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BANDWIDTH MANAGEMENT MODEL IN LTE DOWNLINK
WITH RESOURCE ALLOCATION TYPE 1

The results of development of mathematical model for time-frequency resource allocation in the downlink of
the LTE technology using the Resource Allocation Type 1 were given. The proposed model is aimed to provision of
the guaranteed quality of service for wireless network users by allocating the required downlink bandwidth to user
equipment. The analysis of the proposed model for time-frequency resource allocation in the LTE technology from

the viewpoint of providing the required bandwidth for user equipment in the downlink was conducted.
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Introduction

One of the most effective ways to improve per-
formance and basic parameters of Quality of Service
(QoS) in LTE technology (Long-Term Evolution) is to
implement principles of optimal network resource allo-
cation. Use of solutions for network resource allocation
allows effectively react on changes of state and condi-
tions of wireless network functioning that can be dic-
tated, for instance, by outage or overload of its ele-
ments, oscillations of traffic coming into network, dy-
namics of signal-to-noise ratio changes, etc.

Functions of resource allocation in LTE technol-
ogy can be entrusted to the system of Radio Resource
Management (RRM), namely to the scheduler responsi-
ble for scheduling resources for user equipment (UE).
Similar to HSDPA or WiMAX in the LTE technology
mechanisms of resource scheduling in the downlink are
not determined by a standard leaving the priority of
option to manufacturers of base station equipment
(evolved NodeB, eNodeB) [1].

Such resources primarily include symbols (time
resource) and frequency subcarriers (frequency re-
source). The smallest structural unit or a radio resource
which can be allocated to any user equipment is a re-
source block (RB) [2]. Note that the RRM decision on
network resources allocation is first of all based on QoS
requirements. Therefore, the task of frequency and time
resource allocation in LTE technology should be formu-
lated as a task of RB allocation between network UEs
according to the required bandwidth and QoS parame-
ters.

Since in the LTE technology a downlink uses sev-
eral UEs together, there exists a need to select a method
or mechanism for frequency and time resources sched-
uling in order to provide access to transmission medium

for all user equipment. The scheduling mechanism, in
its turn, is used by the scheduler for allocating band-
width between UEs. The main idea of frequency and
time resources allocation in LTE technology is to pro-
vide benefits for data transmission of the UE, which has
the best radioparameters.

In solving the problem of bandwidth allocation we
must take into account the fact that LTE technology
offers three resource allocation types (RATs). In [3, 4]
models of resource blocks allocation in the LTE
downlink, which uses zero recourse allocation type
(RAT 0) were proposed. When using the RAT 0 each
user equipment receives one or more allocated recourse
block groups (RBGs) formed in accordance with the
technological features of LTE. The number of RBs,
belonging to one RBG ( P ), depends on the width of the
frequency channel and it is defined according to the
Table 1 [5]. The main drawback of RAT 0 is that a num-
ber of RBs divisible by P parameter can be allocated
for any user equipment in a downlink.

To make bandwidth control in the LTE downlink
more flexible we propose to use the first resource allo-
cation type (RAT 1). When using RAT 1 all the set of
resource blocks is divided into several nonoverlapping
subsets, the number of which is determined by P pa-
rameter (Fig. 1).
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Fig. 1. Example of resource blocks allocation between subsets

As shown in Fig. 1, the number of resource blocks
in the subsets may vary. To determine the power of the
resource blocks in the subsets of the LTE technology the
following expression proposed to use [5]:
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where NRBUsSUSet () s power of the p -th subset; p is

a current number of resource blocks subset for which
calculation of its power is made (p = 0,P —1); N%Ig is
the number of RBs formed during the transmission of
one time slot. In the LTE technology the number RBs
depends on the width of the frequency channel and may
be equal to: 6, 15, 25, 50, 75, 100.

