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Abstract: For the problem to maximize spectral efficiency of OFDMA-TDD systems while satisfying 
bandwidth demands and the average bit error rate (BER) constraints of users, a resource allocation algorithm 
based on bandwidth demands of users is proposed. The user weights are introduced and the Max weighted-SNR 
scheduling strategy based on bandwidth demands of users is proposed. Based on this strategy，the closed 
expression of average BER with channel estimation error and Channel Quality Information (CQI) delay is 
achieved, and above problem is decomposed into the subchannel allocation problem and the problem of rate 
adaptation threshold vector optimization. The proposed Max weighted-SNR scheduling strategy is used to 
allocate subchannel to satisfy bandwidth demands of users. By Lagrange multiplier approach, this (J-1) 
dimensional optimization problem of rate adaptation threshold vector is transformed into one-dimensional 
optimization problem, resulting in optimal solution. This algorithm not only can satisfy bandwidth demands of 
users，but also adapt to the change of Imperfect Channel Quality Information (ICQI) accuracy and provides the 
corresponding optimal rate adaptation threshold vector so as to maximize spectral efficiency while satisfying the 
average BER constraints of users. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

In the actual downlink of OFDMA-TDD systems, 
there must be the channel estimation error due to 
reasons like the restrictions of pilot overhead, and 
there is a time delay from the instant of uplink 
subchannel estimation in base station (BS) to the 
instant of downlink data transmission using resource 
allocation scheme based on the estimated SNR on 

subchannel. In this paper, the SNR on subchannel is 
used as channel quality information (CQI) to perform 
adaptive resource allocation and this time delay is 
called CQI delay. The change of channel state during 
CQI delay will lead to inaccuracy of CQI. So, CQI 
obtained by BS is always inaccurate. The inaccurate 
CQI obtained by BS, i. e., the estimated SNR on 
subchannel, is called ICQI. The application of 
adaptive resource allocation with assuming CQI 
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accurate will cause the degradation of performance of 
systems [1, 2]. The degree of the accuracy of ICQI 
with respect to the actual channel state at the instant 
of data transmission, i. e., ICQI accuracy, has a great 
influence on the performance of systems. Therefore, 
studying how to design resource allocation algorithm 
adaptive to ICQI accuracy to ensure user’s QoS while 
maximizing the spectral efficiency of systems is very 
necessary. 

Currently, research on resource allocation for 
OFDMA systems with ICQI generally only consider 
the impact of the channel estimation error on the 
performance of systems [1, 3-7], or only consider the 
impact of CQI delay on it [8-12]. The authors in [13] 
analyzed the impact of channel estimation error, CQI 
delay, the number of CQI quantization bits and CQI 
feedback errors on throughput of OFDMA-FDD 
system, but a Max-SNR scheduler was employed so 
that the bandwidth demands for different users 
couldn’t be fulfilled. So, a resource allocation 
algorithm based on bandwidth demands of users is 
proposed. The user weight is introduced and Max 
weighted-SNR scheduling strategy based on 
bandwidth demands of users is presented. Based on 
this strategy, the closed expression of average BER 
with channel estimation error and CQI delay is 
achieved, and the problem of resource allocation 
based on bandwidth demands of users is decomposed 
into the subchannel allocation problem and the 
problem of rare adaptation threshold vector 
optimization and thus is solved. This algorithm can 
not only meet bandwidth demands of users, but also 
adapt to the change of ICQI accuracy so as to provide 
the corresponding optimal rare adaptation threshold 
vector and maximize spectral efficiency of systems 
while satisfying average BER constraints for users. 
As the closed expression of average BER for users is 
achieved and ICQI accuracy parameters  
(the variance of channel estimation error and CQI 
delay) also can be obtained by measurement in BS, 
the average BER of users can be calculated out 
analytically. Therefore, this algorithm can be easily 
applied to the actual TDD system. 
 
