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How to improve Bit Error Rate and throughput by Resource Manage-
ment and affect it on Quality of Service and Modulation and Coding
Schemes in Resource Block for LTE

New cross-layer scheduling algorithm to satisfy
better Quality of Service (QoS) parameters for real
time applications has been proposed in this paper.
The proposed algorithm builds on allocating re-
source blocks (RB) with different modulation and
coding schemes (MCS) according to bit error rate
(BER). The authors admit that nowadays great at-
tention is paid to Radio resource management al-
gorithms development. Such algorithms improve
radio resources application, making the enhanced
throughout telecommunication system available to
users. Radio resources management includes
transmission power management, mobility man-
agement, radio resources scheduling etc. Smart
radio resource management is the major task of
LTE, which enables LTE to become a reliable
technology, meeting the broadband mobility re-
quirements in upcoming years. The given algorithm
will schedule the available resources to the best
advantage and afford users enough data transmis-
sion opportunity, even while they freely move.
Moreover, the assigned resources QoS would not
interfere with already assigned resources. Refer-
ences 8, figures 4.

Keywords: Long Term Evaluation (LTE), Re-
source Block (RB), Quality of Service (QoS), Modu-
lation and Coding Schemes (MCS), resources
management, Transmission Time Interval (TTI),
Channel Quality Indicator (CQI), base station (BS),
Physical Resource Blocks (PRB).

Introduction

Long Term Evolution (LTE) is the name given
to a 3GPP project to evolve UTRAN to meet the

needs of future broadband cellular communica-
tions. This project can also be considered as a
milestone towards 4G standardization. Different or-
ganizations and individuals are involved in this pro-
ject to specify requirements of LTE which satisfies
both operators and consumers. With OFDM as its
key technology, 3G LTE (Long Term Evolution) has
improved and enhanced 3G air interface technol-
ogy hence outperforms traditional 3G system. Dy-
namic resource allocation is a crucial measure to
improve spectrum efficiency and to ensure QoS re-
quirement in 3G LTE system. In radio environment,
one Resource Block (RB) which suffers from deep
fading on one user may be in an excellent condition
for other users. Therefore, the scheduler in the
base station (BS) may assign the RB to a favorable
user to achieve high resource exploitation rate and
system throughput. LTE has a frame duration of T
= 10 ms and it is divided into equally size sub-
frame, called Transmission Time Interval (TTI),
lasting 1 ms. The whole bandwidth is divided into
180 kHz physical RBs, each one lasting 0.5 ms and
consisting of 6 or 7 symbols in the time domain
(according to the OFDM prefix-code duration) as
shown in figure 1[1].
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Figure 1. LTE Frame structure
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Every TTI, the Channel Quality Indicator (CQl)
is reported by the user measurement entity to the
base station (BS) to provide time and frequency
channel quality information for better spectral effi-
ciency and resource allocation. For downlink RBs,
users use the Physical Uplink Control Channel
(PUCCH) to convey channel quality information to
the BS. BS conveys downlink RBs allocations and
MCS assignments to all users using the Physical
Downlink Control Channel (PDCCH) [1]. User-level
QoS allocation problem could be divided into allo-
cating RBs and power to individual users under
various constraints. Since, the joint optimization
problem of allocating RBs and power optimally to
satisfy user-level QoS under the total available
power constraint, involves discrete assignment and
is thus not convex in the unknowns of RBs alloca-
tion and the available power, making it an Non-
deterministic Polynomial (NP)-hard problem [2].

2. SYSTEM MODEL

The LTE transmitter and receiver with cross-
layer design as shown in figure (2) below which al-
locate RBs in a frame to different users. Frequency
Division Duplex (FDD) is assumed to be the opera-
tion mode.

We can see in each symbol have many of sub-
carrier and All RBs in the set are available for allo-
cation to users. Following the LTE standard con-
straints in [3, 4], all RBs have the same grid size,
subcarriers in each RB have the same MCS, and
all RBs allocated to a user in one TTI have also the
same MCS
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Figure 2. LTE model for cross-layer design and RB
allocation

From figure above it can see At the transmitter,
there are number of users each of them is repre-
sented as M/D/1 queue [6]. Data packets arrive at
queue n according to Poisson process with arrival
rate A, bits per frame.

