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Abstract

We propose a methodology based on the prioritization and opportunistic reuse of the optimization algorithm
known as Hungarian method for the feasible implementation of a channel-dependent scheduler in the long-term
evolution uplink (single carrier frequency division multiple access system). This proposal aims to offer a solution to
the third generation system'’s constraint of allocating only adjacent subcarriers, by providing an optimal resource
allotment under a fairness scheme. A multiuser mobile environment following the third generation partnership
project TS 45.005v9.3.0/25.943v9.0.0 was also implemented for evaluating the scheduler's performance. From the
results, it was possible to examine the channel frequency response for all users (four user equipments) along the
whole bandwidth, to visualize the dynamic resource allocation for each of the 10,000 channel realizations
considered, to generate the statistical distribution and cumulative distribution functions of the obtained global
costs, as well as to evaluate the system’s performance once the proposed algorithm was embedded. Comparing
and emphasizing the benefits of utilizing the proposed dynamic allotment instead of the classic static-scheduling
and other existent methods.
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1. Introduction

The third Generation Partnership Project (3GPP) has
agreed to utilize the single carrier frequency division
multiple access (SC-FDMA) as the transmission scheme
commissioned to carry out the uplink multiuser access
for long-term evolution (LTE). This decision is largely
supported because the SC-FDMA preserves most of the
main benefits (e.g., multipath mitigation, bandwidth
scalability, etc.) given by OFDMA [1,2], while at the
same time it adds a key advantage consisting on redu-
cing significantly the variations in the instantaneous
power of the transmitted signal [3-7]. This peak-to-aver-
age power ratio (PAPR) reduction translates into a
direct benefit to the user equipments (UE) mainly in
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terms of power consumption. In order to achieve this,
the SC-FDMA prepends a discrete Fourier transform
(DFT) to the conventional transmission chain of an
OFDMA system, which produces that the amplitude on
each output subcarrier be a linear combination of all the
data symbols that were transmitted in the same time
instant, which leads to a virtual or implicit single carrier
structure. For this reason, in practice the SC-FDMA sys-
tem requires that the subcarriers destined to each user
be allocated in a contiguous way (i.e., localized map-
ping), which reduces the flexibility in resource allocation
when a dynamic scheduling is considered to be incorpo-
rated to the system [8].

When the variety of channel conditions in a multiuser
transmission are exploited [9], the dynamic allocation of
resources brings significant benefits to the system’s per-
formance when each user is allocated to a particular
spectrum portion identified as the most the suitable one
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to carry out the communication. In this regard, a meth-
odology for implementing a channel-dependent schedu-
ler based on the prioritization and opportunistic
reutilization (maximizing/minimizing) of the algorithm
known as Hungarian method is proposed as a feasible
solution for the dynamic allocation in LTE uplink. A
pre-processing consisting in splitting the bandwidth in a
number of segments or resource chunks (RC) equal to
the number of users participating in the transmission is
required to build the matrix of metrics that is given as
input for the proposed algorithm, which aims to provide
an optimal resource allocation under a one-by-one or
fairness scheme.

This paper is organized as follows. Section 2 presents
the mathematical foundations behind the Hungarian
method, to later on introducing a step-by-step of the
proposed methodology. Section 3 describes the imple-
mentation of a multiuser mobile environment according
to the normative given by the 3GPP technical specifica-
tions. Section 4 shows and discusses in detail the
obtained results. Finally, Section 5 summarizes the con-
clusions and provides an insight about the future work.

2. Assignment problem methodology

2.1 Hungarian method

The assignment problem described here consists in
assigning # tasks to n possible candidates on a one-to-
one basis in an optimal way. For this purpose, it has to
be taken into account that there are exactly n! ways to
assign 7 tasks to # candidates, and that in order to find
the optimal allotment, all n! combinations would have
to be checked until finding the optimal combination
providing the minimum global cost (sum of the indivi-
dual costs).

The Hungarian mathematicians, D. Konig and E. Eger-
vary, proposed an alternative to the computation of all
possible combinations (which results computational
inefficient as n! gets larger, e.g., 10! = 3,628,800) through
the algorithm known as Hungarian method [10].

