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ABSTRACT

In this paper, we propose an optimal method for resource allocation in OFDMA (Orthogonal Frequency
Division Multiplexing Access) system. The utility function is used to balance the efficiency and fairness of
wireless resource allocation. We analyze the mathematical property of resource allocation by modified utility
function. We develop optimal algorithm for dynamic subcarrier assignment and adaptive power allocation
based on modified utility function, and demonstrate the convergence properties of optimization. Simulation
results show that the proposed method provides the effective tradeoff between fairness and efficiency in radio
resource allocation.

Keywords: OFDMA, Utility Function, Fairness and efficiency, Adaptive power allocation and subcarrier
assignment.

INTRODUCTION

OFDMA is a kind of multiple access technology. It has overcome the disadvantage of OFDM-TDMA which
allocates all resource to a single user at certain time. The principle of OFDMA is that it can vary the resource
allocation according to some conditions containing path condition [1-10].

Impulse response of a general time-varying multi-path channel can be represented as
LEOWICHEED ®
And transfer function is
H(f,0) = ht,2)e " dr 2)

It is assumed that the channel fading rate is slow enough so that the frequency response does not change during
an OFDM symbol. The condition of channel can be based on signal nose ratio function.
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Using adaptive modulation, the transmitter can send higher data rates over the subcarriers with better channel
conditions to improve throughput and simultaneously ensure an acceptable BER in all subcarriers.

Bo(f,OH (f ,t)\z)
N(f,t) 4)

=log,(1+ Ap(f,t)p(f,1)

And the achievable throughput can be expressed as ¢(f-) =109, (1+

System consisted of M users is shown in Fig.1.

Fig. 1. System of M users
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And the m" user’s throughput is

ﬂp(f,t)\Hm(f,t)f)
N, (f) (5)

=log,(1+ pp(f.t)p, (.1))

c,(f,t)=log,(1+

And the rate of m" user is

rm(t)=_[D c (f,t)df

= [}, log[1+ An(t B, ()]

(6)

And then the target is to maximize the entire rate sum of users in some essays. That is
M
max » r 7
D,p(f); n (7)

To solve this problem a lot of approaches have implemented.[1],[4]

But the target is emphasized on maximizing the entire rate sum, so this problem has disadvantage of unfairness
among users. To overcome this shortcoming weighted-sum method is adopted.

M
max » W.r 8
D,pm; ol (8)

But this method is not as good as utility function method.
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The approaches used to solve the problem of OFDMA resource allocation formulated as rate sum or weighted
sum are shown in Refs. [1]-[10].

Table 1 shows the approaches used in the resource allocation.

Table 1. Approaches used in resource allocation

Approach Terminate at Complexity
Lagrangian method None O(MK)

SQP Iteration O(K?)

Simulated Annealing Condition Satisfaction | O(M°K°L®)
Genetic Algorithm Generation O(1.65x 2 x MK)
Branch and bound method | None M

As can be seen from Table 1, every approach has own character and advantage and disadvantage. First the
accuracy of approach simulated annealing and genetic algorithm cannot get the exact results. And the
complexity is lowest in Lagrangian function.

On the other hand, the formulation of problem is most adjectival in utility function method. So we proposed
three problems in this paper.

First is to analyze the mathematical property of resource allocation by modified utility function,Second is to
develop optimal algorithm for the resource allocation in OFDMA system,Third is to simulate the proposed
method and verify the efficiency of the system.

METHODS
Modified utility function

Utility functions are used to quantify the benefit of usage of certain resources. And the target function using
Utility function is

1
= 9
X 1 2Un() (9)
For the global optimality, Eq. (9) must be a concave function.

If all Um(l’m) are concave functions, then the objective function(9) is also a concave function. But in reality,

all Um(l’m) are not concave functions.

So utility function is modified U (r) into U(r) as follows.

G(r) = {U (r) r>r,, (10)

0 O<r<r,

Then l](r) is concave in [0,+c0). All functions concave in [I';,#%) can be modified into L](r),

As the objective function is concave, there is a unique global maximum solution to the optimization problems.
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Continuous rate optimization

Let p, and K be Mth user’s SNR and the number of available subcarriers, respectively. P, can be
described by

pm :(pm,l’pm,ZV"'me,K) (11)
where p,, is Mthuser’s SNR at k th subcarrier.