 
2. Adaptive Scheduling Model and ICQI 
 

2.1. Adaptive Scheduling Model 
 

A one cell SISO OFDMA downlink scenario in 
an TDD system with one BS and U users with user 
index 1, ,u U=   is considered. Furthermore, the 

downlink bandwidth is subdivided into K orthogonal 
subchannels, with each subchannel consisting of a 
group of subcarriers. The channel transfer 
function

, ( )u kH n  of user u on subchannel k 

with  1, ,k K=   at subframe n is modeled by a 

complex Gaussian distributed random variable with 
variance one [13] and the mean of 

, ( )u kH n  is set  

to zeros. In frequency domain, 
, ( )u kH n  is assumed  

to be flat on one subchannel and it is assumed that 
( ),u kH n  is uncorrelated to 

, 1( )u kH n−
 [1, 13]. In time 

domain, 
, ( )u kH n  is assumed to be constant during a 

subframe. The total transmission power 
TP  of BS  

is equally allocated to K subchannels, i.e. the 
transmission power on each subchannel 
is

SC TP P K= . The SNR of user u on subchannel k  

at subframe n is given by: 
 

( ) ( )( )2

,PSC SC 0, ,( ) uu k u kn P H n L B Nγ = ⋅ ⋅ , 

 

where ,Pu
L is path/ shadowing loss of user u assumed 

to be unchanged with n, 
0N is the power spectral 

density of additive white Gaussian noise in the 
system, and 

SCB  is the bandwidth of each subchannel. 

The mean of 
, ( )u k nγ  is given by: 

 

, SC ,P SC 0[ ( )] ( ( ))u k u uE n P L B Nγ γ⋅ == , 

 
with ( ) 2

,[ ]=1u kE H n  and 
,[ ( )]u kE nγ being independent 

of n and k. Let 
uγ denote the mean of SNR on 

subchannel of user u and then 
 

( ) 2

, ,( )u k u u kn H nγ γ= ⋅ . 

 
Firstly, using the reciprocity of uplink and 

downlink channels in TDD systems, BS obtains the 
estimated SNR of user on each downlink subchannel 
through estimating the SNR on each uplink 
subchannel, i. e. BS obtains ICQI of user. Then, the 
resource scheduler in BS assigns different 
subchannles to different users and then adapts the 
transmit rate of each subchannel allocated to the 
scheduled user according to the bandwidth demand 
vector 

1[ , , , , ]u Uλ λ λ=  λ  and ICQI. Finally, the 

data symbols of the scheduled user are modulated by 
inverse fast Fourier transform, cyclic prefix is 
inserted and then the data symbols are transmitted to 
the user. uλ （ 0 1uλ≤ ≤ ） denotes the bandwidth 

demands factor of user u, representing the ratio of 
bandwidth demands of user u to downlink bandwidth. 
Resource allocation and CQI are updated on a one 
subframe cycle.  

 
 

2.2. ICQI  
 

When 
uγ is a constant value, 

, ( )u k nγ  

is determined only by ( ),u kH n . For convenience  

of expression, we use ( ),u kH n  instead of 
, ( )u k nγ  

to analyze ICQI and subframe index is omitted 
hereinafter. Subchannel index is omitted in this 
section. 
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2.2.1. The Channel Estimation Error 
 

Let ( )E
uH  denote the channel transfer function of 

user u on subchannel at the instant of channel 

estimation. The estimate of ( )E
uH  is denoted by ˆ

uH  

and the estimation error of user u by 
 

 ( ) ˆE
u u uE H H= −   

 

The random variables ˆ
uH and uE are  

uncorrelated [13], where uE and ˆ
uH are complex 

Gaussian distributed with mean 0 and with 

variance 2
E,uσ and 2

E,1 uσ− respectively. Using 

orthogonal pilot signal to estimate subchannel, the 
variance of uE is  

 
 2

E, r, S,1 (1 )u u uNσ γ= + ,  

 

where r,uN  is the number of training symbols and 

S,γ u  is SNR of pilot signals for user u [13].  

Let S,u uγ γ=  [13], and then: 

 
 2

r,E, 1 (1 )u uu Nσ γ= + . (1) 
 
 
2.2.2. Outdated CQI  
 

Due to CQI delay, the available CQI at BS  
is outdated. Outdated CQI is modelled by correlation, 
i.e. ( )E

uH  and the actual channel transfer function of 

user u on subchannel at the instant  

of transmission denoted by uH are modeled as two 

complex Gaussian distributed random variables with 

a correlation coefficient uρ . Assuming Jakes 

scattering model, the correlation coefficient [13] 
 

 ( )0 D,2 uu J fρ τ= π ,  

 

with ( )0J x denoting the 0-th order Bessel function, 

D,uf denoting the maximum Doppler frequency  

of user u, τ denoting CQI delay and D,uf τ denoting 

normalized Doppler frequency of user u. 
 
