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DEVELOPMENT AND ANALYSIS OF BANDWIDTH ALLOCATION LINEAR
MODEL IN LTE DOWNLINK WITH RESOURCE ALLOCATION TYPE 1

Lemeshko O. V., Al-Dulaimi A.M.K. Development and analysis of bandwidth allocation linear
model in LTE downlink with Resource Allocation Type 1. The LTE (Long-Term Evolution)
technology is a leader in telecommunications market and seen as an effective solution in construction of
telecommunication networks of the Fourth Generation (4G). To ensure high performance and noise
immunity in the LTE OFDMA (Orthogonal Frequency-Division Multiple Access) applied as a method of
providing information transmission to multiple users of the radio spectrum based on an orthogonal
frequency division multiplexing. The effectiveness of time-frequency resources allocation between user
equipment that are represented in the LTE as resource blocks is largely determined by the mathematical
models and computational techniques. In this regard, in the article proposed the mathematical model of
bandwidth allocation of the downlink in the LTE network, organized as the first type of allocation (RAT
1, Resource Allocation Type 1). Using the proposed model allowed to reduce the solutions of the
technological problem of bandwidth allocation downlink in the LTE network to solving the optimization
problem of Boolean programming. The linear nature of the model will significantly reduce the
computational complexity of obtaining the final solutions on the resource blocks allocation between the
user equipment in LTE network. The research results of the proposed model confirmed its adequacy and
accuracy on a number of numerical examples.
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Jlememko O. B., Aap-Jdynaaiimi A.M.X. Po3poOka Ta anani3 JiHiliHOI Mopmeai po3mopiny
NMPOMYCKHOI 3JaTHOCTI HU3XiAHOro kaHaay 3a mepmuM tunoM B Mepexi LTE. 3anpomnonoBano
MaTeMaTU4Hy MOJeTb PO3MOAUTY TPOIMYCKHOI 3JaTHOCTI Hu3XigHoro kaHany B Mepexi LTE,
oprasizoBaHoro 3a nepmuM turnoMm posmnoaity (RAT 1, Resource Allocation Type 1). Bukopuctanus
3aIpOIIOHOBAHOI MOJENi JO3BOJMJIO 3BECTH BUPILICHHSI TEXHOJOTIYHOTO 3aBIaHHS MIOAO PO3MOITY
MPOITYCKHOI 3/1aTHOCTI HM3XijHOro kaHaimy B Mepexi LTE no posp’sizaHHs ontumizamiiHOl 3amadi
OyneBoro nporpamyBaHHs. JIiHIHHMN XapakTep MOJETl J03BOJMB 3HAYHO 3HU3UTH OOYHCIIOBAIBHY
CKJIJHICTh OTPUMAaHHs KiHIEBUX pillleHp MIOAO0 PO3MOJUTY pEeCypcHUX OJIOKIB MK CTaHIIIMHU
kopucryBauiB B mepexi LTE. Pe3ynbpraT nociimpkeHHs 3aIpoItoHOBaHOT MOZE1 I0BENH 11 aIeKBaTHICTh
Ta MiATBEPIMIN JOCTOBIPHICTh Ha Psi/ii OOYHMCIIIOBANBHUX TIPUKIIAIIB.

Knrouosi croea: mepexa, kaHaj, pecypcHUH OJIOK, MPOMYCKHA 3aTHICTh, AKICTh OOCITYTrOBYBaHHS,
ornrumi3zanis, LTE