A transmission power Pk at kth subcarrier can be expressed as follows.

Py = (Puger Pojer* Pua) (12)

where pmk IS a transmission power at kth subcarrier allocated to the mth user.
Define Dias the frequency set assigned to user i. Then

D,ND, =9, vmnemm=n

where @ denotes an empty set.

The transmission throughput of mth user at kth subcarrier can be expressed as
r.m,k = log(l-l'ﬂpm,kpm,k)Af . (13)
where ¢ is the bandwidth of the subcarrier.

Then optimization problem can be regarded as

rﬂaXU = rngxl\]/-lium(i rm,k(pm,kpm,k)) (14)

m=1 k=1

subject to

K

M —
zzpm,ksp'

m=1 k=1

[iN

where P is the maximum transmission power of the transmitter.

Using the Lagrangian method, the above optimization problem with the power constraint becomes to
maximize

1 M K M K
L( P, ﬂ“) = _ZU m (Z I'-m,k ( pm,kpm,k )) + /’L(P - ZZ pm,k) . (15)
M m=1 k=1 m=1 k=1
Then the dual problem for (15) is defined as
g =min (4). (16)
where
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(1) = maxL(p/1) /1P+maXVZU (Zrmk(pmkpmk) APny)  (17)

=1 k=1

As the subcarrier assignment is independent of the power allocation,

. K 1 M
e(ﬂ’) :ﬂ,P +ZrnpaxMzum(rm,k(pm,kpm,k)_ﬂ“pm,k) . (18)
k=L "k m=1

As a subcarrier is not shared by two or more users and the channel gain is not independent of subcarriers but
distributed ideally

o(1) = /IP"‘Kmaxf(maX(U (N (P P ) — )’pmk))). (19)

In (19) max(u (0 (P Po) = APni) satisfies the following equation for the optimal power allocation.

1 +
mk() { Pom(2) pmk:| (20)
Wh A 21
TR &Y

By (19) and (20), (16) can be described as follows.

g* = min [AP + Kg, (py,, )] (22)
where g, (p,,4) = Max[Qy, (s A)] (23)
gmk(pmk’ﬂ’) U( k) k(pmk(l)pmk) ﬂpmk(/ﬂt) (24)
Let | be the number of the function evaluations to converge.
If ﬁe[lmn N~
_ In(e/um-n—m)ﬂ} (25)
log( 0.618)
where ¢ is an allowable error.
If € is  small enough to  satisfy the  power  constraint, ie Y =P
K

Pln2

h2 [mzmax

Ay =—— Ller< X maxU_ (1) = A . (26)
Kmr\llnum(rm,k) K m pm,k m '

1 +
Then P = Z[/ﬂnz PJ (27)
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nltn) 1]
zgmm{ T pm,k:| (28)
man (A 1 '
Z[ Zin2 maxp—} (9)
m|nU o(r k) 1
_ 30
e 2" )
s 2 [P S mex ] (31)
Kman n k) M Pk
Also
1| 32
ZK:|: In2 pm,k:I ( )
) 1] 33
; { In2 pm,k:l ( )
STz Un(no) (39
A<= i) (39)
Pin2

Then, from (31) and (25), we found (26) is satisfied.

After getting -, the optimal multiplier ;- determines the user selection and power allocation per subcarrier
k:

m, = arg max{U, (1 ) (P (4) Pni) =4 B (1)} (36)

Pk = Py () Um=m,) (37)

where 1(x):{;’ X_isft;:Je. (38)
., Xis false

M K
Note, however, that it is possible that the sum of the candidate power allocation vector P(1) = ZZ p;’k
m=1 k=1

does not satisfy the total power constraint, since the constraint is not enforced explicitly. Hence, our final

power allocation values should be multiplied by a constant 7= P/ P(l*) which is then plugged back into the
objective in (14) to arrive at our computed primal optimal value

£ =30, log,(L+ 70, Poi)) - (39)
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In continuous modulation the resource allocation algorithm is as follows.

