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METHOD OF PRESENTATION INTEGER PROBLEM FREQUENCY RESOURCE
ALLOCATION IN LTE AND WiMAX NETWORKS
AS NONLINEAR PROGRAMMING

In paper proposed a method of presentation integer problem frequency resource allocation in LTE and
WiMAX networks in the form of nonlinear programming problems. The method is based on the fact that the
integer character of control variables which are responsible for the order of frequency resource allocation in
LTE and WiMAX networks is provided by the additional nonlinear constraints. The transition from the MINLP
and MILP problems to nonlinear programming problem solving can significantly reduce the computational
complexity of resulting solutions on frequency resource allocation in LTE and WiMAX networks. This is espe-
cially important due to the fact that these problems must be solved in real time with minimum requirements for
hardware and software of LTE eNodeB or WiMAX Base Station in a permanent increase the number of users

(UE and SS).
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Introduction

Performance of modern Metropolitan Area Net-
works (MAN), based on LTE (Long-Term Evolution)
and IEEE 802.16 (WiMAX) technologies, mainly de-
termined by forming the frequency resource and meth-
ods of its efficient allocation to user stations. In LTE
technology such resources include the Resource Block
(RB), and in WiMAX is a frequency subchannels. In the
relevant standards [1, 2] clearly defined procedure of
forming resource blocks and subchannels depending on
the channel bandwidth and operating modes of network
equipment.

For allocation of frequency subchannels and re-
source blocks there are a lot of different solutions
proposed currently: from simple heuristic schemes [3,
4] to more complex models and methods [5-13],
based on optimization formulation and solution of
this problem.

From the point of view of both science and prac-
tice the future is for the second group of solutions able
to optimize the allocation of frequency resources in LTE
and WiMAX networks in order to provide a given level
of Quality of Service (QoS).

It is important to note, that the major deterrent in
practical use of optimization models and methods of
allocation frequency resources in LTE and WiMAX
networks in real time is their relatively high computa-
tional complexity.

This is due to the fact that the result of the alloca-
tion of frequency resources, as a rule, obtained by solv-
ing a rather complicated problem of discrete program-
ming of high dimension, related to the class of Integer

Linear Programming (ILP) [7-9], Mixed Integer Linear
Programming (MILP) [13], and sometimes Mixed Inte-
ger Nonlinear Programming (MINLP) [10].

In this regard, actual is the problem associated
with the reduction of computational complexity of solu-
tions on allocation the frequency resources in LTE and
WiMAX networks, based on the change of class optimi-
zation problem to be solved without loss of adequacy of
final solutions.

1. Realization of Resource Blocks
Allocation in LTE Downlink
in the Form of Nonlinear
Optimization

1.1. Presentation of Resource Blocks Allocation
in LTE Downlink in the Form of MINLP Optimiza-
tion

When using Resource Allocation Types (RAT) 1
the set of resource blocks is divided into several non-
overlapping subsets, the number of which (NE};) is

determined by Resource Block Group (RBG) size (P
parameter):

1, if NRE <10;
2, if NREL =11+26;
P= (D
3, if NRE=27+63;
4, if NRE =64+110.
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 [2]:
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where NRBUSUSet () s 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); NE]I;
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 band-
width management in LTE downlink using RAT 1, and
it is formulated as a problem of resource blocks alloca-
tion for providing required bandwidth for each user
equipment (UE). In [7] proposed linear model of band-
width allocation in LTE downlink with RAT 1 reduced
to task of mixed integer linear programming. In this
paper proposed an approach helps to reduce the
computational complexity of the solution of initial
problem, which is based on the modification of model
proposed in [8-10].

