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Abstract—New generation mobile communication networks have
the ability of supporting triple play. In order that, Orthogonal
Frequency Division Multiplexing (OFDM) access techniques have
been chosen to enlarge the system ability for high data rates
networks. Many of cross-layer modeling and optimization schemes
for Quality of Service (QoS) and capacity of downlink multiuser
OFDM system were proposed. In this paper, the Maximum Weighted
Capacity (MWC) based resource alocation at the Physical (PHY)
layer is used. This resource allocation scheme provides a much better
QoS than the previous resource alocation schemes, while
maintaining the highest or nearly highest capacity and costing similar
complexity. In addition, the Delay Satisfaction (DS) scheduling at the
Medium Access Control (MAC) layer, which alows more than one
connection to be served in each slot is used. This scheduling
technique is more efficient than conventional scheduling to
investigate both of the number of users as well as the number of
subcarriers against system capacity. The system will be optimized for
different operational environments: the outdoor deployment scenarios
as well as the indoor deployment scenarios are investigated and also
for different channel models. In addition, effective capacity approach
[1] isused not only for providing QoS for different mobile users, but
also to increase the total wire ess network's throughput.

Keywords—Cross-layer, effective capacity, LTE, OFDM, QoS,
resource allocation, wireless networks.

|. INTRODUCTION

FDM is an effective technique to combat frequency-

selective channels and to support high data rate services,
which have been adopted in Wireless Local Area Networks
(WLANS) (IEEE 802.11a& 11g), WiMAX (IEEE 802.16) and
3GPP Long Term Evolution (LTE) downlink systems[2]. The
goa of these networks is to provide rea time services for
delay sensitive applications, e.g., voice-over-IP, interactive
video, mobile TV, and interactive gaming. These applications
require that the wireless network provide QoS guarantees, e.g.,
guarantees on data rate, delay bound, and delay bound
violation probability.

Different research work has been carried out on dynamic
subcarrier and power allocation to different OFDM users,
which allows a flexible multiuser access and enhancement of
the multiuser diversity.

The layering principle has been long identified as a way to
increase the interoperability and to improve the design of
telecommunication protocols. Then, each layer offers services
to adjacent upper layers and requires functionalities from
adjacent lower ones. Layering enables fast development of
interoperable systems. But it deteriorates the performance of
the overal architecture, due to the lack of coordination among
layers.
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With the rapid increase of demands for high speed muilti-
media services of wireless networks, these are confronted with
fading channels, limited bandwidth and competition of limited
radio resources among multiple users, a modification of the
layering paradigm has been proposed. So, cross-layer design
or "cross-layering" is defined to overcome these limitations
[3] [4].

In wireless networking, the QoS plays a crucia part in
performance assessment. Therefore, to meet the required QoS,
cross-layer optimization is considered.

Cross-layer optimization, which contains dynamic
behaviors based on integrated adaptive design across different
layers, has been proposed to optimize the system performance.
So, cross layer optimization is acting as a coordination
strategy with virtually strict boundaries to enable the
compensation for e.g. overload, latency, or other mismatch of
requirements, and resources by any control input to another
layer, but that layer directly affected by the detected
deficiency [5].

A cross-layer-modeling based on the concept termed
"effective capacity” is used to analyze the statistical delay-
bound violation and buffer-overflow probabilities, which are
criticaly important for multimedia wireless networks [6].
Also, it can be considered as the maximum throughput under
the constraint of QoS exponent 4 [7].

In addition, it can be defined as the maximum arrival rate
that a given service process can support in order to guarantee
QoS requirements, that are specified by a parameter, 6 [8].
The effective capacity function, denoted (¢) characterizes the
attainable wireless-channel service-rate as a function of the
QoS exponent 6. Thus, it can be used as a bridge in cross-layer
design modeling between physical layer system infrastructure
and datalink-layer's statistical QoS performance. Also, it
captures a generalized link-level capacity notion of the fading
channdl [1] [6].

In this paper, a crosslayer optimization technique is
proposed with guaranteed QoS for the downlink multiuser 4G
based Orthogona Frequency Division Multiplexing (OFDM),
which includes a Maximum weighted Capacity (MWC)
resource alocation and Delay Satisfaction (DS) based
scheduling. The current work is different from that had been
presented in [2] via the investigation of different deployment
parameters and channel characteristics. Both of number of
users, as well as, number of subcarriers will be investigated
against the system capacity.

