the software compo-

nent which represents the virtualized network function based on a total number of processor
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cores of the runtime platform and/or information on a default allocation setting stored in the

repository together with the software component.

According to some examples, the method further comprises monitoring a load of the number
of processor cores allocated to the software component as well as changing the number of the

processor cores allocated to the software component if a first load condition is satisfied.

In some examples, the method further comprises setting up a clone of the software component
representing the virtualized network function on the runtime platform if a second load condi-
tion is satisfied as well as distributing network traffic in the vVRAN to the software component
representing the virtualized network function and the clone of the software component repre-

senting the virtualized network function.

According to some examples, the software component is a software container.

In some examples, the virtualized network function represents at least part of a communica-

tion protocol used in the radio cell’s radio access technology.

According to a second aspect of the present disclosure, it is provided a method for calibrating
a software component which represents a virtualized network function of a VRAN. The
method comprises allocating a first number of processor cores of a runtime platform hosting
the software component to the software component for a first calibration phase, and a second
number of processor cores for a second calibration phase. Further, the method comprises var-
ying a network traffic input to the software component for the first calibration phase and for
the second calibration phase. The method also comprises monitoring a performance indicator
of the software component for the first calibration phase and the second calibration phase.
Moreover, the method comprises selecting the first number of processor cores as default al-
location setting for the software component if the performance indicator of the software com-
ponent for the first calibration phase is superior to the performance indicator of the software

component for the second calibration phase, and vice versa.

In some examples, the method further comprises storing information on the default allocation

setting together with the software component in a repository, the repository comprising at
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least one construction scheme for the vRAN, wherein the software component is associated

to the construction scheme.

According to some examples, the method further comprises storing information on a config-
uration of the runtime platform hosting the software component during the first calibration

phase together with the software component in the repository.

In some examples, the method further comprises storing information on the performance in-
dicator of the software component for the default allocation setting together with the software

component in the repository.

According to some examples, the method further comprises monitoring the performance in-
dicator of the software component for a plurality of further calibration phases, wherein for
cach calibration phase the number of processor cores allocated to the software component is
different. The method further comprises determining a maximum number and/or a minimum
number of processor cores allocated the software component for which the performance indi-
cator of the software component satisfies a quality criterion during the respective calibration
phase. Additionally, the method comprises storing information on the maximum number
and/or the minimum number of processor cores together with the software component in the

repository.

In some examples, the performance indicator of the software component is based on the ratio
between the network traffic input to the software component and the network traffic output

by the software component.

According to a third aspect of the present disclosure, it is provided a computer program having
a program code for performing the above method for managing a vRAN or the above method
for calibrating a software component, when the computer program is executed on a computer

Or Proccssor.

Brief description of the Figures

Some embodiments of apparatuses and/or methods will be described in the following by way

of example only, and with reference to the accompanying figures, in which
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Fig. 1 illustrates a flowchart of an example of a method for managing a vRAN which serves

a radio cell;

Fig. 2 illustrates an example of a managed vRAN system;

Fig. 3 illustrates a flowchart of another example of a method for managing a vVRAN which

serves a radio cell;

Fig. 4 illustrates a flowchart of an example of a method for calibrating a software component

which represents a virtualized network function of a vVRAN;

Fig. 5 illustrates a flowchart of an example of a method for calibrating a virtualized commu-

nication protocol; and

Fig. 6 illustrates an example of a configuration of software containers representing virtualized

network functions of a vRAN.

Detailed Description

Various examples will now be described more fully with reference to the accompanying draw-
ings in which some examples are illustrated. In the figures, the thicknesses of lines, layers

and/or regions may be exaggerated for clarity.

Accordingly, while further examples are capable of various modifications and alternative
forms, some particular examples thercof are shown in the figures and will subsequently be
described in detail. However, this detailed description does not limit further examples to the
particular forms described. Further examples may cover all modifications, equivalents, and
alternatives falling within the scope of the disclosure. Like numbers refer to like or similar
elements throughout the description of the figures, which may be implemented identically or
in modified form when compared to one another while providing for the same or a similar

functionality.
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It will be understood that when an element is referred to as being “connected” or “coupled”
to another element, the elements may be directly connected or coupled or via one or more
intervening elements. In contrast, when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no intervening elements present. Other
words used to describe the relationship between elements should be interpreted in a like fash-

2% ¢

ion (e.g., “between” versus “directly between,” “adjacent” versus “directly adjacent”, to name

just a few examples).

The terminology used herein is for the purpose of describing particular examples and is not

(13 2% ¢
a

intended to be limiting for further examples. Whenever a singular form such as an” and
“the” is used and using only a single element is neither explicitly or implicitly defined as
being mandatory, further examples may also use plural elements to implement the same func-
tionality. Likewise, when a functionality is subsequently described as being implemented us-
ing multiple elements, further examples may implement the same functionality using a single

2% ¢

element or processing entity. It will be further understood that the terms “comprises,” “com-
prising,” “includes” and/or “including,” when used, specify the presence of the stated features,
integers, steps, operations, processes, acts, elements and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations, processes,

acts, elements, components and/or any group thereof.

Unless otherwise defined, all terms (including technical and scientific terms) are used herein
in their ordinary meaning of the art to which the examples belong, unless expressly defined

otherwise herein.