 

3.  Resource Allocation Based on 
Bandwidth Demands of Users 

 
3.1.  Problem of Resource Allocation Based 

on Bandwidth Demands of Users  
 

The spectral efficiency of systems shall be 
maximized over the user weights vector w and the 

rate adaptation threshold vector ( )us ( )1,2 ,u U= ，  

subject to the bandwidth demands and the average 
BER constraint of users 
 

 ( )
( )

( )

, 1
m ax ( ) ,

u

U
u

u u
u

P R
=

⋅
w s

w w s , (2) 

 
subject to: 

 
C1: ( ) { }( )

,0, , 1, 2, ,u
u uBER BER u U≤ ∀ ∈w s   

C2: { }( ) , 1, 2, ,u uP u Uλ= ∀ ∈w  . 

 
The user weights vector is given by 

[ ]1 2, , , Uw w ww =  with uw denoting the weights of user 

u, the rate adaptation threshold vector of user u is 
given by ( ) ( ) ( ) ( )

0[ , , , ]u u u u
j Js s s=s    with ( )

0 0us = , 
( )u
Js = ∞  and J denoting the number of available 

modulation schemes. Since U different users are 
competing for the subchannels, the probability of 
user u to get access to a subchannel,  
i. e. the channel access probability ( )uP w of user u, 

depends on w . ( )( ), u
uBER w s  and , 0uB E R  denote the 

average BER and average BER constraint of user u 
respectively. ( ), u

uR w s（ ）denotes spectral efficiency 

of user u. Constraint C1 ensures that the average 
BER of user u is not more than its average BER 
constraint ,0uBER . Constraint C2 ensures that the 
channel access probability is equal to the bandwidth 
demands factor of user u to satisfy the bandwidth 
demands of user u. 

 
 

3.2.  Subchannel Allocation Based on 
Bandwidth Demands of Users 

 
3.2.1.  Max Weighted-SNR Scheduling 

Strategy (MSSS)  
 

In many subframes, the actual average bandwidth 
allocated to user u is given by ( )SC=u uB B K P⋅ ⋅ w . To 

make uB equal to the bandwidth demands of user u 

given by
SC uB K λ⋅ ⋅ , i.e. to make constraint C2 

satisfied, besides the estimated SNR of users on 
subchannel, the user weights should also be used to 
carried out subchannel allocation so as to achieve the 
purpose of proportional allocation of bandwidth to 
different users according to the user weights 
vector w . Thus, Max weighted-SNR Scheduling 
Strategy (MSSS) based on bandwidth demands of 
users is proposed, i.e. subchannel k is allocated to the 
user with the maximal weighted and estimated SNR 
on this subchannel: 
 

 ( ) ( )*
,

ˆarg max u u k
u

u k w γ= ⋅ . (3) 
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3.2.2.  The Channel Access Probability  
Under MSSS 

 
As the estimated SNRs for one user on different 

subchannels are identically distributed, subchannel 
index is omitted below. The probability density 
function (PDF) of the estimated SNR of user u on 
subchannel is exponential distribution with the mean 

[ ] ( )2
E, E,ˆ 1u u u uEγ γ γ σ= = −  taking the relation of ˆ

uH  and 

uE into account.  

Since the estimated SNRs of different users on the 
one subchannel are independent distributed, the joint 
PDF of estimated SNR of all U users on the one 
subchannel is given by: 
 

1 2 1 2ˆ ˆ ˆ ˆ ˆ ˆ1 2 1 2, , , ˆ ˆ ˆ ˆ ˆ ˆ( , , , ) ( ) ( ) ( )
U UU Up p p pγ γ γ γ γ γγ γ γ γ γ γ= ⋅    

 
with ˆ ˆ( )

u upγ γ denoting the PDF of estimated SNR of 

user u on subchannel. With the MSSS of (3), if a 
subchannel is allocated to user u, all the U − 1 other 
users must have smaller weighted and estimated SNR 
on the subchannel, so the estimated SNR ˆ

uγ of user u 

on the subchannel fulfills following in equation: 
 

