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Long Term Evolution (LTE) has emerged as a comprehensive evolution of
the Universal Mobile Telecommunications System (UMTYS). In this paper, a
Quality of Service (QoS)-guaranteed cross-layer resource allocation
algorithm for multiclass services in LTE system is proposed. Numerical
results demonstrate that the proposed algorithm can provide better
behavior for QoSbased services than other previous resource allocation
algorithms.
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. INTRODUCTION

The goal of LTE is to provide a high-data-rate, fatency and packet-optimized radio
access technology supporting flexible bandwidthl@epents [1], [2]. A broad range
of multimedia applications with guaranteed quatifyservice (QoS) is expected to be
provided by LTE. To ensure high spectral efficiemeythe LTE cell while providing
the required QoS, much more focus should be onrdiynpacket scheduling [3].

The LTE air interface supports both frequency divisduplex (FDD) and time
division duplex (TDD) modes, each of which hasoiten frame structure. Subcarrier
spacing is constant regardless of the channel bdtidwDownlink and uplink
transmission in LTE are based on the use of maltigicess technologies: specifically,
orthogonal frequency division multiple access (OFR)Nbr the downlink, and single-
carrier frequency division multiple access (SC-FDMAr the uplink [4], [5]. The
advantage of OFDM is that; the radio channel isdéig into many narrowband, low-
rate, frequency-non-selective subcarriers, so thattiple symbols can be transmitted
in parallel and multiple user equipments (UEs) aggigned subcarriers or subsets of
them in order to be served simultaneously. How&/ DM was chosen as the signal-
bearer format because it is very resilient to fetence.

It is also a modulation format that is very suitafur carrying high data rates —
one of the key requirements for LTE [6], [7]. ITE, The configured classes have
been specified in two categories of bearers, GueednBit Rate (GBR) and Non-
Guaranteed Bit-Rate (Non-GBR) bearers [8]. QoS Lldentifier (QCI) is an index
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that identifies a set of locally configured valdesthree QoS attributes: priority, delay
and loss rate. QCI is signaled instead of the wabfe¢hese parameters. The standard
QCI classes are shown in table 1[9], [10]. Wheom=nection (or bearer) is established
between the UE and the LTE core network a QCl éifigd. This defines whether the
bearer is guaranteed bit-rate or not [11], [19he&sluling algorithms are responsible
for selecting which UEs will have access to thetaysresources and with which
configuration.

Adaptive Modulation and Coding (AMC) is the meclsmiused for link
adaptation to improve data throughput in a fadihgnonel. This technique varies the
downlink modulation coding scheme based on the mélaconditions of each user
[17]. Inside each subcarrier AMC is applied witlelh modulation schemes (QPSK,
16QAM and 64QAM) and variable code rates.

In order to exploit the advantages of OFDMA mukigiccess scheme and
guarantee the QoS of different services with distiraffic patterns and requirements,
scheduling is importance in LTE. Scheduling aldoris are responsible for selecting
which UEs will have access to the system resowumndswith which configuration [6],
[7], [11]. Therefore, in this paper, we deal witbwhlink scheduling algorithms for
capacity maximization in multiservice scenarios.

This paper is organized as follows: Section Il pri#s an overview for the
related works. Section Il will establish the systenodel and analysis. In Section IV,
the detailed cross-layer resource block allocatigorithm for LTE system is
presented. In Section V, we investigated the peréorce of the proposed scheme and
compare it with the traditional fixed and fair sofes. Finally, we conclude the paper
in Section VI.

Table (1) Standardized QoS Class Identifiers (QCIs) for LTE [15].

QCI | Resourcetype | Priority | Delay budget Services
1 GBR 2 100 ms VolP.
2 GBR 4 150 ms Video call.
3 GBR 5 300 ms Streaming.
4 GBR 3 50 ms Real time gaming.
5 Non-GBR 1 100 ms IMS signaling.
6 Non-GBR 7 100 ms Interactive gaming.
7 Non-GBR 6 300 ms Applications with TCP:
8 Non-GBR 8 300 ms browsing, email, file
9 Non-GBR 9 300 ms download, etc.

II. RELATED WORK

In [18], the authors propose an adaptive proportional &aeduling algorithm for LTE

which adjusts the scheduling priority accordingridividual user's channel condition.
This method gives more scheduling probability te thsers who are under poor
channel condition for a long period of time, andidg the users whose channel
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conditions are favorable occupying too much resmulicenhances the fairness
with a limited degradation of whole system througihp

Authors of[13] have considered a flexible OFDMA wireless syst in which
the fixed and fair allocation algorithms are expéal. The results show the drawback
of these algorithms for performance and fairness.