This will be done in conjunction with the cross layer
interaction between PHY layer and MAC sub-layer. In
addition, the system will be optimized for different operational
environments namely: outdoor and indoor deployment
scenarios. Also, the effective capacity link model is used to
characterize wireless channels in terms of functions that can
be easily mapped to data link level QoS metrics, such as delay
bound violation probability [1].
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Fig. 1 Multiuser OFDM System Model

In Section Il, the system model is presented. Suber For outdoor scenario, the signal is Rayleigh distieéd. So,
and power allocation are presented in Section Diélay the received signal power is exponentially distiéol While,
satisfaction based data scheduling is presentegdtion IV. for indoor scenario, the signal is Rician distréait So, the
Section V. shows the used channel models. Numemsallts  received signal power is gamma distributed [9].
and analysis are shown Section VI. Section VII ¢ates this Both Rayleigh and Rician distributions are spediases

paper. from Nakagami distribution:
m.,.m-—1 _
I1. SYSTEM MODEL |un = p? () = (Pﬁr) );(m) exp( ::x) 3)
The current work considers a downlink OFDM systeithw  where,
U users as shown in Fig.1, to meet the QoS requiteane 1; Rayeligh fading distribution
Without loss of generality, and for simplicity sittssumed that
each subcarrier is occupied by only one user [@thWross- ™M = (K + 1)? (4)

layer optimization, the QoS information is transéerfrom the = Sk+1 Rician fading distribution

traffic controller to the subcarrier, and power toller for \where mis the degree of Nakagami-distribution, P, is the

resource allocation. Then, the resource allocatesults are average received power aHKdis the Rician fad"']g parameter_
fed back to the traffic controller in the base istatfor Therefore, the total data rate of uses given by

scheduling of the data to be sent out in each3]ot

In consistence with [2], this paper assumes a total R, = Z Run (5)
bandwidth of B shared byN subcarriers, and the OFDM neay,
signaling is time slotted. Each slot has duratibiiig, Let, Q,
denotes the index set of subcarriers allocated der u Ill.  SUBCARRIER AND POWERALLOCATION

(u=1,...,l. Let py, be the power allocated to usaron A resource allocation scheme had been propose2];ind
subcarriem; (n € Q). hy, is the corresponding channel gaing,aximize the weighted sum of all users’ capadity.e., to
which is represented for outdoor and indoor depEym . ,yvimize

scenarios. Through the current work, the outdo@irenment
is represented by Rayleigh faded channels. Ontther dland,

the indoor environment is represented by Ricianedad g
channels. = Z WuRy (6)
N, is the power spectral density of Additive WhiteuSsian u=1
Noise (AWGN). By assuming perfect channel estinrgtibe ) _ U
achievable data rate of user u on subcarrier xpsessed as Subjectto: pyn 20, Xu=1Xneo,Pun = Protar
[2]: Q;NQ; =0 (i #))and,
Ru,n = %logz(l + Pun Qou,n) (1) 0, U0,V ..04 C {1,2,..,N},
where , where, W, denotes the weight for usar which is evaluated
— | R ) based on the cross-layer optimization criteria.itSadicates
“"  No,B/N the QoS information for user, and is obtained from the result

is the channel-to-noise power ratio for ug@m subcarrien.
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of data scheduling at the MAC layer as will be istigated in
Section IV-B andP,, denotes the total power.

The optimization process is divided into two stagamely,
subcarrier allocation and power allocation

A.Optimal MWC based subcarrier allocation
For simplicity, by assuming uniform power allocatio

Because of its ability to indicate the level oftistécal QoS
guaranteeq is referred to as the QoS exponent [11].

Nakagami fading can model Rayleigh and Rician fadin
[9]. So, in this paper the calculation of the efifiex capacity is
in consistence with the assumed Nakaganfading channel
which had been given in [10].

