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Abstract

Keywords

The continuous power scheme was the choice of many researchers towards power allocation. However, continuous power
application is not very suitable following hardware complexity. For this discrete power is efficient, especially in cellular
systems as it could reduce the feedback rate. On the other hand, receiver mobility implies transmission thresholds and
power level alternation determination which leads to reduction in system’s spectral efficiency (SE). Consequently, a
method based on adaptive modulation (AM) has been introduced and some power discrete levels while all information of
channel state wasn't considered. Computer results highlight that the proposed scheme provides better efficiency in
comparison to other adaptation schemes but with less feedback rate.

Adaptive modulation, Continuous and discrete power, Feedback rate, Imperfect channel state information.

1.Introduction

Adaptive modulation application in link adaptation
(LA) is a promising tool for improving the spectral
efficiency (SE) (bit per second per hertz) in flat
fading channels. Indeed, this approach is extensively
applied to wireless systems [1]. LA ensures
transmission rate and transmit power varies.
Furthermore, the transmission mode selection
depends on the channel state information. It should
be also mentioned that the variable rate and variable
power provide better performance in SE[1].
Furthermore, determining the suitable transmission
thresholds fitting to link status, variability is very
significant to find the spectral efficiency optimal rate.
Authors in [2] show the importance of thresholds
characterization and analysis its effect on SE. In fact,
SE could be reduced if a receiver changes position or
with a wrong estimation channel status. Note that
instantaneous transmission power justification based
on channel status requires more feedback rate from
receiver to transmitter that would be impractical to
implement [3-5]. In this regard, some discrete levels
are used to determine the transmission power more
easily.
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However, these levels can remarkably reduce the
processing load for feedback rate. Impact of
imperfect channel state information (CSI) during the
use of adaptive modulation was analyzed in [6-7].
The optimal method for determining rate, adaptive
power and transmission thresholds, given that not all
information regarding channel state is accessible, was
introduced in[8]. In [9][10] assuming channel state
information availability, some algorithms proposed to
calculate transmission thresholds in discrete adaptive
power pattern. Thresholds and adaptive power
determination based on perfect channel information
for Rayleigh fading provided in [11] in which the
feedback rate determined regarding channel
parameters and thresholds. In [12] a new scheme
introduced to the allocaterate, according to Marcum
model wherein a noticeable part of throughput could
be lost. In [13] we examined energy efficiency (EE)
through adaptive rate modulation and packet error
rate investigation. In addition, in our work [14] we
investigate EE following a cross-layer design through
modulation and coding scheme (MCS).

In this paper, we focus on offering an optimal method
to characterize the exact transmission thresholds and
discrete power levels based on channel state
imperfect information of Nakagami-m fading. Then,
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it will be shown that the obtained transmission
thresholds in this approach can be even applied to the
particular state in which perfect information of
channel state is available. Hence, based on this
method we can achieve the exact determination of
thresholds and transmission power.

This paper is organized following. Section 2 presents
system model and problem formulation. In section 3,
we present the proposed approach wherein we
consider a comparison between variable power and
continuous power levels. Numerical results are
presented in section 4 by considering a wide range of
channel behaviors. Finally, the conclusion will be
drawn in the section 5.

2.System  modeling and

formulation
In this section we introduce the system model; further
the problem will be formulated.

problem

A. System model
We consider a single input single output
communication system over a fading channel which
is depicted in Figure 1. Besides, we consider a
channel time variant gain h[i], where i is a frame
time index. The channel gain is modeled as an
independent and identically distributed (i.i.d)
stationary random process. Indeed, following
stationary assumption frame time index can be
omitted. The channel gain is normalized in the way
that E{|h|?} = 1. Furthermore, transmitted signal
suffers from flat fading with additive white Gaussian
noise (AWGN). The signal average transmitted
power and noise are respectively denoted by S and
N,. Therefore instantaneous SNR at the receiver is
expressed by y = %, where B is the received signal
bandwidth. By this way the estimated received SNR
is expressed by: y = ﬂ

NoB
The main reason to consider Nakagami fading is that
it covers all types of fading channel. In particular,
m =1 and m = 1.8 represent Rayleigh and Rician
channels respectively.

