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LTE/MVNO NETWORKS STRUCTURE OPTIMIZATION BASED ON
TENSOR DECOMPOSITION

Iryna V. Strelkovskaya, Iryna N. Solovskaya
Odessa A.S. Popov National Academy of Telecommtioitg, Odessa, Ukraine

The usage of tensor methods on the decompositisis lis offered for the tasks solution of structemgtimization for
LTE/MVNO networks mobile communication. The chojp®blem of optimum topology of e-Node B base steticonnec-
tions in the radio access of E-UTRAN/LTE networkswsolved. The assessment problem of QoS qualitsacteistics of
complex LTE/MVNO network architecture was solved.

The research tasks complexity of th@E/MVNO
networks is that the solution requires considernig

The 3GPP concept connects the further technologiQy the structural features of existing networks€
cal development of mobile communication networkStruction but also the technological features dairth

with the LTE technology introductionLong Term Evo- construction. The certain sequence of tasks seolugo
lution) (Rel. 8-10), it will allow increasing considergbl C&rTied out at the network design stage: the rezden

radio-interface capacity, to improve network arebit choice of network architecture, the definition ofqti-
ture and to ensure the wide nomenclature provision VY and functional characteristics of hardware aofi-s
high-speed services. According to [1,2] the mograp Ware network facilities and network interconnection
priate for theL TE technology introduction, is the usagemeg?IOdS' The tasks solution ofkstryctgre Odp“m‘;“f
of the virtual mobile network MVNO (Mobile Virtual ~MOPIl€ communication networks Is based on the per-

Network Operator). The LTE/MVNO network architec- formqnce Of. the critlgzrionsof guell'rant?estlrpgramﬁie,m
ture is based on the usage sharing principles isfieg port in service qualityQoS (Quality o vice). Let's

PLMN (Public Land Mobile Network) infrastructures of d_efme a number of design tasks which demand the so
different operators through the creation of tkeagal tion at thg stage of tNere/MVNO networks_ implemen-
for several operators virtuMVNO network which will tation. First, theE-UTRAN network archltecturg ex
be "overlaid" on the existing infrastructure of ogters cludes th_e_ usage of base stations controllers asgum
and will be able to use the accessible frequenogea the possibility ofe-NodeB base stations connection for

LTE/MVNO network implementation feature is a neV\Lh.e purpose of thekl(?r:jingf closi_ng in “EQJTRA; ra-
network creation of-UTRAN (Evolved UMTS Terres- 010 8CCeSS network. Therefore, it is an esserisx s0-

trial Radio Access Network) radioaccess which will be Igtion_of ﬂpngpR;%p0|09y ci?okl:(g aﬁ\lodeB connech
shared by several operators (fig. 1) [1,2]. tions in thek- network taking into account the

traffic transmission directions and providing gudesd
parameters of quality of servi€goS. Secondly it is re-
quired to solve the task of quality characteristiss
sessment of complex architecture and large/MVNO
network dimension as a whole as well as its separat
objects, for exampleSGW/P-GW network gateway.
Such task is rather intricate and difficult, andding
solutions in an analytical form that will considesm-
plexity of topology and functional properties otwerk
objects and is extremely difficult.

Therefore the authors of their works [3-6] offered
Fig.L. LTE/MVNO network architecture the use of tensor methods for th€E/MVNO network
research of big dimension and difficult architeetur
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They allow carrying out an assessment of structunaétwork route and the durations of packages deday i
characteristics and functional properties of thasab the routes ofry" network are known.
ered network at the same time, to analyze the mktwo Let's consider architecture of thE-UTRAN/LTE
state of the certain period of time, taking inte@mt network fragment (fig. 2). It is presented in tloenfi of
topology and features of network equipment techmolothe directed grapl®(N,V) whereN={N;, j=1,m} the set
ical implementation, and also consider featureasefd of its tops are the baseNodeB stations,m=10, and
technologies and protocols. Besides, it is readen@b V={v;, i=1,n} is a set of the directed edges presented by
apply the tensor decomposition method [3-6] whith athe networks routes)=20, which connect network ob-
lows carrying out th& TE/MVNO network architecture jects and provide a package traffic transmission.
division into final amount of objects, when each of
them possesses system properties with the subgequ
independent research of these objects and traimgferr
the results for the system as a whole.

The purpose of this article is the tasks solution of
structure optimization df TE'MVNO mobile communi-
cation network on the tensor decomposition basis.

