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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

Article number P_RP 0091

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 CQIL. 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 1CQI
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 u=1,---,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 H,, (n) of user u on subchannel %
with k= 1,---,K at subframe »n is modeled by a
complex Gaussian distributed random variable with
variance one [13] and the mean of g  (n) is set

to zeros. In frequency domain, H,, (n) 1S assumed
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to be flat on one subchannel and it is assumed that
H,, (n) is uncorrelated to H,, (n) [1, 13]. In time

domain, H,, (n) is assumed to be constant during a
subframe. The total transmission power P of BS

is equally allocated to K subchannels, i.e. the
transmission  power on each  subchannel
isP. =P /K. The SNR of user u on subchannel &

at subframe # is given by:
Y (n) = By "Hu,k (”)‘Z/U‘u,P (Bsc 'No)) ’

where L, , is path/ shadowing loss of user u assumed
to be unchanged with n, N is the power spectral

density of additive white Gaussian noise in the
system, and B, is the bandwidth of each subchannel.

The mean of y , (n) is given by:

E[?’u,k (n)]= pSC/(LuA,P (Bse " No))=7,>

with gl (n)[ 11 and E[y, , ()] being independent
of n and k. Let 7, denote the mean of SNR on

subchannel of user u and then

V=7, H,, (n)-

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 A=[4,-,4,,4,] and ICQL 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. 4, (0<A <1 ) 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.

2.2.1CQI

When 7 is a constant value, ¥, ,(n)

is determined only by H, k(n) . For convenience
of expression, we use [/, , (n) instead of y  (n)

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 H,'“ denote the channel transfer function of
user u on subchannel at the instant of channel
estimation. The estimate of H,*) is denoted by H,
and the estimation error of user u by

E,=H"™-H

u

variables H and [E  are

The random . ;

uncorrelated [13], where E, and I:Iu are complex
Gaussian distributed with mean 0 and with
variance O'é , and l—O'éu respectively. Using

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

O-é,u = 1/(1 + Nr,u 7S,u ) ’

where Nnu is the number of training symbols and
Ys. 1s SNR of pilot signals for user u [13].
Let %, =7, [13], and then:

op,= YA+N,7)- (1)

2.2.2. Outdated CQI

Due to CQI delay, the available CQI at BS
is outdated. Outdated CQI is modelled by correlation,

ie. H,'" and the actual channel transfer function of

user u on subchannel at the instant
of transmission denoted by H are modeled as two
complex Gaussian distributed random variables with
a correlation coefficient 0, . Assuming Jakes

scattering model, the correlation coefficient [13]
pu = JO <2nfD,uT) ’

with J; (x) denoting the O-th order Bessel function,
I p denoting the maximum Doppler frequency

of user u, T denoting CQI delay and f; p.. T 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 s (u :1,2,...’(])

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

maxiPu(w)J?u (w,s‘”))v ()

u)
|

subject to:

Cl: BER, (w,s(”’)Sﬁu,o,‘v’ue {1,2,---,U}
C2: P(w)=4,,Vue {1,2,---,U}.

The wuser weights vector is given by

w= [wl,w2,~~~,wU]With w, denoting the weights of user

u, the rate adaptation threshold vector of user u is
given by @ =[50, 50,0 s8] with =9 ,
5! =oo 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 P (w)of user u,

depends onw . BER. (w,s") and pgRr,, denote the

average BER and average BER constraint of user u
respectively. R, (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 BER., . 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 B,=By.-K-P,(w)- To

make B equal to the bandwidth demands of user u
given by By.-K- ,lu , le. 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:

u (k)zargmaX(Wu f/uk) 3

u
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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
Viu=El7.]=7, (1_ C’f,u) taking the relation of H . and
E, 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:

pyl,yz,m,yv(%af’za"'af/U) =Dy (771)']972(772)"']7% ()

with D; (7,) 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 » of user u

on the subchannel fulfills following in equation:

7> 7)) /w, Yi#u, 4)

The channel access probability of user u

W, Wl Wi u}/u
Eo0=l, . fn -, ";ioLﬂ_o ", P
p}/z(;/Z) p}/l (}/U)d A |d7’ Id7d7

- 1 A W,y
=| —exp —_ﬁ H 1—exp —“_7” d,
0 ?/E,u ?/E,u i=l M)i?/E,i ’
1#u
)
Performing some transformations to the second term

of the integral, the channel access probability of user
u is given by:

U Jj-1
o 1
P =[2(1) Y Lexp|-
'[0 /Z:I:( ) \0\:21;1 Veu { (}/Eu -l W:?’E.z] }

+29

(6)

with the vector =[8,,6,,---,6,,]
with 6.€{0,1}Vi#u . The equation |0| =j-1
denotes C{;ll possible vectors of @ when the

number of 1 in vector @ is equal to j—1 .
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z f(0) denotes the sum of C/) function
0)=)-1

values f (@) corresponding to a specific vector .

