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Abstract: Performance enhancement of symmetrical services in mobile communication has been very essential
today owing to the widespread acceptance and demand of these services in the present generation
communication systems. The resource allocation problem formulated for an LTE system is a constrained
multiobjective optimization problem and is solved using dual technique. The objectives of the problem is to
maximize the data rate of individual user for joint direction of LTE system, on considering fairness as a
constraint conjointly maintaining the difference in data rates within a specified limit, when interferences is also
taken into account. The multiobjective problem is converted into a single objective optimization problem using
the weighted sum approach. Performance results indicate the effectiveness of the proposed allocation scheme for
such applications.
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I. INTRODUCTION

The demands for capacity, driven by cellular networks, internet and multimedia services have been
rapidly increasing worldwide. Due to the scarcity of spectrum, the techniques deployed for capacity
enhancement need to be extremely efficient in terms of the spectrum usage (Alam and Shen, 2013). In addition,
a major trouble in wireless communication system is multipath fading which arises when a transmission
interferes with itself and the receiver cannot decode the transmission correctly. Since the delay time caused by
multipath remains constant, Inter Symbol Interference (ISI) becomes a limitation in high-data-rate
communication (Shannon, 1948). The system thereby faces many challenges to satisfy the high expectations
through the narrow pipeline of the wireless channels.

State of the art wireless technologies have emerged with high data rate capabilities. OFDMA is selected
as the multiple access scheme for downlink direction (El-Hajj and Dawy, 2011) and Single Carrier Frequency
Division Multiple Access (SC-FDMA), a variant of OFDMA, in the uplink direction for 4G/LTE systems.
OFDMA has been generally accepted due to its efficient utilization of spectrum and resolution of issues such as
multipath fading, 1SI etc. (Di et al, 2016).Different number of subcarriers can be allocated to the users
depending on the QoS requirements of the users. Multiuser diversity is achieved in OFDMA by allowing
subcarriers to be shared among multiple users.

The power and rate associated with each subcarrier can be optimized to maximize the rate for a given
maximum transmit power or to minimize the transmit power for a desired minimum rate.  (Yaacoub and Dawy,
2012) Assigning subcarriers flatly will result in extreme fading losses in certain frequencies and a single user
might lose all the data. A fair approach is necessary and such requirements motivate logical scheduling designs
for the next-generation wireless communication sector (Luo and Zhang, 2008). Resource allocation therefore is a
key to efficient exploitation of the available radio resources (Mzoughi et al, 2016)

State of the art applications of smart phones like mobile gaming, video conferencing etc. have gained
widespread popularity and demand symmetrical quality in both the uplink and downlink directions. Joint
consideration of resource allocation at uplink and downlink significantly improves system efficiency (El-Hajj
and Dawy, 2012)

1.1 Existing Works

Several works related to resource allocation of OFDMA network for single and joint direction is
addressed in literature. (Kim and Lee, 2009) considered a joint uplink and downlink resource allocation problem
for time slotted Time Division Multiple Access (TDMA) system. They have approached the problem by
assigning a utility function for each user for both the sessions. Results prove that cell-level scheduling in which

International organization of Scientific Research 60 | Page



Resource Allocation for BidirectionalLong Term Evolution System

resource allocation in both uplink and downlink is done jointly outperforms link-level scheduling, in which
resource allocation in each of uplink and downlink is done separately. Resource allocation scheme with dynamic
asymmetry uplink downlink ratio based on Basic Capacity-Based admission control is proposed by (Kou and
Zhen, 2009) for a Time Division Duplexing (TDD) OFDMA system. It is shown that the challenge for
maximizing utilization is to get load information efficiently and promptly.

A probabilistic channel-aware, queue-aware and service-aware joint uplink/downlink resource
allocation scheme is proposed by (El-Hajj and Dawy, 2012). The approach consists of coupling the queue
behavior probabilistically by minimizing the divergence between the queue distribution at the base station and
mobile sides. (Chiang, Liao and Liu, 2007) investigate on a cross-layer design for bandwidth allocation to
uplink and downlink channels for TDD based Wi-Max networks. They have proposed an Adaptive Bandwidth
Allocation Scheme which adjusts the bandwidth ratio according to the current traffic profile. An energy efficient
resource allocation technique for a single cell OFDMA system is proposed by (Xu, Yu and Jiang, 2015).
Resource Allocation problem is modeled as a two sided stable matching game between the users and the
subcarriers jointly for uplink and downlink conditions by (El-Hajj and Dawy, 2012). A pricing scheme is
adopted to balance the allocation. Resource allocation techniques for cooperative OFDMA systems for single
direction are investigated by (Di et al, 2016, Li and Murch, 2013, Chang and Restaniemi, 2013, Zhang et al,
2016 and Zhang 2014). (Alam et al, 2013) propose a QoS aware optimal relay, power and subcarrier allocation
scheme. To reduce the computational complexity a sub-optimal scheme is also proposed. (Huang et al, 2009)
proposes an Ant Colony Techniques for resource allocation for single direction of OFDMA system. A
multiobjective optimization problem with the objective of minimizing the transmit power in both directions is
solved by semi definite programming relaxation by (Liu et al, 2015). Resource Allocation techniques with
interference minimization in single direction OFDMA system is investigated by (Mzoughi, 2016 and Liu et al,
2016).(Shehata et al,2015) formulated a problem taking into consideration multiple class of service, highlighting
the fairness in the system.