In chosen model assumed that the following initial
data is known:

e N is the number of UEs;

e K

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

equal to 12 and 24, that already corresponds to the fre-
quency diversion between subcarriers Af as 15 KHz
and 7.5 KHz;

. Ng,?nb is the number of symbols that form a

is the number of subcarriers for data

S

s can be

single 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 T(I:p =5.2 ps, from sec-
ond to sixth OFDM symbol it is T(%Eﬁ =4.7 ps. When

using the extended CP (Tcp=16.7 us) RB consists of
six OFDM symbols ( N§ vy, =6);
e Trp=0.5ms is time of one RB transmission;

e Tgr=1 ms is time of one subframe transmis-
sion;
J Ngl? =2 is the number of RBs that are formed

on the identical subcarriers and are allocated to UE dur-
ing the transmission of one subframe;

oRn

C

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

e type of channel division (FDD or TDD), and
frame configuration used;

® R?eq
n -th UE;

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;

is the rate of code used in signal coding of

is the required data transmission rate for

o M = max(NRBOSUSet) ¢ 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"P), that determines the order of resource
block allocation:
1, if the m—th resource block on
xpP =2 the p — th subset allocated to the n —th UE; (3)

0, otherwise,

where m=0,M-1; p=0,P-1; n=1,_N.

When calculating the desired variables x7"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=0,M-1;p=0,P-1). (4
n=l
2) The term of allocating number of resource
blocks to n -th user equipment that provide the required
bandwidth in the downlink using modulation and coding
scheme (MCS):

M-=1P-1 RB RB nyn

Z Z Xm’p NsymbNSF KSRC ka > n ,n= l,_N ) (5)
— & 10T red

m=0p=0

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 [10]:
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P-2| P-1 M-I
Z[H Zx ]: n=1N. (6)
s=0 | p=s+1m=0
4) The term of allocating n -th user equipment a
number of resource blocks that satisfy sizes of subsets
determined using the expression (1):
N M-1

2 ) xp, P =0, ()

n=l1 mzNRBGsubset ()

at p= 0 P_1: NRBGsubset( )<M

Use of the term (7) is directed to allocate a number
of resource blocks, corresponding to the power of the
p -th subset and determined with the expression (1), to

UEs. Introduction of this term into the mathematical
model is caused by the fact that during the calculation of
control variables (3) for taking into account the number
of resource blocks we use a variable M | that takes val-

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

the terms (6), (7) guarantees that resource blocks which
do  not belong  to the p-th subset

RBGsubset
NRrB

(m= (p),M—1), will not be allocated to

UEs in conditions when the power of this subset is less
than maximum value ( NRBGSUSt (p) < M ).

The calculation of variables (3) according to the
terms (4) — (7) is reasonable to make in solving the op-
timization problem using next optimality criterion [9]:

N M-1P-1
mmz > Z[x Prym X0 P |, )
n=lm=0p=0
Naop NSPKRIKPK
where 1, , = symb "SF S o is a bandwidth
10T

allocated by m -th RB to n -th UE.

The task formulated from the mathematical point
of view is the task of mixed integer nonlinear program-
ming (MINLP). In the model the desired variables

xp°P (3) are Boolean, and restrictions for the desired

variables (6) are nonlinear.

1.2. Transformation MINLP of Resource Blocks
Allocation in LTE network to a Nonlinear Pro-
gramming Problem

Solution of the mixed integer nonlinear
programming problem with the increase of control
variables (3) number caused by increase of UEs and
RBs number can be much more complicated from a
computational point of view. Therefore, it is proposed to
formulate the problem of RBs allocation in the form of
nonlinear programming problem by dropping the fact

that control variables (xp"P) are Boolean. For this

purpose, the expression (3) is replaced by the conditions
0<xM™P <1, (m=0,M-1 n=1N), (9)

i.e. introduced additional control variable x;"P that

; p=0,P-1;

should be set to “1” in case when m-th RB is not
allocated to any UE, and “0” otherwise.