Fig. 1 illustrates a method for managing a vRAN which serves at least one radio cell. A VRAN
is a network architecture where baseband and higher-layers operations of one or more base
stations are executed on one or more centralized runtime platforms. A runtime platform is a
specific combination of computing hardware and software configured to host the vRAN. For
example, the runtime platform is a specific combination of computing hardware and an oper-
ating system (kernel) for hosting the functionalities of the vVRAN. The runtime platform may,
e.g., be a cloud computing system. The one or more centralized runtime platforms are con-
nected to one or more Remote Radio Heads (RRHs; also known as Radio Unit, RU) serving
the at least one radio cell via a fronthaul. An RRH is located remote from the one or more

centralized runtime platforms and may provide transmit, amplification, receiving, or antenna
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functionality. Therefore, the RRH may, e.g., comprise one or more antenna elements, circuitry
operating at Radio Frequency (RF), Analog-to-Digital converters (ADCs), Digital-to-Analog
Converters (DACs), or up- / down-conversion mixers. For example, the one or more central-
ized runtime platforms and the RRHs may be coupled via optical fiber using Common Public

Radio Interface (CPRI).

The method 100 comprises selecting 102 a construction scheme for the vVRAN in a repository.
The repository is a storage location from which digital data (e.g. the construction scheme or
software) may be retrieved, or to which digital data may be committed. The construction
scheme is a plan which contains the structure of the vVRAN as well as the VRAN’s individual
(software/functional) components and their interconnection. For different Radio Access
Technologies (RATSs), different structures of VRANSs as well as different components may be
required. Hence, the selection of the construction scheme is based on the (desired) RAT of
the radio cell. The RAT may, for example, correspond to one of the mobile communication
systems standardized by the 3rd Generation Partnership Project (3GPP), e.g., Global System
for Mobile Communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE Radio Access Network (GERAN), High Speed Packet Access (HSPA), Universal Ter-
restrial Radio Access Network (UTRAN) or Evolved UTRAN (E-UTRAN), Long Term Evo-
lution (LTE) or LTE-Advanced (LTE-A), or correspond to mobile communication networks
with different standards, e¢.g. Worldwide Interoperability for Microwave Access (WIMAX)
IEEE 802.16 or WLAN IEEE 802.11, generally any system based on Time Division Multiple
Access (TDMA), Frequency Division Multiple Access (FDMA), Orthogonal Frequency Di-
vision Multiple Access (OFDMA), Code Division Multiple Access (CDMA), etc. By select-
ing the construction scheme based on the (desired) RAT of the radio cell, a vVRAN may be set
up or managed which is designed specifically to the (desired) RAT of the radio cell.

Further, the method 100 comprises querying 104, from the repository, at least one software
component associated to the construction scheme. The repository may, e.g., comprise a plu-
rality of software components associated to the selected construction scheme or other con-
struction schemes. The software component represents a Virtualized Network Function
(VNF) of the vRAN. A conventional RAN comprises a plurality of network functions (e.g.
routing, load balancing, protocol processing) which are executed by dedicated hardware. The
VNF is a software implementation of a specific network function, so that at least part of the

network functionality may be virtualized by one or more VNFs. That is, the VNFs may be
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regarded as building blocks of a VRAN. The software component is a piece of code which
encapsulates functions and/or data related to the VNF. The software component may com-
municate with other software components or entities of the vVRAN, or any other network node
via an interface. The software component is associated to the construction scheme, i.c., the
software component is suitable to be used for the specific construction scheme. For example,

the software component may be listed or linked in the specific construction scheme.

The method 100 additionally comprises setting up 106, using the software component, the
virtualized network function on a runtime platform according to the construction scheme.
That is, the functionalities of the virtualized network function are made executable on the
runtime platform. For example, setting up the virtualized network function may comprise
compiling, installing, registering, configuring, calibrating or any other required operation to
establish the executability of the virtualized network function on the runtime platform. The
set-up is performed in accordance with the construction scheme. That is, one or more param-
eters of the virtualized network function may, e.g., be calibrated construction scheme specific
(e.g. based on constraints of the RAT of the radio cell), or connections to other VNFs are
established according to the construction scheme (e.g. exposed ports of the one VNF may be
propagated as variables to another VNF). Accordingly, a VRAN or at least part of a VRAN
may be set-up in an efficient manner on a runtime platform, which may be any GPP platform

(e.g. a cloud computing system).

The method 100 may, hence, allow to set up functionalitics of a VRAN using out-of-the-box
software components on any runtime platform. Accordingly, a vVRAN or a vRAN functional-
ity for a specific RAT of a radio cell may be set-up in a facilitated manner. The repository
may be made available to any service provider, thus enabling the service provider to easily
set up a VRAN or a vRAN functionality via the accessible construction schemes and their

associated software components.

In some examples, the construction scheme for the vVRAN may be further selected based on a
number of users to be served by the radio cell and/or a configuration of the runtime platform
and/or a constraint of the radio cell’s RAT. The number of users to be served by the radio cell
is an indicator for the size of the radio cell (e.g. macro cell, pico cell, or femto cell). Accord-
ingly, the number of users to be served by the radio cell may indicate an amount of network