The Hungarian method is based on the theorem that
is stated below.

Theorem 1: If a constant is added (or subtracted) to
every element of any row (or column) of a given n-by-n
cost matrix in an assignment problem, then the assign-
ment which minimizes the total cost for the new matrix
will also minimize the total cost matrix.

In this regard, C;; 2 0 is the cost of assigning the ith
candidate to the jth task to build the input cost matrix.
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Thus, the optimal one-to-one assignment is achieved
when the function shown below is minimized.

n n
Optimal _Allotment = Z Z cijAij. 2)

i=1 j=1

where A; = 1 if the ith candidate is assigned to the jth
task, and A;; = 0 otherwise.

Once the algorithm’s mathematical aspects have been
discussed, the procedure outlined by the Hungarian
method to find an optimal solution consists of the fol-
lowing steps:

—Step 1: To identify and subtract the minimum num-
ber in each row from the entire row.

—Step 2: To identify and subtract the minimum num-
ber in each column from the entire column.

—Step 3: Cross all zeros in the matrix with as few lines
(horizontal and/or vertical only) as possible.

—Step 4: Test for optimality:

« If the minimum number of covering lines is n, an
optimal assignment of zeros is possible and we are
done.

« If the minimum number of covering lines is less
than n, an optimal assignment of zeros is not yet
possible. And in this case, is necessary to proceed to
Step 5.

—Step 5: To determine the smallest entry not covered
by any line. Subtract this entry from each uncovered
row, and then add it to each covered column. Return to
Step 3.

Thus, the fact of following the previous steps will
enable us to solve the assignment problem by obtaining
an optimal one-to-one allotment.

2.2 Strategies for crossing the zeros

Although the method described before has a well-
defined set of steps to follow, what is stipulated in Step
3 turns out to be very open or intuitive. This because
even when the minimum number of lines is tried to be
utilized, several solutions could take place (there is not
a concrete rule to follow for crossing the zeros). Mean-
ing that even when for a particular crossing decision the
requirement could be thought as satisfied, an one-to-
one assignment could not have been found.

On the other hand regarding the test for optimality,
the fact that the number of remaining zeros in the
resulting matrix be larger than # (as it happens in most
of the cases) also leads to an open or intuitive decision
about the best zeros selection.

So, largely the inherent intuitive parts of the Hungar-
ian method make it difficult to code. For this reason
what is proposed here is to follow two strategies (Row’s
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& Alternating priority strategy) in order to carry out the
crossing procedure, highlighting that this proposal is
complemented with the methodology described in next
section.

2.2.1 Row'’s priority strategy

Under this strategy the priority is given to the horizontal
lines over the vertical ones. This means that for the
matrix resulting from Step 2 we count the number of
zeros per row as well as per column, the values are
stored and after a one-by-one comparison (starting with
those having the highest population of zeros, or from
the first row/column to the last one if they are equal),
whenever the number of zeros in a row is found to be
greater or equal than the number of zeros in a column,
an horizontal line is traced. The row/column traced is
crossed or discarded, and the one-by-one comparison is
made once again between the remaining values.

An illustrative example detailing the incorporation of
this strategy to the Hungarian method is shown in Fig-
ure 1.

In the above figure each of the steps dictated by the
Hungarian algorithm were exemplified. Highlighting the
step 3, because is just there where the row’s priority
strategy took place. Regarding this step, the numbers
placed next to each of the lines indicate the order in
which they were traced, while it is mentioned that step
4 is included due that after the last crossing is possible
to know if the test for optimality is fulfilled (as hap-
pened with the last step 3 or C) or not. Another point
to emphasize in this example has to do with the final
stage or the so called zeros selection stage, being the car-
ried out strategy to count the number of zeros per row
in order to identify the one having less zeros. This way,
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the row and column crossing the selected zero are can-
celled to later on simply to apply the same logic until
finishing. However, for this discrimination process when
more than two rows have the same number of zeros,
the selection is taken from the first row to the last one.
2.2.2 Alternating priority strategy
In this prioritization strategy what is proposed is to
alternate the priorities starting with columns. This way
at the beginning of the procedure the vertical lines have
priority over the horizontal lines until reaching the first
test for optimality, and if the process needs to be con-
tinued then the priority is switched to the rows. So, this
alternation persists until satisfying the criterion enun-
ciated in Step 4 by the Hungarian method. A second
illustrative example describing the way this strategy
operates is shown in Figure 2.