In order to preserve the physical meaning of the
model (4)-(7), which is in allocating the m-th RB of p-th
subset to the n-th UE, it is necessary to ensure that the

control variables x"P assumed to have “0” and “1”

values. For this purpose into model of RBs allocation
introduced additional restrictions on the control variables:
M-1P-1 _
> > xp"Px¢*P =0, (n,s=0N, n#s),
m=0p=0

(10)

aimed to ensure that the m-th resource block is not
allocated to two or more UEs at the same time. Also, to
mathematical model was introduced restriction which
together with (10) provides allocation of m-th RB to not
more than one UE

mep—l (m=0,M-1; p=0,p-1). (11)

Thus despite the replacement of condition
xpP =401} by (9) using (10) and (11) kept the
physical meaning of control variables ensuring
allocation of the m-th RB of p-th subset to the n-th UE.
Application of improved model, implemented by
noninteger control variable, made it easier to find an
optimal solution of the problem and promoted the
resource blocks allocation of downlink on practice in
real time without losing its description adequacy.
Besides, as has been shown by analysis of existing
solutions, in addition to solving problem of allocation of
frequency and time resources can also be solved the
problem of their joint allocation, which allows more
accurately meet the requirements for bandwidth in the
downlink of LTE technology.

2. Realization of Subchannel Allocation

in WIMAX Downlink in the Form

of Nonlinear Optimization

2.1. Presentation of Subchannel Allocation in
WiMAX Downlink in the Form of MILP Optimization

In the model of subchannel allocation to subscriber
station (SS) it is assumed that there are known the fol-
lowing inputs: bandwidth of used frequency channel
from the range of 1.25 MHz to 20 MHz; selected mode
of subchannels usage (FUSC, PUSC, OPUSC, OFUSC,
and TUSC); total number of the SSs in the network N ;
number of subchannels K used depending on the se-
lected channel bandwidth; required transmission rate for

service of the n-th SS R?eq (Mbps); bandwidth of k -

th subchannel R™¥ allocated to the n -th SS.

Taking into account that the useful part of the sym-
bol has a fixed duration T, =89,6 us, the number of
symbols in frame will take values 19, 24, 39, 49, 79, 99,
124, 198 according to the indicated size of frame. More-
over, between the symbols there is a guard interval T,
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which can take four values concerning the length of the
useful part of symbol. Capacity of the k -th subchannel
allocated to the n -th SS (R”’k ) represents the number of
transmitted bits per time unit (second) and can be calcu-
lated according to the formula [1, 12, 13]:

RIFKPFK (1-BLER)
Tb + Tg + TRTG + TTRG

R™K (12)

where Rg’k is the speed of code used at signal coding of
the n-th SS; Kg’k is the bit load of symbol of the n-th SS;

K is the number of subcarriers for the data transmission in

one subchannel; Tprg =105 ps is the duration of switch-

ing interval from receiving to transmission (receive/transmit
transition gap, RTG); Ttrg =60ps is the duration of

switching interval from transmission to receiving (trans-
mit/receive transition gap, TRG); BLER is the probability of
block error obtained at the expense of the Hybrid Automatic
Repeat Request mechanism (HARQ) [1].

While solving a problem of subchannel allocation
within the represented model it is necessary to provide

calculation of the control variable (x];), defining the

order of subchannel allocation. According to the physics
of problem the following limitation should be over the
control variables [13]:

xE 0]}, m=LN, k=1K), (13)
K {1, if k — th subchannel allocated to the n — th SS;

Xn = .

0, otherwise.
Total number of control variables depends on
amount of subscriber stations in the network and used
subchannels respectively, defined by the expression
N - K . Condition of fixing one subchannel only for one
subscriber station is defined according to the expression

N —
3 xk <1, (k=1,K),
n=]
condition of scheduling the transmission rate for the n -th
subscriber station on the k -th subchannel not exceeding
the capacity of subchannel is defined by the expression

K
S R™MExE >R 5
k=1

(14)

(15)

n req“n»

1, if for n —th SS service guarantee necessary;
" 10, otherwise.