N, N; Ny Subnet 1

1. Thetask solution of the optimum topology
choice of e-NodeB connection in the
E-UTRAN/LTE radio access network on the ;|

tensor decomposition basis g

Subnet 2

Let’'s consider the task solution of the optimum to-
pology choice of eNodeB connection in the
E-UTRAN/LTE radio access network taking into ac- Let's randomly set the closed contourd=1,10 and
count the traffic transmission directions and logdi the directions of a package traffic transmissiontfe
locking in the radio access network providing tharg network directed graph. Let's divide architectufeie
anteed parameters QbS service quality [5]. Consider- E-FUTRAN/LTE network fragment into two subnets, then
ing that theE-UTRAN network is shared by severalPoundary contours will be contours rs, Is, I, I7, I's,
LTE/MVNO operators, it is possible to state that it ha@NdVgni, Vgmz, Vgms Will be boundary branches.
complex topology and construction architecture.réhe  According to [5-8], let's use Little’s formula abet
fore for the task solution we will use tensor deposi- invariant functional equation. For the systems adre
tion. For this purpose, according to [5], tBeJTRAN dinates (SC) of branches and contours it has fatigw
network decomposition is carried out by its divisia-  form:

Fig.2.E-UTRAN/LTE network fragment

to the separate subnets prpviding the use.of adaoyn H=T, L,, H=T L, , (1)
tensor research method will allow to receive resaoft _
quality characteristics for separate objects oheab- where H,, H, — are covariant tensors of package

net and to use them for the network as a wholewitte gueue lengths in the SC of branches and independent
investigate each subnet separately in cas-ofTRAN ~ contours of a network, thuk, T, — are contra variant
network decomposition on separate subnets takitog ifensors of packages transfer delays in the SCaufdbr
account the introduction for consideration the ‘hda- es and independent contours, thysL, — are capacity

ry” branches concepts which appeared on subnegs-cracovariant tensors in the SC of branches and inakgen

ing in case of network division into subnets andrimb networks contours.

ary contours which include boundary branches. Transformation formulae between the SC have a
To define the principles a&NodeB connections for form [5-7]:

the purpose of traffic closmg_ locking ErpTRAN/LTI_E H=B'HS T.=B!T, B,, L=L, B, @)

providing parameters of qualiQoS, we will find quali- _ _ _ _

ty characteristics values of all functional objectshe whereB, — is a basic matrix of transformation be-

network such as: duration of packages delays inl¢fie tween the SCH,” — is the initial length of package
inite contours of a networK;, capacities of routek, queue.

and contours of a network;,, the length of package To solve this problem, we write basic transformmatio
gueues in contours, and network routebl,. The val- matrix B, between coordinate systems (CS) for each
ues of the length of initial package queue for gdgh subnet according to (Fig.2).
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-1 0 000 -1 0 0 0 O each k-th subnet of type (3)T." — is twice a contra
-1 -100 0 -1 0 0 -10 variant tensor of packages delays in the SC of ortw
0 1 00 0] o o o 1 o|- (3) branches of thith subnet, given in the initial data.
B, = 0 1 100 B, = 0 1 0 1 0 According to the expression (2), basic transfor-
|00 o010p 0o -10 0 -1 mation matricesB, (3), and given values of durations
0 0 11 0 0 0 0 0 1 N .
0o 0 01 1 0 0 -1 0 -1 of package queue aof ; sub-networks, let we find the
0 0 00 -1 0 0 -1 0 0 value of tensor package queue in contadrsof each

For calculation of each subnet let's use a topoklgi k-th s,ub-_networks (5): .
matrix B, which defines a condition of each subnet -€U'S find a tensor value of package queue in con-
after decomposition, whese1,2,3- are states charac—tours‘|_|rk of eachk-th subnet:
terizing the relations between network objects,  k Hi= Bud Hu' 9
- is a subnet number. Eaclk states defines:

1 — relations between contours and boundary cosrtog whereHy — is a length tensor of package queue in

ek-th subnet contour$jy” — is a length tensor of ini-
ial package queue in routes of eaeth subnet.

Let’'s define a tensor of traffic capacitieg in con-
tours of eaclk-th subnet according to (1) [5]:

2 — relations between boundary contours and boynd
branches; 3 — relations between boundary brandhas
subnet and all boundary branches.

