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Abstract

This paper presents an adaptive cross-layer resource allocation problem with the fairness in multi-user OFDM-
MISO communication systems, and provides two solutions with Hopfield Neural Network (HNN) and Genetic
Algorithm (GA) for the problem. We utilized HNN’s characteristics such as parallel processing, fast
convergence speed and easy convergence to the optimum, to solve this problem under the conditions of
proportional fairness for satisfying system performances and users’ requirements. The method is simplified in
the computation by dividing the bit-loading matrix into three matrixes. The simulation results show that HNN
and GA can effectively solve optimization problems of resource allocation in such system, and results of
selected HNN and GA methods are more effective than that of the traditional method.

Index Terms: Hopfield neural network; multi-user OFDM-MISO system; proportional fairness; cross-layer
design; resource allocation
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1. Introduction

The authors considered the problem of scheduling and resource allocation[1] for multi-user video streaming
over downlink Orthogonal Frequency Division Multiplexing (OFDM) channels and the video streams are pre-
coded with the video coding scheme, and the authors focus on the problem of maximizing the overall spectral
efficiency[2] while maintaining the QoS requirements of users, including bit error rate and individual minimum
rate requirements. A novel cross-layer sub-carrier and bit allocation algorithm[3] aims to maximize the system
throughput with the overall transmit power constraint and user rate proportionality constraint. Scheduler-
allocator architecture in a loose cross-layer strategy is proposed in order to improve the efficiency of radio
resource allocation. In paper[4], the authors developed an adaptive cross-layer scheduling scheme combined
with dynamic sub-carrier allocation algorithm and the proposed adaptive cross-layer scheduling and dynamic
sub-carrier allocation algorithm can reduce delays and improve the spectral efficiency in Rayleigh fading
channel. A complete-fairness cross layer optimization framework is proposed[5], which considers fairness for
both sources and relays.
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Paper[6] proposed a novel algorithm, and used greedy algorithm to solve the problem, but the greedy
algorithm is a local sub-optimal algorithm without taking into account the overall various possible situations.
The objective of cross-layer formulation[7] is to allow joint determination of power control, frequency-
selective OFDM scheduling and multi-hop routing in order to maximize the minimum throughput, but their
approach was based on water-filling method which is very complex, thus not practical. In paper[8], HNN has
been proven to be successful in solving dynamic resources allocation problems in a short time, but the cross-
layer optimization was not taken into account. According to optimal or sub-optimal system capacity schemes,
authors[9] proposed intelligent algorithm selected a user combination for a fixed number of users within few
generation iterations, but it did not combine OFDM and Multiple-Input Single-Output (MISO) as one system
leading to the question too simple.

From above, we propose the HNN and GA methods for the problem which is cross-layer resource allocation
optimization problem with the fairness in multi-user OFDM-MISO System.

2. Model and Analysis

First, Assume that a system with a base station equipped with N, antennas and K mobile users, and each

user equipped with one antenna is receiving signals from the base station. Considering information bits
allocated on the mth sub-carrier from the K users are first encoded to produce the encoded symbols as

Mo Uy The encoded symbols are assumed to have unit variance and are amplified by the respective
pOWer gains as ,fp..-.p.c. b 0. @Nd carried by the n, -1 spatial multiplexing weight vectors as  w,,, - w

+ Wim,Kem !
respectively. The processed signals are fed to the mth inputs in the bank of n, Inverse-Discrete-Fourier-
Transform (IDFT) processors, and the n,.nn, outputs of the IDFT are first added with cyclic prefix. The

resultingn.o n, o N, . blocks of time-domain samples are transmitted over the n, transmit antennas column
by column. At the receiver of each of the mobile users, there is a corresponding DFT block. So at the mth input

K
of the IDFT block, the n, o1 transmitted signal B,, is given by B, 0[] /P W Uni - Without loss of generality,
k=1

the n; 01 frequency-domain received signal vector of the kth mobile user is given by Y, 0 HBi z, , where B

is the n.n, -1 aggregate transmit vector at the input of IDFT, given by Bo 1, H, is the n,on,n, block

0
i
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0 0
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Hox 0 0
0 o where H,,
0 0 HM_k
denotes the 11 n, channel matrix between the n; transmit antennas and the kth mobile user in frequency domain

and z, presents the n, 01 zero-mean white Gaussian noise with covariance matrix _ 7.

diagonal channel matrix aggregated over the N sub-carriers of user k, given by | :

Hence, considering mth sub-carrier allocated on the k th mobile user, the received signal is given by
Ym.k g Hm.kBmi Zm‘k

0 pm‘k Hm,ka‘kUm‘k g ] pm,] Hm‘jwm‘ij,j 0 Zm‘k ( 1)
JE

Similarly, we shall adopt the zero-forcing (ZF) approach in choosing the spatial multiplexing weights_w,,....