In this paper, we focus on maximizing the data rate of each individual user for OFDMA and SC-
FDMA system in the downlink and uplink direction respectively, maintaining the difference in data rates within
a threshold value so that symmetry in quality is attained and ensuring minimum data rate for each user inorder to
achieve fairness. While formulating the resource allocation problem the interference due to other users of the
system and the interference due to the same user in the other direction is also taken into consideration. The only
known variable in our formulation is the Channel State Information (CSI). A scheme that jointly optimizes the
subcarrier and power allocation of the system in both the direction is proposed. The dual decomposition
technique is used in deriving the solution and is effective in improving the data rate of each user independently,
at the same time promising a minimum data rate for all users, so that the fairness is attained. Performance of the
proposed scheme is verified by simulations.

This paper is organized as follows: Section Il presents the system model used for investigation. An
OFDMA system is implemented for downlink and SC-FDMA is implemented in the uplink direction. This
section also brings out clearly the assumptions considered during problem formulation. Section Il deals with
the formulation of the problem and its solution approach. This section shows how the dual decomposition
technique is employed for such a scenario. Initially the problem is formulated without considering the
interference parameters. Later it is re-designed to include the interference into account. In Section IV the
performance of the proposed system with dual technique is evaluated by simulations. Finally section V
concludes this paper.

Il. SYSTEM MODEL
A single cell OFDMA system fordownlink and SC-FDMA in uplink is considered. CSI is assumed to
be known at both the transmitter and the receiver. The cell spectrum is divided into a number of sub bands, each
supported by a subcarrier. The total bandwidth of B Hz is divided into a set of M subcarriers and shared between
a set of K users. We also assume that the bandwidth of each subcarrier is much less than the coherence
bandwidth (Bc) of the wireless channel and consequently each subcarrier undergoes flat fading. The
transmission process comprise of two phases:1)uplink phase 2) downlink phase.

A. Uplink Phase
In the uplink phase the data from the user is sent through an SC-FDMA system to the base station.
There are K numbers of subcarriers which are to be allocated among M users. For each user i and subcarrierj,
o : : o h :
the channel gain is denoted as hy;, . The signal to noise ratio is therefore ﬁ and is denoted byy;;,, where B

is the bandwidth, No is the noise power spectral density and N is the noise power.w;;is the subcarrier allocation
metric and it takes the value 1 if jth subcarrier is allocated to the ith user , else it is set to 0. Later this variable is
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relaxed to take a real value between [0,1] to simplify the solution. The data rate of the ith user in uplink is
denoted byR;,. The power allocated to user i if the subcarrier j is allocated to user i is denoted asp;,.

B. Downlink Phase
In the downlink phase, the data from the base station is passed through an OFDMA system to the user.

There are K numbers of subcarriers which are to be allocated among M users. For each user i and subcarrier j,
2

1]1
No.B/N
is the bandwidth, No is the noise power spectral density and N is the noise power.w;; is the subcarrier allocation
metric and it takes the value 1 if jth subcarrier is allocated to the ith user , else it is set to 0. Later this variable is
relaxed to take a real value between [0,1] to simplify the solution. The data rate of the ith user in downlink is

denoted by R;;. The power allocated to user i if the subcarrier j is allocated to user i is denoted as p;;;.

the channel gain is denoted as h;;; . The signal to noise ratio is therefore and is denoted byy;;; , where B

11l. PROBLEM FORMULATION AND SOLUTION APPROACH

The formulation of the resource allocation problemresults in a constrained multiobjective optimization
problem with the objective to maximize the data rate of each user in both direction and to minimize the
difference in the data rates in the two directions.
The objectives of the problem include:
1. Maximize R;;
2. Maximize R;,
3. Minimize the difference in the magnitudes of the two rates of user i i.e., ||R;; — R, ||
The expression for R;; is given as