traffic to be processed by the vVRAN or a specific VNF. Different construction schemes may
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be stored in the repository for different sizes of the radio cell. Hence, selecting the construc-
tion scheme for the vRAN based on the number of users to be served by the radio cell may
allow to select a most suitable construction scheme for the size of the radio cell (i.e. for the
amount of network traffic to be processed). Runtime platforms (e.g. cloud computing sys-
tems) may exhibit a variety of different combinations of hardware and software (or software
version/release). Each combination may exhibit specific performance or execution character-
istics. Different construction schemes may be stored in the repository for different configura-
tions of the runtime platform. Hence, selecting the construction scheme for the vRAN based
on the configuration of the runtime platform may allow to select a most suitable construction
scheme for the configuration of the actual runtime platform hosting the VNF (i.e. for the
combination of hardware and operating system hosting the VNF). A RAT may exhibit various
constraints on the processing of data. For example, a processing time budget for protocol
layers 1 to 3 is less than 3 ms (milliseconds) for LTE and less than 1 ms for 5G, or the LTE
Hybrid Automatic Repeat Request (HARQ) requires a round trip of 8 ms. Different construc-
tion schemes may be stored in the repository for different constraints of the radio cell’s RAT.
Hence, selecting the construction scheme for the vVRAN based on the constraint of the radio
cell’s RAT may allow to select a most suitable construction scheme for the constraint of the
radio cell’s RAT (i.e. a construction scheme which fulfills the constraint). That is, selecting
the construction scheme based on one or more of the above parameters may allow to select a
construction scheme for the VRAN which is better suited to the actual runtime platform and

the required (desired) characteristics of the radio cell.

Further, the repository may in some examples comprise a plurality of versions of the software
component representing the virtualized network function. Each version is calibrated for a spe-
cific runtime platform configuration and/or a specific (VRAN) fronthaul configuration. That
is, the repository may provide specifically calibrated versions of the software component for
different runtime platforms, different fronthauls, or combinations thereof. Accordingly, que-
rying 104 the at least one software component associated to the construction scheme from the
repository may be based on a configuration of the runtime platform and/or a constraint of the
radio cell’s RAT. As discussed above, different configurations of runtime platforms exhibit
specific performance characteristics. Hence, querying the software component based on the
configuration of the runtime platform may allow to select a most suitable software component
for the configuration of the actual runtime platform hosting the VNF (i.e. for the combination

of hardware and operating system hosting the VNF). Moreover, as discussed above, a RAT
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may exhibit various constraints on the processing of data. These constraints may also be in-
fluenced by one or more parameters of the vVRAN’s fronthaul. For example, the LTE HARQ
requires a round trip of 8 ms which is including the baseband processing time and the fron-
thaul transport latency. Accordingly, the available baseband processing time may be deter-
mined by the fronthaul transport latency. Hence, querying the software component based on
the constraint of the radio cell’s RAT may allow to select a most suitable software component
for the constraint of the radio cell’s RAT (i.e. a software component which fulfills the con-

straint).

In some examples, setting up 106 the VNF on the runtime platform may comprise allocating
a number of processor cores of the runtime platform to the software component which repre-
sents the VNF. The allocation is based on a total number of processor cores of the runtime
platform and/or information on a default allocation setting stored in the repository together
with the software component. The allocated number of processor cores corresponds to the
fraction of the runtime platform’s total processing resources which is allocated to the software
component (i.e. the VNF). By selecting the number of allocated processor cores based on the
total number of processor cores of the runtime platform, the number of allocated processor
cores may adapted to the available processing resources of the runtime platform. Accordingly,
the runtime platform’s total processing resources may be distributed more effectively to the
software component which represents the VNF, other software components representing
VNFs, or any other software. By storing a default allocation setting in the repository together
with the software component, a reference setting may be provided for the initial set up on the
runtime platform. The default allocation setting may, e.g., represent an optimized processor
core allocation obtained from a calibration process. Selecting the number of allocated proces-
sor cores based on the default allocation setting may allow to initially set up the VNF on the
runtime platform with a well-functioning configuration, which may, e.g., be updated during

the further operation of the vRAN.

Hence, the method 100 may in some examples further comprise monitoring a load of the
number of processor cores allocated to the software component. Therefore, one or more Key
Performance Indicators (KPIs) may be defined and monitored during the operation of the
vRAN. If a first load condition is satisfied, the method may further comprise changing the
number of the processor cores allocated to the software component. The first load condition

may, ¢.g., indicate that the allocated processor cores are merely able to cope with a slight
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increase in network traffic. For example, the first load condition may be that the load of the
allocated processor cores is more than 80 %, 85 %, 90 %, 95 %, or 98%. Accordingly, situa-
tions where the load of the allocated processor cores is (almost) 100%, or overload occurs
may be avoided. In other words, resources of the runtime platform which are allocated to the
software component (i.c. the VNF) may be scaled. Hence, the stability and the scalability of
the vRAN system may be improved.

Alternatively, the method 100 may further comprise setting up a clone of the software com-
ponent representing the VNF on the runtime platform if a second load condition is satisfied.
Allocating additional processor cores to a software component may sometimes result in
merely a slight increase of performance, or even adversely affect the performance. Hence, it
may be more efficient to set up (start) a clone of the software component representing the
VNF on the runtime platform. The second load condition is therefore different from the first
load condition. The second load condition may, ¢.g., indicate that the allocated processor
cores are merely able to cope with a slight increase network traffic and that increasing the
number of allocated processor cores does not significantly increase the performance of the
software component representing the VNF. For example, the second load condition may be
that the load of the allocated processor cores is more than 80 %, 85 %, 90 %, 95 %, or 98%
and that the number of currently allocated processor cores is a predefined maximum number
of processor cores to be allocated to the software component. The method 100 may addition-
ally comprise distributing network traffic in the vRAN to the software component represent-
ing the virtualized network function and the clone of the software component representing the
virtualized network function. That is, the network traffic to be processed by the VNF is di-
vided between the software component and its clone, which both represent the VNF. Accord-
ingly, both software components may be operated under optimal operation conditions. This
may allow to save processing resources of the runtime platform compared to increasing the

number of processor cores allocated to a single instance of the software component.