Jlememko A. B., Aab-/ynaiimu A.M.X. Pa3paGorka u aHaau3 JMHeHON Mogean
pacnpenejieHHs1 MPOMYCKHOW CIOCOOHOCTH HHUCXOASINEro KaHaja mo mepsomy tumy B cetn LTE.
[IpemtokeHa MaTeMaTHYECKass MOJIENTb PACIIPEICIICHHUS MPOITYCKHOW CIIOCOOHOCTH HUCXOJSIIETO KaHaia
B cetu LTE, opranusoBannoro 1o nepsomy tuny pacnpenenenust (RAT 1, Resource Allocation Type 1).
Hcnonp3oBaHue TPEATIOKSHHON MOJCTU IO3BOJIMJIO CBECTH DPEIICHUS TEXHOJNOTHYECKOH 3amadd Mo
pacrpeneliecHUI0  TPOITYCKHONW  CIIOCOOHOCTH HHCXofsmero kaHaima B cetd LTE x  pemenuro
ONTUMU3AIMOHHON 3a1a4dl OyJaeBOro MPOrpaMMHPOBaHUs. JIMHEHHBI XapakTep MOJCTH IMO3BOJIII
3HAYUTEIPHO CHU3UTh BHIYHUCIIUTEIIBHYIO CIIOKHOCTD MOJIYYCHUS KOHEUHBIX PEIICHUI 10 PACIPEACTICHUIO
pECYPCHBIX OJIOKOB MEXAy CTaHIMAMHU monb3oBateneii B cetw LTE. PesynpraTel ucciemoBaHus
MPEUIOKEHHOM MOJIENId  JTOKa3ald €€ aJICKBATHOCTh M TOATBEPAWIM JTOCTOBEPHOCTh Ha psle
BBIYUCITUTEIBHBIX IPUMEPOB.

Knroueevte cnosa: cetb, KaHal, pPECYpCHBIH OJIOK, TIPOMYCKHAs CIIOCOOHOCTh, KayeCTBO
obcyxuBanus, ontumusaiys, LTE

1. Introduction. Currently, the LTE (Long-Term Evolution) technology is one of the most
effective in the field of solutions for high-speed multi-service access. This technology is a standard
offered by 3GPP (3rd Generation Partnership Project) consortium, and is seen as basis for the fourth
generation of mobile telecommunications (4G) [1]. Performance of any telecommunication
technology is mainly determined by performance of solutions in management on available network
resources (frequency, time, channel, buffer, and information) with mechanisms and protocols of all
OSI (Open Systems Interconnection Basic Reference Model) layers. For LTE technology basic
layers that determine its performance are physical and data link. Functions of network resource
allocation in LTE technology may be performed by the Radio Resource Management system
(RRM), namely, the scheduler, which is responsible for allocating resources to user stations (User

Cmop. 5



Tenexomynikauiiini ma ingpopmauiinni mexnonocii. — 2015. — No4

Equipment, UE). Such resources primarily include symbols (time resource) and frequency
subcarriers (frequency resource). Thus as the basic access technology of UE to the frequency and
time resources in LTE there is selected multiple access with orthogonal frequency division based on
orthogonal frequency-division multiplexing (OFDM).

The smallest structural radio resource unit that can be managed in solving the self-organization
problem is a Resource Block (RB). Each RB occupies 12 adjacent OFDM subcarriers in frequency
domain and one slot (0.5 ms) in time domain, consisting of six or seven OFDM symbol (the
smallest structural OFDM unit in time domain).

The smallest structural element allocated to unique UE is Scheduling Block (SB), formed by
two adjacent RBs with the same subcarriers and transmitted over a Transmission Time Interval
(TTI) of 1 ms. The result of solving the problem of frequency and time resources allocation must be
binding SB with UE in downlink frame transmitted over 10 ms. Thus, the task of planning time and
frequency resources in LTE technology should be formulated as a problem of SB allocation among
the UE network, depending on required rate and QoS parameters.

The LTE technology uses three types of resource allocation (Resource Allocation Type, RAT):
RAT 0, RAT 1, RAT 2, suggesting the union of RBs in so-called Resource Block Groups (RBG).
To make bandwidth management in LTE downlink more flexible it is proposed to use the RAT 1.
When using RAT 1 the set of resource blocks is divided into several non-overlapping subsets, the

number of which ( Ny ) is determined by RBG size (P parameter):
P=1if N <10; P=2 if Npy =11+26;P=3 if Ny =27+63; P=4 if Ny =64+110 (1)
The number of resource blocks in subsets may vary. To determine the number of resource
blocks in subsets in LTE technology the following expression is proposed [1]:

DL DL
NLZI P+P, atp< N =1 mod P;
DL_l NDL—l
NEBGsbset (45 —NR;Z P+(N,?BL—1)modP+l, at p= % mod P; (2)
DL—l DL—l
NR# P, at p{NR; JmodP,

NRBGsubset
RB

where (p) is power of the p -th subset; p is a current number of resource blocks in subset

for which calculation of power is performed (p=0,P—-1); Npr is the number of RBs formed
during the transmission of one time slot. In LTE technology the number of RBs depends on the
width of frequency channel and may be equal to 6, 15, 25, 50, 75, 100.