We write the topological matrix for each subnet:

— -1
1 0 0 100 I—rk—l.TrK] Hrk- (10)
000 010 100 Where[Tr]‘l - inverse matrix to the matrix package
B”=/0 1 0 B®=|0 o0 1| BP=|0 10|’ delay in the SC independent network contours.
00 0 00 0 001 Let's define a delays tensofn for boundary
branches ok-th subnet taking into account temporary
0 01 00O . .
delaysT,qm, Which introduce boundary branches [5]:
100 100 100 . ®
BZ(Z)= 01 0/ Bél): 01 0} B3(2): 010 (4) Tvgrnk—Bs Trk Bs +Tvgrn1 (11)
001 001 001 where B - is a topological matrix for eackth

o ’ _ o subnet which characterizes the relation betweenrn con
We will find the B matrix, defining the state of tours of a subnet and boundary branches of (5)(@hd

eachk -th subnet according to the obtained topologic&YPes Twm — is @ temporary delays tensor of boundary
matrices that determine the state of each subnet afranches for the-th subnetTg, = 0.

decomposition (4): Then the tensor of packages delays in the SC of
branchedl, can be defined with a formula [5] taking in-
B® =B B BY, (5) to account delays in boundary branches, is defjniad
- sum of package delay in all subnets:
B® =B® B B?, (6) p g y )
where the matriceB® and B® characterize the relation K Z—llTVi ’ (12)

between the contours and the boundary contouechfsib-

net, respectively, and all network boundary bresch where,i =1k, k—is a quantity of subnets.

According to (5) and (6) we obtain the mati, Let's find capacitiesL for boundary branches of
which has the form [5]: eachk-th subnet according to the expression (2), using
B0 as the transformation matrix the received topolalgic
B :( J (7) matrixes under the decomposition Rf® network of
B® (5) and (6) types, according to [5]:
According to expression (2) , we define the terfor Lu=B® L, . (13)
package delaf,, in the contours ok -th subnets [5]: Then the capacity tensay of initial network routes
T= Bu T Bu, (8) is defined by the sum of capacity routs of e&cih
. . . subnet [5]:
whereT,, — is twice a contra variant tensor of pack- K
ages delays in the SC of independent contoursac e L, = z L, (14)

k-th subnet,B, — is a basic transformation matrix of i=1
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where,i =1k, k —is a quantity of subnets. Ny N Moo subnet

Using the expression (1) and received tensor values
of package delays in SC @f initial network (12) and
capacity tensok, of initial network routes (14), we find
the value of package queue lengths of Heinitial M
networks.

Then, the length of package queue in contoursiof ink
tial networkH, is defined according to the expression

(2) by topological matrixB of (7) type, received under
the decomposition of the network [5]:

H, =BH,. (15)

Let's define a capacity gaiiL, in the network con-
tours by subnets integration in an initial netwbykthe

formula (1) [5]:
- -1 and architecture of TE'MVNO the use of a boundar
Alac=AlTod ™ At (16) tensor method is offered on the basis of decom’pnsity
whereAL — is a define a capacity gain in networkwhich allows receiving values of quality charactcis
contours AT, — is a define of temporary delays in netfor the E-UTRAN network as a whole and its subnets,
work contours,AH, — is a define length of packageusing the concept of boundary branches which are in
gueue in network contours due to subnet integration the intersection of divided subnets.

an initial networksk —is a quantity of subnets. 2. The assessment task solution of QoS charac-
Then it is possible to determine contours capatitie iqorigtics of LTE/MVNO network architecture
Liof the initial network [S}; and functional objects of the SSGW/P-GW net-
Ly =Ly + ALy . (17) work core on the basis of tensor decomposition

Let we consider the solution example of above given The assessment task solution@dS characteristics
problem. The values of the initial package quengtle of E-UTRAN network architectureCN-host operator
of each route (thousands of packages), connectitg metworks and objects of thRdE/MVNO network kernel
work objects for given subnets and package delag-duof SGW/P-GW gateways at the stage of designing sup-
tions in the routs of each subnet (sec), the piogithe poses théQoS characteristics definition aimed at hard-
package traffic transmission between network objectvare and software network facilities and the pptes
are given (tab.1). of LTE/MVNO network objects connection reasonable
Table 1. Initial data for calculations chose. Thus, it is necessary to consider that the

«~_ hs=1x10*
7o) =010t
1,570,029

= 0056 o

Subnet 2

Fig.3. The results of quality characteristicdEs/ TRAN/LTE
network
Thus, for the network research of complex topology

The results of quality

characteristics calculatmn

E-UTRAN/LTE subnet are shown in fig.3.