We consider, the same correlation coefficient for the
two SNRs (y and 7) in conditional distribution
probability density function (PDF) representation.
Assuming a channel with Nakagami flat fading of
order m [14], PDF could be written as [15]:
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Otherwise the distribution functions of y and 7 are
respectively represented by:

m, m—1 my
Dy ) = W exp(— T)
py(7) = Sl exn(= D) )

Where:
e T and T represent respectively the average
SNRs (E{y} =T and E{y} =T).
e TI'(m) denotes Gamma function.
VW) qguantifies the correlation

p= Jvar(y).var(y)
coefficient between y and 7. It was shown
that this parameter depends on feedback
delay and Doppler frequency [7].

B. Problem formulation

In this section, the problem is defined based on some
preliminaries. In fact, M ={M3}X, and P =
{P,}I_, represent respectively the set of modulation
schemes and transmitted discrete power levels. N
describes the number of modulation levels. Besides,
BER is defined following:

BER(,7) <ciexp(—c57 ) ®)

Where constants ¢, and c, are provided in [1] and
considered for any type of modulation. Note that, we
are only interested on discrete rates. Indeed, if we
consider M the set of available constellations, the
spectral efficiency is defined by:

k; = log,M; 4)

It is also assumed that k; is used when estimated
SNR (¥) ranges between ¥, < ¥ < ¥,;4,. In addition,
there is no transmission while y < y,. The other
assumption is ., = oo. SE is defined as the ratio of
the average transmitted rate of bandwidth. On the
other hand, authors in [1]-[7] show that average SE
for M-dimensional modulation is log,M. The
problem can be formulated as:
ASE = max E{log, M’} (5)

. { C(l).E,A,{?E <1 ©)

C(2):BER(?) < B,



Where ASE represents the average spectral
efficiency. Applying some similar explanations like
in [1], (5) could be written as:

ASE = ZlLy ki [ py (P)d7 7
Furthermore, according to the instantaneous error rate
in (3), using (1) with the consideration of:

BER() = [, BER(y,7) py1p(y17)dy ®)

Consequently we obtain:

mpy
BER(D) < ¢;(F)™ -———-F 9
) < a®) exp( (1—p)F( )) ©)

! . It is proved that while

where F = ———
1+cz(1—p)Fﬂ
C(1) is replaced in (6), the
instantaneous error rate would be C(2) expressed in
(9). According to this equation, a closed-form
expression of F cannot be obtained to compute
discrete power levels based on instantaneous SNR.
As a result, the optimal instantaneous power
allocation can be determined by solving (9). In fact,
the benefit of power allocation in discrete levels is
complexity reduction.

3.Problem resolution
At first, we try to solve the problem in continuous
power mode.

A.Optimal  continuous power levels and
transmission threshold determination
In this section, (6) will be solved
assuming continuous transmission of  power
depending on the instantaneous SNR. Additionally,
following the Nakagami fading approach in [7] we
have:
L =ASE —AE{P}-1) =
Lok [3 py ()P — (10)
(2 [ Py (P)py ()7 — 1)

Where P denotes continuous power, 1 is Lagrangian
coefficient. Therefore, if we replace P; in (3) by the
continuous power policy Py(7) and if we consider

a .
—f = 0 we obtain:
7
% ki—k; )
. (1—p)1= 1n(_0)+1n b At e .
;= 2t k._(k._* ,1<i<N (11)
p 1+( i ll. 1)
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9%L
01721- =
Owhere1 <i<N,by this way the obtained
response is optimal[18]. Instantaneous power is
determined with the help of (9) and (11) where SNR
ranges between [¥;,¥i+1)- Complexity problems
could be met whenever the channel state varies. For
this we need to solve (9).

where ko =0. It can be proved that

B. Optimal allocation in discrete levels of power
and determining transmission thresholds
Note that F and M determination is based on (5) and

(6) resolution. Indeed, each of these vectors is
composed of N values. The objective is to optimize
average SE following (7). The relation between
instantaneous SNR (7) and discrete power levels can
be determined as below:

o < a=p)t ()t
V=" 17 (12)

According to discrete power level approach, P;
determination follows the range of ¥; <7 < V41
(12). Correspondly, transmission thresholds are
defined based on discrete levels power as below:

c
o = (-p)F (ln(B—t)Hn(S‘—‘i)) 3)

¢ P 1-F;

1

Being F; = =—. Otherwise, once we have

1+c2(1—p)1"}/[i‘_1
perfect channel state information (13) could be
written as:

p= (l(—_)) @)

P; Cy

We must mention that the proof of (2) determination
is provided in Appendix. In other side, we apply
Lagrangian method to determine the maximum value
of SE [17].

