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Abstract — Ensuring quality of service for end users of
communication networks depends on quality control at all stages
of end-to-end service delivery. Today, due to the dynamically
changing structure of the services provided to end users,
constantly changing requirements to the quality of service
indicators and growth of traffic volumes increases, there is a need
for highly scalable communication systems, which could meet the
needs of end users. This paper describes methods of improving
the quality of service of hybrid telecommunication networks,
which involve the systematic application of methods for
monitoring and managing the process of formation of flows for
maintenance and allocation of service resources.
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l. INTRODUCTION

Today the work of the telecommunication network is
closely related to the operation of computing systems. In the
Recommendation ITU-T M.3371 of October 2016, the term
"hybrid telecommunications service" which means the service
consists of components of telecommunications and cloud
services appears. The network of a mobile provider consists of
radio access network, a local area network and a provider core
network.

With the advent of cloud computing paradigm, the
possibilities in the organization of the service process in
telecommunication systems are expanding. In the ETSI GS
NFV 001 v.1.1.1 (10/2013), the main architectural solutions are
presented. Instead of complex hardware solutions, they propose
methods for network functions virtualization for different parts
of the network, which will allow flexibly adjusting of service
computing resources.

As a result, there is a need for new methods of monitoring
and managing the quality of service that would take into
account the specifics of the service process both in the
telecommunication system and in the computing service
environment of hybrid telecommunications services.

The main objective of this scientific research is to improve
the quality of servicing for hybrid telecommunication services,
through the systematic application of methods of monitoring
and managing flows formation process for maintenance and
resources allocation. For achieving this goal, the following
tasks are solved:

1. To investigate the achievements of the scientific
community in the field of monitoring and ensuring the quality
of service of telecommunication hybrid services, to reveal
patterns, trends and features.

2. To develop a model of servicing the hybrid service in a
heterogeneous telecommunication environment.

3. To develop methods for maintaining the quality of
service in the provider radio access networks.

4. To develop methods for managing the quality of service
in the provider local networks, including the boundary of the
local network.

5. To develop a model and methods for the operation of the
provider core in a heterogeneous cloud infrastructure.

6. To develop a model of service organization in provider
charging system.

To realize the main problems of communication provider,
the following factors and trends must be taken into account:

1. The growth of traffic volumes in an exponential
progression every year.

2. Multiservice flow requires differentiated services,
different requirements for quality indicators, different
requirements for the organization of the transfer process,
accounting and tariffing of traffic.

3. In order to guarantee the declared quality of service
indicators, the provider must constantly monitor the quality of
customer service and respond in time to a decline of quality
indicators.

That is, the provider monitoring system collects a large
amount of information about the quality of the transmission of
each service requested by the subscriber. In addition, the
provider telecommunications subsystems are monitored; the
workload and number of service failures are accounted and
much more.

Il. IMPLEMENTATION OF THE PROPOSED METHODS

Today there are many mechanisms for adaptive response to
a decline in the quality of service. The following groups of
mechanisms are:

1. Monitoring service

communication nodes.

of queue performance in

2. Monitoring of network load.

3. Queuing management for differentiated servicing of
multi-service flows.

4. Monitoring of subscriber data flows parameters.



5. Methods of feedback - mechanisms to prevent data
sources about possible overloads of the chosen direction of
communication.

6. Methods of engineering traffic for scheduling an equable
load of network resources.

According to ETSI GS NFV 001 v.1.1.1 (10/2013), all
computational functions accompanying the transfer process
will be performed in data centers with cloud infrastructure.
Virtualization of the base station will ensure the reduction of
power consumption, associated with dynamic allocation of
resources and traffic load balancing. In addition to virtual base
stations, radio access networks with cloud-based organization
of resources (Cloud-RAN) is required to create a base
frequency processing resource (BaseBand Unit — BBU) for
combining various resources into a centralized virtual
environment.

According to the specification, virtualization of network
functions is proposed for a router located on the border of the
provider local network. A router performs thread classification
functions, routing control and providing firewall protection.