As a result of performed analysis there was made a decision to develop a mathematical model
for bandwidth management in LTE downlink using RAT 1, and it is formulated as a problem of
resource blocks allocation for providing required bandwidth for each UE. In [2]-[4] proposed non-
linear models of bandwidth allocation in LTE downlink with RAT 1. However, the non-linear
nature of model complicates the calculation of bandwidth allocation order in LTE downlink. In this
regard, proposed a linear model of bandwidth allocation in LTE downlink with RAT 1.

2. Linear Model of Bandwidth Allocation in LTE Downlink with Resource Allocation
Type 1. In proposed model assumed that the following initial data are known:
e N is the number of UEs;

e K_ is the number of subcarriers for data transmission in a single RB. This parameter depends
on the frequency diversion between subcarriers Af  and it must satisfy the term K Af =180

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

Cmop. 6



Tenexomynikauiiini ma ingpopmauiinni mexnonocii. — 2015. — No4

o NTB =7 in case

symb

of using normal cyclic prefix (CP). Duration of the normal CP of the first OFDM symbol is

is the number of symbols that form a single resource block. Parameter N**

symb

|
Tcp=52 us, from first to sixth OFDM symbol it is T7,°=4.7 us. When using the extended CP
(T.,=16.7 us) RB consists of six OFDM symbols (NRB =6);

symb
o T,,=0.5 ms is time of one RB transmission;
e Ty =1 ms is time of one subframe transmission;
o N2X=2 is the number of RBs that are formed on the identical subcarriers and are allocated to

UE during the transmission of one subframe;
e R/ is the rate of code used in coding a signal of the n-th UE;

e £, is bit symbol load of the n -th UE;

e type of channel division (FDD or TDD), and frame configuration used;
e R’ isthe required data transmission rate for n-th UE;

req

e 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 used according to the
frame configuration;

o M =max(N %) is the largest number of resource blocks belonging to any subset.
For solving the problem of bandwidth allocation in LTE downlink with RAT 1 within the
proposed model it is needed to provide the calculation of Boolean control variable (x"”), that

determines the order of resource block allocation:

mp {1, if the m —th resource block on the p — th subset is allocated to the n — th UE; 3)

n

0, otherwise,

where m=0,M —1; p=0,P—1; n=1,N .
Additional control variables are the variables x? that determine belonging of resource block to
user stations (UEs):
1, if n—th UE uses resourse only of p —th subset ;
X, = . 4
0, otherwise.
where p=0,P—1; n=1,N.
When calculating the desired variables x” and x” several important terms-limitations should

be fulfilled:
1) The term of allocating each resource block to only one user equipment:

N
D xp? <1, (m=0,M~1; p=0,P-1). (5)
n=l
2) 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:

P-1
D x!'=1, where n=1,N. (6)

3) The term of allocating a number of resource blocks to 7 -th user equipment that provide the
required bandwidth in the downlink using modulation and coding scheme (MCS):

M-1 M-1 M-1 L
Zx;”’o > R,Zpﬁxn, ..... Zx,'f”’rn’m B L Zx;”P ra2RxT, (n=1N), (7
m=0 m=0 m=0
N Nt K Rk, K
where 7, =~=—"" is a bandwidth allocated by m -th RB to n -th UE.

107,
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Calculation of desired variables (3), (4) according to the terms-limitations (5)-(7) is reasonable

to make in solving the optimization problem using optimality criterions:
N M-1P-l1

min Z Z Z X, T, (3)

n=1 m=0 p=0

while saving channel bandwidth,;
N M-1P-1

mxinz Zx;”’p , 9)

n=1 m=0 p=

while minimizing the number of used RBs;
N M-1P-1

min Y >3 [xrr,, +x0, (10)

n=1 m=0 p=0
in combined minimization of criterions (8) and (9).
The task formulated from the mathematical point of view is a problem of integer linear
programming (ILP). In the model desired variables (3) and (4) are Boolean, and restrictions for
desired variables (5)-(7), object functions (8)-(10) are linear.