By considering a Gaussian random vegtphas zero mean

across all subcarriers, i.e., each subcarriedogaied a power anq” correlation coefficient matri, which has dimension
p=Ptotal/N. Optimal subcarrier allocation leads to theyxy. By knowing the correlation coefficiept;, they matrix

maximum cost function, which is denoted By.. If an
arbitrary subcarrier n allocated to user(u=1,...,U with
optimal subcarrier allocation is now reassignedder s, let J’
denote the resulting cost function. The differebhetveen the
two cost functions is given by:

Jmax =1 = WyRyn —WsRsn 20 )
Substituting (1) into (8), we have
W, l 1
u  L0go(1+ posy) @

Ws ~ log,(1+ poun)
Which implies that, with optimal subcarrier allcoat,
subcarriem should be allocated to userather than usesif
(8) is satisfied. However, it is prohibitively cofeg to
perform optimal subcarrier allocation with a langember of
subcarriers. Therefore, a suboptimal scheme isetksi
Also, the effective capacity(6) which is a function of QoS

exponentd, is used to find out the effective capacity for

different number of subcarrierbl), This may be found out by
[10].

The effective capacity is based on the desiredfmateach
subcarrier in a certain bandwidth. Furthermore, effective
capacity is function of the channel characteristicsl its
propagation modeb(6) is derived as follows, [10]:

a(@:# V>0, 9)
where,

A(=6) = %ijﬁ%log E[e=95®], (10)

S(t) = f r(v)dt (11)

o

(-6) is the asymptotic log-moment generating functafna

stochastic proces§(t) is the actual service provided by the

channel in bits during the interval {p,and r(t) is the
instantaneous channel capacity at time

To understand the meaning &fconsider a queuing system

with stationary arrival and service processes. Tihenqueue

is defined by the following relation [10]:
1; i=j
2ij = {pi,j; i#j, 0sp;;<1 (13)
Then, the expectation for the moment generatingtfon
can be evaluated via [10] as follows:

E[e—es(t)] - K [e—efotr(r)ar]

N N N
A - .
= Z Z e Z Z_N C(ll’lZ"""lN—l)'
0

i1:(I)Vi2: iN—1=0 . | (14)
(}J}} _(m+Lj—1+lj) ' '
1_[ (65+=7) C(m+ g +1))
j=1
where,
det(>~H™
g = [det@ )] 15
Zm—l(m)
No1 2ix
C(ig, ey iyoq) = ;_xﬂ (16)
x=1 2
B, = 2m142i(m + ()i an

o: is the sampling rate.
wij: are elements of matrX™*, i, e., Y= [w;j]

Equation (14) can be approximated according to
mathematical manipulation in [10]:
a(6)
N N N
A )
/Z Z e Z Z_NC(ll, lz, ""'th—l)'\
4 l | iS0iz=0 inpa=o0 I g)_
= —lo
9N6 I N (96 + wi,j)_(m+ij_1+ij) I
\ : J
=0 T(m+i, +4)

A
/Z—NC(i1 =0,..,iy-1 = 0).\

_ - N . 19
“(®) =5xs logk n{(% +%) I"(m)}) o

Jj=1

length procesgj(t), can be shown to converge in distribution

to random variableg(w) such that [11]:
log(Pr{q(») > x})

0=—lim (12)
X—00 X

The QoS parametef, is a crucial parameter describing th
exponential decaying rate of the probability of Qo&ation
event. Specifically, large and small valuesdatorrespond to
fast and slow decaying rates, i.e., stringent auaté QoS
requirements, respectively.
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ethat the buffer is non-empty at a randomly chosere tt,

while the QoS exponef{y) is defined as in [1].

1125

To get the relation between the total arrival ratel the
effective capacity:
For a given source rate y(1) = Pr {Q(t)=0} is the probability

0(w) = pa(p) (20)

Let, Q is the system total arrival rate.
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So, when using a link that modeled by the pafr), 6(«)}, a Equation (25) implies that with equal weight, the
source that requires a communication delay boun®,gf, subcarrier with a better channel gain is allocatsute
and can tolerate a delay-bound violation probabditat most power, which is the same result as water-filling][1
€, needs to limit its data rate to maximumuofwhereu is the 2)If  W/W,> 1, we have:
solution fore= p(u)€”(1) Dimay
—_ -N. . —_
If e= 10™ D pj,m — Dun > on,rr.l Pun (26)
a(w) = max Q (21) PjmPun
UxnxInl0
* Suboptimal MWC based subcarrier allocation Equation (26) implies that the subcarrier corresiion
Intuitively, to maximize the cost function in (63 to the user with a higher weight is allocated muoever
larger weight demands a higher data rate. RgW\, than the case using water-filling.
denote the Rate-to-Weight Ratio (RWR) and assuming
uniform power allocation across all subcarrierseffh IV. DELAY SATISEACTION BASEDDATA SCHEDULING

the following suboptimal subcarrier allocation stiee .