Pj 12
T 1. log |1+ Rt @)
Similarly the expression for R;, is

Pj 12
BK oy log| 1+ 22 @

The third objective is to minimize the difference in the rates of the ith user i.e., Minimize||R;; — R;,|[. This
objective is converted into a constraint for reducing the complexity of the problem.
The objective of the optimization problem is modified as
Max(R; , Ri2) (©)
with the following constraints,
CL:YM, wy; <1, for the downlink direction
C2:3M; wy, <1, for uplink direction
C3:0 < wjjp, Wiz < 1,Vi,j
Caipy, = 0,Vij, if wy, #0
C5: Z]K 1Pyj2 < B, for uplink
ce:yM, Z] =1 DPjj2 < Pgg, for Downlink
Cr. "R11 12||n < )
C8: Rj; = Rmin
C9: R;; = Rmin 4

wjj1, wij2€(0,1)is relaxed to C3 to reduce the complexity of the solution. The constraint C7 plays a
significant role because in its absence the problem can be solved separately for uplink and downlink direction. It
is this constraint that helps in attaining the symmetry in both directions.To convert this to a convex optimization
problem, the variable w;is relaxed and is made continuous in the interval [0, 1] via time sharing condition
which allows time sharlng of each subcarrier. The constraints C8 and C9 indicate that the rate ofthe useri in the
uplink and downlink will be atleast R, to ensure fairness among the users. The optimization problem is not
convex and belongs to the set of mixed integer programming problems which suffer from high computational
complexity.

In (1) and (2), only signal to noise ratio (SNR) was considered. In the case of simultaneous
transmission in uplink and downlink directions, interference plays a significant role. Interference of the same
user in uplink and downlink directions along with the interference between the users is to be considered. While
considering the downlink transmission, the downlink signal is the sum of the required signal, uplink interference
of the same user and the interference of other users in the downlink(Sun et al, 2015). But since the signal from
the base station splits into various directions to reach the users, the interference from other users can be
neglected. Therefore (1)is modified by including all the above mentioned components. Similarly, while
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considering the uplink direction, the components to be included are the user signal, interference with other users
in uplink and the interference due to the same user in the downlink and (2) is modified appropriately.
The expression for signal to interference plus noise ratio (SINR) in the uplink therefore becomes

pij2- h;
SINR = J 5
Y1<m <M pijhrznj2+Nij2+\/Efdudd ®)
m #i

wherefd,, is the channel gain of the same user in downlink when uplink is considered,d is the data in downlink.
The first part in the denominator accounts to the sum of interferences due to the other users in uplink and the last
part is the interference due to the same user in the downlink.

Therefore the expression for data rate in uplink for user i, R;,gets modified as

K Pij2 - hizjz
lel 0‘)1]2' log 1 + Zlgmm;tigM Pmj thznj 2+Ni]‘2+\/5fdu dd (6)
SINR for downlink is,
ij1. h?
SINR = —— it @

Nij 1+/pfdqd¥
wherefdy is the channel gain of the same user in uplink when downlink is considered, d" is the data in uplink.
The second half in the denominator is the interference due to the same user in the uplink.

Therefore the downlink data rate R;;is modified as

S ooy log 1 4+ L 8
j=1Wij1-108 Nij 1+/pfdgdd ®)
Accordingly,

hﬁl hﬁz

v;j1is modified as and yj;, is modified as

Nij 1+,/pfdgdd Y1<m <M pm]zhm]2+N1]z+J_fd du’

m #i

In (Liu et al, 2015) after assigning the optimal subchannel, optimal power allocation in the
allocatedsubchannelis carried outusing weighted sum method.Similarly,multiobjective optimization problem
formulated here is converted into a single objective optimization problem using the weighted sum method.Since
the power constraints are stringent in uplink direction, higher weight is applied for uplink direction. Let this
uplink weight be a, and the weight for downlink beo;.The difference in the weights is set to 8. This is the
maximum allowable normalized difference in data rate also. i.e,

IRi1 — Rizlln = &z — iy < 6and 0 < ajp, o7 < 1 ©)
Considering the weights given to the objective functions, the multiobjective optimization problem is converted
to a single objective optimization problem with the objective,

Max(ai1Ri; + a2R;2) (10)
The constraints remain the same as in (4) with an additional of two constraints
Cl0:ajp —ajp <6
Cll: 0 < qjp, 051 <1 (11)
The lagrangian of the objective function iswritten as,
L()=
M