3. Research of Bandwidth Allocation Process in LTE Downlink with RAT 1

3.1. Problem Solving Bandwidth Allocation in LTE Downlink with RAT 1 (channel
bandwidth 3 MHz)
Within the investigation were considered the following input data:

e number of UEsis 3 (N =3);
e number of RBsis 11 (N =11);
e access rates required for each of the UEs are Rleq =1.2 Mbps, ereq =13 Mbps,

R}, =0.8 Mbps;

e number of RBs in subsets M = max(N ™) =6 (0+5);
e matrices of RBs bandwidths for subsets 0+1 and UEs 1-+3:

0.1 03 02 05 04 07 0.1 03 02 05 04 0
rl=lo6 07 07 01 02 03], |5,]=[06 07 07 01 02 0.
08 09 0.7 0.1 0.6 0.7 08 09 07 0.1 06 0

Results of using model (1)-(10) for solving problem of bandwidth allocation in LTE downlink
with Resource Allocation Type 1 based (channel bandwidth 3 MHz) on the use of different
optimality criteria (8)-(10) shown in Tables I-III.

During minimization the number of used resource blocks (8) obtained the following results
(Table I):

e first and second UEs use zero subset, while third UE uses the first subset;

e totally used 5 resource blocks out of 11;

e procedure of bandwidth allocation for each UE is following: 1.2 Mbps; 1.3 Mbps, 0.9 Mbps,

1.e. to third UE allocated 0.1 Mbps more than the required level.
There are numbers of UEs using one or other RB shown in rows “Subset 0” and “Subset 1”7 of
Tables I.

Procedure of bandwidth allocation to UEs using criterion (8) Table I
RB 0]1]2]3]4]5]6]7]8]9]10
RBG 0 1 2 3 4 |5
Subset 0 2| - 2|1 -1
Subset 1 -13 - - -
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With saving allocated channel bandwidth to UEs (9) obtained results presented in Table II:

e first and third UEs use zero subset, while second UE uses the first subset;

e totally used 6 resource blocks out of 11;
e procedure of bandwidth allocation for each UE is following: 1.2 Mbps; 1.3 Mbps, 0.8 Mbps.

While using combined optimality criterion (10) obtained the next results (Table III):
e first and second UEs use zero subset, while third UE uses the first subset;

Procedure of bandwidth allocation to UEs using criterion (9)

RB 0]1]2]3]4]5]6]7]8]9]10
RBG 0 1 2 3 4 |5
Subset 0 311 1] - -1

Subset 1 212 - - -

e totally used 5 resource blocks out of 11;

e procedure of bandwidth allocation for each UE as in second case corresponds to required
values: 1.2 Mbps; 1.3 Mbps, 0.8 Mbps.

e number of UEs is 3 (N =3);

Procedure of bandwidth allocation to UEs using criterion (10)

RB o[1]2]3]4]5]6]7][8]9]10
RBG 0 1 2 3 4 |5
Subset 0 2| - 211 -1

Subset 1 3| - - - -

Table 11

Table 111

3.2. Problem Solving Bandwidth Allocation Process in LTE Downlink with RAT 1
(channel bandwidth 10 MHz)

Within the investigation were considered the following input data:

number of RBs is 27 (Nor =27);

access rates required for each of the UEs are Rr'eq =4.3 Mbps, R

Mbps;

number of RBs in subsets M =max(N

0.3
=0.4
0.2

0.5
=10.5
0.6

0.8
=10.7
0.6

0.5
0.4
0.6

0.4
0.3
0.5

0.9
0.7
0.8

0.6
0.5
0.4

0.6
0.4
0.5

0.6
0.7
0.8

RBGsubset

RB

0.9
0.8
0.7

0.8
0.9
0.7

0.7
0.8
0.8

)=9 (0+8);
matrices of RBs bandwidths for subsets 02 and UEs 1-+3:

0.3
0.2
0.3

0.4
0.2
0.3

0.6
0.5
0.4
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0.4
0.3
0.5

0.5
0.3
0.4

0.7
0.7
0.7

0.6
0.5
0.7

0.7
0.6
0.5

0.6
0.5
0.7

0.3
0.2
0.1

0.1
0.2
0.3

0.7
0.5
0.6

0.3

0.2

0.4

0.3

0.8
0.6||.
0.7

2
req

=3.4 Mbps,

R =27

req
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Results of using model (1)-(10) for solving problem of bandwidth allocation in LTE downlink
with Resource Allocation Type 1 based (channel bandwidth 10MHz) on the use of different
optimality criteria (8)-(10) shown in Tables [V-VI.

During minimization the number of used resource blocks (8) obtained the following results
(Table 1V):

o first UE use first subset, second UE use second subset, third UE uses the second subset;

e totally used 17 resource blocks out of 27;

e procedure of bandwidth allocation for each UE is following: 4.3 Mbps; 3.4 Mbps, 2.8 Mbps,
1.e. to third UE allocated 0.1 Mbps more than the required level.

Procedure of bandwidth allocation to UEs using criterion (8) Table IV
RB ol 12345678 ]9]10]11]12]13]14
RBG 0 1 2 3 4
Subset 0 - - - - - -
Subset 1 1 1 1 1 1 1
Subset 2 2 3 2
RB 15[16 171819 ]20]21 [22]23]24]25]26
RBG 5 6 7 8
Subset 0 - - - Not used
Subset 1 1 - 1
Subset 2 2 12 |2 3 3 3

With saving allocated channel bandwidth to UEs (9) obtained results presented in Table V:
e second UE use zero subset, first UE use first subset, while third UE use second subset;
e totally used 20 resource blocks out of 27;
e procedure of bandwidth allocation for each UE is following: 4.3 Mbps; 3.4 Mbps, 2.7 Mbps.

Procedure of bandwidth allocation to UEs using criterion (9) Table V
RB 0 [1 |2 [3 |4 [5 [6 [7 [8 |9 [10 11 ]12]13 |14
RBG 0 1 2 3 4
Subset 0 2 12| 2 2 | 2 -
Subset 1 1 1 1 1 1 1
Subset 2 3 3 -
RB 15 [16 |17 |18 |19 |20 |21 [22 [23 [24 |25 |26
RBG 5 6 7 8
Subset 0 2 12 |2 Not used
Subset 1 1 - 1
Subset 2 - - - 3 3 -

While using combined optimality criterion (10) obtained the next results (Table VI):
o first UE use first subset, second UE uses the second subset, while third UE use second subset;
e totally used 17 resource blocks out of 27;

e procedure of bandwidth allocation for each UE as in second case corresponds to required
values: 4.3 Mbps; 3.4 Mbps, 2.7 Mbps.
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Procedure of bandwidth allocation to UEs using criterion (10) Table VI
RB 0 [1 2 |3 |4 [5 |6 |7 [8 [9 [10]11]12]13 |14
RBG 0 1 2 3 4
Subset 0 - - - - - -
Subset 1 1 1 1 1 1 1
Subset 2 2 12| 2
RB 15 [16 [17 |18 [19 [20 [21 [22 [23 [24 [25 [26
RBG 5 6 7 8
Subset 0 - - - Not used
Subset 1 1 - 1
Subset 2 2 1213 3 1313

4. Conclusion

The linear model of bandwidth allocation in LTE downlink with Resource Allocation Type 1
was presented. The use of model (1)-(10) allowed to convert the solution of basic problem of
bandwidth allocation in LTE downlink with RAT 1 to solving the optimization problem of Boolean
programming with varying object functions (8)-(10) and the constraints (1)-(7). The linear character
of model significantly reduces the computational complexity of final solutions on allocation channel
(frequency) resource in LTE technology. Results of research the proposed model proved its
adequacy in a number of computational examples. Within the analysis it is recommended to use the
combined objective function (10) to be minimized. Its use allowed to minimize the number of
resource blocks used and bandwidth LTE downlink as a whole, while ensuring compliance with the
requirements to access rate to set of user equipment.
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