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Abstract- In today’s wireless communication industry energy consumption is one of the main problems. In this paper a study on
energy efficient resource allocation algorithms for long term evolution (LTE) cellular mobile systems is done. To be applicable in LTE
systems, both multiple-input multiple-output (MIMO) orthogonal frequency-division multiple access (OFDMA) radio access network
and resource blocks (RBs) for sub channel assignment are studied in this paper. In particular, an optimization problem concerning joint
RB assignment, and power allocation is formulated to maximize the energy efficiency measured by “bits-per-Joule” metric, under per-
user quality-of service (QoS) requirements in the form of user rate constraints. Here to improve the energy efficiency of resource
allocation, Lagrange dual method is used. The RB assignment and power allocation on different sub channels is decoupled using dual
decomposition. This results in increased computational complexity and time consumption. Optimization using harmony search
algorithm can be used to overcome this problem. This article presents the comparison between different optimization algorithms. The
proposed algorithm may be more applicable in LTE systems than existing schemes on energy-efficient resource allocation.
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|.INTRODUCTION

Due to the daily growth of users requirement on high data

rate multimedia traffic, the Energy consumption of . DIFFERENT OPTIMIZATION ALGORITHMS

wireless communication has been dramatically increases. A. JIOO Algorithm
In  recent years the result of enormous energy For a downlink OFDMA network, EE and SE are
consumption is large amount of green house gas emission. pEEdef =R 1P+ Pc and 7S£ def = £l B respectively.
(LTE) has been broadly acknowledged as the most EE is defined as transmitted bits per unit energy
pro_misin_g standard for next-ger]eration cellular systems to consumption at the transmitter side ,where the energy
satisfy high-rate data transmission. However, high energy consumption includes transmission energy consumption
consumption Wit_h thg most advar_1ced techniques, 3GPP (¢7 times transmission time) and circuit energy
Long Term Evolution is still a major problem that has a consumption (/Zc times transmission time) of transmitter
large impact on the performance of LTE systems. As a in the active mode.
result, many recent studies have focused on the energy- To obtain a high EE as well as a desirable SE and
efficient design for LTE systems and relevant techniques, guarantee quality-of-service (QoS) for each user with the
and 3GPP has also integrated green communication limited bandwidth and transmit power resource, it is
research as an important part into LTE standard reasonable to maximize EE under a satisfying minimum
documents Such evidence fully demonstrates the great . overall throughput requirement, “# , and a series of
significance of green radio and energy-efficient design for (minimum) rate requirements,
LTE cellular systems.

To improve the energy efficiency of LTE cellular K N
systems significantly from a holistic perspective, radio 33 PraThn
access networks should be considered as the top priority, max _ npp |= _k=1n=1
because the access segment can account for over 75% of pco.PEP ‘)L ,;, ; ( S P
the total energy consumption for typical cellular mobile P PSP Q*‘-”) R

systems. Regarding radio access networks, most existing
works have focused on energy-efficient power allocation
for diverse wireless channels .

In this paper, we study the comparison between different
optimization algorithms. And introducing a new algorithm
to overcome the demerits of exsisting algorithms.
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So here to improve the energy efficiency and spectral

efficiency JIOO algorithm used. JIOO algorithm is

Joint Inner and Outer Layer Optimization Algorithm.
Algorithm JI00 o 5

Input: initial value of SE: ngp = 3§

Output: optimal subcarrier and power allocation matrices, p
P, p:. which result in the optimal EE, 13"“

opt

(1 _ (0 dnig(nse)
1 ngp = ngp. di + %-,;I .
o sE="5E
2 ifd; <0 Bt
3. then (x Case 1 as shown in Figure 1 %)
return current o and P as Popts P ;. respectively
4. else (= Cases 2_1111:1 3 as shown m]?lu*um 1 =)
1)
NSk = nShe rf » ks, P P(ER)s

. where P“{n[j]

(1
L Mse="sE
2
_Bieg  Peogng s, eg. k=2
i 'IY"‘:! J N

while d10> 0 && -Pl (-. -Pmr:r

Ln

di — ke {"sr )

d”‘-!
g ._f,l

7. while no |:|mw:r°tncc f + hisection se,m:il

opt , T r;pa
do nZ) ¥ Pope + P* (%),
opt

dopt % e where P“(r;"’f}
o NgE="5g
Buap! _ P
el s J <
0. if Egr;pf, 3‘ U && Pop{ < Pmar
10 then ns, — ot
11 else 7k + 1o

12. return current p and P as Popts P .. respectively

B. Suboptimal Subchannel Allocation
In the suboptimal sub channel allocation algorithm, equal
power distribution is assumed across all sub channels. We
define Hk,n = (h2k,n/NO(B/N)) as the channel to noise
ratio for user k in sub channel n and QK is the set of sub
channels assigned to user k. The algorithm can be
described as

6. do 75, + r}‘”’ 7}‘”’ e h,T;Eﬂ P~ P {r;[lr"

and

)-
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1) Initialization
a) Set R =0, Q=@ for k=1,2
{1,2,....N}.
2) Fork=1to K.
a) find n satisfying |Hy, | = |Hy. ;| forall j € A;
b) let Q. =QU{n}, A=A—{n} and update R,
according to (2).
3) While A # @,
a) find k satisfying Ry, /v, < R;/v; foralli, 1 <i < K
b) for the found k, find n satisfying |Hy .| = |H} ;| for
all j € A;
c) for the found k and n, let Qp = QU {n}, A=A —
{n} and update R} according to (2).