As a result of the conducted analysis there was
taken the decision on the need to develop a mathemati-
cal model for bandwidth management in the LTE
downlink that uses the Resource Allocation Type 1 and
it is formulated as a task of resource blocks allocation to
provide the required bandwidth for each user equip-
ment.

Model For Downlink
Bandwidth Management
The proposed model assumes that the following
initial data are known:
1) N is the number of UEs;
2) Ky is the number of subcarriers for data trans-
mission in a single RB. This parameter depends on the
frequency diversion between subcarriers Af and it must

satisfy the term K Af =180 KHz. Ky can be equal to
12 and 24, that already correspond to the frequency
diversion between subcarriers Af as 15 KHz and 7.5
KHz;

3) Ng,]?nb is the number of symbols that form a sin-

gle resource block. Parameter Ng,]?nb =7 in case of using

normal cyclic prefix (CP). Duration of the normal CP of
the first OFDM symbol is Tép =5.2 ps, from first to

sixth OFDM symbol it is Téf; 6=47 us. When using the
extended CP (Tcp=16.7 ps) RB consists of six OFDM

symbols (Ng,?nb =6);
4) Trp=0.5 ms is time of one RB transmission;

5) Tgp =1 ms is time of one subframe transmission;

6) Ngl? =2 is the number of RBs that are formed on

the identical subcarriers and are allocated to UE during
the transmission of one subframe;

7) RY is the rate of a code used in coding a signal
of the n-th UE;
8) ki is bit symbol load of the n -th UE;

9) type of channel division — FDD or TDD, and
frame configuration used;

10) R?eq is the required data transmission rate for n-

th UE;

11) K is the number of subframes used to transmit
information in the downlink. When using FDD the
number of downlink subframes is equal to the total
number of subframes per frame (K =10). When using
TDD the number of downlink subframes must be in
accordance with the frame configuration used (Table 2);

12) P is the number of RBs belonging to a single
RBG (Table 1);

13) M = max(NRBOUPse) ¢ the largest number of

resource blocks belonging to any subset.

To account for the number of subframes allocated
for information transmission in the downlink [2, 6], the
mathematical model uses the concept of downlink con-
figurations matrix introduced in [3, 4]. The matrix is a
rectangular with the number of lines corresponding to
the number of configurations of the frame (L), and the
number of columns corresponding to the number of
subframes (K ) in the frame, i.e.
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Table 2
Configuration frame LTE in mode FDD and TDD
Mode channel Configuration Subframe Number

separation frame 0 1 2 3 4 5 6 7 8 9
TDD 0 D S U U U D S U U U
1 D S U U D D S U U D

2 D S U D D D S 18] D D

3 D S U U U D D D D D

4 D S U U D D D D D D

5 D S U D D D D D D D

6 D S U U U D S U U D

FDD 7 D D D D D D D D D D

H=||h1’k||,(l=O,L—l;k=O,K—l), )

where
1, ifthe k — th subframe under the 1 - th
by = configuration is used for information
’ transmission in the downlink;
0, in the opposite case.

As a result downlink configurations matrix will
take the form

10 00 01 0O0 O O
10 00 1100 0 1
10 01 1100 1 1
10 0 0 0111 1 1
H = SN )
10 0 0 1111 1 1
10 01 1111 1 1
10 00 010O0 0 1
1111 1111 1 1
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RB allocated to the first UE RB allocated to the second UE

a —the term (5) is not fulfilled

When solving the task of downlink bandwidth
management within the proposed model it is needed to
provide the calculation of Boolean control variable

(xp"P), that determines the order of resource block

allocation:
1, if the m — th resource block on
the p — th subset is allocated t
x™P _ ep subset is allocated to @)

the n — th UE,

0, in the opposite case,

where m=0M-1; p=0,P-1; n =l,_N.
When calculating the desired variables x;"P sev-

eral important terms-limitations should be fulfilled:
1) The term of allocating each resource block to
only one user equipment:

N
dxpP <1, (m=0M-1;p=0P-1). (5

n=1
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S
RB allocated to the second UE