 ˆ ˆ( ) ,u i i uw w i uγ γ> ⋅ ∀ ≠ , (4) 

 
The channel access probability of user u  
 

1 1 1
1

1 1 1

2 1 1 1

ˆ ˆ ˆ ˆ

ˆ 1ˆ ˆ ˆ ˆ ˆ0 0 0 0 0

ˆ ˆ ˆ ˆ ˆ ˆ ˆ2

ˆ0
1E, E, E,

ˆ( ) ( )

ˆ ˆ( ) ( )

ˆ ˆ1
exp 1 exp

u u u u u u u u

u u U

u u u U

U U u u u

w w w w

w w w w
u

U

U
u u u

iu u i i
i u

P p

p p d d d d d

w
d

w

γ γ γ γ

γγ γ γ γ γ

γ γ γ γ γ γ γ

γ

γ γ

γ γ
γ γ γ

− +

− +

+ −

∞

= = = = =

∞

=
≠

=

⋅

    
= − ⋅ −            

    

∏

w  

 

uγ

(5) 
 
Performing some transformations to the second term 
of the integral, the channel access probability of user 
u is given by: 
 

( )

( )

1

ˆ
0

1 1 1E, E, E,

1
1

E,

1 1 1 E,

1 1
ˆ( ) 1 exp

1 1 ,

u

jU U
u

u i u
j j iu u i i

i u

jU U
u u

i
j j i i i

i u

w
P d

w

w

w

γθ γ
γ γ γ

γ
θ

γ

−
∞

= = − =
≠

−
−

= = − =
≠

  
  = − − +      

 
 = − +  
 

  

  

θ

θ

w

(6) 
 
with the vector 1 2[ , , , ]Uθ θ θ=θ   

with { }0,1i i uθ ∈ ∀ ≠ . The equation 1j= −θ  

denotes 1
1

j
UC −

−  possible vectors of θ  when the 

number of 1 in vector θ is equal to 1j − . 

1

( )
j

f
= −

θ

θ denotes the sum of 1
1

j
UC −

−  function 

values ( )f θ corresponding to a specific vector θ . 

 
 
3.3.  Spectral Efficiency and Average BER 

Taking ICQI into Account 
 
3.3.1.  The Distribution of the Estimated SNR 

of a Subchannel Allocated to User 
 
According to MSSS, the estimated SNR of a 

subchannel allocated to user u fulfills (4) by which 
the upper limit of the integral can be determined. The 

PDF of the estimated SNR γ̂  of a subchannel 

allocated to user u is then the marginal PDF 
calculated by determining the integral over the joint 
PDF 

1 2ˆ ˆ ˆ 1 2, , ,
ˆ ˆ ˆ( , , , )

U Upγ γ γ γ γ γ   leading to: 

 

( )

1 1 1
1

1 1 1

1 1

1 1 1

1

1 1 E,

ˆ ˆ ˆ ˆ

ˆ ˆ 1, ˆ ˆ ˆ ˆ0 0 0 0

ˆ ˆ ˆ ˆ1 1

ˆ ˆ ˆ ˆ

1E, E,

1
1

ˆ ˆ( ) ( )

ˆ ˆ ˆ ˆ( ) ( ) ( ) ( )

1
exp

u u u u

u u U

u u U

u u U

U u u

jU

u
j j u

w w w w

w w w w
uu

u u U

U
u

i
iu i i
i u

a

p a p

p p p p

d d d d

w

w

γ γ γ γ

γ γγ γ γ γ

γ γ γ γ

γ γ γ γ

γ

γ γ

γ γ γ γ

θ
γ γ

− +

− +

− +

+ −

−

= = −

= = = =

− +

=
≠

= ⋅ −

=


⋅ − +

 

   



 

 

 

θ

ˆ .γ
 
  
      

(7) 
 

where the factor ua ensures that: 

 
 

ˆ ˆ,0
ˆ( ) 1up dγ γγ

∞
= , (8) 

 

Substituting γ̂  for ˆ
uγ  in (5), it can be seen that the 

integrals in (5) and (8) are identical except for the 

factor ua , leading to: 

 
 1 ( )u ua P= w , (9) 

 
Inserting (9) into (7) leads to: 
 

 
( )