Package e- Package Package e- Package LTE/MVNO network is formed on the basis of core
lay in queue in lay in queue in networks of severdlTE/MVNO operators. Therefore it

branchesy, | branchesps | branchesy, | branchesy; is possible to state that it has a large dimenaioa a

Subnet 1 Subnet 2 complex topological structure of the constructiGu,

T, | 0,011] h*,; | 1000| T, | 0,011| h'ys | 1000 let's use tensor decomposition on the basis of dano

T, | 0,017] h'y, | 6000| T, | 0,014| h',ye | 3000| tensor method for the task solution [3,4]. In thase

T,s | 0,013 h'ys | 7500 T,4; | 0,015] h'vi; | 5000, the LTE/MVNO network is considered as a whole, as

Tw | 0,014] h'y, | 2000 1., | 0,014 h%,;; | 4000 geographically distributed structure where the core

Tys | 0,015| h'ys | 5000| 1,5 | 0,013] h'yy; | 6000 network of LTE/MVNO core is defined on the

Ty | 0,015 h'ys | 8000| 1,4, | 0,015] h',1s | 2000 S-GW/P-GW gateways and a subnet basis on the basis

1,7 | 0,012 h'y; | 6000| 1,45 | 0,012| h*',;s | 9000| of E-UTRAN radio access network and @MN-host op-

1.5 | 0,016 h'yg | 3000| T, | 0,017 | h',;¢ | 1000| erators networks. Then, according to [3,4], itasgible

to use tensor decomposition to define necessamacha
teristics of QoS service quality for each di-UTRAN
and CN-host operator subnets, the coBW/P-GW net-
work and also interaction routes.

Let's consider a fragment of theTE/MVNO net-
work architecture (fig. 3) and let's perform itsnsider-
ation in the form of geographically distributedustiure.
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‘ N N _ i
N, S P-GIY whereH, remo 1 H,, 1remwo — COVariant tensors

of package queue lengths in SC of branches and net-
work node pairs, respectively;L, im0 and

L, cremmo — twice contravariant tensors of traffic ca-

pacities the in SC of branches and network nodes pai
respectively; T, oo and T, jremmo  — COVAriant

tensors package transmission delay time in SC of
L branches and network node pairs, respectively

—— 7 " -GW/P-GW,

KA
Ny N N Formulas of transformation system of coordinate are
Fig.3.E-UTRAN/LTE network fragment define according to node tensor methods, suggésted
works [3-6]:
Let's sortLTE/MVNO network by the branches re- .
moval connecting the core network wikhgeograph- H, remno = B, iremvio tHy_uremnor

ically distributed subnets. Thus, we receive indeleait
subnets of th&-UTRAN radio access networkN-host

(19)

_ t
L;1_LTE/MVNO - Bn_LTE/MVNO D‘v_LTE/MVNO EBW_LTE/MVNO’

— pt
operator’'s subnets and a core networkS@&@W/P-GW T, uremvno = By irenamo My remvio
core. Let's enter the following definition and set + P
. A . whereH - the length of initial package
LTE/MVNO network objects aé-i/j-p, whereA - is a V_LTEMVNO ¢ P g

type of the network objece(NodeB, SGW/P-GW, CN-  dueuet - sign of matrix transposition.

host operator)j — is a serial number of the network ob- _According to [3,4] the considered fragment of the
ject,j — is a number of a subngt~ is a number of the LTE/MVNO network which includes the co@GW/P-

network object in this subnet. Similar enumeratioal- G network andE-UTRAN, CN-host operator subnets
so applied for interaction routes. and the set transmission directions let's form aida

Let's define the mairQoS quality characteristics of Matrix of network reserves:

the LTE/MVNO network, the E-UTRAN radioaccess By O - O 0
network, CN-host operators networks and objects of 0 B2: . 0 0
SGW/P-GW gateways core: values of the minimum, - R , (20)
time of packages delay for network objects™ """ 0 o .. ek 0

j 1 jLTE/ MVNO o 7N B
T”J_LTLET’Q”,VR,?VNO and connecting them routd§-[5¥e o , 0 0 -« 0 Bl g
the length of package quewe ..., and connec- . _ _ _
tions routesy where B 't ;s ~ IS @ basic reserves matik k-th

v_LTE/MVNO Vo . .