K K MK K
Z a;1Rjp + Z a;z2Riz — Z Z [Aij2-pij — Prl —2Aiq Z Pij1 — Z vi1[Rmin — Ri1]
=1 =1 1

M

i-1 j= i

=1
M K M K

_ZViz[Rmin _Riz]_ZZ[Rijl Rjj2 — ZZ[ ij2 — Ry — 8]
j=

i=1 j=1 i=1

i=1
M

_Zaiz —aj;— 98 (12)
i=1

The lagrangian is modified lazs,
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Qi1 Z Wjj1 log2[1 + Yijlf)iu] +aj; Z wjjz log; [1 + Yijzfjijz] + Az Zﬁ)m wjj1 — Pgs ]
=1 ) =1 =1

K
+ 7\i2 Z ]2 (1)1]2 PT + 1911 Z (*)1]1 logZ [1 + Yl]lpl]l Z (*)1]2 10g2[1 + Y1]2p1]2]
j=1 j=1 =1

w2108, [1 + vij2Pijz | wij1 10821 + Vi1 Pyj1| — 8| + 9izlauy — aip — 8]

=1

+ Oialai; — ot — 8] + 9i5 |[Rpyin — ) @y logz[l + Yijlf’m]

K
2
K
2,
+ i6 |Rmin _Zﬂ)ijzlogz[l +Yij2ﬁij2]‘ (13)

Grouping the ;1 and py;, terms,
K

a; Z w1 log, [1+ Vijlﬁijl] ++ A ZE’M wij1] + I, Z Wjj1 log,[1 + Vij1Dy 1]
j=1 j=1

K
-V Zwmlng[l +yy1Pi1]| — s Z wij1 loga[1 + vi1Dy1]
j=1 j=1

+a;; Z Wij2 log,[1 + Vijzﬁijz] + A2 Z Dij2 wij2 | — Vi Z Wij2 log,[1 + Vijzﬁijz]
=1 =1 =1

+ U, Z wij2 10g2[1 + vi2B52] | — Yie Z wijz2 loga[1+ vij2By2]| — 91 [6] — 9:2[6]
= =
+ 93l — aip — 6] + ulaiy — ayy — 8] — Ay Pps — AiaPr + 9is[Rimin ] + 9i6[Ronin |

K

Z Wij1 log2[1 + Vijlﬁijl] {ain + 91 — 0 — 935} + A ZE’M wij1]
=1 =

Z wijz2 loga[1 + vij2By2] |{az — 9 + 9 — 96} + iz Zﬁ’zjz wij2] — Ai1Pgs

= =
— AipPr — 9;1[6] = 05[6] — Uizlaiy — @i — 8] + Iulaiy — g — 81+ 0i5[Rynin |
+ i6[Rmin | (14)

Let f(pijl) = (ay + 9 — 9y — Ois) loga [1 + vij1Bi1 ] + Aa Z]K:IEJUI] and
K
prijZ) = (a2 — O + 92 — 9i6) loga [1 + vij2Bij2] + Aiz 2[?’1‘;‘2]
=

Substituting in the above equation,
L(.)=

K K
Z w1 f(y1) | + Z Wiz fPy2) | — Ai1Pas — AiaPr — 911[8] = 92[8] — 93y — @i, — 6]
=1 =1

+ Oulaiz — ain — 61+ + 9is[Rpin | + 936 [Rnin ]

The variables are now distinct and therefore maximization over them can be carried out by taking the derivatives
of f(p;;1) and f(p;;) and setting it to zero,which yields,
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df (p;; y
M = (an + 91 — 92 — ;5) [ Yij1 ~] + A
dpij1 log2 (1 +yi1pi1)

Equating to zero yields,

Yij1
(a‘l +l91—192—l95)|: — +/‘11 :0
L l L ®llog2 (1 + Yij1Pij1) L
Yij1
= (aig + 91 — 92 — 19‘5)[ ~] = -
L L l ®"llog 2 A+ vi1pi51) l

(ap + 941 — V2 = 9i5)vij1 = —Ain(log 2 (1 + yj10451))
=(aj1 + 91 — 92 — 935)vij1 = —Ain(log 2 (1 + y41p451))

_ (ap + 91 — 92 — 9is)Vija

= (1 +vi1pi1)

—il log?2
_(aig + 91 — Y2 — Uis)via 1= —
= A, log?2 — 1 =Yij1Pbij1
+
i (@i —92+9i1—9;5) 1
= oo [_nTtetintis) | 1)
pl]l [ A1 log2 Vi1 ( 5)
Similarly,
+
5 _ | _(@ip—9i+9i2—0) 1
Pijz2 = [ Ajz log2 }'ijz] (16)