All OFDM symbols in a TTl have the same
transmit power due to the fact that each RB has the
same MCS and thus the same number of allocated
bits to each of its subcarrier. Each TTI can have
different transmit power. The conclusion from this
model that allocates RBs and assigns MCS to each
RB, is to minimize the overall average packet delay
for all users specially who has real time traffic while
providing the BER requirement, queue stability
constraint, power resource limitation, channel con-
dition awareness, supportable MCS, and transport
block constrains [7]. It will be better to enter more
deep in radio resource scheduling and take one or
two algorithm before take more detail how to affect
QOS and MCS on resource block.

2.1 Radio Resource Scheduling

Radio resource scheduling is a process in
which resource blocks are distributed among the
UEs. Before the eNodeB can assign the modula-
tion technique and coding rate to an UE, based on
the transmission channel condition, it must be as-
signed radio resource blocks. The details of RRB
are given in section 2.2.1.

Due to the rapidly and instantaneously chang-
ing nature of radio channel quality there must be a
fast enough scheduling algorithm to compensate
the changing channel conditions. Radio resources
are scheduled every 1ms in 3GPP LTE and differ-
ent frequency bandwidths i.e. 1.25, 2.5, 5, 10, 15,
20 MHz or an aggregated bandwidth can be as-
signed to an individual user based on the channel
condition and availability. Thus, the task of the
scheduling in 3GPP LTE i.e. RRBs distribution
among users, is more complex.

2.2 Resources Scheduling Algorithms

A number of the radio resource scheduling al-
gorithms have been proposed in the literature and
are described briefly in the following subsections.

2.2.1 Proportional Fairness Resource Allocation
Scheme Algorithm

In Proportional Fair (PF) scheduling algorithm
for OFDMA [8], the priority for each user at each
resource block is calculated firstly and then the
user with maximum priority is assigned the RB and
the algorithm continues to assign the RB to the
user with next maximum priority. This process con-
tinues until all RBs are assigned or all users have
been served with RBs. The priority of k™ user for j"
resource block in time ‘n’ is calculated as follows.

Py (n) = RDRy 4(n)/ Ry(n) (1)
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Here RDRy ;(n) denotes the requested data

rate for the k-th user over the j-th RB in time n and
Rk(n) is the low-pass filtered averaged data rate of
the k-th user. RDR is estimated using AMC (Adap-
tive Modulation and Coding) selection which is
based on current transmission channel condition.
RDR for retransmissions is clearly separated from
the RDR of new resource requests as retransmis-
sions must be treated specially to guaranty their
successful reception at the receiver and in that
case RDR is estimated as follows

RDRk (1) = Rucs(SNRac) 2)

Here RMCS is the rate estimation function and
SNRAC is the accumulated signal to noise ratio
over the transmission channel. On each interval of
scheduling, the Rk(n) is updated as follows

Ry (n+1)=(1-a)Ry (n)+a-RDRy(n) (3)

where ‘a’ is average rate window size and RDR(n)
is the aggregate data rate of user k time n.

2.2.2 Softer Frequency Reuse based Resource
Scheduling Algorithm

In order to reduce the frequency selective
scheduling gain loss and to increase the data rate
at cell edge, the softer frequency reuse scheme is
proposed. In this scheme the frequency reuse fac-
tor both at cell center and cell edge is 1. The high
power frequency band is different between
neighboring cells.

The designed frequency scheduler runs in a
way that the cell edge users have the greater prob-
ability to use the frequency band with higher power
and the cell center users have the higher probabil-
ity of using frequency band with lower power. We
need to do a little modification in PF scheduling al-
gorithm as follows

RDRKJ n

Fogn) = sal”) @
Ry (n)Fi j

where Fy; is the priority factor and can be one of

the following

F.1, User k at cell center, RB j is low power

Fi2, User k at cell center, RB j is high power

F.1, User k at cell edge, RB j is low power

F.2, User k at cell edge, RB j is high power

Fijcan have the value between 0 and 1.

Here we can easily assign the values to Fy; to
control the resource assignment to users at cell
center and cell-edge.