By analogy with tensor method, suggested bl;—UTRAN subnets B, — is a basic reserves matok
G.Kron and develop in the works [3-A.TE/MVNO  k-th CN-host operator subnetsj =1k, ji— is a number
networks structure is represented by one-dimenbions network objects-th subnetsj, + jo+...+ ji

X + jsewr-cw
network, consisted ofn nodes. Thereby the network

_ is. y _ . .
=n, ksn-1, Begwan ., — is a basic reserves matrix

branchesy. , i =1n modulate LTE/MVNO network . .

Y L R of a basic core of th&GW/P-GW network, k —is a
routes and-TE/MVNO network nodesN;, j =1,m — are quantity of subnets.
basic network stations. In the introduced - To determine the length of package queue

dimensional space we perform tensor descriptictmen H, iremwo in the E-UTRAN and CN-host operator

frames of node networks. As informative systemaf ¢ ,
ordinates (8) we introduce into consideration two sys-SlJIOnetS and the basgEGW/P-GW network let's use an

tems of coordinates. The first is the SC of braschad expression using the expression (19) [3,4]:

H . . Hbi Bk 0 0 0 Ht
the second is the SC of network node pairs. Udieg t we L o |y 1)
Little’s formula is invariant functional equatiod)( let | ™ || . P : P
we write it in vector matrix form in the branchesda |H"s, 0 0 - B, 0 HYky
node pairs SC for the consideletE/MVNO network: H, squmer 0 0 o 0 Bl H sowmow
Hv_LTE/MVNO = LV_LTE/MVNO [TV_LTE/MVNO’ where H i Hii - and HISCWPSW _ are ten-

n_E-UTRAN ' n_CN n_S-GW/PGW
(18) sors of package queues lengths in it E-UTRAN,
CN-host operator subnets and the baS&GW/P-GW

H n_LTE/MVNO — Ln_LTE/MVNO[Tn_LTE/MVNCv
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— are tensors GW network. For their calculation let's consider a-ne
work model where all subnets are presented asdhe n
operator subnets and the baSIGW/P-GW network, work nqdes connected to the COBGW/P-GW net-
o . . work, it is also presented as a node, and conmectice
thusi =1k, k<n-1, k=Iis a quantity of subnets. branches of a network model. Then according to4ig.
Let’s find delay time of packages transmissionhi@ t e pasic matrixg, i has the following form where

nodes ofE-UTRAN, CN-host operatorsubnets and the pasic matrixes of alE-UTRAN, CN-host operator sub-
core SGW/P-GW network according to using the eX-nets are its objects [3, 4]:

. +j +
network, H i . H oy andH sowmpew

of source package queue kith E-UTRAN, CN-host

pression (18), which gives that ..., [3.4]: "
Bq_Link 0 0 0
TLh L 0 0 0 = HLi 2],
7_E-UTRAN n_E-UTRAN 7_E-UTRAN _ 0 Bn_Link 0 0 (2 4)
Tiéf\l 0 Lf/;'éN 0 0 HV[ZL(i:ZN (22) Bq_Link - 0 0 0 y
= 1 K+1, jyan
T 0 0 - Lk 0 H 8 0 0 0 B
T Sitow 0 0 - 0 Lggonew] |HISmew i : : ;
- - - where Bl ~ is a basic reserves matrix &fth
where L' o s Loy and Lsgueer | — are  subnet, Bi'lk: - is a basic selections matrix of

tensors of traffic capacities in the network nodek-th | TE/MVNO network,i =1k, k — is a quantity of sub-
E-UTRAN, CN-host operator subnets and the core

SGWP-GW  subnet, T b, , T)Eume and

n_LTE/MVNO

nets.
Values of packages delays in the network nodes are
defined as the sum of packages transmission defays

. t

1 2 J
. =(r - - e T e . s } .
oo =6 sumn ) comn eoro) eachk-th subnet. Using valueg' ..,.o let's define

tensors of packages transmission delays in thesnofde _ _
E-UTRAN, CN-host operator subnets and the basicpackages delays in the subngfs
S GW/P-GW network, thus =1k, k — is a quantity of