Define A, o ko ILKL: p,, » 0..: &S the set of active users corresponding to the mth sub-carrier.
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3. Cross-layer Design for OFDM-MISO

In the OFDM-MISO system, sub-carriers can be allocated on a user depending on the instantaneous channel-
state-information (CSI). So the cross layer scheduling algorithm can be cast into the following optimization
problem.  Choose the wuser’s set allocation Ac_A,--A, . and the power allocation
PU Py im0 10,0, 0 1y ko A, according to the given CSI realization H,--H, , under the conditions of

ng-1

][] Pay 0 Po @and|A, | n, for all mo p0,n, 011 Assume that the total transmission power from the base station
m=0 keA, -

K
is constrained at B,. The objective is to optimize the maximization of the system throughput [ - He
where Tc is given by equation:
|

D
[1 log,01n
mkeAn O

2
Prn ‘Hm,kwm,k‘
2

-z

0
a Ny

ko A, (2)

r.H, .

OoOOooOomOoo
Ooooooao

0, otherwise

4. Steps of Cross-layer Design Algorithm

There are two sets of optimization variables: the active user allocation A and the power allocationp . The
former is a discrete variable and the latter is a continuous variable. In our approach algorithm, the sub-carrier
with the highest channel gain among the available sub-carriers should be allocated to a node to achieve the best
throughput performance. Therefore, the optimization problem can be solved in the following steps.

Step 1: Initialization. For each sub-carrier mo o,n, 015, initialize the active user sets A, suchthat|A,|o n, .

Step 2: Optimization with respect to A . Let ._,,-,. . be a discrete decision variable to represent A . If sub-

carrier n is allocated to use k, _ knll otherwise _ knl 0

Step 3: Optimization with respect to P . Here we adopt M-QAM modulation, when adopting HNN to solve the

problem, the transmit power of ¢ bits per OFDM symbol is givenas , . NErE Pe 72 .4 , Where Pe is the

required bit-error-rate (BER), and Q-function is defined as o . % g o 2124, so from bit matrix C we can
2~

calculate the power allocation P . When we adopt GA to solve the problem, given the active user sets A, , the
optimization problem can be written into the following Lagrangian function:

[ H w 0
Loppe /-0 0 [ “log, 10 B s, /Pn] (3

2
m=0 keA, [1 i ~aing |

where / is the Lagrange multiplier chosen to satisfy the total transmit power constraint p,. With standard
optimization techniques and the Karush-Kuhn-Tucker (KKT) condition, the optimal power allocation is given
by

T _2In, 0"

. (4)

p*mkuD - 2
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5. Optimization Using the GA Method

The main optimization steps with GA for the problem are described as follows:

(1).Coding: Basic features of genetic algorithm are that they work on coding space and solution space
alternatively.

(2).Crossover: Crossover Operates on two chromosomes at a time and generates offspring by combining both
chromosomes’ features. For two chromosomes chosen with crossover possibility P, we use arithmetical
Crossover operators.

(3).Fitness function: The particular chromosome can be ranked against all the other chromosomes. fitness
function is defined in (2).

(4).Mutation: For each chromosome chosen with mutation probability p,, , the method replaces each element
with a random value.

(5).Optimization process:

Stepl: Initialize population. Each element in the chromosome is a power allocated to sub-carriers, thus,
population is a 2-D array, where the rows represent chromosome numbers and columns of a row represent sub-
carriers.

Step2: Evaluate the individual values in population using fitness function.

Step3: Generate the new population using crossover and mutation probability.

Step4: Repeat step2 and step3 till the algorithm converges.

6. Optimization Using the HNN Method
6.1 User set allocation

The optimization problem is reformulated as:

- 2
MoK O PH W |
R[] [J -y log, 10 —55 (5)

]
2
m=1 k=1 -7 /nf %

Subject to :

. K . I
()10 o - Kt M0R2e Nt denotes that the sub-carrier is allocated on each user.
kol ©

(i) n . N itdenotes the fairness constraint
K nol k.n

(i) y, N K ", + It denotes each sub-carrier is allocated.
nolko1l <N

(iv) R; :Rj 15 it denotes the initial rate of each node constraint.

For the sub-carrier allocation, the energy function proposed by HNN is:

2

0 (6)

m

MoK PIH, W
o Maxo AT [] - log, “10 M,

m=1 k=1

The dynamic equation of the HNN method can be calculated as:
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From above, we structure the HNN for solving the user set allocation. By the networks, from the initial
stateu,, , after the continuously iterated by the dynamic equation of the networks, we obtain the output of the

networks which is the user set allocation matrix p .