Step 11 vmk, 1 —argmnn[mzmax(u (e Bonse D) Prnie) = AP ()]

Step 2: vm.k» p’ ([):{ 1 __ 1 1
m PonX) P

Step 3: m; = arg mexqU,, (17 )i (i (2 9) — £ i (0}

Step4 pmk pmk( )(m mk)
The complexity of this algorithm is omk), o1y, o), and o) ineach step, respectively.

If we let f'(a>0)and g (>o0) be the optimal values of the primal and dual problems given in (14) and (23),
and let f*>0 be the computed feasible primal value, the relative duality gap can be bounded as

A

Osg*_f*<g*_f* (40)

AN

The left inequality follows directly from the non-negativity of f° and the weak duality theorem and the right
inequality follow from {" < f*

The following equation is derived by dividing the numerator of (40) by any feasible solution to the primal
problem.

g~ "=, 009,01+ By, (D)o M)+ 4 (P —P(2))

B (41)

—Z(U -(log, L+ Py ()P, 50)

; U (I 1+ Py (4 )pm;,kp 0) + A (P -P(X) (42)

1+ ﬁm,k (l*)Pm;,k m

One can notice that if P = P(/i*), i.e. if our dual optimal powers satisfy the power constraint tightly, the

duality gap upper bound is zero, thus the dual optimal and primal optimal solutions are equal and we have
solved our problem exactly.

However, the existence of 1* such that P = P(ﬁ,*) cannot be guaranteed in general, since IS(I) is a

(possibly) discontinuous function of 24 , and the discontinuity may actually happen at 1 =1 such that the
total power does not meet the constraint tightly.

Fortunately, the height of the discontinuity (if it exists) is quite small, and actually diminishes quickly as K
increases, and thus the duality gap also diminishes quickly.

This behavior can also be explained analytically by using a generic bound for the duality gap of separable
integer programming problems, which when applied to our problem results in
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g"— 7 <2 max (U (5 (Ppn,)) (43)

which can be interpreted as twice the maximum weighted conditional expected rate over all users and
subcarriers when all the power is allocated to it.

From (43), we can find that the duality gap bound does not scale with K.

If we include the bandwidth term B/k into the per-subcarrier rate, it can be seen that the duality gap
diminishes as K 0.

Discrete rate optimization

In the discrete rate case, the data rate of the kth subcarrier for the mth user can be given by the following
staircase function.

l0:770 < Pk Pmx <Th
6.7 < Pros Py <
rmd,k(pm,kpm,k)z vh=P ;kp K= (44)

M7 S Pk Pmx ST

where {r, I, L={L..L} are the L available discrete information rates in increasing order, and 7, is the SNR

boundary chosen in such a way that the information rate r, is supportable subject to an instantaneous BER
constraint.

Then, (14) can be described as follows.

m

me,k Sﬁ

K
k=1

[iN

1 :
maxU®? = mex MZUm(Z SR I) (45)

m=1 k=1

And the dual problem becomes
0° () = 2P + K maX - (X (U, (58 (PP = 2P ) (46)

For p,., we have L power allocation functions to choose from.

Ri=|- I Tha | o<)<L-1
pm,k pm,k

Ur'n(rm,k)rrg,k(pm,kpm,k)_;]'pm,k :Ur‘n(rm,k)rl — AP

<U. (hOn -A—2—,vp, €Rl (47

m,k
'F*);ke i,...’h (48)
pm,k pm,k
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Here we should find a function that U_(r. )r, — 41 is maximized.

m,k
Doy =— (49)
m,k
where 7. € argmax Ur'n(rmyk)rl—ﬂi . (50)
m ! pm,k
For vio<i<L-1
An.
U, =2 20, (1,5 - 22 (51)
" Prmk m,k
=N, < A o —h *
SV <d) (52)

=1 Un(oi)Pr M, — 7

n—r. M = h
T o A <min e
I>In m _nl;k Um(rm,k )pm,k s nl;k —7h

I =losisL 1.~ e{r‘“_r‘ , r'_r'-l] (54)
Um(rm,k)pm,k Ma =T T~

After getting 1" in the same way with the continuous modulation, 1" determines the optimal subcarrier, rate,
and power allocation:

(53)

- - L1
my =arg max{U,, (r,, )r, ) -4 —= (55)
m,k
Ry =f. Am=m;) (56)
. .
Py = —2<1(m =m;) (57)

m,k

The algorithm for discontinuous modulation is as following.