From the last figure we can observe that, by following
a prioritization based on the alternation of columns and
rows it is possible to find an optimal solution. Being
important to note that in the above example the first
and the last step 3 (or in other words A and C) followed
a vertical’s line prioritization, while the second step 3
(or B) worked under a horizontal priority scheme. High-
lighting that when the comparison of zeros resulted to
be equal, the crossing strictly follows a prioritization
from first to last column/row. However, this hierarchical
order also takes into account if there is still a zero to be
crossed, this aiming at giving the preference to the next
column/row when necessary.

2.3 Prioritized-bifacet Hungarian method (PBHM)
As it was mentioned at the beginning of this paper, the
dynamic resource allocation plays a crucial role in
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Figure 1 Hungarian method, step-by-step procedure
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benefit of a multiuser wireless communications system,
where the diversity provided by the channel conditions
of each user is utilized as a favorable condition.

For this reason, what is proposed here is a channel-
dependent scheduler intended to be used in the 3GPP-
LTE uplink (SC-FDMA system), which is based on the
Hungarian algorithm by means of following a methodol-
ogy aiming at increasing the feasibility of its
implementation.

In a broad sense, in order to perform the scheduling
the channel state information (CSI) is ideally needed per
every transmission time interval (TTI) for all the UEs
over the whole bandwidth. Regarding this, although in
this paper the CSI is assumed to be perfectly known, it
is relevant to mention that 3GPP standard has intro-
duced the transmission of sounding reference signals
(SRS) in order to acquire frequency selective informa-
tion, which provides a realistic alternative to this
requirement [11].

In terms of this proposal, the information about the
channel conditions provided by all the users is trans-
formed to metrics distributed along the bandwidth, just as
happen with other proposals (e.g., search tree-based algo-
rithm). So, these metrics indicate the channel impairments
for a number of bandwidth segments (or RC) equal to the
number of users to be served, having as an objective to
build a metrics matrix (or cost matrix) that can be used as
input of the proposed methodology, aiming at find the
optimal resource allotment under a fairness principle.

Getting back to the algorithm which constitutes the
basis of this proposal, the set of steps given at the begin-
ning of this section are oriented to solve an assignment
problem where the minimum (optimal) global cost is
found. Nevertheless, in the case of the channel-depen-
dent scheduler the idea is to find the combination of
metrics providing the maximum global cost. In this
regard, the Hungarian method also offers a solution for
this kind of problem by modifying only its first step as:

—Step 1: Subtract the values in each row from the
maximum number in the row.

This way is possible to get a variant for the algorithm
in order to find the maximum total profit assignment.
Thus, in order to make feasible the incorporation of this
algorithm as channel scheduler for the uplink into the
3GPP-LTE system, the following methodology is
proposed.

—Methodology Step 1: To modify the classic Hungar-
ian method to make it work as an optimal assigner pro-
viding the maximal global metric.

—Methodology Step 2: To follow hierarchically the two
proposed prioritization strategies (Row’s & Alternating),
having finished in this point at best.

—Methodology Step 3: To resort to the classic Hun-
garian method whenever a solution could not be found,
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aiming at finding the combination minimizing the global
metric.

—Methodology Step 4: To retake the Step 1 giving as
input a modified version of the original cost matrix, put-
ting zeros in those metrics which provided the mini-
mum global cost according to Step 3.

—Methodology Step 5: In case that it has not been
possible to find an optimal solution, then the Greedy
method is utilized to provide a near-optimal solution.

Particularly, the Step 3 in the previously given metho-
dology takes advantage of the existing differences found
in the first step of the Hungarian method, which
depending on its facet (minimizing/maximizing the glo-
bal metric) leads to a completely different problem to be
solved for the rest of steps that compose the algorithm.