1

ˆ,
1 1 E,

1E, E,

1 1
ˆ( ) 1

( )

1
ˆexp

jU

u
j ju u

U
u

i
iu i i
i u

p
P

w

w

γ γ
γ

θ γ
γ γ

−

= = −

=
≠

= ⋅ −

  
  ⋅ − +      

 



w θ , 
(10) 

 
Let us assume a system with the user weights 

vector of [0.75,0.5,0.25]=w and U=3 users where 
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all users have the same mean of SNR on subchannel 
10 dBuγ = and the same number of training 

symbols
r , 1uN = . In Fig. 1 (a), the PDF of the 

estimated SNR of the subchannels allocated to user 1 
is depicted. The dashed curve represents the 
theoretical PDF according to (10) and the solid lines 
represent the PDF evaluated from 10000 simulation 
runs. Fig. 1(b) and Fig. 1(c) the PDFs for user 2 and 
user 3 is depicted. 
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(c) 
 

Fig. 1. The distribution of the estimated SNR of the 
subchannels allocated to user. The PDF of estimated SNR 
of the subchannels allocated to: (a) user 1; (b) user 2;  
(c) user 3. 

 
 

One can see that the theoretical PDFs are 
consistent with the simulative ones. Furthermore, it 
can be seen that the probability of small estimated 

SNR is larger for user 1 than for user 2 and user 3. 
The reason for that is the higher weights of user 1 
compared to users 2 and user 3, i.e., in order to 
successfully compete against the other users, the 
estimated SNR of user 1 does not have to be as high 
due to the highest weights of user 1 while for user 3, 
the estimated SNR have to be rather high in order to 
be considered for allocation. 

 
 

3.3.2. Spectral Efficiency 
 

According to the estimated SNR γ̂ of the 

subchannels allocated to user u and rate adaptation 
threshold vector ( ) ( ) ( ) ( )

0 1[ , , , ]u u u u
Js s s=s  , the resource 

scheduler in BS adapts the transmit rate of each 
subchannel allocated to user u, i.e., the j-th 
modulation scheme is selected and used for 
transmission on the subchannel 

whenever ( ) ( )
1

ˆu u
j js sγ− ≤ < . Let jc denote the number 

of transmitted bits on a subcarrier during a OFDM 
symbol when j-th modulation scheme is selected and 
let 1jc j= − . The spectral efficiency of user u is 

defined by [3, 9, 14, 15]. 
 

 ( )

( ) ( )

( )

( )
1

( )
ˆ ˆ,

1

( ) ( )
ˆ ˆ 1, ,

1

ˆ, ( )

,

u
j

u
j

J su
u j us

j

J
u u

j j ju u
j

R c p d

c G s G s

γ γ

γ γ

γ
−=

−
=

= ⋅

 = ⋅ − 

 



w s
, 

(11) 

 
with 
 

( ) ( )
1

ˆ,
E ,1 1

1 E ,

1E , E ,

1 1
1

( )
1

1
1 exp .

jU

u U
u uj ju

i
i i i
i u

U
u

i
iu i i
i u

G x
wP
w

w
x

w

γ γ
θ

γ

θ
γ γ

−

= = −

=
≠

=
≠

= ⋅ − ⋅
+

   
   − − +         

 




w θ

 

 
 
3.3.3. Average BER 

 
According to [3, 9, 14, 15],  the average BER of 

user u is defined by  
 

( )


( )

( )

( )
1

ˆ ˆ,
1( )

( )

ˆ ˆ( , ) ( )

, ,
,

u
j

u
j

J s

uj us
ju

u
u

u

c BER j p d

BER
R

γ γγ γ
−=

⋅
=


w s
w s

(12) 
 

where, according to [9, 15],  ˆ( , )uBER jγ  denotes 

the average BER as a function of the applied j-th 

modulation scheme and γ̂ given by: 
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 
ˆ

ˆ,
0

ˆ( , ) [ ( , )]

ˆ( )( , )

u

u

BER j E BER j

pBER j d

γ γ

γ γ γ

γ γ

γ γγ
∞

=

= 
, (13) 

 
where ( , )BER jγ  denotes the BER of the applied 

j-th modulation scheme and ˆ, ˆ( )up γ γ γ γ denotes the 

conditional PDF of the actual SNRγ  at the instant of 

data transmission and the estimated SNR γ̂ on a 

subchannel for user u. In the following, the 

expression of ˆ, ˆ( )up γ γ γ γ will be given. 