The organization of virtual base stations and VeCPE
presupposes the existence of a data center close to the base
stations and to each output from the local network. That is, the
functioning of the provider network is a geographically
distributed network of data centers with communication
channels delivered primary information of mobile subscribers
to each of them. This network requires conversion at the lowest
level, which means the signal requires recognition and
decoding at higher levels of MAC, RLC, RRC, and PDCP.

The specification is also proposes virtualization of the
provider core.

Thus, it is obvious that most of the provider network
processes occurs in the data centers. Communication networks
are only a means of delivering information messages. In the
conditions of distribution of program-controlled routers, we
have the network structure shown in Fig. 1.
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Fig. 1 shows how the mobile subscriber communicates with
the R1 transponder, which converts the radio signal to optical,
and then the signal reaches the R2 transponder managed by the
SDN controller, which is also situated in the data center.
Getting into the data center, the signal is processed by the
virtual base station. Further, according to LTE technology, the
flow is sent to the operator's core for further processing.

[lincucrema BBU (06mox ¢opMyBaHHS MOZLTIOIOYHX
CHTHATIB)  OCHOBAaHa HAa  TEXHOJOTii  HpPOrpaMMHO-
KOH(QUTYpOBaHUX  MEpex/BipTyamizamii  (yHKIMOHYBaHHS
MeTepi, IIe CUCTeMa, sSKa MiATPMYe poOOTy He JIHIIEe poOOTy
BIpTyaJbHHX 0a30BHX CTaHIIH, aje MPAIIOE 1 TS TiOPHITHIX
piens 2G/3G/4G/Pre5G.

Servicing in the core determines the further direction of the
data channels. If the stream is directed to the provider internal
network, then, it is immediately sent for service to the
corresponding virtual base station in the data center, and is then
forwarded to the subscriber through the transponders R2 and
R1. If its purpose lies beyond the boundaries of the provider
local area network, then the stream is directed to the virtual
router of the local network boundary, which is located
immediately in the data center. In addition, after the servicing
flow is sent to external networks.

This kind of network will have next-generation networks.
However, if you look at the data center element, it becomes
clear that it combines a group of data centers connected
through a secure network into a single logical service space of
the virtualized network functions. Moreover, the provision of
high-quality service to end users, essentially depends on the
organization of processes in such a heterogeneous data center
based on the concept of cloud computing.

According to the recommendation of ITU-T Y.3500, cloud
computing is the paradigm of providing network access to a
scalable and flexible set of shared physical and virtual
resources. It also implies the provision and administration of
resources based on on-demand self-service.

Telecommunication structure of the described data center in
which the group of functional blocks shown in fig. 1 are
servicing is shown in fig. 2. It describes transport network and
connected data centers, forming a single virtualized space.
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Fig.1 Provider core network structure using software-
controlled routers

For a long time, the functioning of heterogeneous solutions
for networks will coexist with the non-virtualized networks of
the telecommunications operator that operate today.
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Fig. 2 The structure of the data center

ITU-T Recommendation Y.3511 provides a definition for
such a complex group system of data centers as multi-cloud
computing — a paradigm for interaction between two or more
providers of cloud services.



The ITU-T Recommendation Y.3520 presented the
conceptual architecture of the multi-cloud and multi-platform
cloud services management presented in fig. 3 [1]
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Fig. 3 Architectural vision for multi-cloud, multi-platform
cloud management

During the work of the provider data center of the virtual
BS system, the core subsystems and the virtual router are in a
single logical space.

In fig. 3 we can see that at the level of middleware the
Server XXX is present in every data center that participates in
the inter-cloud computing infrastructure. The corresponding
programs that activate the provider functional blocks are
performed at the application and component level.

To ensure the operation of a mobile network using
virtualization technology, it is necessary to provide a
distributed structure of data centers, organized in a single
virtual space. It must include deployed logical elements of the
mobile service network, process management and flow
allocation carried out by the orchestrator (fig. 4).
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Fig. 4 Organization of service in new generation networks

The work of the new mobile operator networks is currently
in active development of scientists around the world. The
efficiency of service of end users depends on the effective
organization of performance of calculations of function blocks
of functional blocks.