As indicated above, the VNF may, e.g., represent at least part of a communication protocol
used in the radio cell’s RAT. Accordingly, the protocol processing in the RAN may be partly
or fully virtualized. As a consequence, the protocol processing may be executed on a GPP

platform instead of dedicated hardware. This may allow to save costs for a network operator.
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In some examples, the software component may be a software container. A software container
18 an isolated user-space instance. A software container enables a light weight virtualization
of a (network) functionality. Similar to Virtual Machines (VMs), a software container pre-
serves the advantage of virtualization in terms of flexibility, resource provisioning, decou-
pling, management and scaling. Moreover, a runtime performance is inferior compared to
VMs. A fully encapsulated software container may enables services (e.g. VNFs) by creating

a distribution model (e.g. a construction scheme for a vRAN) for the service applications.

An example of a managed VRAN system 200 using software containers is illustrated in Fig.
2. The managed vRAN system 200 comprises a repository 210. The repository 210 comprises
a plurality of construction schemes for VRANs and a plurality of the software containers

associated to respective ones of the construction schemes.

As illustrated in the left part of Fig. 2, software containers representing functionalities of a
VRAN may be registered in the repository 210 (i.e. the software containers may be committed
to the repository 210). The terms “functionality of a VRAN” and “VNF” may be understood
within the present disclosure in a general sense — not only containing code for imitating a pure
RAN functionality, but also code for monitoring such a functionality or any other code for

testing the functionality.

For example, in Fig. 2, the software container 212 represents the Packet Data Convergence
Protocol (PDCP), which is located in the radio protocol stack in the UMTS and the LTE Air
Interface on top of the Radio Link Control (RLC) layer. The PDCP provides its services to
the Radio Resource Control (RRC) protocol and to user plane upper layers, ¢.g., the Internet
Protocol (IP) at a User Equipment (UE). Moreover, the PDCP provides inter alia header com-
pression to upper layers. The software container 212 represents the functionality of the PDCP,
i.e., it may be understood as the virtualization of the PDCP. The software container 212 in-
corporates in this example a layer 2 LTE protocol. The PDCP software module (code) is iso-
lated inside the container to prevent unintentional interferences. The container allows for re-
source allocation (e.g. number of cores) of the parent (host) operating system (i.e. resource
allocation of the runtime platform). In other words, the software container 212 represents a

VNF of the VRAN system 200.
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Further, the software container 213 represents monitoring and calibration functionality for the
software container 212, 1.e., the virtualized PDCP. In other words, the software container 213
comprises code which allows to monitor and calibrate the software container 212. The soft-
ware container 213 uses container monitoring facilities to observe the performance behavior
as a function of the resource consumption (e.g. throughput versus number of cores or CPU
load versus number of cores) of the PDCP container 212. Moreover, it may extract load vs.
resource consumption characteristics by varying the resource allocation under different traffic

situations.

The software container 211 represents a traffic generator for the software container 212. That
is, the software container 211 comprises code which allows to generate artificial network
traffic as an input for the software container 212. The software container 211 allows for typ-
ical PDCP (PDU) traffic generation which may emulate the traffic usually generated by the

application (layer) considering also system KPIs.

For testing or calibrating the software container 212, which represents the PDCP, the software
container 211 may generate network traffic as input for the software container 212. The soft-
ware container 213 monitors and calibrates the software container 212. That is, the sofiware
containers 211, 212 and 213 represent VNFs. In other words, Fig. 2 illustrates a system archi-
tecture comprising e.g. the PDCP container 212 which needs to be calibrated and the PDCP
specific traffic generator 211 and monitor & calibration container 213 performing the required
calibration. The monitor container 213 may further comprise the calibration results (calibra-
tion output) in terms of default values, value ranges, curves etc. As indicated, the involved
containers may be registered to the container repository 210 and, hence, be made available as

platform optimized runtime images to the community.

As indicated in Fig. 2, the software containers may be registered to the repository 210. The
individual software containers may be fetched and orchestrated by the cloud management

system 220 as discussed in the following.

The vRAN cloud management system 220 does the orchestration, set-up and configuration of
the whole VRAN system 200, which includes calibrated building blocks (in this example:
software containers or container bundles) of VNFs. For example, a Software-Defined Net-

working (SDN) controller 230, switches 240-1 and 240-2, or an Evolved Packet Core (EPC)
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250 may be virtualized using software containers. For example, these VNFs may be config-
ured with more core computing resource capacity in order to guarantee a desired performance
and resource usage due to fact that these functions are the key controlling entities of the sys-
tem. For example, more processor cores may be allocated to the respective software contain-
ers. According monitoring and calibration software containers 231 and 251 may further be

provided.

Moreover, the cloud management system 220 sets up and configures the PDCP, RLC, MAC
container bundles 260-1 and 260-2 together with their specific monitoring and calibration
containers 261-1 and 261-2. Accordingly, the VRAN system 200 may provide virtualized
LTE functionalities. Further, the virtualized LTE functionalities may be scaled on demand
with efficient resource usage — ¢.g., by changing the number of processor cores allocated to
the software container or by setting up a clone of a specific software container. The MAC
container may also be configured with more computing resource capacity due to the radio

resource scheduler which is a key component of a VRAN system.

The vRAN cloud management system may use the calibration result coming from the specific

monitor container to optimize the resource consumption.

