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Abstract: Investigation of priority based balancing model of resource allocation in LTE downlink supporting RAT 1
presented. The novelty of model is that it can be used to describe the process of resource blocks allocation in LTE
downlink given user equipments requests priority. Using the model allows to optimize the process of resource allocation
in LTE downlink in solving the problem by mixed-integer linear programming. The advantage of the model is that the
balancing of resource blocks number allocated to each of user equipments is performed based on QoS requirements:
demanded bit rate, priority and resource type (with or without guarantee). Results of research confirmed the efficiency of
model and adequacy of obtained on its basis solutions.

Keywords: LTE; downlink; resource block; allocation; optimization; model.

INTRODUCTION

Nowadays LTE (Long-Term Evolution) technology can be applied in network solutions providing a wide range
of different info communication services [1, 2] both delay sensitive real-time services as well as data communication. It
should be noted, that these services have higher requirements for network resources: bandwidth, allowable values of
average packet delay and degree of their losses. That’s why optimization of processes Resource Blocks Allocation is an
effective facility of improving Quality of Service (QoS) in LTE network [1, 3-5]. Resource Blocks (RBs) are time-
frequency resources combined in Resource Block Groups (RBG) in implementation of different Resource Allocation

Types (RAT); in solving the problem of resource blocks allocation the following must be taken into account:
e available resource is determined by the frequency channel bandwidth and operation mode of network equipment;
e inaccordance with the standard [1] resource allocation implemented as one of three types (RAT 0 + 2);
e  Decisions on resource allocation must ensure balanced RBs allocation among User Equipments (UEs) due to their
QoS requirements and service priority.

In this research proposed and investigated priority based balancing model of resource allocation in LTE
downlink supporting RAT 1 with development and further improvement of solutions proposed in [6-8] using UEs
priorities for better ensuring QoS-requirements.

BALANCING MODEL OF RESOURCE BLOCKS ALLOCATION IN LTE DOWNLINK USING RAT 1
With the using of RAT 1 the set of resource blocks is divided into several non-overlapping subsets, the number

of which (N F?E';) is determined by RBG size (P parameter):

1, if Ngy <10;

2, if Npg =11=+26;

p_ RB 1)
3, if NRy =27+63;

4, if N =64-+110.

The number of RBs in subsets may vary. In [1, 2] proposed the following expression to determine the number of
RBs in subsets in LTE:
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Where Ngg (p) is power of the p -th subset; P is a current number of RBs in subset for which calculation of

power is performed (p=0,P —1); N RDE'; is the number of RBs formed during transmission of one time slot. In LTE
technology the number of RBs depends on the frequency channel bandwidth and can be equal to 6, 15, 25, 50, 75, and

100.

In proposed model assumed that the following initial data are known:
N is the number of UEs;

KS 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;

Ng,?nb Is the number of symbols that form a single resource block. Parameter Ng,ﬁqb =7 in case of using

normal cyclic prefix (CP). Duration of the normal CP of the first OFDM symbol is Tép =5.2 us, from second to
sixth OFDM symbol it is TCZP_6 =4.7 ps. When using the extended CP (TCP =16.7 pus) RB consists of six OFDM
symbols ( Ng,ﬁqb=6);

Trg =0.5 ms is time of one RB transmission;

Tsg =1 ms is time of one subframe transmission;

NSR,E =2 is the number of RBs that are formed on the identical subcarriers and are allocated to UE during the
transmission of one subframe;

RQ is the rate of code used in coding a signal of the n-th UE;

kg is bit symbol load of the n-th UE;

type of channel division (FDD or TDD), and frame configuration used:;
Rpeq is the required data bit rate for n-th UE;

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;

M = max( N EBBGSUbSEt) is the largest number of resource blocks belonging to any subset.
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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 blocks
allocation:

m,p —

Xn

{1, if them—th RB on the p—thsubsetis allocated to the n—th UE; -

0, otherwise,
where mzm; pzm; n =1,_N.
When calculating the desired variables X,T'p several important terms-limitations should be fulfilled:
e the term of allocating each resource block to only one user equipment:

N — ————
Zxrr]T]’pSll(m:OlM_lv p=O1P_1)1 (4)
n=1
e 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:
PAM-1 _
XpPM + > > %) <M Form=0,M -1; p=0,P-1; n=1 N ; ®)
j=0,t=0,
JEptzm
e 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):
M-1P-1

> 2 X P 26, Reg (N=1LN), ©)
m=0 p=0
NsymbNSBK R kb .
where rnpm = is bandwidth allocated by m-th RB on the p -th subset to n-th UE;
' 10Tge
1, if for n—th UE service guarantee necessary;
"0, otherwise.