Ti,j, —

. P,
subnets. To_unk = 2 T Lremo (25)
j=1
To calculate the tensor length of package queue _ J
H, eutran in the routes of the TE'MVNO network let's Wheret'n_Link - is a delay of packages transmission

th [ ing th ion (18) [3,4]: . . i .
use the expression using the expression (18) [3,4] in thei-th network, %/ | reawo — is @ delay of packag-

Hotuma | |Weome 0 0 0 T es transmission in thgth object, j=1 p of thei-th
Hvzj:QN 0 LiféN 0 0 Tvz,éfv P' J ! J _l p

: = - : E ,(23) networki =1k +1, k- is a quantity of subnets.
H K ji ik T K , . .

o 0 0 Lk 0 o Let's define delays of packages transmission
H\/Jj%\;v%ew 0 0 0 Lf%'&%ew va%%’\xlfiwew In the Llnks as [3 4] -

i i _ 3 ,

WhereH“HTRAN, H en and vagg@;;gew are ten . B;lejink 0 .. o T Ti »
sors of packages queue lengths in the routek-tbf i |_| O B - 0 2 e
E-UTRAN, CN-host operator subnets and the core e = |(26)

) ij ij . : .
S}GW/P GW network, thus L'c jrray » Loy and K 0 0 o BYHe| |24,
i B , L
Lsg¢direw — are tensors of traffic capacities in the

routes ofE-UTRAN, CN-host operator subnets and the Where T, ,n ~ is a delay of packages in tiih
k+1

core SGW/P-GW network, thUSTJfIiE—UTRAN , Tvi;jéN and subnett ", - is a delay of packages in the network

T, guren - are tensors of packages transfer delays Wiks LTE/MVNO, k — is a quantity of subnets.
the h £-UTRAN. CN-host ‘ bnet q Then the package queue length i in the
€ routes ok- » IN-NOSL Operatorsubneéts and | r&/\myNo network connections is defined as (18):

the basicSGW/P-GW network, thusi=1k, k — is a
quantity of subnets. Woim| (Wi O - O

1

—~

v _Link
Having defined the necessary values of the mini- R L 0 12, - 0 .
mum delay time of packages and the package queue R Al E : : s (27)
length in the cor&&GW/P-GW network and in eacB- - 0 0 |k+; r"*'l
UTRAN, CN-host operator subnet, it is necessary to de- — Link v Link J [ "v_Link

fine connections characteristics with the c86&W/P-
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wherel! . - is a traffic capacity in theink routes tures allowed investigating the simpler objectsub-s
- nets with the subsequent usage of results in tiialin

of thei-th subnet|;V}, - is a traffic capacity in the strycture. Thus, the finding process of qualityrekter-

Link routesLTE/MVNO network,h; . — is the pack- istics of the complex structure is considerably [gim
o fied and the number of computing operations is de-

age queue length in the route on tiek segment of the

i-th subnetpst — is the pack length in the'ca5ed: . . .

I-th Subn€th,, — 1S the package queue fength In the 3 " the task solution of an optimum topology choice

route on theLink segment of th& TE'MVNO network, of e-NodeB connections in th&-UTRAN/LTE network

i =1k, k- is a quantity of subnets. is proposed taking into account a choice of th&itra
Let we consider the above given method of probleffansmission directions and loading closing in o

solving on specific example. Thereby, let we coasidaccess network providing the guaranteed parameters

LTE/MVNO network, given on the fig.3, and initial dat Q0S service quality using the tensor decomposition on

for calculating are given in the tab. 2. the basis of a boundary tensor method. o
_ o 4. The assessment task@dS quality characteristics
Table 2. Values of traffic capacities in networktches of LTE/IMVNO network architecture is solved on the
Number of | 2 3 4 5 6 7 tensor decomposition basis. The necessary chagacter
branch . - ) )
Package a- tics of service quality are received for th€E/MVNO

pacit, | 200 800 0 | 500|300} 100} 400 |  network andE-UTRAN, CN-host operator subnets and a

S GW/P-GW core, they will allow to make a reasonable
Numberof | g | 9| 10| 12| 12| 13 14 y

branct choice of hardware and software network facilitiesl
Package a- the connection principles of network objects at diee
: 500 200[ 100| O | 600 O 900 L .
pacity signing stage and tHeTE/MVNO networks implemen-
The calculation results of quality characteristafs tations.
E-UTRAN/LTE network are shown on fig.4. References
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