2.2.3 Resource Scheduling Algorithm based on
Dynamic Allocation

This scheme performs efficient radio resource
utilization in different types of network traffic. Con-
versational class fraffic is transmitted on the net-
work in small chunks which

are considerably smaller than the packets of
streaming class traffic. In this algorithm the equal
allocation of the radio resources is ensured but not
the

capacity of traffic that they can handle with
these physical resource blocks (PRB). This algo-
rithm is outlined below

Initialization

N=50 (1, 2..., 50)

Until N=0

Foreach kin U

RB->k; the user k selects best PRB from N de-
pending on channel condition

N=N-RB

End Foreach

End Until

Where

N = Total number of available physical re-
source blocks

U = Total users to multiplex on a physical re-
source block

RB = Resource block which are assigned to k
user

3. QOS BASED ALGORITHM

The proposed algorithm has two phases, the
first phase is the RB allocation phase while the
second one is the MCS assignment phase.

In this algorithm the sub-carrier controller com-
bines the CQIl and the QoS information which is
transferred from the traffic controller in the MAC
layer to distribute the resources among the users
with taking into account.

The available resource blocks are allocated to
users through an iterative process, where the total
number of iterations is equal to the total number of
RBs available at each frame. At each iteration only
one RB is allocated to the user which maximizes
the following proposed priority function

T (n).PLR(n) W,
Tmax, PLRY" p,

PRF(n)= (5)

W, =—n__

= vn,VieU 6
" argmin }; © ©)
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Step (1.b) sets each user pseudorandom-
function (PRF). The algorithm tries to spread RBs
allocation to each user among TTls as much as
possible and at the same time select the best
channel for a user. The reason for the first criteria
is that allocating different RBs in the same TTI for
the same user does not utilize where Tw(n) is the
packet waiting time in a queue from the arriving in-
stant to the scheduling instant, PLR(n) is the packet
loss rate of user which is the ratio between the
transmitted and the dropped packets over the mov-
ing scheduling window M ,, /W ( is the ratio of a

user arrival rate to the minimum arrival rate, T,,Tax z
is the maximum tolerated delay for the traffic type
z, PLRZ” the maximum tolerated PLR for the traffic
type z and P, is the traffic priority. The RB alloca-

tion phase starts by initializing the RBs allocation
matrix, a, , the MCS assignment matrix, by, the

set of RBs allocated to user n, S/’ a TTI counter .t

the set of users , U and finally the priority function
of each user, PRF the power resources efficiently
since they must all have the same MCS (as re-
quired by C4). The second criteria stems from the
fact that choosing an RB with the best channel
condition is important for minimizing the transmit
power. In the second stage, the algorithm allocates
one RB to each user and guarantees that each TTI
has only one RB allocated to a single user. In the
third stage, RB allocations are done in proportional
to user PRFs. First, a user is chosen according to
its PRF. Then, a TTI that has the minimum number
of RBs allocated to that user is chosen (Step (3.b)).
An RB from the selected TTI with the best channel
condition to that user is allocated to it (Step (3.c)).
The algorithm concludes the allocation phase by
updating the allocation matrix> aj,, and the set of

RBs allocated to each user S/

RB allocation phase
(1) Initialization

(a) Set a,, =0,b,, =0,S, =S,,S! =gt =1,

(b) Calculate PRF(n), when n,ieU ;
(2) Foreach neU
(a) Find r= argmaxhy, ,,whenr e Sﬁ F\S'r ;

_ ' Q' _ S en _qn .
(b) Set a =1S, =S, -r ,Sr* _Sr* +r;
(d) If t >|S;|,Sett =1, else Set t =t +1;
(3) While S, =@,

115
* Sp
(@) Find n =argmin————;
n PRF(n)
(b) Find
t =argmin SﬁmS[' , whent e St,Sﬁ =D
t

(c) Find r= argm;’:\xhn*’r,whenr € Sﬁ mS' ;

* *

(@ Set g, =15, =S, ~r ST =S 41’

r r

And we can complete this algorithm for MCS
assignment phase starts with initializing the TTI
counter, as fourth stage. And after this enter to fifth
stage and gate from algorithm priority to the users'
subsets according to their traffic type so it begins
with the subset which represents the most delay
sensitive traffic and ends with the subset which
represents the least delay sensitive traffic.