For optimal balancing the number of RBs allocated to each UE, the system introduced additional conditions
limitations to the control variables X " P

M-1P—
(Pr, +1) > er X"P = R, (n=LN), )
m=0 p=0

where /3 is a control variable too, characterizing lower bound of satisfaction level of QoS requirements to bit rate; Pr,
is the n-th user equipment priority (Table I).

Table 1: Standardized QoS Class Identifier (QCI) characteristics [2]

Resource Priority | Packet Delay | Packet Error Loss .
QClI Type Level Budget Rate Example Services
1 2 100 ms 10 Conversational Voice
2 4 150 ms 107 Conversational Video (Live Streaming)
3 Guaranteed 3 50 ms 10° Real Time Gaming
4 Bit Rate 5 300 ms 10° Non-Conversational Video
65 (GBR) 0.7 75ms 1072 Mission Critical user plane Push To Talk voice
66 2 100 ms 102 Non-Mission-Critical user plane Push To Talk
voice
5 1 100 ms 10° IMS Signalling
6 6 300 ms 10° Video, (Buffered Streaming), TCP-based
7 7 100 ms 10° Voice, Video (Live Streaming), Interactive
. Nont ] Gaming
8 uarantee 8 % Video (Buffered Streaming),
9 Bit Rate 9 300 ms 10 TCP-based
69 0.5 60 ms 10°® Mission Critical delay sensitive signalling
70 5.5 200 ms 107 Mission Critical Data
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The following restrictions imposed to the introduced variable

B>0. ®)

To improve the quality of service in LTE network in solving the problem of balancing the number of RBs
allocated to UEs it is needed to maximize the lower bound meeting QoS requirements to bit rate, i.e.
max f3. 9)
x.f

Thus, the model of balancing the number of RBs allocated to UEs in LTE downlink based on solution of
optimization problem associated with maximizing the lower level allocated bandwidth to each user equipment (9)
according to its QoS requirements for bit rate (6). As the constraints stated in solving the optimization problem are
conditions (3)-(8). Formulated optimization problem belongs to class of mixed-integer linear programming, because
some variables of (3) are Boolean, balancing variable (8) is a positive real variable, and objective function (9) and
constraints (4)-(8) are linear.

INVESTIGATION OF BALANCING MODEL OF RESOURCE BLOCKS ALLOCATION IN LTE

DOWNLINK
Within the investigation were considered the following input data:

e number of UEsis 4 (N =4);
e  channel bandwidth 3 MHz;

e number of RBs is 16(NF?EI{ =16);

e hit rates required for each of the UEs are R?eq =3 Mbps, ereq =3 Mbps, Rrseq =3 Mbps, Rfeq =3 Mbps;

e UEspriorities (Pr, =1,Pr, =3, Pr; =5, Pr, =7);
e all UEs with Non GBR resource type;

e number of RBs in subsets M = max( N2ty =8 (0+7);
. matrices of RBs bandwidths for subsets 0+1 and UEs 1+4:

01 03 02 05 04 07 01 03
[0 H: 06 07 07 01 02 03 06 0.7
"I~ lo.s 09 07 01 06 07 08 09|
01 03 02 05 04 07 01 03

01 03 02 05 04 07 0.1
1 H:o.s 07 07 01 02 03 06
"kl lo.s 09 07 0.1 06 07 08
01 03 02 05 04 07 0.1

o O O O

Results of using model (1)-(9) for solving problem of bandwidth allocation in LTE downlink with Resource
Allocation Type 1 based on the use of optimality criterion (9) shown in Table Il.
During maximization of criterion (9) obtained the following results:
o firstand third UEs use zero subset, while second and fourth UEs use the first subset;
o  totally used 15 resource blocks;
e  Procedure of bandwidth allocation for each UE is following: 2.6 Mbps, 1.5 Mbps, 1 Mbps, and 0.8 Mbps.