Y wMepexxax HaBemeHMX Ha Puc. 1  edeKTHUBHICTH
00CITyrOBYBaHHsS A0OHEHTIB 3aJIOKHUTh BiJ e(EKTHBHOCTI
oprasizanii po6oTu mata meHTpa. Y IaHOMY apXiTEKTYpHOMY
pilleHHi T Jarta [OEHTPOM  pPO3YMI€ThCS  CKJIajaHa
OpraHi3aliifHO-TEXHIYHA CYKYIHICTh OOYHMCIIOBAJHHUX Ta
TENEKOMYHiKaIli HHAX CHCTEMH SIKi 3a0€e3MeYyoTh
6e3mepe0iiiny poboty iHppactpykrypu NFV. EdexrtuBHicTh
poboTH 1aTa LEHTPY 3aIEKUTh:

- Bix BHOOpy (i3MYHMX JaTa IIEHTIB, SKi YBIHIYTH MO
CKJIaJly PO3IOJIJIEHOI CTPYKTYpU JaTa LEHTpIB;

- BiJ TOro, sk Oyae BUPINICHO MUTAHHSA 3 PO3MIIICHHSIM
MepekeBUX (yHKIIH y 1HQpacTpyKTypi pO3IOOUIEHHX AaTa
IICHTPIB;

- Bl opraHi3amii TOTOKIB MDK BIpTyali30BaHUMU
CYTHOCTSIMU;

- BII  BHIUIGHHS  pecypciB  Iusi  0OCIyroBYBaHHS
BIpTyaJli30BaHMX CyTHOCTEH.

Y  momanmpmmx — poborax  OyayTh  JOCIHIIKYBaThCS

0CO0NMHMBOCTI S)EKTUBHOI POOOTH MOOUTBHHUX MEpeX S5-To
MMOKOJIIHHS, Ta CIOCOOM 3a0e3leuyeHHs] ITOKAa3MHHMKIB SIKOCTI
00CITyroByBaHHS KiHIIEBUX KOPHUCTYBAYiB.

CONCLUSION

OyHKIIOHyBaHHS Cy4acHOTO iH}opMariiHo-
TENEKOMYHIKAILlIHHOTO Cepe/IOBUINA MOJKHA OXapaKTepH3yBaTH
K pOOOTY CKJIaJHOI CHUCTEMH, IO OOCIYroBYE Ppi3HI THITH
CEpBICIB, 5IKI HA/IAIOThCS HE JIMIIE KIHIEBUM aOOHEHTaM, aje i
IPOrpaMHOKEPOBAaHUM aBTOMATH30BaHUM CHCTEMaM,
3a0e3MeuyeThCsl PI3HOPIMHUM O0JIaIHAHHIM, PO0OOTa SIKOrO
CYTTEBO 3aJI©KHUTh BIJl MPOTPaMHOrO 3a0E3MEUeHHS CHCTEM
KepyBaHHs IporecoM o0ciyroByBaHHsA. CHCTEMH KepyBaHHS
MpOLIECOM 00CITYyrOBYBaHHsI CEpPBICIB HAOYBaIOTh BCE OLIBIIOrO
po3BuTKy. Hapasi nnsi 3abe3meueHHs] MpoLecy KepyBaHHS
pPO3pOOJISAIOThCS  CTAaHAAPTH, MOAENI Ta MIXOOH 13
3aCTOCYBaHHSM TEXHOJIOTII XMapHHX obOuucieHb[2, 3, 4, 5].
I[pu  tpaHchopmaiii  TeneKOMyHIKAmiWHUX  CHCTEM Yy
iH(pOpMaIi HHO-TeJIEKOMYHIKAIIIHI 3 BUKOPUCTAHHIM XMapHUX
CEepBICIB BUHUKA€E HEOOX1THICTh Y HOBHX MOEIUIAX Ta METO/aX
oprasizarii e()eKTHBHOI pobotu iH(pOpMaIHO-
TENEKOMYHIKAIIHHOTO CEePEeOBHIIA BIMOBITHO O BUMOT Ta
ocobnmuBocTeld  mporecy obciayroByBaHHs — TC-riOpumHux
CepBICIB.
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