L=ASE —AE(®P}—1) = B, k; [, py(P) d7 —
(B, P L] Dy ()7 — 1)

Vi
3)

Yields,
aL
a_?_=0:ki_ki—1 = A(P; — Pi_y) (4)
and ko, = P, = 0, lied to:

ki
Pi == (5)

y!
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Optimal response for average SE could be
determined considering power allocation in (5) and
the relation between transmission thresholds and
discrete power levels in (13). Based on the following
equalities P = {P}¥, and {p;}~,, C(1) which is
defined in (6) , we can consider discrete
levels as equalities. Transmission thresholds can be
rewritten according to (13) and as a function of
discrete power levels. Otherwise, we apply bisection
method to determine A.

Note that the repeated number of levels applied for
power quantizing, increases the feedback rate. Thus,
if we assume that the number of quantized levels in
continuous rate approach is infinite and considering
[18] and [19], feedback rate will be infinite too.

u=2 Ziv=1 N; (6)
Where u defined as a feedback rate and N; =

1
m-= i 1 )
\/and(?(—m)z)(g)m‘i. exp(—m%) discrete levels of
feedback rate. It should be noticed that increasing N
together  with transmission thresholds causes

enhancement in feedback rate, and further, the
processing load on the system will increase.

4.Numerical results

In this section, we focus on some methods to achieve

the value of spectral efficiency (in all of the figures

we assume I' = I):

e ASE,,, can be introduced as obtained SE that is
achieved from the mentioned approach for discrete
power levels where thresholds and power are
computed based on (13) and (5), respectively.

e ASE,, is the SE obtained from continuous power
approach where rate and power are calculated
based on (9) and (11), respectively.

e According to (6), wupr, and u,, correspond
respectively to the feedback rate in discrete power
levels and continuous power method.

In addition, we consider all our results B, = 1073 in
comparison to[8],[15-17].

The simulation results are shown as follows:

o Figure 2 illustrates the ratio of discrete power
method to continuous power based on SNR and p
variability (selecting 7 modulation levels, k; =
{BPSK, 4QAM, ..., 128QAM}). The obtained results
show a gain of 30% compared to continuous
power approach due to high feedback rate.

e Figure 3 shows a performance comparison
between the proposed approach and the method
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based on continuous power, according to
ASEpro

correlation coefficient = 0.95 (—ASEup lp=0.05). We
deduce from the obtained results in Figure 2 and
Figure 3 that changing all of the channel
parameters (average SNR), fading parameter (m)
and correlation parameter (p), keep ASE,,, in a
close performance to ASE,,,.

e Figure 4 shows that although the applied sub-
optimal method in [7],[14]-[16] based on
continuous power, the obtained results show
weaker performance. It is obvious that the
introduced approach for discrete power shows
better performance and it is not limited to Rayleigh
fading compared to continuous power levels in [7].

o Figure 5 compares the ratio of the feedback rate in
discrete and continuous approaches with average
changes based on SNR and p. In continuous power
scheme, it is assumed that the numbers of
quantized levels are equal to 100. In this figure
feedback rate for continuous power scheme is too
much greater than discrete power approach. When
parameter p increases reach one, the ratio of
continuous power's feedback rate of feedback rate
of discrete power increases. Hence, this ratio
increases while enhancement in this parameter
occurs. On the other hand, it can be similarly
concluded that the increase in average SNR causes
an increase in the ratio of feedback rate.

5.Conclusion

In this paper, we focused on a method using discrete
power in Nakagami-m fading considering imperfect
information about the channel. It was shown that the
high value of feedback rate is required for continuous
power approach. Performance improvement is based
on good regulation of thresholds and power. The
proposed method shows a performance close to
continuous power adaptation for the high SNR
regime. However, in low SNR regime the
performance is acceptable due to the low
computational complexity. In addition, higher values
of fading parameters cannot diminish the
performance.

6.Future work

In this contribution, adaptive approach has been

adopted to enhance throughput performance,

undoubtedly these ideas cannot be limited to the

below mentioned items:

o This paper can be extended to MIMO systems as
in [15,16] and[20].



o Recently, a new scheme was proposed in [5] for
constant power with full CSI which can be
extended to the optimum set of modes.

e Further  applications, consider ~ multiuser
proposition.

Appendix
Based on perfect CSI, p—1 and [>T, so (13)
would be:

m(c_l)m(%)
B Pi
(1-p)T 0 1+C2(1—p)FM—i'_1 @)

lim
p—1 p 1— 1

P
1+c2(1—|:))I‘W1_1

1

So, lim,_,; ln( ) = 0, therefore (2) can

be obtained.

———
1+cy (1—p)FMi_1
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