This way, the solution provided by Step 3 (when
required), provides an alternative input matrix for Step
1 including more zeros (once the worst values were dis-
carded) contributing hereby to the proper operation of
the algorithm in order to find the optimal maximum
solution.

2.4 Algorithms comparison
Once the methodology corresponding to the proposed
channel scheduling was given, a direct comparison with
other algorithms working under the same principle of
utilizing an input cost matrix is shown in Figure 3.
Although not included in the above figure, the Static
scheduling is also part of this family of algorithms.
Nevertheless due to its nature, it provides (for most of
the cases) the worst performance. In fact for the
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ve, i [wf Jis 2 ve, [#f J13 16 12 ve, [18 13 18 [¥
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Figure 3 Assignment algorithms comparison, for a scenario
considering the presence of four UE and four RC.
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previous example, if a static fashion had been followed
by assigning the first RC to the first UE, the next RC to
the second UE and so on, the global metric would have
been equal to 59.

Regarding the rest of the algorithms [12,13], the so-
called Greedy method resulted to be the second worst
(global metric = 64) in this example, while the Matrix
Algorithm and the Binary Tree Algorithm provided the
same solution (or global metric = 65) from a completely
different methodology (to keep in mind that for a 4 x 4
Cost Matrix there are 1,820 possible combinations). One
the other hand, the channel scheduler proposed here
(which has been called PBHM because of the methodol-
ogy it follows) proved to provide an optimal allotment
for this problem, maximizing the global metric to a
value equal to 66.

In terms of computational complexity, an asymptotic
comparison is shown in Table 1.

The table above describes the complexity order of dif-
ferent algorithms utilized for solving assignment pro-
blems, being n equal to the size of the input cost
matrix. In this regard, the complexity of the non-opti-
mal Greedy method is reduced per iteration, and its
number of operations is estimated as #/2(n - 1) [14]. In
the case of the Binary tree, the number of branches is
doubled as the matrix size #n increases, being the
increasing number of nodes equal to 2"*' - 1 [15]. On
the other hand and conversely, the complexity of the
Hungarian method cannot exactly be determined since
it can be classified as a heuristic algorithm (i.e., it
involves common sense rules). Nevertheless, James
Munkres estimated the maximum number of theoretical
operations required as (11#°> + 12n* + 31n)/6 [16]. So,
based on this fact and due that in our proposal the
intuitiveness of the original algorithm is overcome by
embedding two straightforward strategies and one
opportunistic reuse, we can claim that the PBHM has a
reduced complexity (however, finding the polynomial is
out of the scope of this research work).
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the urban area was utilized for this purpose. The time
delay and the corresponding average powers in the case
of a 12 tap configuration are shown in Table 2.

The 3GPP-LTE normative provides for each model (e.
g., urban) two alternative equivalent tap settings, in this
case the second one is shown in the table above.
Regarding this, a discrete channel model was implemen-
ted and executed for 10,000 channel realizations, which
at the end shown to have a behavior according to the
given by the specifications providing the following aver-
age powers: -4.0277, -3.0503, -0.0494, -2.0073, -2.9636,
-4.9479, -7.0247, -5.0223, -5.9866, -9.0544, -10.9398,
-9.9556 dB. Set of values that can directly be compared
with those given in Table 2.

So, after it was proved that the random variables (r.
v.’s) involved in the Rayleigh fading process effectively
vary according to the specifications, a filtering process
which follows the established by the Young model [18]
was implemented and incorporated aiming at adding the
effects of Doppler shift on the channel. Moreover, given
that the 3GPP-LTE system utilizes several bandwidths
configurations (e.g., 1.4, 5, or 20 MHz), an interpolation
stage was included in order to get uniformly spaced taps
in accordance with the sampling time specified for each
configuration [19]. In our case, the frequency domain
representation was utilized in order to build the radio
channels, being the information about the channel
impairments along the whole bandwidth a mandatory
requirement to put into operation the scheduler.

Once the foundations regarding the implementation of
the wireless channels were given, a set of needed com-
plementary parameters (also extracted from the norm)
were chosen in order to simulate and test the proposed
channel-dependent scheduler [20-22], which are sum-
marized in Table 3.