And in [14], the proposed cross-layer maximum wetdghcapacity (MWC)
based resource allocation provides a much bett& Qan maximum capacity (MC)
and proportional fairness (PF) at a high total daitival rate, while maintaining nearly
the highest system capacity and costing a simdanptexity.

1. SYSTEM MODEL

In this paper, an OFDMA system for LTE is considel®@FDM provides a physical
basis for the multiple shared channels, wheeddtal bandwidth B is divided into N
subcarriers and each subcarrier have a bandwigdg®al B/N. Let n = {1, 2, ..., N}
denote the subcarrier index set.

LTE frames are 10 msec in duration. They are divitko 10 subframes, each
is 1.0 msec long. Each subframe is further divided two slots, each of 0.5 msec
duration. Slots consist of either 6 or 7 OFDM syisbaepending on whether the
normal or extended cyclic prefix is employed.

We consider an OFDM system wikhusers, LetQ  denote the index set of
subcarriers allocated to uskrand k=1, ..., K. For simplicity, we assume that each
subcarrier is occupied by only one user and unif@oaver allocation across all
subcarriers.

The channel capacity of a subcarrier in the OFDMtiplax can be expressed
as [13]:

; 5 j .
C,= B, log, ‘l+ T.N.B, oy (1)
whereN, is the power spectral density of the additive et®aussian noise (AWGN)
channel (assuming perfect channel estimati@njs the multipath channel attenuation
coefficient of the subcarrier assumed here as Rayleigh distributed random \ariab
T, is the symbol time ank is the symbol energy. It has been consideredithan

OFDM system the carrier spacirg,) is equal to the inverse of the symbol tiriig.(

; E o n
£,.= B, ]ag:[ 1+ Tu;) (2}
| ]

SNR, | = (3\1 a; .- effective signal-to-noise ratio for theth user at subcarrier,
o Mol

Cpe = By logs(1+ SNR ) (3)
The capacity correction factor (F) is considereathe

TS;‘D:' - TC_'_'I inziot
TS;‘D:'

F =
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Tcy in 200 The duration of cyclic prefix (CP) in one slotsi®wn in table 2.
Table (2) Theduration of cyclic prefix for normal and extended cyclic

refix [12].
CPlength Number of OFDM Symbols/Slot
4.6us (Normal CP) 7 OFDM symbols
16.66:s (Extended CP) 6 OFDM symbols

So the capacity of subcarrier is updated to

Cprx= FB,log.(1+ SNR,,) (5)

The maximum capacity for tHeth user is given by:

nelh.
neld

The resource allocation scheme is design to marithie system throughput:

K
j=) R ™
x=1

The total channel capacity is not used efficieatlany transmission time if the
modulation scheme is fixed. To overcome this draskbadaptive modulation and
coding (AMC) schemes have been introduced [13].

V. SUBCARRIER ALLOCATION

The algorithms discussed in this paper are baseth@restimation of the channel
capacity belonging to the subcarriers. From theviptes equations, the channel
capacity that a user achieves by the assignmerd cfrtain subcarrier can be
determined.

A. Fixed Allocation

The first allocation algorithm is the fixed allomat algorithm that proposed in [13]. It
approximates a uniform capacity distribution, whexach user obtains the same
number of subcarriers without any consideratiorth® channel parameters, so the
users with the best channel conditions obtain #mmesnumber of resources with
respect to the users with the worst channel canditi
Where:
S the set of free subcarrier;
*R¢ the capacity assigned to tk¢h user.
1. Initialization:
SetRik=0,Q.=d k=1,...,K;
2. For k=1 toK:
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Assign subcarrien to userk, i.e., add subcarriar to £, . Remove subcarrier
from S. UpdateR according to (6).

3. Repeat step 2 untilS= @.

B. Fair Allocation

To avoid the previous drawback another allocatigorthm is proposed in [13]. The
algorithm, assigns the subcarriers to each useertitpg on the best channel
conditions and the channel capacity.
1. Initialization:
a) SetRy=0, % =® k=1,...,K;
Fork=1 toK:
b) If SNR,.= SNR,. (mnh€ S ; assign subcarrien to userk, i.e., add
subcarriemto 2 . Remove subcarrienfrom S UpdateR, according to (6).
2. Find the userk so thatR < R, for each user u; and repeat (1-b) for the
corresponding uséx
3. Repeat step 2 untilS= @.