And we can do fifth stage and the aims at as-
signing MCS for all RBs in a way to minimize the
overall average packet delay and before this it can
do priority to the users subsets according to their
traffic type then it increases the MCS for those RBs
in that TTI which yields the lowest average delay
that mean RBs are already assigned the maximum
MCS. If all users in a given TTI are excluded, then
all RBs in this TTI are considered to have reached
the maximum possible MCS and the TTI is ex-
cluded from any further processing and according
to this it can do balances between reduction in
weighted delay and power increase.

4. SIMULATION RESULTS

According to postulate Parameters we assume
that each user supports MCSs according to BPSK,
QPSK, 16-QAM, and 64-QAM. Arrival and service
rates are in bits per frame and packet sizes are as-
sumed to be fixed and of size 400 bits. Also we as-
sume that the simulation environment has 10 us-
ers, and are divided into two equal groups; group A
(with index {1, 2,...., 5}) and group B (with index {6,
7,...., 10}) where the arrival rates, 1, of users in

group A are equal to each other and allowed to
vary whereas the arrival rates, Ag of users in group

B are always fixed and set to 150 bits per frame.
The simulation results are demonstrating the per-
formance of the proposed QoS algorithm and its
comparison to the previous Resource Block Alloca-
tion algorithm [4]. Figure 3 demonstrates the over-
all average packet delay versus the arrival rates
A4 for both the QoS proposed algorithm and the
previous RBA algorithm; it's found that the average

packet delay of the QoS proposed algorithm is
slightly larger than the delay of the RBA algorithm
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especially when 1, goes to large values as shown

in figure (3) here there is no different in QOS re-
quirement. We go to see user arrival in QOS algo-
rithm with care for QoS requirements (application
type, delay budget, loss rate) that mean if we serve
Voice application with large arrival rate exhaust
more resources to achieve their demands but for
web we aspect less resources .which clearly in fig-
ure (4).
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Figure 3. The average packet delay for the RBA and
the proposed QoS Algo
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Figure 4. Differentiation between the real time appli-
cation and the non-real time application in term of
the average packet delay

5. CONCLUSION

This paper concentrate on problem in RBs and
how to benefit from used minimum power in these
resources allocation in better way in LTE system. It
clearly for most advertisement paper concentrate
power allocation and user separately therefore
here it appear how to used cross-layering for MCS
and RB algorithm as suggestion to solve problem.
And from this paper it appear how perform MCS
assignment for each RB to minimize packet delay

and it can observe that how to dealing with different
users with allocation resources block according to
CQls .In the end applied the algorithm in simulation
results for lower packet delay with rate arrival rela-
tive to non QOS previous for different user . Radio
resource scheduling scheme based on softer fre-
quency reuse is likely to offer the best performance
compared to the other schemes discussed in this
paper.
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Kopekuis xubHux GiTiB, NiABULLEHHA NepenyCKHOI 3AaTHOCTi Ta BNJIUB
Ha AKiCTb 06CNYyroByBaHHS i KOAOBY cxeMy MoaynsAuii pecypcHoro
6noky ana LTE wnsaxom ynpaBniHHA pecypcamu