For optimal balancing the number of subchannels
allocated to each SS, the system introduced additional

conditions limitations to the control variables x]ri :

RN /R, 2B, (1=LN), (16)

K
where R} = ZR”’kx]f1 is bandwidth allocated to the
k=1
n-th SS; B is a control variable too, characterizing
lower bound of satisfaction level of QoS requirements
to access rate. In general f>0.

To improve QoS in WiMAX network in solving
the problem of balancing the number of subchannels
allocated to SS it is needed to maximize the lower
bound meeting QoS requirements to access rate, i.e.

B — max . a7

Thus, the model of subchannel allocation to sub-
scriber station in WiMAX network based on solution of
optimization problem associated with maximizing the
lower level allocated bandwidth to each subscriber station
(17) according to its QoS requirements for access rate. As
the constraints stated in solving the optimization problem
are conditions (12)-(16). Formulated optimization problem
belongs to class of mixed-integer linear programming.

2.2. Transformation MILP of Frequency Sub-
channel Allocation in WiMAX network to a Nonlin-
ear Programming Problem

For the purpose of non-integer formulation (13) for
a problem of frequency subchannel allocation in
WiMAX network let us use the method set out in
subsection 1.2. For this purpose expressions (13) are
replaced by the terms of the form

0<xX<1, m=0,N, k=1,K), (18)

i.e. introduced additional control variable xlé that

should be set to “1” in case when k -th subchannel is
not allocated to any SS, and “0” otherwise.

Into model of subchannels allocation introduced
additional restrictions on the control variables so as to
one frequency channel could not be allocated to
multiple SSs at the same time:

K —
Zxﬁx]; =0,(n,s=0N, n#s),
k=1

(19)

N
> xp=1,(k=LK). (20)
n=0

Conditions (20) actually substitute expressions
(14), because conditions (13) have been replaced by
(18). Thus, during the use of the expressions (18)-(20)
instead of (13), (14), on the one hand, we were able to
abandon the integer statement of subchannel allocation
problem in WiMAX network, reducing it to a nonlinear
optimization problem. Using conditions (18)-(20) made
it possible to maintain the adequacy of the model used,

because as a result of calculation control variables x]ri

take only two values: "1" or "0".

Conclusion

In paper proposed a method of presentation integer
problem frequency resource allocation in LTE and WiMAX
networks in the form of nonlinear programming problems.
The method is based on the fact that the integer character

of control variables x ™P and x¥, which are responsible

for the order of frequency resource allocation in LTE and
WiMAX networks, is provided by the additional linear and
nonlinear constraints (9) — (11) or (18) — (20).
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The transition from the MINLP and MILP problems
to nonlinear programming problem solving can signifi-
cantly reduce the computational complexity of resulting
solutions on frequency resource allocation in LTE and
WiMAX networks. This is especially important due to
the fact that these problems must be solved in real time
with minimum requirements for hardware and software
of LTE eNodeB or WiMAX Base Station in a permanent
increase the number of users (UEs and SSs).
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Penensent: 1-p TexH. Hayk, npod. O.FO. €BceeBa, Xapkis-
CbKUI HalliOHAJIbHUI YHIBEPCUTET PaiOeNeKTPOHIKH, XapKiB.

METOAWUKA NPEACTABJIEHHA LINOYNCENBbHUX 3A0AY PO3MOAINY YACTOTHUX PECYPCIB
Y MEPEXAX LTE TA WIMAX Y ®OPMI 3AAAY HENIHINHOIO NPOrPAMYBAHHA