LK and A =

The principle of the suboptimal sub channel algorithm is
for each user to use the sub channels with high channel-to-
noise ratio as much as possible. At each iteration, the user
with the lowest proportional capacity has the option to
pick which sub channel to use. The sub channel allocation
algorithm is suboptimal, because equal power distribution
in all sub channels is assumed. After sub channel
allocation, only coarse proportional fairness is achieved.
Here this algorithm is used for determine the optimal
power allocation.

C. Gradient Assisted Binary Search Algogorithm

To find the optimal data rate vector for the multiple sub
channel case and single sub channel transmission gradient
assisted binary search algorithm is used.
Input: initial guess: 7, > 0

Output: optimal transmission rate: T

diy(r
1. ™M — To- h.:[ ‘{—TJ

2. if hy <0

Y

. initialize & > 1
ry

(* seek 1 and rg such that 7y < r* < g *)
xt (
3 then 75 <7y, 7 <, and hy +— —— : r)
1
4. while hy < 0
- du {r]
5. do ry <. 1 2 and by
ri
6. else r5 «ry * v and hy +— —d;‘ﬂ
ra
7. while ha >0
3. do 7y 9. Ty <7y * @, and hg 4——“3?
ra
9. while no convergence
(* zeek r* between 7y and 7o *)
10. do H—fﬁ_—“ n 4—%1
11. if h >0
12. then r| = 7
13. else 9 =7

14. return 7

And multiple sub channel transmission BSSA Algorithm
is using. BSSA is Binary Search Assisted Ascent.
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Algorithm BSAA(R,)
(* algorithm for multi-subchannel transmission. *)
Input: initial guess: R, (default transmission rate can be used)
Output: optimal transmission rate vector: R*
R =R,.
while no convergence
do use GABS to find the optimal step size p*:
R=[R+u VUR)"

return R

L I S A

D. Dinkle Batchs Method
Dinkle Batchs Method is a numerical energy efficient
power allocation algorithm.
Data: Ay satisfying F'(Ap) > 0, tolerance A
n=>0;
while |[F'(Ay)| = A do
Use A = Ap in (6) to obtain x;;

Nzl
— nt.
)’l:lt-i-]. — Talzs)®

n+ 4+
end
E. Iterative Spectrum Balancing

initialize (A1, - . Aw ).

repeat
initialize (S7',--- .Sk ).
repeat
for k=1to K,
set Sp = argmaxg, Ef;l (wib — AST).
end
until (57, --- ., S}) converges
update (Ar,--- . Ag) using ellipsoid or subgradient method.
until (A:.---, Ax) converges

ISB algorithm offers a significant complexity reduction
with a small loss of optimality in many practical
situations.

F. RA Algorithm

Resource allocation algorithm which provides Quality of
Service (Qo0S) guarantees to users The algorithm is a
modified proportional fair (PF) scheduling algorithm and
it comprises two phases. In the first phase, users’
minimum data rate requirements are met and in the second
phase, remaining resources are allocated according to PF
scheduling algorithm. It is a cell-level algorithm and its
main advantages are the low implementation complexity
and the capacity of maintaining higher ratio of QoS
satisfied users.

1) Inmitialization:
e Set N ={1,2,... N}, d={1,2,..., M} M=
{.“'171“'2: s .U'M}» Yin = 0 and Pin = Pt/i"\"r:vjw n
2) While & # {}:
« Find user m and subcarrier n*, with 7y n+ = 70,
¥i,n
o If Ry < lim
— UYUmn* = 1
- Rm = Rm + Tm,ne
N\ {n*}
Calculate (1)
« If Ry = lim

- M\ {pm}
- ®\ {m}
3) While N # {}:
o Find subcarrier n and user

r
m* = argmax,, —
Ym

. Rm* :Rm"‘_r d
* Umrn' =1

« N\ {n'}
e Calculate (1)

G. Greedy Based Sub channel Pre processing

Algorithm

I: Initialize N'={1,2,... N}, M= {1,2,....M}, and
N =0,Vm e M;

2: repeat

3:  Find (m*,n") = arg 111axmgM__ﬁE,\.rEm‘n:

4 Update Ny =N U{n*}. M =M\ {m"} and

N =N\ {n"};

S:until M =0

To effectively meet users’ rate requirements, it is obvious

that each user should be served by at least one RB;

otherwise, there will be no frequency sub channel to carry

the data needed for some users. Accordingly, we do a pre

processing for sub channel assignment before solving F(q)