According to [13,16], the relation of uH  and ˆ
uH  

can be modeled by  
 

 2ˆ( ) 1u u u u uH H E Xρ ρ= ⋅ + + − ⋅ , (14) 

 
with X denoting a complex Gaussian distributed 
random variable with variance one and mean zeros 

and is independent of ˆ
uH and uE . The conditional 

PDF of uH and ˆ
uH is given by: 

 
 ( ) 2

r,ˆ
ˆ ˆ( , )

u u
u u u u uH H

p H H CN Hρ σ= , (15) 

 

with 2
r,

ˆ( , )u u uCN Hρ σ denoting the complex 

Gaussian distribution with mean ˆ
u uHρ and 

variance 2 2 2
r, E,1 (1 )u u uσ ρ σ= − − . ( )ˆ ˆ

u uH H u u
p H H  reflects 

the degree of the accuracy of the estimated channel 

transfer function ˆ
uH  relative to uH [1, 7], i.e. ICQI 

accuracy, determined by 2
E,uσ and D,uf τ ,which are 

called the parameter of ICQI accuracy.  
According to (15) and the book [17], the 

conditional PDF ˆ, ˆ( )up γ γ γ γ is a Non-central  

chi-square distribution with 2 degree of freedom 
given by  
 

2

ˆ, 02 2 2
r, r, r,

ˆˆ 21ˆ( ) exp uu
u

u u u u u u

p Iγ γ
ρ γγγρ γγ γ

γ σ γ σ γ σ
  += −      

   
, (16) 

 

with ( )0I x denoting the 0-order modified Bessel 

function of first kind. 
The BER ( , )BER jγ of M-QAM modulation can 

be approximated by: 
 

 ( , ) 0.2 exp( )jBER jγ β γ= ⋅ − , (17) 

 
with 1.6 (2 1)jc

jβ = −  using M-QAM modulation 

and 1.97 (2 1)jc
jβ = + using M-PSK modulation [14]. 

For special cases, ( ,1)BER γ  equals average BER 

constraint with j=1 and 2 1β = with j=2. 

Inserting (16) and (17) in (13) leads to: 
 

 
2

2 2
r, r,

ˆ0.2
ˆ( , ) exp( )

+1 1
j u

u

j u u j u u

BER j
β ρ γ

γ
β γ σ β γ σ

⋅
= ⋅ −

+
, (18) 

 
Inserting (10) and (18) in (12) leads to 
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3.4.  Resource Allocation Algorithm Based  

on Bandwidth Demands of Users 
 
3.4.1.  Decomposing the Problem of Resource 

Allocation based on Bandwidth 
Demands of Users into Two Problems 

 
According to (6), ( )uP w is dependent on w and 

independent of ( ) ( 1, 2 , , )u u U=s  , so we only need 

to find out the user weights vector w* making 
constraint C2 satisfied. For getting the unique w* to 
fulfill constraint C2, the weights of the user with the 
highest bandwidth demands factor is set to 1. 

With the given w*, ( )* ( ), u
uR w s  and 

( )* ( ), u
uBER w s are only dependent on S(u). 

Thus, for each user u, the spectral efficiency of user u 
can be maximized over the its own rate adaptation 
threshold vector S(u) subject to the average BER 
constraint  of user u. when the spectral efficiency  
of each user reaches the maximum simultaneously, 
the spectral efficiency of systems is also reaches the 
maximum. So, the problem of resource allocation 
based on bandwidth demands of users can be done by 
solving the following two problems:  

Subchannel allocation problem: to fulfill the 
bandwidth demands of all users, with MSSS, finding 
out the user weights vector w* leads to  
 

 { }*( ) , 1, 2, ,u uP u Uλ= ∀ ∈w  , (20) 
 

The problem of rate adaptation threshold vector 
optimization: According to w* obtained from (20), for 
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each user u, maximize the spectral efficiency of user 
u over its own rate adaptation threshold vector S(u) 
subject to the average BER constraint  of user u 

 
 ( )

( )

* ( )max ,
u

u
uR

s
w s , (21) 

 

subject to : ( )* ( )
,0, u

u uBER BER≤w s . 