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 7 of a subchannel

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

PDF pﬂ%;”%(;“/I,;‘/z,-..,;‘/u) leading to:
w7 wy o w7 w“f’
PuyDy=a,[n [ [ o[ py (7)
Py (7,471)]75/(7)]77“] (7u+1)' Py, (7)
d?’L df’m d?’ -1 d}’l
U J-1
=a,-) (1) —
j=1 li=i-1 Ve
U
exp|— —+Z€i Mi‘ 4
E,u l::] M}J/E i
@)
where the factor @, ensures that:
[ PP, =1, @®)

Substituting 7 for f/u in (5), it can be seen that the
integrals in (5) and (8) are identical except for the

factora, , leading to:

a, =1/B,(w), ©9)

Inserting (9) into (7) leads to:

S SN
PN =—— -1 p—
7 P, (W) b=t Viu
(10)
-exp| — —+ 6, 4
Vo ; WVE‘

i#u

Let us assume a system with the user weights
vector of w=[0.75,0.5,0.25] and U=3 users where
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all users have the same mean of SNR on subchannel
7, =10dB and the same number of training

symbols N, =1. 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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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 ¥ of the

subchannels allocated to user u and rate adaptation
threshold vector s“ =[50, 51,0 897, the resource

scheduler in BS adapts the transmit rate of each

subchannel allocated to user wu, i.e., the j-th
modulation scheme is selected and used for
transmission on the subchannel

whenever s;lﬁ), <9< sﬁ.’”. Let ¢, denote the number
of transmitted bits on a subcarrier during a OFDM
symbol when j-th modulation scheme is selected and

let c;=j-1. The spectral efficiency of user u is
defined by [3, 9, 14, 15].

p— J S'”
R, (ws")=2 | (:;;) ¢; Py (D) d;

(
J=t >

J (11)
— (u) (u)
=36 (6, (57)- 6y (52)]:
=
with
(SR S N Y
G ,(x)= . -1 S—
u.p P,(w) = ol=i-11 4 i 0. W, VEu
i=1 XW;‘?E,:’
1 v w
l-exp|— +> 6, —— |x
Ve %“ WiVe.
3.3.3. Average BER

According to [3, 9, 14, 15], the average BER of
user u is defined by

J oL - )
S > [ ¢, BERW(3, )p, ;(D)d;
BER. (w,s) =41~

>

R, (w,s(”))
(12)

where, according to [9, 15], BER.(7, j) denotes

the average BER as a function of the applied j-th
modulation scheme and ¥ given by:
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BER.(,)) = E,;| BER(7, /)]
= [T BER(y. HPurs(VDya,

where BER(y, j) denotes the BER of the applied

j-th modulation scheme and Puyj7 (¥ |f/) denotes the
conditional PDF of the actual SNR ¥ at the instant of

data transmission and the estimated SNR 7 on a

subchannel for user u. In the following, the
expression of Puy (¥ |}7) will be given.
According to [13,16], the relation of H, and H .

can be modeled by
H =p (H+E)+Jl-p* - X, (14)

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

and is independent of H ,and £ . The conditional
PDF of H  and [:]u is given by:

P (B )=ON@ A0, a5)

ulu

with  CN (puﬁ o.,) denoting the complex

u?’

Gaussian ~ distribution ~ with mean pul:lu and
variance o, =1-p,(1-¢¢,) - Pula, (HM
the degree of the accuracy of the estimated channel
transfer function ﬁ , Telative to H L1, 7], ie. ICQIL

H, ) reflects

accuracy, determined by O'éu and f,,7 ,which are

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

conditional PDF Pl,,,‘y(yv) is a Non-central

chi-square distribution with 2 degree of freedom

given by
5 1 .+ 20,77
pu, N j/l — 7pu }/ I pu W ,
7‘7( 7/) 7_/11 O-rz,u exp[ 7_/“ O—ill J ‘ 7_/“ O—ill ( 1 6)

with /| (x) denoting the 0-order modified Bessel

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

be approximated by:
BER(y,j)=0.2-exp(=5,7) (17)

with j, = 1.6/(29 —1) using M-QAM modulation
and 3. =7/(2""% +1)using M-PSK modulation [14].
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For special cases, BER(y,1) equals average BER
constraint with j=1 and £, =1 with j=2.
Inserting (16) and (17) in (13) leads to:

. ﬂijZj*/
ﬂj?z[o-r%u +1

BER.(7, )= exp( ) (18)

ﬂ/?yo-rzu-‘rl .