The above given parameters constitute the definition
of the proposed scenario. The scenario can be described

Table 2 Typical Case for Urban Area: (12 tap setting)

3. Multi .. | tati Tap number  Relative Time (US)  Average relative power (dB)
. Multiuser scenario implementation
1 0.0 -4.0
In order to evaluate the performance of the proposed 5 0 0
channel-dependent scheduling, four radio channels hav- : =
ing characteristics (average delay profiles) according to 3 o4 00
the dictated by the 3GPP technical specifications 45.005 4 06 -20
V9.3.0 (2010-05) were implemented [17]. Concretely, 5 08 30
the propagation model which defines the typical case for 6 12 -5.0
7 14 -7.0
Table 1 Asymptotic complexity comparison 8 18 -5.0
Algorithm Complexity Type 9 24 -6.0
Greedy method on? Quadratic 10 30 -90
Binary Tree O(og(n) Logarithmic 1 32 -11.0
PBHM O((11n” + 12n” + 31n)/6) - 12 50 -100
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Table 3 Simulation parameters according to the 3GPP-LTE standard

Variable Value Description
P 128 Total number of subcarriers in the system
K 32 Number of subcarriers per user
Q 4 Number of simultaneous transmissions (users) without co-channel interference
BW 14 Channel bandwidth (MHz)
Ts 0.52083 Sampling time (us)
UE_speed 3-120 User equipment speed (km/h)
fe 880 Carrier frequency (MHz)

as a multiple access mobile environment operating at
880 MHz which is characterized by the presence of four
users taking place at the same time with speeds between
3 and 120 km/h, having assigned 32 subcarriers per user
after it was assumed that the total of 128 subcarriers
(corresponding to a bandwidth equal to 1.4 MHz) were
set available for transmission. It is important to high-
light that under normal or real conditions, not all the
total number of subcarriers are set available for trans-
mission, because some of them are destined to carry
control signals. Nevertheless, in our case no control sig-
nals are required because we assume that we perfectly
know the channel, being our ultimate goal only to test
the channel scheduler suggested.

The generated channels showing the distortions
experienced along the whole bandwidth by each of the

users, and for the first 20 of 10,000 channel realizations
(or transmitted symbols) considered in this analysis, can
be observed in Figure 4.

Highlighting that for each of the channels affected by
both Rayleigh fading and Doppler shift, the UE speed
was considered as a random parameter (in a range from
3 to 120 km/h as specified by the 3GPP technical refer-
ence 25.943V9.0.0) per user per transmitted symbol,
emphasizing that each UE undergoes different channel
conditions.

4. Simulation results

In the last section, the scenario considered for testing
the performance of the proposed scheduler was
described. Here, the obtained results are shown and
discussed.
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According to the 3GPP-LTE system, the eNode-B is the
one that for each TTI (in our case channel realization)
acquires the data about the channel conditions for all the
users in order to provide this information to the channel
scheduler. However, this raw provided information
requires a pre-processing stage consisting in segmenting
the bandwidth in a number of parts that is equal to the
number of UE, to later on computing a metric per seg-
ment, aiming at building a matrix of metrics (or Cost
Matrix) which is used as input for the channel-dependent
scheduler. The dynamic allocation of frequency resources
for each of the 10,000 transmitted symbols on the four
available RC (bandwidth segments) is shown in Figure 5.

From the above figure, it can be observed the number
of times that the algorithm decided (in an optimal way)
to allocate each resource chunk to each of the users as
function of the impairments found in the channels. In
this regard, the identified attenuations per user took
values from -22.5934 to -45.8055 dB, -21.5074 to
-42.5226 dB, -22.1624 to -46.2984 dB, -22.1029 to
-41.7279 dB. Closely related values, which resulted in a
balanced dynamic allocation where all the RC were uti-
lized to serve the all users, or in other words the whole
bandwidth was exploited based on taken the best deci-
sions about the suitability of the wireless channels
conditions.

In Figure 6, the global costs (sum of metrics) obtained
from each of the allotments made by the proposed algo-
rithm were used to generate a statistical distribution,
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which was compared with the obtained ones from using
other scheduling algorithms.