is employed, where the user with the lowest RWR is A-DS Based Data Scheduling

allowed to pick subcarriers in each iteration: After receiving the resource allocation resultsifrithe PHY

1) Initialization: layer, which indicates the amount of data allowed dach
a) SetR, =0, Q, =@ for allu (u=1,...,U, sortW, user, the MAC layer performs scheduling for eactctbaf
in the descending order, and l&t={1,2,...N} data to be sent out. A scheduling scheme is praphaskich
denote the set of unallocated subcarriers. assigns a higher weight to the batch of data packith a less
Foru=1toU: DS, i.e., the data with the least DS should be gentfirst.
b) If oum=> @un(M,N€ L; m#n), assign subcarrierm  This paper defines a DS indicat@y,;, for the batch of
to user u, i.e., add subcarrier m 1@, Remove packets for connectionof useru, which arrive in slotl(€ [L.-

subcarriem from L. UpdateR, according to (5). L., L)) , whereL. denotes the current slot, ahdis the delay
2) Find the minimunRyW, (k=1,..., U , and repeat 1- bound for the'! connection, which is the classQo$ traffic,

b) for the corresponding user u. in terms of slot. Also leG, be the guard slot of the class-
3) Repeat 2) until= . QoS traffic, andS,;, be the waiting time for connectidnof

useru, which is the duration between slotind the current

slot. The DS indicato€,, is expressed as:
Following subcarrier allocation, the optimal power

B.Optimal MWC based power allocation

allocation for each user can be obtained by usied_agrange Cuin = Lr— Gr — Sy, (27)
multiplier, i.e., (6) can be rewritten as:
u v Which implies that the longer the data’s waitingei is, the
J= Z W,R,+ 2 Z Z Pun — Protal (22) lessthe DSiis.
u=1 u=1neqy, Let Z,;, denotes the weight of the batch corresponding to

Subject to}.})_; Yneo, Pun = Protar  @nd pyn > 0. Letting connection of useru arriving in slotl, which is given by:
0J/op, n=0, the optimal solution fa, is given by:
w Zu,i,l
Pun = max{ =g W sizz oF () Protar _ {[ﬁr/(cu,i,l +1)]log(Dyi; + 1) ; (Cuir >0) (28)
u=1 ! ! (23) .Br loy(Di,u,l + 1) ; (_Gr < Cu,i,l < 0)
N 1 1
YT AL
=i Pig| Pun where, 8, is the class- QoS coefficient, and,;, is the
Consider usersandu (,u € {1, ......... ,U}, and subcarrier amount of data of connectiomrriving in slotl.
m€ Q andn € Q, are two arbitrary subcarriers allocated tol 0 get the effect of the QoS exponénin the QoS coefficient
usersj andu, respectively. ByoJ/dp,, =0J/op;m =0, we can B Thus, 5, can be calculated as a normalized QoS coefficient
drive: [7]:
% _ ‘pu,n (1 + pj,m(pj,m)

= (24) 0T:B
VVJ' ¢j,m (1 + pu,n@u,n) ﬁr = l fz (29)
1) If W/W,=1, from (24) it can be derived that: 09
®jm — Pun where,T; is the frame duration for LTE based networks.
jm — = - 25 . .
Pjm = Pun ®jmPun (25) 1) If Cyyy >0, e, < L-G, from (29) it can be

deduced that the weight,;, increases with the decrease
of the DS indicator (i.e., with the increase of theta’s
waiting time). In particular, i€, ;, > 0 we have,
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6Z il 2
ae = |/ (Cun+ 1) |log(u+1)  (30)
u,,
Which implies that the smaller the DS indicator drees,
the faster the weigld, ; increases.
2) If G, <C;; <0, i.e.,Li-G; < Sy < Ly, Zyjyin (29)

we have no fading, i.e. a channel with no multipatid only a
LOS component [9].