Fig. 2. Example of checking the term (5)

2) The term of allocating a number of resource
blocks to n -th user equipment that provide the required
bandwidth in the downlink using modulation and coding

scheme (MCS):
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The missing number of RBs for provision
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RBs allocated to the user equipment and satisfying the
requirements of bandwidth

b — the term (6) is fulfilled

Fig. 3. Example of checking the term (6)
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3) The term of allocating n-th user equipment a
number of resource blocks of only one subset, which is
introduced to satisfy the specifics of designing the LTE
downlink that uses RAT 1:

re [o|1]2]3]als]s]7] 20|21 2]23] 2
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subseto | 0 P4 2] 3 *** lofn 12
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~ s
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P-1 P-1 M-1 M-1
> 2 {Zx?’prL‘”S}o, 7

p=0s=0,s#p | m=0 m=0
atn=LN.
re |[o]a1]2]3]a]s]s]7 NEIEIEIE
RBG 0 1 2 3 10 Ol
LN )
subseto | @ X 2% 10|11 12
Subset1 ‘“\Q\ 1 '{ 2|3 10f11

< \
7 \

RBs allocated to one user equipment
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Fig. 4. Example of checking the term (7)

4) The term of allocating n-th user equipment a
number of resource blocks that satisfy sizes of subsets

determined using the expression (1)(at p = 0,P —1):

N M-1
mp _ RBGsubset M. (8
X, =0, Ngg (p) <M. (8)

n=1 m:NEEGsubset )
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Fig. 5. Example of checking the term (8)
Use of the term (8) is directed to allocate a number N M-1P-1 RB /RB n;n
®) ; m,p NsymbNSF KsR¢ ka
of resource blocks, corresponding to the power of the p- max Z Z Z Xn 10T . )
th subset and determined with the expression (1), to n=1m=0p=0 SF

UEs. Introduction of this term into the mathematical
model is caused by the fact that during the calculation of
control variables (4) for accounting the number of re-
source blocks we use a variable m, that takes values

from 0 to M -1 (m = 0,M —1). Thus fulfillment of

the term (8) guarantees that resource blocks which do
not belong to the p-th subset

(m= NEEGS“bset(p),M —1), will not be allocated to
UEs in conditions when the power of this subset is less

than maximum value ( NRBOSUPSEt (5y < M),

The calculation of desired variables (4) according
to the terms-limitations (5)-(8) is reasonable to make
while solving the optimization task using optimality
criterion directed at maximization of the overall
downlink performance:

The task formulated from the mathematical point
of view is the task of integer linear programming (ILP).
In the model the desired variables x;°P (4) are Boo-

lean, and restrictions for the desired variables (5)-(8) are
linear.

Analysis of Solutions for Resource
Blocks Allocation Task

In order to analyze solutions on resource blocks al-
location task in the downlink using the proposed model
(4)-(9) let us consider an example where the initial data
are the following:

1) the number of UEs is N =3;
2) the number of RBs formed during the transmis-

sion of one time slot is N%Ig =15;
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3) the number of subcarriers for data transmission
in a single RB is K =12;

4) the number of symbols forming one RB is
Ng,?nb =7,

5) time for transmission of one RB is Tr =0,5 ms;

6) time for transmission of one subframeis Tqg =1 ms;

7) the number of RB formed on the identical sub-
carriers and allocated to UE during the period of one

subframe transmission is Ngl? =2;

8) the rate of a code used in coding a signal of dif-
ferent UEs is RL =0,5; Rg =1; Rg =0,5;

9) bit symbol load used by UEs is k{) =6; k% =4;

3_4.

ki, =4;

10) type of channel division is FDD;

11) the number of subframes used for information
transmission in the downlink is K =10;

12) the number of RBs belonging to a single RBG

(the number of formulated subsets) is P =2;
13) the required data transmission rate for the first

UE is Rleq =0,5 Mbps, for the second UE is R2 =0,5

req

Mbps, and for the third one it has been changing within
the range Rfeq =0,1+2,6 Mbps.