The described algorithm, after an initializationaph, assigns to each user a
subcarrier within which the user has the highesRS8lubsequently all the remaining
subcarriers are assigned through an iterative pso¢he user with the lowest amount
of capacity is selected and a subcarrier with #st BNR is allocated to him.

C. Proposed QoS-Based Allocation Algorithm

The LTE QoS mechanisms follow a network initiatealSQcontrol based on GBR and
non-GBR bearers, which is a class-based packetafding treatment for delivering
real-time and non-real-time traffic [8].

The previous algorithm may lead to the case whieeeusers occupying air
resources do not have a high demand for resouvdeite other users with urgent
traffic demands are not allocated enough resoudcesto poor channel gains. The
proposed algorithm considers the QoS informatiog,, ¢he queuing delay. So we
generate a weight value for each user, which iction of the guaranteed QoS
parameters as priority, delay and data rate. Thia imodification of the existing
algorithm in [14].

Then, the system throughput in (7) will be:

K
/= Z Wy Ry (8)
&=1

whereW, denotes the weight for uskewhich indicates the QoS information for uger
Delay satisfaction indicatoDS,) indicates the connection delay for uker

D5p = Ly — 3y (9)
whereL,,is the delay bound for the traffic type, whichhe tclassn QoS traffic,S is
the waiting time for the data of uderwhich is the duration between the arriving time

and the serving time for the data and neglectisgeffect of guard slot.
Let V.., denote the weight of the data corresponding bezauiern of userk,

is given by:
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i {Lﬁ’m;‘ DS, llog(Dy, +1) DS, > 0
" B log( Dy + 1) D5, =0

wherefis the classn QoS coefficient (given in table 1) abg,is the amount of data
arriving in subcarrien.
So the weight of user k will be:

W, = Z U, (11)

neEl

The proposed scheduling scheme, assigns a highghtwe the data packets
with a less DS, i.e., the data with the least D&ikhbe sent out first.

Letting R,/ W, denote the rate-to-weight ratio (RWR), we emplog th
following proposed subcarrier allocation schemeemghthe user with the lowest RWR
is allowed to pick subcarriers in each iteration:

1. Initialization:
a) SetR=0,Q=d k=1,...,K;
SortW in the descending order,
Fork=1 toK:
b) If SNR,,.= SNR,. (mn€ S); assign subcarriem to userk, i.e., add
subcarrierm to Q.. Remove subcarrien from S. UpdateR, according to

(6).
2. Find the minimumR, /W (k =1,...,K), and repeat (1-b) for the corresponding user
K.
3. Repeat step 2 untilS= @.

The proposed algorithm, after an initialization ghaassigns to each user a
subcarrier within which the user has the highesRS8iubsequently all the remaining
subcarriers are assigned through an iterative psotke user with the minimum RWR
is selected and a subcarrier, which provides tls 8B8IR to that user, is assigned to
him.

(10)

In the Second Part of this Simulation Scenario:

LTE system uses resource block (RB) which is thsicbainit of exchanging
information in both downlink and uplink. The rad&source that is available for a user
in the downlink 3GPP LTE system is defined in bfstéguency and time domains and
is called a resource block (RB). In the frequencyndin, the RB consists of 12
consecutive subcarriers (180 kHz total bandwidtig m the time domain it is made
up of one time slot of 0.5 ms duration as showfign(1). We assume that each RB is
occupied by only one user.

One resource block contaitVy= subcarriers; so the channel capacity of a RB

in the OFDM multiplex can be expressed as:

E o, ) -
T.NgB, ™ e
So eq. (5) is updated to be

L

Cm= NEEB, log,| 1+
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Cose = FNEE B, log,(1+ SNR,.) (13)
And the same algorithms steps are followed forRBeallocation.

One downlink slot T,

,/

A kY

NEL . OFDM symbols

_~ Resource block
-
- ;\’_%.Lmb % NEB yesource

element

Resource
p " element

-
.

DL RE .. P
Ngg % Neisubcarriers
NEB subcarriers

I\

Y

Figure 1. The Downlink time—frequency resource §tig].

V. NUMERICAL RESULTS

In this section, the numerical results is presemtedompare the performance of the
fixed, fair and proposed scheduling algorithms TrELdownlink direction.

In this simulation, there are 9 users each of thamone type of traffic classes
supported by LTE wireless network as in table 1olm work, we used the normal
cyclic prefix.