VI. NUMERICAL RESULTSAND ANALYSIS
In order to investigate the proposed cross-lay&nopation

reaches the maximum value, which implies that thecheme, numerical results will be deduced in teohshe

packet batch of class-m arriving in sloshould be sent
out with no further delay, since it will be timetoery
soon.

system bandwidth efficiency.
This paper employs the proposed MWC based resource
allocation at the PHY layer and the DS based sdhepat the

The proposed DS based scheme performs scheduling MHC layer for consistency. It considers a LTE spsteith

descending order of the weights obtained in (29jckwv

implies that the batches of all connections whidh lwecome

time out very soon are given a higher priority éodent out. In
conventional scheduling [2], where only one coniogcts

served in each slot until either all the PHY layesources are
consumed or the buffer is empty. However, thisosefficient

if the data of other connections are more urgean tthe

currently served data. Therefore, the DS baseddsiting is

more efficient, which allows the most urgent daisbe sent
out first.

B. Weight Calculation for MWC based Resource Allarati

To guarantee the QoS, it is desirable that the ureso
allocation at the PHY layer acquires the channfdrination
for each user and employs the QoS information nbthat the
MAC layer, including the queue length, the QoS <lad
gueues, and the waiting time of queues. As the htejg/en
by (28) contains the above QoS information, thegives in (6)
for the MWC based resource allocation are deterchibg
adding the weights of all valid batches of conrewifor each
user:

Lie

W= > Zuy

i l=Lis

(31)

U=100 users, a total transmit power Rf;,=1W, maximum
latency of Dpma=10ms, a total bandwidth oB=10MHz,
subcarrier width of 15KHz, physical source blockdeoof
180KHz bandwidth and 50 available Physical Reso@toek
(PRB) and the system slot is set to be 0.5 ms [l4¢.channel
has six independent Rayleigh fading paths with an
exponentially delay profile. The power spectral sign of
AWGN is Ny=-80dBW/Hz.

In our analysis, each user has two types of strezintke
conversational class (real time) with a QoS-clasficient or
normalized QoS exponefit,.x and the interactive class (non
real time) withfin, respectively, and they are determined by
(29) for both 0ffmax andOmi, respectively [10]. The maximum
transfer delays for the conversational and intéractlasses
are 10ms and 100ms, respectively [15]. It is assuthat the
arrival process of the conversational class streafoisson
distributed, and the interactive class streams aeays
available, which is a reasonable assumption folliegtjpns
such as File Transfer Protocol (FTP). The maxinotal data
arrival rate is 25Mbps, the packet arrival ratesvoice and
best effort traffic are constantly 64kbps and 5Q@B&kb
respectively [16].

In our analysis we assume omni antenna with 90%eme
is used, withK values as in table (I1).

So, the parametan, which is the degree of Nakagami-

Where,Li's and Li,e denote the arrival and time out slots fOIdiStribUtion, will be determined based on (4) Asadidation

connection, respectively.
By substituting (28) into (31), the QoS weights dige PHY

of the proposed cross layer model, Fig. 2 illussata
comparative study for different systems. Namelygvusly

layer ;) are used to calculate QoS weights used in MA®uUblished work in [2] and the current model with BT

layer W), which gives the real meaning of cross-layer glesi

parameters as listed in [13].

TABLE Il
V. CHANNEL MODELING FADING FACTORK FOR EACH CHANNEL MODEL[13]
In Rician fading analysis, we study the total ativate Channel model K —factor
against system capacity using Stanford Universitierim 23:; ig
(SUI) channel models as in table ()[13]: SUI3 0.5
Sul-4 0.2
TABLE | SUL5 0.z
TERRAIN TYPE AND DOPPLER SPREAD FOR SUI CHANNEL M@DS Sul-6 0.1
Terrain Doppler
Channel Type Spread Spread LOS . . . o
SUI-1 C Low Low High As shown in Fig. 2, the concurrent system is givimngher
Sul-2 c Low Low High capacity than that had been represented in [2].
SuUI-3 B Low Low Low
Sul-4 B High Moderate Low
SUI-5 A Low High Low
SUI-6 A High High Low