Y cmammi npornoHyembCcs HOBUU KpOC-waposull an2opumm rraHysaHHs, skul 3abesnedye Kpawii
napamempu QoS y npoepamax 3acmocysaHHs, wo Oitomb y peanbHoMy macwmabi Yacy. 3anpornoHosa-
Hul anzopumm 6ydye nocnidosHicmb pecypcHUX B6IoKi8 i3 pisHUMU cxemamu MoOynsayii ma KoOyeaHHS
(MCS) sidnogidHo Ao yacmomu nosisu xubHux b6imie (BER). Y cmammi gidmivaembcsi, w0 y menepiwHit
yac npudinsembcsl 3Ha4YHa ygaza po3pobui arnzopummie yripassiHHSA pecypcamu padio3e’ssky. Taki aneo-
pummu nokKpawyroms eukopucmaHHs padiopecypcie i 00HoYacHO Hadaromb Kopucmyeadam cucmemy
merneKkoMyHikauilt i3 nidsuu,eHor nepernyckHoro 30amHicmio. YnpaeriHHs padiopecypcamu repedbadyae
yrpaeniHHs rnomy>kHicmio nepedadvi, yrpassiHHs MobinbHICMIo, riaHysaHHs pecypcie padiol3e’si3Ky mouio.
IHmenekmyarnbHe yrnpassriHHSA pecypcamu padio3e’si3Ky € OCHO8HUM 3a80aHHsM LTE, 8UKOHaHHS 5IKO20
0ossgonums 3pobumu LTE HadiliHoto mexHonozieto, 30amHoro 3adogoribHUmu rnompebu kopucmysadie
WUPOKOCMy208UX MOBINbHUX mefnieKkoMyHikauil y HacmyrHi poku. Llel aneopumm dosgonume rnaHyea-
mu docmynHi pecypcu HalkpawumMm 4YuHoM i Hadacmb kKopucmysadam OocmamHbO Moxueocmel
nepedayi OaHuUX, Hagimb 3a yMOBU 8iflbHO20 NepecysaHHs Kopucmyesadig. Kpim mozo, eusHa4yeHi pecypcu
QoS He KoHGiKmysamumMyme i3 exe rnpusHadeHuUMu pecypcamu. bion. 8, puc. 4.
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Ham (LTE), pecypcHuli 6nok (RB), skicmb obcnyzosysaHHs (QoS), kodosa cxema modynsuii (MCS),
yrnpaesniHHa pecypcamu, iHmepsan dacy nepedadi (TTI), iHOukamop sikocmi kaHany (CQI), 6asosa
cmaHuyis (BS), 6ok ¢isuqHux pecypcie (PRB).
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B daHHOU cmambe npednazaemcsi HOBbIlU KPOCC-CrIOUHbIU an2opumm nrnaHuposaHus, obecrne4vu-
garowul ny4wue napamempsi Q0S 8 npunoxeHusix, pabomarouwux 8 peasbHOM Macuwmabe epemMeHu.
lMpednoxeHHbIl aneopumm ebicmpausaem 8bl0esieHHbIe pecypcbie brioku (RBS) ¢ pasnu4HbiMu cxema-
mu modynsayuu u koduposaHusi (MCS) e coomeemcecmeuu ¢ Yyacmomodl rosiefieHUs1 owuboYHbIX bumos
(BER). B cmambe ommeyaemcs, ymo 8 Hacmosiwee epems ydernsemcs b6onbuioe sHuMaHue paspabom-
Ke aslzopummos yrpaesieHusi pecypcamu paduocessu. Takue ansopummbl yryHuarom Ucrofib308aHue
paduopecypcos, rnpedocmas/sisisi nosib308amesisiM cucmemMy mesieKOMMYyHUKauul € rnoebiueHHOU npory-
CKHOU criocobHocmblo. YrpaeneHue paduopecypcamu ekroyaem & cebsi ynpasrieHue MOUHOCMbIO r1e-
pedayu, yrpasneHue MobusibHOCMbIO, MIaHUpo8aHUe pecypcos paduocessu u Op. ViHmernnekmyanbHoe
yrpasreHue pecypcamu paduocesiau siensiemcsi 0CHosHoU 3alayvell LTE, komopas npu3gaHa cOenamb
LTE HadexHol mexHonozuel, ydosrnemeopsrouwieli nompebHocmu rnosb3o8amernel WupOKOMOIOCHbIX
MOBUSIbHBIX meneKoMMyHUKayull 8 rpedcmosiujue 200bl. 3mom anzopumm 03801UMmM MaHUpo8amb
docmyriHble pecypcbl Hauny4Ywum obpasom u rnpedocmasum nosib3ogamersisiM ocmamoyYHO 803MOXKHO-
cmeli nepedayvu daHHbIX, 0axe Kozda OHU c80b600HO nepedsuzaromcs. Kpome moeo, Ha3Ha4yeHHble pe-
cypcbl QoS He b6yOym uHmepghepuposams C yxe HasHa4yeHHbIMU pecypcamu. bubn. 8 , puc. 4.

KnioueBble crnoBa: yHusepcasibHas Ha3emHas cemb paduodocmyrna ¢ 00120CPOYHbIM YCO8EPLIEH-
cmeosaHuem (LTE), pecypcHbiti 6ok (RB), kayecmeo obenyxueaHusi (QoS), kodosasi cxema mMolynsyuu
(MCS), ynpaeneHue pecypcamu, uHmepearn epemeHu nepeda4qu (TTl), uHOukamop Kadecmea KaHana
(CQI), 6azosas cmaHyus (BS), brok gpusuyeckux pecypcos (PRB).
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