The vRAN management system 200 pulls (queries) the PDCP/RLC/MAC container bundle
260-1, 260-2 from the vVRAN container repository 210 according to a construction for the
VRAN system 200. That is, the VRAN cloud management system 220 discovers all the re-
quired type of components (containers) comprised by the actual construction scheme for
building the complete vVRAN system 200 serving a radio cell. Hence, a specific VRAN system
200 can be composed with all required calibrated components by means of orchestration,
configuration and set up on the available runtime platform in order to provide a required ex-
ecution performance and to enable for efficient resource usage. That is, the proposed VRAN

construction scheme may essentially improve efficient vRAN cloud resource management.

Moreover, the monitor containers may optionally provide an interface towards the VRAN
cloud management system 220 for providing details about the runtime platform (e.g. infor-

mation on the hardware, software, or a version of an operating system) and calibration results.
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As indicated in Fig. 2, the software containers executed on the runtime platform are coupled
to two RRHs 270-1 and 270-2 by a respective fronthaul 280-1, 280-2 (e.g. optical fibers using
CPRI). Accordingly, the managed vRAN system 200 may serve two radio cells.

Hence, the proposed VRAN cloud management system 220 (for virtualized communication
protocols) may essentially improve efficient cloud resource management for orchestration,
set up and configuration. Sharing calibrated system components may significantly improve
VNF scalability, run time efficiency, management and deployment. The specific construction
schemes and runtime performance (e.g. for 5G) as required by baseband processing functions

are considered by the vRAN cloud management system 220.

Another example of a method 300 for managing a vRAN which serves a radio cell is illus-
trated in Fig. 3. In other words, Fig. 3 illustrates the (main) tasks of the vRAN cloud man-
agement system 220 of the VRAN system illustrated in Fig. 2. Initially, a network operator
provides his preferences by inputting the required vRAN type, e.g. LTE or 5G. Moreover, the
network operator may provide the number of UEs (i.e. the number of users) the radio cell
should serve as well as the processing time budget (e.g. less than 3 ms for LTE, and less than
1 ms for 5G). The RAT of the radio cell, the number of users to be served and the constraint

of the radio cell’s RAT determine the construction scheme for the vRAN.

Then, the repository is searched 320 for a required (suitable) construction scheme. If there is
no required construction scheme, it may be provided 301 by the operator using, e.g., a spe-
cialization of a generic vVRAN construction scheme template. As discussed above, the con-
struction scheme contains references to all required virtualized components like SDN, EPC,
switches, PDCP, RLC, MAC etc. If there is the required construction scheme, it is selected
330. For the selection of the required construction scheme further criteria may be used (e.g.

configuration of the runtime platform, or parameter of the VRAN’s fronthaul).

The vVRAN cloud management system will discover 340 all the required type of components
(e.g. containers) comprised by the actual construction scheme for building the complete
VvRAN system serving a radio cell. Additionally, specific runtime platform information 341
such as CPU type or a version of the operating system, and network parameter 342 of the

fronthaul may allow for selection of appropriately calibrated components.



10

15

20

25

30

WO 2018/029047 PCT/EP2017/069463

16

Then, the system queries 350 all the components (e.g. calibrated containers) from a local
vRAN repository. If the local repository does not provide the requested entities, the query is
automatically forwarded 351 to a global vRAN repository. The components (e.g. containers)
are calibrated to the actual runtime platform and fit to the requested system type (LTE, 5G
etc.).

Finally, the specific VRAN system can be composed 360 with all required calibrated compo-
nents by means of orchestration, configuration and set up on the available runtime platform.
Hence, a required execution performance may be provided while efficient resource usage of

the runtime platform is enabled.

In the following, the calibration of software components representing VNFs of a vRAN are
discussed. For this purpose, Fig. 4 illustrates a method 400 for calibrating a software compo-

nent which represents a VNF of a vRAN.

The method 400 comprises allocating 402 a first number of processor cores of a runtime plat-
form hosting the software component to the software component for a first calibration phase,
and allocating a second number of processor cores to the software component for a different
second calibration phase. That is, different fractions of the runtime platform’s total processing

resources are allocated to the software component for the two calibration phases.

Further, the method 400 comprises varying 404 a network traffic input to the software com-
ponent for the first calibration phase and for the second calibration phase. For example, the
network traffic provided as input to the software component may be increased or decreased
over time during the first and second calibration phases. In general, the network traffic input
to the software component may be varied arbitrarily during the first and second calibration

phases as long as the variations are the same for the first and the second calibration phase.

The method 400 further comprises monitoring 406 a performance indicator of the software
component for the first calibration phase and the second calibration phase. Accordingly, a
performance response of the software component to the varied network traffic input may be
monitored. The performance indicator may be a quantity that allows to judge a performance

of the software component during a respective calibration phase.
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Additionally, the method 400 further comprises selecting 408 the first number of processor
cores as default allocation setting for the software component if the performance indicator of
the software component for the first calibration phase is superior to the performance indicator

of the software component for the second calibration phase, and vice versa.

The method may allow to select a number of allocated processor cores as default allocation
setting for the software component which exhibits highest performance of the software com-
ponent on the runtime platform. Accordingly, the default allocation setting for the software

component may be used as a default setting on this or further runtime platforms.

In order to share the calibration results with other users, the method 400 may further comprise
storing information on the default allocation setting together with the software component in
a repository, wherein the repository comprises at least one construction scheme for the virtual
radio access network, and wherein the software component is associated to the construction
scheme. As discussed above, repositories with construction schemes for vRANs and associ-
ated software components may be used to set up and manage vVRANS in a facilitated and
resource saving way. By storing the default allocation setting together with the software com-
ponent, a default setting for the set-up of the VNF on further runtime platforms may be stored
in the repository. Accordingly, the VNF may be initially configured on further runtime plat-

forms with a setting allowing high performance right from the beginning.