The values of the system parameters are givereifottowing table (3):

= For thefirst part of this paper (subcarrier allocation):

Figure (2) shows the relationship between SNR dmel total system capacity. It
demonstrates performance of proposed algorithm, paoed to fixed and fair
allocation schemes. The maximum capacity achiewedhb proposed algorithm is
much higher than that for fixed scheme and appratefy the same as the fair.
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In Fig. (3), the fixed and fair allocation algoritls do not provide any priority
for GBR services over Non-GBR. On the other har proposed QoS-based
scheduling algorithm provides better capacity foBRGthan that for Non-GBR
services.

Table (3) The Simulation parameters

Parameter

Setting

System bandwidth

Number of subcarriers

Number of occupied subcarriers
Subcarriers per RBVES)

RB bandwidth

Number of RBS

Total transmit power

Power distribution

Number of active users
Transmission Time Interval(TTI)
Channel type

Channel attenuation coefficient
Modulation/coding rate settings

10 MHz

1024

600

12

180 kHz

50

1w

Uniform

9

1ms

AWGN channel
Rayleigh distributed

2

1y 26 35 4y
QPSK :1/5,2/3,3/,, %/

1 27 3¢ 4y
16QAM: 1/, 2/5,3/,, 4/c

L2 3y Ay
64QAM: 2/5,3/,, %/

System Throughput (bps/Hz)

60

SNR(dB)

(sdq\) indybnouy waisAs
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Fig. (2) SNR versus System Throughput in Mbps gritz for subcarrier allocation.
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Fig. (3) SNR versus System Throughput in Mbps fonNGBR and GBR traffic for
subcarrier allocation.
= For the second part of this simulation (RB alloma}i

Figure (4) demonstrates performance of the propQsEsi-based allocation algorithm,
compared to the fixed and fair allocation algorishm bit per second per hertz and
Mbps. The fixed resource allocation scheme achiéwggperformance while the fair

and the proposed scheduling algorithms achieve oappately the same overall

capacity for all traffic types.
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Fig. (4) SNR versus System Throughput in Mbps ggitthz for RB allocation.
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Fig. (5) SNR versus System Throughput in Mbps fonNGBR and GBR traffic for
RB allocation.

In Fig. (5), the system performance for fixed, fand the proposed algorithms
for the RB allocation. Which when compared to H@8) indicate that, for RB
allocation the GBR services can have more cap#uity the Non-GBR services in the
subcarrier allocation.
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Fig. (6) Bit error rate of the system versus SNRRB allocation.

Figure 6, points out the better behavior of the ppsed algorithm in
comparison with the fixed scheduling algorithm emmis of the BER parameter. The
figure shows that the proposed algorithm has apmately the same as the fair
algorithm.

Through this part of the simulation work, we fixetlsNR at 20 dB and the
number of active users varied from 2:74 user duidgually between the GBR and
Non-GBR traffic types.

The results in fig. 7 shows that, the total systepacity for the proposed and
fair allocation algorithms is much better than tfuaitthe fixed allocation algorithm. As
we predict; the capacity of the fixed scheme isstamt with the increase of user
numbers while the capacity of the proposed andainesschemes are approximately the
same and increase with increasing the number iveasers.

As indicated from Fig. 8, the fixed and fair schigay algorithms assign the
same amount of capacity for both the GBR and NoirGBers, so both of them do
not provide any priority for GBR services. The pvepd algorithm provides high
performance for GBR services than Non-GBR servige® 50 users and this is due to
the limitation of the resource block number (i.@.RB for 10 MHz bandwidth).
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Fig. (7) Throughput in b/s/Hz and Mbps versus Nundfaisers (at SNR= 20dB)

VI. CONCLUSION

In this paper, we have proposed a cross- layeuresallocation scheduling algorithm
for downlink LTE network, based on QoS informatimom the data link layer. And
we compare it to the fixed and fair allocation aitjons in two parts. In the first part
the allocation algorithms assign individual subieaisr to the users while through the
second one, the allocation algorithms assign iddai RB to the users. The results
show that, the proposed algorithm has approximdtelysame performance compared
to fair allocation algorithm and much better capadhan the fixed schemes.
Moreover, it provides a better QoS and performanmitle guaranteed bit rate services
in LTE systems than that of the fixed and fair aildpns.
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Fig. (8) Non-GBR and GBR System throughput in Misessus Number of users
(at SNR= 20dB)
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