There are numbers of UEs using one or other RB shown in rows “Subset 0” and “Subset 1 in Table II. Bitmap
for first UE and result of resource blocks allocation to all UEs with non GBR shown on Fig. 1.
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Table 2: Procedure of Resource Blocks Allocation to UEs (All UEs with Non GBR)

RB 0 [ 1] 273 4 | 5]6 ] 7
RBG 0 1 2 3
Subset 0 1 1 1 1
Subset 1 4 3 2 3
RB 8 9 [ 10 [ 11| 12 | 13 14
RBG 4 5 6 7
Subset 0 1 1 1 1
Subset 1 2 4 2
DCI-FORMAT-1-10MHz SEQUENCE
ResoureAllocation RATypel CHOICE
RATypel SEQUENCE
Subset 00 BIT STRING
Shift 0 BIT STRING
RB-Assign 1BB0BREE BIT STRING
MCS INTEGER
HARQ Process 0 INTEGER.
NDI ] BIT STRING
RV ) INTEGER
TPC BIT $TRING
DAI BIT $TRING
|
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R}eq =3Mbps Rpeq =3Mbps Rig=3Mbps Rpq=3Mbps
Pr =1 Pn=3 Pn=5 P =T

Fig-1: Bitmap for first UE and Result of Resource Blocks Allocation to all UEs with Non GBR

As shown in Table Il, LTE downlink resource has been allocated among the four UEs according to their

requirements for bit rate ( Rrréq) and priority level ( Pr,,). The higher priority of the UE, the more bandwidth it has been
allocated to it.

In the case if second UE with Guaranteed Bit Rate and first, third, and fourth UEs with Non Guaranteed Bit
Rate, then the order of RBs allocation will be changed (Table I11). Procedure of bandwidth allocation for each UE is
following: 2.5 Mbps, 3.1 Mbps, 0.8 Mbps, and 0.5 Mbps.
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Table 3: Procedure of Resource Blocks Allocation to UEs (Only Second UE with GBR)

RB 0 | 1 2 | 3 4 | 5 6 | 7
RBG 0 1 2 3
Subset 0 3 1 1 1
Subset 1 2 2 2 4
RB 8 9 10 11 12 13 14
RBG 4 5 6 7
Subset 0 1 1 1 1
Subset 1 2 2 2

As shown in Table I1l, LTE downlink resource has been allocated among the four UEs according to their
requirements for bit rate ( Rpeq), resource type (GBR/Non GBR) and priority level ( Pr,,). That is why to second UE for

which is Guaranteed Bit Rate (GBR) and ereq =3 Mbps allocated bandwidth is 3.1 Mbps. The rest of the stations for

which are Non Guaranteed Bit Rate (Non GBR) bandwidth allocated according to their priorities, i.e. to first UE having
the highest priority allocated 2.5 Mbps, and to fourth, which has the lowest priority 7, allocated just 0.5 Mbps.

CONCLUSION

In this work proposed priority based balancing model of resource allocation in LTE downlink supporting RAT
1, which is a further development of the approach proposed in [6-8]. The novelty of model is that it can be used to
describe the process of RBs allocation in LTE downlink given UEs requests priority. Using the model allows to optimize
the process of resource allocation in LTE downlink in solving the problem by mixed-integer linear programming,
because some variables of (3) are Boolean, balancing variable (8) is a positive real variable, and objective function (9)
and constraints (4)-(8) are linear. The advantage of the model is that the balancing of resource blocks number allocated to
each of UEs is performed based on QoS requirements: demanded bit rate, priority and resource type (with or without
guarantee).

Presented results confirmed the efficiency of model and adequacy of obtained on its basis solutions. This model
can be used as the base of e-Node LTE software in solving problems resource allocation in LTE downlink with use RAT
1. Development of this approach is seen in the use of dynamic models of resource allocation represented in the state
space. This will allow more fully take into account not only the current state of the LTE network, but also the dynamics
of its change over time, due to variations in the signal-noise ratio, location and number of UEs, and requirements to QoS
level.
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