Inserting (10) and (18) in (12) leads to

> 2 F ()£ ()]

BER, (w.s) = 2 2700t - (19)
’ Ru(w,s‘"’)
With
DI JE !
Fu x)=— -1 - — —
P (w)i3 |1 1+ bza YeuWu i }/E,uﬂjpuz
el W, Ve ﬁj?uo-rz,u +1

i#u

B.p;

I—exp|— L+i:t9L+ X
' B7,00,+1

Yew = Wil
i#u

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), P, (w)is dependent on w and
independent of ¢ (y =1,2,... ,U ), 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', EM( " s(u)) and
BERu(w*,s‘“)) are only dependent on S®.

Thus, for each user u, the spectral efficiency of user u
can be maximized over the its own rate adaptation
threshold vector S® 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

P(w)=A4,Yue{l,2,--,U}, (20)

The problem of rate adaptation threshold vector
optimization: According to w" obtained from (20), for



Sensors & Transducers, Vol. 167, Issue 3, March 2014, pp. 151-160

each user u, maximize the spectral efficiency of user
u over its own rate adaptation threshold vector S®
subject to the average BER constraint of user u

max R, (w',s"), 1)

s(ﬂ)

subject to : BER, (w",s") < BER..o.

3.4.2. Subchannel Allocation Problem

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

w' =arg min§|Pu(w) —/1u|
w u=l

subjectto:0<w, <1, Vue {1,2,--~,U—1} ,
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:

@ (s)=R, (w*,s(”))+,u[§u (w*,s“")

BER, @)—R, (w',s")) BERuo |»

(W N )_ (W s ) 0:| (22)
=(1—,uBERL,,o)R (w*,s‘“’)
+,u1§u(w*,s(“’)ﬁu(w s"),

with 4 denoting the Lagrange multiplier.

The optimal rate adaptation threshold vector S®*
should satisfy :

oD, (s“)

J (0 Zg(w*

=03 j=1727”'5‘]_1’ (23)
and
BER. (w',s"")~ BER.0=0, (24)

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

. [chBERu (', j+1)—c, BER.(s", j)]
BER.(s\",2) = ,

(25)

From (25), it can be seen that each element
Sj.“)(j =2,3,--,J—1) of §" can be calculated

using an initial value Sl(”) . Therefore, the optimal

threshold vector ™

by s, ie. s“7 = f(s™), where s 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:

is completely determined

max R, (w*,f(sf”))),
|

subject to : BER. (w*,f(sl(“))) < BER.p,

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 U =4 users and
assumes that all users have the same average BER

constraints 10~ and the same number of training
symbols N =1. The following modulation schemes
are considered: M, BPSK, QPSK, 8 PSK, 16 QAM,
32 QAM, 64 QAM and 128 QAM with }/, denoting
no transmission. It is also

O'éu and f},,7 is known to BS. When the average

assumed that

BER constraint of user u can’t be satisfied, the
proposed  algorithm lets R (w,s"’)=0 and

BERu (W, S(u)) = BERO,u .

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

Assuming all users have the same mean of SNR
7, =10 dB on subchannel and making the weights w,

of user 1 change from 0.1 to 0.8 with wy=1, w3=0.2
and w4=0.3, the channel access probability is depicted
versus the weights w; of wuser 1 in Fig. 2.

g\ E

® ose} ,
—+— User 1 L

% ——— User 2

—H— User 3
—<— User 4

-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
The weights of user 1

Fig. 2. The channel access probability
vs. the weights wy of user 1.
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It can be seen that as w; 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 € with assuming perfect channel
estimation is available at BS. To ensure fair
comparison, using (11) and (19) to achieve the
optimal parameter @ through simulation, for different
normalized Doppler frequency f,,7 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
A = [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, «o].

Assuming all users have the same mean of SNR
on subchannel where }7u=77v,‘v’u,ve{l,2,---,U} ,

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 f, 7=0.1with Vye {1’2’...’1]} )

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~ 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 O'é,u of ICQI accuracy

(determined by ¥ ,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~ so as
to maximize spectral efficiency of users.

Assuming all users have the same

normalized Doppler frequency where
JouT= o, T Vu,ve{l,2,---,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 7 =15dB with Ve {1’2’...’(]} .
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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 f, 7 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~ 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 ( fD’uT and O'éu ) 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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