0O.B. Jlememko, A.M. Anp-Iynaiimi, X.JI. Anb-/Ixana0i

Y cmammi 3anpononosana memoouxa npedcmagiennsa YinouuceabHux 3a0ay po3nooiLy YacmomHux pecypcie y Mepeicax
LTE ma WiMAX y euenaoi 3a0au umeniniiinoco npoepamysannsi. Memoouka 3acnoeana Ha momy, wjo YiloyuceibHicms Kepyouux
SMIHHUX, WO GIONOBIOAIOMb 3a NOPSIOOK PO3N0OLNY Yacmomuoeo pecypey 6 mepedxcax LTE ma WiMAX, 3abe3neuycmobcs 6 x00i
BUKOHAHHSI 000AMKOBO HAKIAOCHUX JIHIUHUX | HeniHitinux oomedcens. Ilepexio 6i0 3a0au MINLP i MILP 0o po3s’azanns 3a0ay
HENIHIHO20 NPOcPamMy6anisi 00360JA€ ICMOMHO 3HUZUMU 0OYUCTIOBANbHY CKIAOHICMb NPU OMPUMAHHI PE3VIbMYIOUUX piuieHb
w000 po3nodiny uwacmomuozo pecypcy 6 mepedicax LTE ma WiMAX. Lle ocobaugo eadxciuso, max sk yi 3a0ayi NOGUHHI
Ppo36’a3yeamucs 8 macuumaodi peanvbHo20 yacy 3 MIHIMATbHUMU 6UMO2AMU 00 NPOSPAMHO-anapamnozo 3abesnevenns LTE
eNodeB abo WiMAX Base Station 6 ymosax nocmiiiHo20o 3p0Cmantsl Yucia KOpucmyeauis.

Knrouogi cnosa: LTE, WiMAX, uacmomnuii pecypc, pecypchuii 610K, niOKauau, memoo, onmumizayis, Heninitine npoepa-
MYBAHHSL.

METOAWKA NPEACTABIEHUA LIENIOYUCNEHHBIX 3A0AY PACMNPEAENEHUA YACTOTHbLIX PECYPCOB
B CETAX LTE U WIMAX B ®OPME 3A[AY HEJTMHEUHOIO NMPOrPAMMUPOBAHUA

A.B. Jlememiko, A.M. Anp-Ilymaiimu, X.J1. Anb-J[)xanadu

B cmamuve npeonosicena memoouxa npedcmagneniis YeloYUcIeHHbIX 3a0a4 pacnpeoenenus Yacmommuix pecypcog 6 cemsx LTE
and WiMAX & sude 3a0ay nenuneiinoco npospammuposanusi. Memoouka ocHOBaHA HA MOM, 4MO YENOHYUCIEHHOCTb YAPAGTIAIOUIUX
NepemMeHHbIX, OMBeuarouux 3a nopsooK pacnpedenenus yacmommnoo pecypca 6 cemsx LTE u WiMAX, obecneuusaemcst 8 xo0e 8binon-
HeHusl OONOTHUMETLHO HAKAAObIBAEMO20 MHOICECMBA TUHEIHbIX U Henunelnbix ogpanuyenuti. Ilepexod om 3a0ay MINLP u MILP k
peuwtenuio 3a0a4 HeNUHENHO20 NPOSPAMMUPOBAHUS. NO360IAEN CYUWECIBEHHO CHUSUIMb BbIYUCTUMENLHYIO CLONCHOCHb NPU NOTYYeHUU
PE3VILMUPYIOWUX peuieHuti no pacnpeoenenuio yacnommnozo pecypea 6 cemsax LTE u WiMAX. Omo ocobenno easicno, m.x. smu 3a0aqu
O0MHCHBL PEUIAMBCS 8 MACUIMADE PeabHO20 8peMent ¢ MUHUMATbHLIMU MPeOOSAHUAMY K NPOSPAMMHO-ANNAPAMHOMY 0becnedeHuio
LTE eNodeB unu WiMAX Base Station @ yciogusix nocmosiHHo2o pocma 4ucia noib308amernel.

Kniouesvie cnosa: LTE, WiMAX, uacmomubiii pecypc, pecypchulii 610K, NOOKAHAL, MemoO, ONMUMU3AYUs, HeTUuHelHOoe
npocpaMmuposanie.
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