Moreover, the method 400 may further comprise storing information on a configuration of
the runtime platform hosting the software component during the first calibration phase to-
gether with the software component in the repository. Runtime platforms (e.g. cloud compu-
ting systems) may exhibit a variety of different combinations of hardware and software (or
software version/release). Each combination may exhibit specific performance and execution
characteristics. Hence, storing information on the configuration of the runtime platform in the
repository may allow to provide information which allow to select a most suitable software
component for the set-up of the VNF on another runtime platform. For example, the stored
information on the configuration of the runtime platform during calibration may allow a com-

parison with the configuration (hardware and/or software) of the other runtime platform.
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The method 400 may further comprise storing information on the performance indicator of
the software component for the default allocation setting together with the software compo-
nent in the repository. The information on the performance indicator of the software compo-
nent may allow to predict or estimate a behavior of the software component for different load
conditions. Accordingly, these information may be used by another runtime platform, which

queries the software component, for configuring (managing) the software component.

Moreover, the method 400 may further comprise monitoring the performance indicator of the
software component for a plurality of further calibration phases, wherein for each calibration
phase the number of processor cores allocated to the software component is different. That is,
the performance indicator of the software component is monitored for a plurality of different
numbers of allocated cores. Accordingly, information on the performance for different num-
bers of allocated processor cores is gathered. The method may further comprise determining
a maximum number and/or a minimum number of processor cores allocated to the software
component for which the performance indicator of the software component satisfies a quality
criterion during the respective calibration phase. The quality criterion may be a criterion in-
dicating a desired performance of the software component during operation. By determining
the maximum number and/or the minimum number of allocated processor cores for which
performance indicator satisfies the quality criterion, a range of allocated processor cores may
be determined which guarantees sufficient performance of the software component. The max-
imum number and/or the minimum number of allocated processor cores for which perfor-
mance indicator satisfies the quality criterion may be used as a configuration range by a
runtime platform, which queries the software component. Thus, the method 400 may further
comprise storing information on the maximum number and/or the minimum number of pro-
cessor cores together with the software component in the repository. Accordingly, the infor-

mation may be made available for other users / runtime platforms.

The performance indicator of the software component may, e.g., be based on the ratio between
the network traffic input to the software component and the network traffic output by the
software component. That is, the performance indicator may be the throughput of the software
component. The throughput of the software component is an essential KPI since it directly

indicates overload of the software container. Hence, it may be a clear performance indicator.
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Another exemplary method 500 for calibrating a software component which represents a vir-
tualized network protocol in a VRAN is illustrated in Fig. 5. The purpose of method 500 is to
analyze and generate (extract) specific load — resource consumption dependencies and to gen-
erate a container runtime image which can be optimized with respect to resource usage effi-
ciency for a specific container runtime platform (hardware/operating system) while providing

its service for a required number of UEs.

A software container representing a protocol specific traffic generator is used to generate 510
network traffic as input for the software component representing the network protocol. Fur-
ther, an initial number of processor cores (e.g. 1 processor core) is allocated 520 to the soft-
ware container representing the virtualized network protocol and KPIs for the specific runtime
platform are selected. For a vVRAN, the number of UEs served by a BaseBand Unit (BBU:; i.e.
the virtualized baseband functionalities executed on the runtime platform) and a processing
time budget (e.g. for protocol layers 1 to 3 less than 3 ms for LTE and less than 1 ms for 5G)
are KPIs and should be achieved by the system performance. Moreover the BBU timing re-
quirements concerning fronthaul capacity (i.e. network capacity towards the RRH) and la-
tency are limited in order to achieve a maximum latency. For example the LTE HARQ re-
quires a round trip time of 8 ms, i.e., an upper limit for the sum of BBU processing time and
fronthaul transport latency. Next Generation Mobile Networks (NGMN; e.g. using LTE-A)
require a fronthaul maximum one-way latency of 250 us (microseconds). As discussed above,
performance calculation may use the ratio between incoming and outgoing traffic of, e.g., the
PDCP layer while complying with the required number of served UE’s and the processing
time budget.

During the calibration process a monitor container observes the protocol containers perfor-
mance under different load situations. In the method 500, the network traffic input to the
software container representing the network protocol is increased 530 until the software con-
tainer’s performance decreases. The KPIs for the initially allocated number of processor cores

are stored 540.

In the next cycle, the number of allocated processor cores is increased 550 and the same pro-
cedure is repeated with the increased number of allocated processor cores (e.g. 2 processor

cores). The results of this cycle are compared with those of the previous cycle (e.g. with 1
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processor core). The number of allocated processor cores is further increased and the respec-
tive KPIs are stored. Then, a KPI which is most efficient regarding the number of allocated
cores is selected 560. For example, if the performance increase is negligible compared to the
previous number of cores, a local optimum for the required number of users (UEs) to be served
by the radio cell may be found. The so obtained number of processor cores and, e.g., number
of users may be taken as reference by a VRAN management system in order to configure
containers according to processing resources or as a threshold to dynamically scale up (on

demand) before launching an additional VM or container.

This container image together with the resource parameters (i.e. the parameters of the runtime
platform) and parameter ranges including vRAN specific parameter ranges may be exported
570 and thus be made available to a cloud management system. As discussed above, they may
be accessed via a respective container repository containing the optimized protocol contain-
ers. The optional monitoring container can be used to dynamically adapt (scale) the resource

allocation to different load situations during runtime.