 
 
3.4.2. Subchannel Allocation Problem 
 

Without loss of generality, let wU=1. Subchannel 
allocation problem (20) can be done by solving the 
following constrained nonlinear optimization 
problem: 
 

1
*

1

arg min ( )
U

u u
u

P λ
−

=

= −w
w w  

 

subject to : { }0 1, 1, 2, , 1uw u U< ≤ ∀ ∈ − , 

which can be solved easily using numerical methods. 
 
 
3.4.3.  The problem of Rate Adaptation 

Threshold Vector Optimization 
 

To solve (21), a Lagrange multiplier approach 
similar to the method in [9], is performed where the 
objective function is given by: 
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+
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w s w s

w s

w s w s

, 
(22) 

 
with μ  denoting the Lagrange multiplier.  

The optimal rate adaptation threshold vector S(u)*  
should satisfy : 
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u
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u
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j J
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∂Φ = = −
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s s

s  , (23) 

and 
 

 ( )* ( )*
,0, =0u

u uBER BER−w s , (24) 

 
Inserting (22) in (23) results in the following 
equation given by: 
 


 ( ) ( )
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2,3, , 1.

u u
u uj j j ju
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j J
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−

= −
(25) 

From (25), it can be seen that each element 
( ) ( 2,3, , 1)u
js j J= −  of S(u)* can be calculated 

using an initial value ( )
1

us . Therefore, the optimal 

threshold vector ( )*us  is completely determined 

by ( )
1

us , i.e. ( )* ( )
1( )u uf s=s , where ( )

1
us is selected 

to satisfy the constraint in (21). Thus the (J − 1)-
dimensional problem of rate adaptation threshold 
vector optimization (21) is converted into a one-
dimensional optimization problem given by: 
 

 ( )
( )
1

* ( )
1max , ( )

u

u
u

s
R f sw ,  

 

subject to : ( )* ( )
,01, ( )u

u uBER f s BER≤w , 

 
which can be solved easily using numerical methods. 
 
 

4. Numerical Results 
 

In this section, we will present numerical results 
for a OFDMA-TDD system with 4U =  users and 
assumes that all users have the same average BER 
constraints 310−  and the same number of training 
symbols

r, 1uN = . The following modulation schemes 

are considered: 0M , BPSK, QPSK, 8 PSK, 16 QAM, 

32 QAM, 64 QAM and 128 QAM with 
0M  denoting 

no transmission. It is also assumed that 
2
E,uσ and D,uf τ is known to BS. When the average 

BER constraint of user u can’t be satisfied, the 
proposed algorithm lets ( )( , )u

uR = 0w s( and 

( )
0,( , )u

u uBER BER=w s . 
 
 

4.1.  Impact of the User Weights on the 
Channel Access Probability 

 
Assuming all users have the same mean of SNR 

10 dBuγ = on subchannel and making the weights w1 

of user 1 change from 0.1 to 0.8 with w2=1, w3=0.2 
and w4=0.3, the channel access probability is depicted 
versus the weights w1 of user 1 in Fig. 2.  
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Fig. 2. The channel access probability  
vs. the weights w1 of user 1. 
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It can be seen that as w1 increases, the channel 
access probability of user 1 also increases and the 
channel access probability of 3 other users decreases 
simultaneously. This behavior shows that MSSS can 
proportionally allocate required bandwidth to users 
by adjusting the user weights vector w. 
 
 
4.2. Comparison with Other Algorithms 
 

The authors in [12] proposed a rate adaptation 
threshold vector optimization algorithm based on 
single parameter θ  with assuming perfect channel 
estimation is available at BS. To ensure fair 
comparison, using (11) and (19) to achieve the 
optimal parameterθ  through simulation, for different 
normalized Doppler frequency D,uf τ  and different 

mean of SNR on subchannel. In this paper, the 
resource allocation algorithm based on MSSS and the 
rate adaptation threshold vector optimization 
algorithm [12] is called Guharoy’s algorithm.  
To compare with Guharoy’s algorithm, let  
λ = [0.25, 0.25, 0.25, 0.25]. Moreover, Resource 
Allocation algorithm with Perfect CQI (RA-PCQI) is 
also involved, which is based on MSSS and the fixed 
rate adaptation threshold vector [0, 5.30, 11.30, 
23.18, 49.67, 102.65, 208.62, 420.55, ∞]. 