As an example, the solution of the optimization
task formed in the work was received using MatLab
R2014a.

The bintprog function of the Optimization Tool-
box package was activated. Fig. 6 shows the depend-
ence of allocation of bandwidth and resource blocks
(Fig. 7) in the downlink between different user
equipment under changing the desired value of one of
them (the third UE).

As simulation results showed at the measurement

interval Rfeq =0,1+2 Mbps the second UE had the

highest value of bandwidth, which was 5,376 Mbps
(Fig. 6).

This is explained by the fact that the second UE
had the highest MCS value due to which all eight re-
source blocks of zero subset were allocated to it (Fig. 7).
Allocation of seven resource blocks of the first subset at

the interval Rfeq =0,1+2 Mbps was made between the

first and the third UEs (Fig. 7).

The bandwidth of the third UE was growing in ac-
cordance with increase of the required value from 0,336
to 2,016 Mbps.

On the contrary the bandwidth of the second UE
decreased from 3,024 to 0,504 Mbps due to the limita-
tion of time-frequency resource (resource blocks), most
of which were allocated to the third UE with the in-

crease of Rfeq .
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0.5 1
Requirements to the bandwidth of UE N23, (Mbps)

Fig. 6. Dependence of bandwidths allocated
to UEs from change of the required
bandwidth of the third UE

The number of RBs allocated to user equipment

Requirements to the bandwidth of UE N2 3, (Mbps)

Fig. 7. Dependence of the number of resource blocks
allocated to UEs from change of the required
bandwidth of the third UE

At the measurement interval Rfeq =2,1+2,3 Mbps

resource blocks of zero subset were allocated between
the first and second user equipment. The bandwidth of
the first UE was 0,504 Mbps, as only one RB was allo-
cated to it, and the second UE was 4,704 Mbps (seven
RB). All the seven resource blocks of the first subset
were allocated to the third UE and its resulting band-
width was 2,352 Mbps.

In case when Rfeq took the value of 2,4+2,6

Mbps all the eight resource blocks of zero subset were
allocated to the third UE and its bandwidth was 2,688
Mbps. Resource blocks of the first subset were allocated
between the first and second UEs: one RB (0,504 Mbps)
was allocated to the first UE and six RBs (4,032 Mbps)
were allocated to the second UE. Under

Rfeq >2,6 Mbps the formulated task did not have a
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solution because it was impossible to provide all UEs
with the required values of bandwidth.

Conclusion

It is confirmed that one of the main tasks in wire-
less network that functions using the LTE technology is
the task of required QoS provision which includes the
need to allocate the required downlink bandwidth to
user equipment. Providing the required bandwidth can
be achieved by solving the problem of allocation of
time-frequency resource represented by resource blocks
in the downlink. As the analysis has shown the known
solutions for bandwidth allocation in the downlink of
the LTE technology are focused on the use of zero re-
source allocation type, which has low flexibility due to
combining resource blocks in the groups. As a result, in
this paper we propose the mathematical model for LTE
downlink bandwidth allocation, the novelty of which
lies in using the first resource allocation type (Recourse
Allocation Type 1).

Using the proposed model allows us to account the
technological features of the LTE downlink (splitting
the resource blocks into subsets, allocation of RB of
only one subset to user equipment), as well as territorial
remoteness of user equipment (type of modulation sys-
tem and coding).

During the analysis it was found that use of the
proposed model is aimed at providing each user equip-
ment with quality of service according to the bandwidth
in the downlink with the possibility of access to addi-
tional (unguaranteed) bandwidth.
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PenensenT: 1-p TexH. Hayk, npod. O.1O. EsceeBa, Xapbkos-
CKHM HaIlMOHAJIBHBIH YHHUBEPCHUTET PaIOdIEKTPOHUKH, Xaphb-
KOB.