The optimum subcarrier allocation is given by,
W = {1' if argi?ﬁ'?nax(f(pijl))
. 0, otherwise

and

Wiz = {1. if argitmax(f(py2)) a”n

0, otherwise

The optimized solution for power and subcarriers depend only on the Lagrange multipliers.To complete
the solution,the values of the Lagrange multipliers is determined usingsubgradientalgorithm.Thesubgradient
method is a very simple algorithm for minimizing a non-differentiable convex function. The computational
complexity is less since only one dual variable need to be updated at a time.
The projected subgradient has the following form:

k+1 +
D = (i + Bfi(x )
Where B, is the step size, with different convergence properties.

Algorithm 1: Dual Variable Evaluation
1:2%nd 9° are initialized
2: Do, while (! Convergence)
3: Find g(A%,9%)at the ath iteration
4: Subgradient for A2**and92*1are modified as A* ™! = A% + p?Adand 931 = 92 + pTAA
5: end while loop

In short, the power allocation in both directions follows the water filling algorithm while the
subcarriers are allocated for downlink and uplink by maximizing @111) abd fﬁ)iiz) respectively. The solution
depends on the coupling multipliers which imposes that the C7 constraint is satisfied. Moreover, the values of
optimized power and subcarrier depend on these multipliers as well.

IV. RESULTS
A. Simulation Parameters
The simulation model consists of a single cell with the base-station equipped with an isotropic antenna.
A Rayleigh fading channel is considered. A 2 user 4 subcarrier system with both the user located at the same
distance from the base station is simulated. The value of § is set as 0.5 and R,,;, as 20Mbps in both directions.
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Fig 1: BER variation with SINR

The BER drops at higher SINR for the proposed method as shown in Fig.1. Since more power and
subcarriers are allocated to the users with good channel condition, the chance of error is reduced for users with
good channel condition.Incorporation of all possible interference, which is not considered in any related works,
justifies the higher BER.
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Fig 2.Data rate for each user in various subcarriersfor downlink

The proposed allocation scheme has been evaluated in terms of data rate of each user in the single cell
OFDMA system. The rates received for the proposed allocation scheme for downlink and uplink is shown in
Fig.2 and Fig.3respectively, with weights as shown in table 1. The main objective of the optimization problem
was to improve the data rate of each user in the system and at the same time provide users with almost similar
uplink and downlink data rate. The plot of conventional allocation algorithm shows the overall data rate of the
system in all the subcarriers. Since the power constraints are more in the uplink direction the overall data rate
achieved in uplink is less than in downlink while simulating the conventional allocation algorithm. The other
plots verify that once a subcarrier is allocated to a user, it is not further allocated to any other user to reduce
interference between the user signals. While formulating the optimization problem, it was ensured that higher
weight is given to uplink which justifies the higher rates in uplink compared to downlink unlike the
conventional method. The total data rate achieved is comparableto the results obtained in (Shehata et al,
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2015)even after considering the interference from other users.The difference in weights for userl in uplink and
downlink is greater than for the user2 as shown in the table.1.The figure 2 and 3 shows that the symmetry for
userl is less compared to that of user 2, even if it is within the threshold value. Moreover since the weights
given to user 2 in uplink and downlink is greater than that of user 1 , the rates achieved by user 2 in both the
directions is greater.
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Fig.3. Data rate for each user in various subcarriers for uplink
Direction User 1 User2
Uplink weight o, = 0.7 a,, =0.8
Downlink weight a1 =03 ay; = 0.5
Difference in weights 0.4 0.3
Table. 1
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At each time instance, new channel gains are generated and the allocation is done dynamically. Fig.4
shows the data rate for each user over a period of time. It is noted that the similarity between uplink and
downlink data rates is maintained with a minimum data rate for each user. The sudden change in data rate that
can be observed in the plot is due to the reallocation of subcarriers as a result of change in channel condition.

V. CONCLUSION
We formulated and solved a resource allocation problem in LTE system specifically for joint uplink-
downlink directions considering the perspectives of maximizing the data rates, fairness and symmetry in
services. All possible interferences were taken into account. The problem of resource allocation was a
multiobjective optimization problem and was solved using the dual decomposition algorithm. Performance
results demonstrate that the difference in data rates in uplink and downlink directions is within a specified limit
thereby conserving the symmetry nature for services like video conferencing, mobile gaming etc at the same

time maintaining a minimum data rate of 20Mbps for both the users.
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