The monitor software container stores the KPIs and constructs dependency functions (i.c. a
mapping according to the construction scheme) between resource consumption (e.g. number
of cores), performance and traffic volume. For this purpose, the monitor software container
may, e.g., first scan the CPU multi core architecture and then perform the calibration method
to analyze and determine the minimum, maximum and default amount of resources (e.g. CPU
node and amount of processor cores) and store these values. It may then apply them to the
protocol container and/or export them as recommended parameters to the cloud management
system. That is, the calibration of software containers as discussed within the present disclo-
sure may be performed offline (i.e. the software component is not part of an active VRAN
processing real user data) or online (i.e. the software component is part of an active VRAN

processing real user data).

The default number of processor cores may be a relative optimum where the number of
threads (processes) is equal to the number of cores (i.e. the performance efficiency is optimal).
The performance of the protocol (software container) may scale better in accordance with
increasing traffic by using the default resource volume. The cloud management may use the
reported values to find a trade-off between resource consumption and performance. Further

the cloud management system may take into account the specific resource optimization for
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individual VMs or software containers in addition to the resource allocation and scalability of
the whole cluster. Moreover, to increase the traffic beyond a level where the load of the allo-
cated number of cores is almost 100 %, a second software container (i.e. a clone) may be

started instead of increasing the number of cores allocated to the first software container.

The monitor may detect an optimal number of cores for the protocol container by increment-
ing the number of cores during performance measurement in case that the number of paral-
leled threads meets the number of cores. Either the protocol container is only used for runtime
within a protocol stack context or in combination with the monitor container which enables

for dynamic adaption of resource consumption during runtime.

The result of the calibration method is an optimized virtualization of a protocol layer of a
specific protocol stack for a specific runtime platform (i.e. combination of hardware and soft-
ware release). This is important, as a change in hardware parameters or in the software may
completely change the behavior of a system. The same is true for a change in the operating

system or kernel of the host.

Furthermore, the protocol software container may also be tested (system test) with other pro-
tocol layers on top and/or beneath whereas the monitor container may still be used for local
monitoring and calibrating as illustrated in Fig. 6. In Fig. 6, the PDCP software container 620
and the RLC software container 630 are tested (calibrated) together using the PDCP traffic

generation software container 610 and the monitoring and calibration software container 640.

The calibration result according to the proposed concept or one or more examples described
herein is a set of, e.g., VMs or software containers (including optional monitoring). They may
be made accessible from a repository for certain hardware and software platforms and opti-
mized for efficient processing resource usage and runtime behavior while complying with the

system KPIs.

The proposed vRAN cloud management for, e.g., virtualized communication protocols may
improve efficient cloud resource management for orchestration, setup, and configuration (also
at run time). Sharing calibrated system components may significantly improve VNF scalabil-

ity, run time efficiency, management and deployment.
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The aspects and features mentioned and described together with one or more of the previously
detailed examples and figures, may as well be combined with one or more of the other exam-
ples in order to replace a like feature of the other example or in order to additionally introduce

the feature to the other example.

Examples may further be a computer program having a program code for performing one or
more of the above methods, when the computer program is executed on a computer or pro-
cessor. Steps, operations or processes of various above-described methods may be performed
by programmed computers or processors. Examples may also cover program storage devices
such as digital data storage media, which are machine, processor or computer readable and
encode machine-executable, processor-executable or computer-executable programs of in-
structions. The instructions perform or cause performing some or all of the acts of the above-
described methods. The program storage devices may comprise or be, for instance, digital
memories, magnetic storage media such as magnetic disks and magnetic tapes, hard drives,
or optically readable digital data storage media. Further examples may also cover computers,
processors or control units programmed to perform the acts of the above-described methods
or (field) programmable logic arrays ((F)PLAs) or (field) programmable gate arrays
((F)PGAs), programmed to perform the acts of the above-described methods.

The description and drawings merely illustrate the principles of the disclosure. It will thus be
appreciated that those skilled in the art will be able to devise various arrangements that, alt-
hough not explicitly described or shown herein, embody the principles of the disclosure and
are included within its spirit and scope. Furthermore, all examples recited herein are princi-
pally intended expressly to be only for pedagogical purposes to aid the reader in understanding
the principles of the disclosure and the concepts contributed by the inventor(s) to furthering
the art, and are to be construed as being without limitation to such specifically recited exam-
ples and conditions. Moreover, all statements herein reciting principles, aspects, and examples
of the disclosure, as well as specific examples thereof, are intended to encompass equivalents

thereof.

Functions of various elements shown in the figures, including any functional blocks labeled

as “means”, “means for providing a sensor signal”, “means for generating a transmit signal.”,

etc., may be implemented in the form of dedicated hardware, such as “a signal provider”, “a
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signal processing unit”, “a processor”, “a controller”, etc. as well as hardware capable of ex-
ecuting software in association with appropriate software. When provided by a processor, the
functions may be provided by a single dedicated processor, by a single shared processor, or
by a plurality of individual processors, some of which or all of which may be shared. How-
ever, the term “processor” or “controller” is by far not limited to hardware exclusively capable
of executing software, but may include digital signal processor (DSP) hardware, network pro-
cessor, application specific integrated circuit (ASIC), field programmable gate array (FPGA),
read only memory (ROM) for storing software, random access memory (RAM), and non-

volatile storage. Other hardware, conventional and/or custom, may also be included.