Assuming all users have the same mean of SNR 
on subchannel where { }, , 1,2, ,u v u v Uγ γ= ∀ ∈  , 

Fig. 3 illustrates the performance of the proposed 
algorithm, Guharoy’s algorithm and RA-PCQI versus 
the mean of SNR on subchannel for normalized 
Doppler frequency D, 0.1uf τ = with { }1,2, ,u U∀ ∈  . 

For the proposed algorithm, with the mean of SNR 
on subchannel increasing, i.e. with ICQI accuracy 
increasing, the average BER of systems maintains at 
the average BER constraint 10-3 until the spectral 
efficiency of systems reaches the maximum, and then 
the average BER decreases. This behavior results 
from the fact that the optimal rate adaptation 
threshold vector is obtained on the boundary of the 
average BER constraint C1 in (2) and the average 
BER decreases when the highest modulation order 
(128QAM) is selected on subchannels. Simulation 
results show that the proposed algorithm can adapt to 
the change of the parameter 2

E,uσ of ICQI accuracy 

(determined by uγ ,see (1)) and provide the 

corresponding optimal rate adaptation threshold 
vector resulting in the average BER of user 
maintaining at the average BER constraint 10-3 so as 
to maximize spectral efficiency of users.  

Assuming all users have the same  
normalized Doppler frequency where  

D, D, ,u vf fτ τ=  { }, 1, 2, ,u v U∀ ∈  , Fig. 4 illustrates 

the performance of the proposed algorithm, 
Guharoy’s algorithm and RA-PCQI with respect to 
normalized Doppler frequency for the mean of SNR 
on subchannel 15dBuγ = with { }1,2, ,u U∀ ∈  . 
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Fig. 3. Performance of 3 algorithms vs. the mean of SNR 
on subchannel. (a) Spectral efficiency of systems for 

different algorithms vs. the mean uγ of SNR on 

subchannel;  (b) Average BER of systems for different 

algorithms vs. the mean uγ of SNR on subchannel. 
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Fig. 4. Performance of 3 algorithms vs. normalized 
Doppler frequency

D,uf τ . (a) Spectral efficiency of systems 

for different algorithms vs. normalized Doppler 

frequency D,u
f τ ; (b) Average BER of systems for different 

algorithms vs. normalized Doppler frequency D,u
f τ . 
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For the proposed algorithm, in order to ensure the 
average BER constraint is satisfied, with the 
normalized Doppler frequency increasing, i.e. with 
ICQI accuracy decreasing, the threshold value 
becomes high and the probability of selection of the 
low-order modulation scheme increases, so the 
spectral efficiency of the system decreases with the 
average BER maintaining at average BER  
constraint 10-3. Simulation results show that the 
proposed algorithm can adapt to the change of the 
parameter D,uf τ of ICQI accuracy and provide the 

corresponding optimal rate adaptation threshold 
vector resulting in the average BER of user 
maintaining at average BER constraint 10-3 so as to 
maximize spectral efficiency of users. 

Fig. 3 and Fig. 4 show that the average BER 
constraint can be fulfilled for both the proposed and 
Guharoy’s algorithm, but the spectral efficiency  
of the proposed algorithm is higher than that of 
Guharoy’s algorithm. As RA-PCQI assumes CQI 
accurate, the average BER constraint can’t  
be satisfied. Thus, the proposed algorithm is better 
than Guharoy’s algorithm and RA-PCQI. 
 
 
5. Conclusion 
 

The resource allocation algorithm based  
on bandwidth demands of users is proposed.  
This algorithm can not only meet bandwidth demands 
of users, but also adapt to the change of ICQI 
accuracy so as to provide the corresponding optimal 
rate adaptation threshold vector and maximize 
spectral efficiency while meeting the average BER 
constraint of users. As the closed expression of 
average BER for user is achieved and ICQI accuracy 

parameters ( D,uf τ and 2
E,uσ ) can be obtained by 

measurement at BS, the average BER of users can be 
calculated out analytically. Therefore, this algorithm 
can be easily applied to the actual TDD system.  
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