= 0, using a greedy strategy as follows. For each user m,

the average CSI of all KIm channels for MIMO

transmission is calculated as

~ K T ) 2
Py = (]/I\ JnJZk:l Ea:l |/\£:?.k{n)|

On each RB n. With all unassigned RBs, we then search
for the (m* n*) with the best hm,n among all the users
who have not been served by any RB and allocate RB n =
to user m*. This procedure repeats until each user has and
only has one RB to use, which functions as a necessary
condition for users’ rate guarantees.

www.ijastems.org

Page 280



National conference on Technology innovation in Mechatronics,Energy Management and Intelligent communication(NCTIMEMIC-2017)

International Journal of Advanced Scientific Technologies , Engineering and Management Sciences (IJASTEMS-1SSN: 2454-356X)  Volume.3,Special Issue.1,April.2017

I. Associated Bisection Search and Ellipsoid Method

1: Initialize g, = 0 and gq; = 0 satisfying F(q;) < O;
2: repeat

3: [—:pdﬂ[e FJrmp = ::_I’,l'“ + Q'L'::.-".E:

4:  Initialize { g} 0), v(0)} and an initial ellipsoid A (0):

5: repeat

6: for each RB n = 1 to W do

7: if n € A then

g: Calculate 3"'::":::.-.-. via (26) and obtain vector T,

by (27): '

O Set vy and P::_:J_-.-.-.;. according to (28) and (29);

10: else )

11: Search for m* which satisfies n & Nu-:

12: Solve p::_:::”: by (26) for m = m*;

13: For m = m*, set pi,(:_"j__: 0= pifi_";im and
T n = 1. otherwise x., 5, = p:;:_:*_l.li: =0

14: end if '

15: end for

16: Update dual variables (g, «v) and ellipsoid A by the

ellipsoid method with subgradient in (30);

17: wuntil converge to the dual optimum (ge*, ~*)

18: Update gu = Gimp if Fgimp) = O, else i = Grmp:

19: until required accuracy |F(gump)| < € le.g.. e = 107 Yy

Il. PERFORMANCE COMPARISON OF  VARIOUS
ALGORITHMS

Conventional design of wireless networks mainly focuses
on system capacity and spectral efficiency (SE). As green
radio (GR) becomes an inevitable trend, energy-efficient
design is becoming more and more important. These all
algorithms is used to find the energy efficiency ,spectral
efficiency and power calculations .but in ellipsoid method
and JIOO algorithms are comparatively complexity and
time consumption is very high.
JIOO algorithm was mainly used to determine the energy
efficiency and spectral efficiency in downlink OFDMA
networks. which is important for designing GR networks
that require a better balance between EE and SE.
The Gradient Assisted Binary Search Algorithm is mainly
used in frequency selective channels for energy efficient
link adaptation. here the performance of this algorithm
also poor .and complexity is also high. Dinkle batch
method is another type of algorithm. in which the power is
calculating efficiently and also it is a numerical energy
efficiency calculation method. next is the resource
allocation algorithm. This is used to allocate the resource
blocks for each sub channel for the users. and also used to
find the energy efficiency for resource blocks. Greedy
algorithm for sub channel pre processing and Ellipsoid
method are combined used to find the energy efficiency
for MIMO-OFDMA system with lengranges dual method.
So here the main disadvantages is computational
complexity and time consumption very high. To overcome
all demerits of those optimization techniques we have a
new algorithm called search harmony algorithm. Harmony
search is a music-based metaheuristic optimization
algorithm. It was inspired by the observation that the aim
of music is to search for a perfect
state of harmony. This harmony in music is analogous to
find the optimality in an optimization process.

J. Harmony search algorithm

begin
Objective function fix), x=(X;,Xs, ...Xz)"
Generate initial harmonics (real number arrays)
Define pitch adjusting rate (rp,), pitch limits and bandwidth
Define harmony memory accepting rate (1 ,..,,)
while ( t<Max number of iterations )
Generate new harmonics by accepting best harmonics
Adjust pitch to get new harmonics (solutions)
if (rand>r,..,) choose an existing harmonic randomly
else if (rand>r,.), adjust the pitch randomly within limits
else  generate new harmonics via randomization
end if
Accept the new harmonics (solutions) if better
end while
Find the current best solutions
end

A further extension of the HS algorithm will be to

solve multi objective optimization problems more
naturally and more efficiently. In addition, the
implementation of HS algorithm is also easier.

IV. CONCLUSION

The dramatic increase of network infrastructure comes at
the cost of rapidly increasing energy consumption. which
makes optimization of energy efficiency(EE)an important
topic. since EE is often modeled as the ratio of rate to
power. In this paper an overview of different optimization
algorithms are compared. And we have a new
optimization algorithm called search harmony algorithm.
The main advantage of  this algorithm is low
computational complexity and giving high energy
efficiency. Therefore, the proposed scheme shows
significant performance improvement in terms of user rate
requirement and SNR when compared to the competing
schemes.
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