MOLENb YNPABMEHUSA NPOMYCKHOM CMTIOCOBHOCTbLIO HUCXOAALLENO KAHATA CBA3U LTE
MO CXEME BbIAEJIEHUA PECYPCA NEPBOIO TUMNA

M.X.X. Anp-Hdynaitmu, A.M.X. Anp-/ynaiimu, A.C. Epemenko, X.JI. Anb-/>xanadu

IIpusedennvl pesynvmamol pazpabomky MameMamuieckol Mooenu pacnpeoenenus YacmomHo-6PeMeHHO20 Pecypca HUCXo-
oawezo kanana cesasu mexuonoeuu LTE, ucnonvzyiowezo nepeulil 6u0 pacnpedenenus pecypcos. Ilpeonosicennas moodens Hanpas-
Jena Ha obecneuenue 2apanmupoOSaHHOL0 KAYeCmea OOCIYICUBAHUS NOTb30sameneli 6ecnpogoOHOU cemu nymem 6bloeneHUs
NONb306AMENbCKUM CIMAHYUAM MPebyemMoll NponyCcKHOU CHOCOOHOCMU 8 HUCXoO0sujem Kaunane cessu. IIposeden ananus npeono-
JHCEHHOU MOOenu pacnpedenenus 4acmomHuo-epemennozo pecypca mexnonoeuu LTE ¢ mouku spenus obecheuenus mpedyembix
NPONYCKHBIX CNOCOOHOCMEN PA3TUYHBIX NONTb306AMENbCKUX CIMAHYUL 8 HUCXOOAUjeM KaHane Ces3i.

Kniouesvie cnosa: LTE, yacmomuo-epemennoii pecypc, pecypchviil 610K, OI0K NIAHUPOBAHUS, MAMEMAMUYECKAsi MOOeNb,
NPONYCKHAsL CHOCOOHOCMb, NEPBblLL BUO PACHPEOeTeHUs PECYPCO8.

MOZEJb YMNMPABJIHHA MPOMYCKHOIO 3OATHICTIO HU3XIAHOIO KAHAIY 3B'A3KY LTE
3A CXEMOIO BUATEHHA PECYPCY MNMEPLLOIO TUNY

M.X.X. Anp-ynaiimi, A.M.X. Anp-Jynaiimi, A.C. €pemenko, X.J1. Anb-/Ixanabi

Hagedeno pesynvmamu po3pobxu mamemamuiHoi Mooeni posnooiny 4acmomHo-4aco8020 pecypcy HU3Xiono20 Kanay 36's-
3Ky mexnonoeii LTE, wjo guxopucmogye nepuwiuil 6u0 po3noodiny pecypcis. 3anpononogana Mooenb CnpamMo8and na 3a6e3nedens
2apanmosanoi AKocmi 00Cy208y8anHs KOPUCIYBAYi8 6e30pOmOoBoi Mepexci WISXOM GUOLTEHHS KOPUCTTYBANbHUYBKOIO CIAHYIAM
HeoOXIOHOI NponyCcKHOI CRPOMOJICHOCII 8 HU3XIOHOMY Kanani 36'3ky. Ilposedeno ananiz 3anpononoganoi mooeni po3nooimy
uyacmommo-4acoeoeo pecypcy mexnonoeii LTE 3 mouku 30py 3abe3neuennss HeOOXIOHUX NPONYCKHUX CNPOMONCHOCMEN DI3HUX
KOPUCTYBATbHUYLKUX CMAHYIL 8 HUXIOHOMY KAHAI 36'513KY.

Kniwouosei cnosa: LTE, uacmomno-uacosuii pecypc, pecypchuii 610K, 610K RAAHYBAHHS, MAMEMAMUYHA MOOETb, NPONYCKHA
30amuicmy, nepuiull 8UO pO3NOOILLY pecypcis.
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