Step 1o ym. ko 4" = arg min [2P + 3 max (U, (1 (B (2) 9ri) = 4B ()]
2> kek. mem

Step2 Vm,kvl;yk: IEL , /1 e|:r|+1_rl ’rl_nlj )
Un (o) Pk [Ma=m0 =714

SteP 3.y —argmaxqu;, (7, ), )~ £~y

m,k
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. . - . . .
StEp . Pk =Al(m= m)’ Rm,k = rlfn,kl(m:mk)

m,k

The complexity of each algorithm is o(mk), oMK og(L))» o(mvk) and o), respectively.

Simulation Results
Simulation parameters
Table 2 shows the simulation parameters.

Table 2. Simulation parameters

System parameters Value

Bandwidth (B) 1.25MHz

Number of sub-carriers (k) 128

Number of used sub-carriers (k) 76

Sampling Frequency (F,) 1.92MHz

Doppler Frequency (F,) 200Hz

Cyclic prefix length(L_) 6 samples

Bite Error Rate (BER) 10-¢

Maximum Modulation Level (L) 3

Modulation mode QPSK,16-QAM,64-QAM

Simulation by MATLAB

Channel simulation

The Rayleigh channel is used to simulate the envelope of an individual multipath component.
The parameters of the Rayleigh channel are as follow.

SampTime = 1/1920000;

FreqD = 200;

gainVector =[0-1.5-3-4.5-6 -7.5 -9];

delayVector = 1.0e-4 * [0 0.01 0.02 0.03 0.04 0.05 0.06];
snr=[0,1,2,3,4,5,6,7,8,9,10];

The Rayleigh channel object is generated by rayleighchan commander in Matlab.
rayChanObj = rayleighchan(SampTime, FregD, delayVector, gainVector);
modulation

The modulation object is generated by following command.

modObj = modem.gamkmod(2l);
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modObj.InputType = 'Bit’;

where | is modulation level and its default value is 2.

Then number of bit per frame is specified and modulation process is as follow.
msg = randi([0 1],bitsPerFrame,1);

modSignal = modulate(modObj, msg);

The search of ;

The search of 4 is as follow.

x = fminbnd(fun,x1,x2);

RESULTS AND DISCUSSION

First let’s confirm the multiuser diversity effect in OFDMA system.

Fig. 2. Multiuser diversity

Capacity(bps/Hz)

As can be seen on Figure 2, more increased the number of user, more increased channel capacity in proportion
to logarithmic value of users.

Second, the fairness of proposed method was confirmed in Fig. 3.

Fig. 3. Fairness among users
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As can be seen on Figure 3, the rate sum method cannot provide fairness of resource allocation but utility
function provides fairness of resource allocation.

Third, the efficiency of proposed method is shown in Fig. 4.

Fig. 4. Efficiency of proposed system

Average Data Rate(Mbps)

As can be seen on Figure 4, when the jointed DSA and APA are used simultaneously for optimization by utility
function, the efficiency and fairness of resource allocation are provided.

CONCLUSION

We proposed an optimal method for resource allocation in OFDMA (Orthogonal Frequency Division
Multiplexing Access) system. We have derived optimal resource allocation algorithms for continuous and
discrete rate maximization by modified utility function, and demonstrated the convergence properties of
optimization. Simulation results show that the proposed scheme provides the effective tradeoff between
fairness and efficiency in radio resource allocation.

Resolved scientific and technical contents in this paper are as follows:
First, we proposed the resource allocation algorithm of OFDMA system based on utility function.

Second, we simulated proposed approach with practical parameters using MATLAB and confirm the
advantages of the system proposed in this paper.

We will investigate the optimization under more realistic conditions and develop low complexity approaches
for the OFDM wireless network.
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