The Rician distribution is often described in terofigading
parameteiK, for K=0 we have Rayleigh fading, and fidro

International Scholarly and Scientific Research & Innovation 6(10) 2012

1127

1SN1:0000000091950263



Open Science Index, Electronics and Communication Engineering Vol:6, No:10, 2012 publications.waset.org/5836.pdf

World Academy of Science,

Engineering and Technology

Internationa Journal of Electronics and Communication Engineering
Vol:6, No:10, 2012

[+ The system capacity for LTE system
-——The effective capacity for LTE system s
The system capacity for the system was presented in [2] 7

System capacity (bit/s/Hz)
. =
\

10
Total data arival rate (bps)

Fig. 2 Total data arrival rate against system cipéar the proposed
LTE system and results of [2]. Also, the effectoapacity for LTE
system is presented

It's noticed that the obtained system capacityttierregular
system of [2] is limited by 4 bits/sec/Hz. Wheredkg
concurrent system with LTE parameters will give Heig
capacity more than of [2] system's capacity. SoE Lill
improve the overall system capacity by considermare user
data rates.

In addition, the effective capacity is giving theper bound
of the obtained system capacity inspite of the lOpErational
limitations.

Fig. 3 shows the obtained system capacity for ciffe SUI-
models. It shows that, as the arrival data ratbesoming

lower than 5Mbps, the system may accommodate mor ° L ¢ v

incoming traffic, whereas, the high arrival ratesofe than
5Mbps) will drive the system to be fully occupiesl @ result
of using all of the available PRB. It's shown thia¢ SUI-
channels are affecting the overall system capda#yesult of
Cross
(approximately) inspite of the channel model. Soss layer

is working as an adaptive controller to get the esam

performance (approximately).

Fig. 4 shows the obtained system capacity as aitumof
the used number of subcarriers for different nunthersers.

It's shown that, by increasing both of the numbér
subcarriers (available PRB) and the number of uskrns
obtained system capacity is improved. It's expldias the
more the user usage of subcarriers, the more systeource
utilization.

The main difference between Fig. 4 and Fig. 5 ésRiician
fading will give the system more propagation praidethan
that may be happen in case of Rayleigh fading cblanrig.
4. So, the obtained system capacity is shrinkeaase of
Rician fading channel much more than that of theglétgh
fading one. This effect has been reduced as atrefu
deploying the cross layer technique.
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layer) to enhance the obtained system capaci
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Fig. 3 Total data arrival rate against system ciapéar
LTE system using different channel models.
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Fig. 4 Total number of subcarriers against systapacity for

different number of users in case of Rayleigh fgdihannel

o of users=50
o of users=100
[Ino of users=200

T

(0]

J(system capacity b/s/Hz
1

8 1B B 510 M 248
Number of subcarriers
Fig. 5 Total number of subcarriers against systapacity for
different number of users in case of Rician fadihgnnel

4 1

VII. CONCLUSION

Cross-layer modeling and optimization schemes fioalify

| of Service QoS and capacity of downlink multiusgfBIM
system were presented. In this paper, MWC basenlires
allocation at the physical layer is used. In additithe DS
scheduling at the MAC layer, which allows more thame
connection to be served in each slot was used.y$ters is
optimized for different operational environmentse toutdoor

deployment scenarios as well as the indoor deployme

scenarios were investigated and also for differemannel
models.
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In this paper, we have modeled a wireless chamoei the
perspective of the communication link layer. This in
contrast to existing channel models, which charastethe
wireless channel at the physical layer. Specificalive
modeled the wireless link in terms of the QoS exmin
Furthermore, we developed a simple and efficiegrthm to
estimate the system performance for different dpmral
scenarios.

It was shown that the SUI-channels are affectirgaverall
system capacity (as a result of cross-layeringnioaace the
obtained system capacity approximately inspitehefe¢hannel
model. Also, Rician fading gave the system morggagation
problems than that might be happened in case ofeidy
fading channel. So, the obtained system capacitsyshanked
in case of Rician fading channel much more tham tfidghe
Rayleigh fading one. This effect has been redused eesult
of deploying the cross layer technique.
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