A block diagram may, for instance, illustrate a high-level circuit diagram implementing the
principles of the disclosure. Similarly, a flow chart, a flow diagram, a state transition diagram,
a pseudo code, and the like may represent various processes, operations or steps, which may,
for instance, be substantially represented in computer readable medium and so executed by a
computer or processor, whether or not such computer or processor is explicitly shown. Meth-
ods disclosed in the specification or in the claims may be implemented by a device having

means for performing each of the respective acts of these methods.

It is to be understood that the disclosure of multiple acts, processes, operations, steps or func-
tions disclosed in the specification or claims may not be construed as to be within the specific
order, unless explicitly or implicitly stated otherwise, for instance for technical reasons.
Therefore, the disclosure of multiple acts or functions will not limit these to a particular order
unless such acts or functions are not interchangeable for technical reasons. Furthermore, in
some examples a single act, function, process, operation or step may include or may be broken
into multiple sub—acts, -functions, -processes, -operations or —steps, respectively. Such sub

acts may be included and part of the disclosure of this single act unless explicitly excluded.

Furthermore, the following claims are hereby incorporated into the detailed description,
where each claim may stand on its own as a separate example. While each claim may stand
on its own as a separate example, it is to be noted that - although a dependent claim may refer
in the claims to a specific combination with one or more other claims - other examples may
also include a combination of the dependent claim with the subject matter of each other de-
pendent or independent claim. Such combinations are explicitly proposed herein unless it is

stated that a specific combination is not intended. Furthermore, it is intended to include also



WO 2018/029047 PCT/EP2017/069463
24

features of a claim to any other independent claim even if this claim is not directly made

dependent to the independent claim.
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Claims
What is claimed is:
1. A method (100) for managing a virtual radio access network which serves a radio cell,

comprising:

selecting (102), based on a radio access technology of the radio cell, a construction scheme

for the virtual radio access network in a repository;

querying (104), from the repository, at least one software component associated to the con-
struction scheme, wherein the software component represents a virtualized network function

of the virtual radio access network; and

setting up (106), using the software component, the virtualized network function on a runtime

platform according to the construction scheme.

2. The method of claim 1, wherein the construction scheme for the virtual radio access
network is further selected based on a number of users to be served by the radio cell and/or a
configuration of the runtime platform and/or a constraint of the radio cell’s radio access tech-

nology.

3. The method of claim 1 or claim 2, wherein the repository comprises a plurality of
versions of the software component representing the virtualized network function, each ver-
sion being calibrated for a specific runtime platform configuration and/or a specific fronthaul
configuration, and wherein querying (104) the at least one software component associated to
the construction scheme from the repository is based on a configuration of the runtime plat-

form and/or a constraint of the radio cell’s radio access technology.

4. The method of any of the preceding claims, wherein setting up (106) the virtualized
network function on the runtime platform comprises allocating a number of processor cores

of the runtime platform to the software component which represents the virtualized network
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function based on a total number of processor cores of the runtime platform and/or infor-
mation on a default allocation setting stored in the repository together with the software com-

ponent.
5. The method of claim 4, further comprising;:
monitoring a load of the number of processor cores allocated to the software component; and

changing the number of the processor cores allocated to the software component if a first load

condition is satisfied.
6. The method of claim 4 or claim 5, further comprising:

setting up a clone of the software component representing the virtualized network function on

the runtime platform if a second load condition is satisfied; and

distributing network traffic in the virtual radio access network to the software component
representing the virtualized network function and the clone of the software component repre-

senting the virtualized network function.

7. The method of any of the preceding claims, wherein the software component is a soft-

ware container.

8. The method of any of the claims, wherein the virtualized network function represents

at least part of a communication protocol used in the radio cell’s radio access technology.

9. A method (400) for calibrating a software component which represents a virtualized

network function of a virtual radio access network, comprising:

allocating (402) a first number of processor cores of a runtime platform hosting the software
component to the software component for a first calibration phase, and a second number of

processor cores for a second calibration phase;

varying (404) a network traffic input to the software component for the first calibration phase

and for the second calibration phase;

monitoring (406) a performance indicator of the software component for the first calibration

phase and the second calibration phase; and
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selecting (408) the first number of processor cores as default allocation setting for the software
component if the performance indicator of the software component for the first calibration
phase is superior to the performance indicator of the software component for the second cal-

ibration phase, and vice versa.

10.  The method of claim 9, wherein the method further comprises storing information on
the default allocation setting together with the software component in a repository, the repos-
itory comprising at least one construction scheme for the virtual radio access network, and

wherein the software component is associated to the construction scheme.

11.  The method of claim 10, wherein the method further comprises storing information on
a configuration of the runtime platform hosting the software component during the first cali-

bration phase together with the software component in the repository.

12.  The method of claim 10 or claim 11, wherein the method further comprises storing
information on the performance indicator of the software component for the default allocation

setting together with the software component in the repository.
13.  The method of any of claim 10 to 12, further comprising:

monitoring the performance indicator of the software component for a plurality of further
calibration phases, wherein for each calibration phase the number of processor cores allocated

to the software component is different;

determining a maximum number and/or a minimum number of processor cores allocated to
the software component for which the performance indicator of the software component sat-

isfies a quality criterion during the respective calibration phase; and

storing information on the maximum number and/or the minimum number of processor cores

together with the software component in the repository.

14.  The method of any of claims 9 to 13, wherein the performance indicator of the soft-
ware component is based on the ratio between the network traffic input to the software com-

ponent and the network traffic output by the software component.

15. A computer program having a program code for performing the method of any of
claims 1 to 8 or the method of any of claims 9 to 14, when the computer program is executed

ona cornputer Or Proccssor.
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