6.2 Bit-loading
In order to solve the problem, we divide bit matrix ¢ into three matrixes: sub-carrier allocation matrixp ,
HNN output matrix v , Vi 0.1 forall n, j, and bit allocation matrix | whose elements are denoted the number

of bits allocated on the every sub-carrier, |j GOOL M We give the method of calculating ¢ as follows:

1) The elements of matrix v are multiplied by the corresponding of the matrix 1, then get matrix npn ;
2) Matrix npn is multiplied by matrix kpn, whose elements are all 1s, then get matrix mpn .
Ao .

3) Extending matrix mpn to k lines, get matrix Ipn, and then the elements of matrix Ipn are multiplied by the
corresponding of the matrix p , at last we get matrixc.

The optimization problem is formulated as:

0T 21w, [0
Rjﬁﬁ,mvklogz‘lt - Mot (8)

m=1 k=1 ‘E - zZ/nf %‘

2
where 1 No QP
35 040

For the bit-loading, the energy function proposed by the HNN method is:

2
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1) The first term of the energy function enforces the HNN algorithm to maximize the allocated bit rates.
2) The second term ensures that the number of bits allocated on each sub-carrier is certain.
3) The third term ensures that each sub-carrier is used.
4) The forth term denotes the rate of each node constraint.
5) The sixth term denotes the total power constraint.
For the above problem, the dynamic equation of the HNN method can be calculated as:
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From above, we structure the HNN to solve the bit allocation, and obtain the HNN output matrix Vv , then get
bit-loading matrix C .
In order to ensure Eu 0, we add a constant MAX, constants A, B, C, D, and F are the weigh terms of the

energy function and the dynamic equation, and their values are selected to obtain a fast convergence of the
desired solution.

7. Parameter Setting and Simulation Result

We do simulation in OFDM/MISO system with 10 transmitting antennas, 10 mobile users, modulation is 64-
QAM. The wireless channel is modeled as a frequency-selective channel consisting of 12 independent
Rayleigh-multipaths. White noise. >t 10 ; Bit error rate BER1 10-*. HNN” parameters setting: A=100, B=500,
C=50, D=10, F=10;
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Figure 1.Performance comparison of the throughputs

HNN neurons slope is u, =0.02, HNN calculation step is 0.0001, the times of iteration is 2000. The

parameters of GA for the problem are provided below:

We choose the linear structure coding method, through which a chromosome presents a feasible solution of
the power allocation; Population size = 20; Terminal generation number = 100; Crossover probability = 0.6;
Mutation probability = 0.1.

Fig.1 plots the throughputs respectively when the number of sub-carriers is 16 or 32. HNN-16, HNN-32
denoted the throughputs when the number of sub-carriers is 16 or 32 adopted by HNN algorithm under the
different transmit power constraints; GA-16, GA-32 denoted the throughputs adopted by GA algorithm; and
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Rbest-16, Rbest-32 denoted the throughputs when it did not take into account the multi-users option. As is
known, in OFDM system as the users’ number increase, the increase of system diversity gain can lead to the
increase of system throughput, which is consistent with the simulation results, as shown in Fig.1. Clearly, the
general effectiveness based on HNN and GA algorithm is superior to that adopted by Rbest’s algorithm[10],
because system resources can be more reasonable distribution after the multi-users selection. HNN and GA
algorithm can effectively solve the problem as a global optimization algorithm, but the effect of the former is
better than that of the latter when the number of sub-carrier is 32 as shown in the figure, which indicates that
HNN algorithm is more suitable to solve this problem in large-scale systems. However, with the increase of
users’ number, the number of system’s local sub-optimal solutions sharply increases, which leading to
performance degradation of HNN and GA.

Generally, the values of parameters A, B, C, D, F range from 0 to 1000, and their values are not the same
when we solve different problems; But their values have a major impact on the effectiveness and level of the
network convergence; After several simulations, we obtain that parameters’ values are inversely proportional to
the convergence value of the corresponding items in dynamic equations.

8. Conclusion

In this paper, we propose the HNN and GA methods for the problem which is cross-layer resource allocation
optimization problem with the fairness in multi-user OFDM-MISO system. At the same time we divide the bit-
loading matrix into three matrixes, which can simplify the problem in such system. Our approach is to
decompose the problem into two steps: user set allocation and bit-loading, by taking HNN’s and GA’s
advantages of the inherent parallelism, a real-time running and its global optimum. The simulation results show
that our proposed methods by HNN and GA can effectively solve optimization problems in OFDM-MISO
system, and the general effectiveness based on HNN is superior to that adopted by GA and traditional methods.
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