Roughly speaking, the obtained improvement if a
dynamic resource allocation is utilized can be identified
by observing a rightward shift of the three last curves
with respect to the first one (static), highlighting in this
item a compared performance between the search tree
algorithm and the proposed method.

Additionally, cumulative distribution functions (CDF)
were also generated, which are shown in Figure 7.

From the figure above, it is possible to have an insight
about the probabilities of getting a certain global metric
depending on the scheduler in use. For example, in the
case of the static scheduling it is possible to observe that
there is a probability equal to 0.8 of getting a global cost
less or equal to 0.009, while for the case of the proposed
scheduling, the same probability corresponds to a higher
global cost which is equal to 0.011. Emphasizing that
while the curve corresponding to the matrix algorithm
is placed between the upper bound and lower bound
given by the static scheduling and PBHM, respectively,
the curve belonging to the search tree algorithm can be
noted almost superimposed over the lower bound. In
this regard, although it may seem that the search tree
algorithm and the PBHM could have a similar perfor-
mance, a very important aspect to consider is that in
the case of the first one, as the size of the input matrix
increases then the number of branches also increases by
two (e.g., 3 x 3 matrix = 4 branches, while a 4 x 4
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Figure 5 Dynamic allocation per resource chunk after 10,000 transmitted symbols, by considering four simultaneous UEs.
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matrix = 8 branches), which leads to a problem in terms
of implementation feasibility, situation that is tried to be
overcome by exploiting the prioritized bi-facet nature of
the proposed methodology.

In addition, the specifications shown in Table 3 were
utilized for implementing the baseband structure (i.e.,
Transmitter/Receiver) of a SC-FDMA system aiming at
incorporating the proposed channel-dependent schedu-
ler. So, by considering a Q-PSK modulation, a normal
cyclic prefix (i.e., 7 SC-FDMA symbols per slot), a set of
specific UE speeds (15, 30, 60, and 120 km/h, respec-
tively, constant), and after the transmission of 10,000
SC-FDMA symbols (i.e., per E,N,), the system’s perfor-
mance for both the fixed and dynamic allocation of
resources is shown in Figure 8.

The bit error rate (BER) curves above allow us to per-
ceive in a clearer manner the benefit of including the
proposed algorithm into the system. For example, for an
ELN, equal to 12 dB, in the case of the static scheme
the system is dealing (in a raw sense) with 1.453 bits
having errors per each 10,000 bits received, while when
the PBHM is put into operation (i.e., dynamic scheme)
the number of errors decreases up to 2.344/100,000.
This way, through the system’s performance analysis,
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the strength of the dynamic scheduling over the static
one has been emphasized.

Summarizing the proposal, in general it was shown
that by following the given methodology it is possible to
implement a modified version of the Hungarian method
in a feasible way, leading to an alternative to overcome
the allocation constraints found in the LTE uplink.

5. Conclusion

In this paper, a methodology which applies a double
prioritization procedure as well as an opportunistic
usage of the two possible facets (maximizer/minimizer)
of the optimization algorithm known as Hungarian
method was proposed as a feasible solution for the
3GPP-LTE uplink or SC-FDMA system.

The so-called “PBHM" utilizes the knowledge of the
variations or distortions undergone by the users that are
intended to be served simultaneously per TTIL, in order
to take a decision about which part of the whole band-
width is the most suitable (or reliable) to establish a
communication by each of the users.

In order to put into operation the proposed algorithm,
several mobile radio channels were implemented accord-
ing to 3GPP-LTE technical specifications for a typical

Performance Evaluation SC-FDMA (3GPP-LTE uplink)

BER

—%— - Fixed Scheme (Static Allocation)

i PBHM Scheme (Dynamic Allocation)

10

1 | |

0 2 4

6
EbNo (dB)

Figure 8 SC-FDMA system, performance evaluation UE 1: static/dynamic allocation of resources.
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urban area. So, once the multiuser environment was cre-
ated, the channel conditions (frequency domain) for
each of the users were extracted by assuming perfect
channel knowledge in order to segment the entire band-
width in a number of RC matching the number of
users, to later on to associate each of them to a specific
metric. So, the set of metrics obtained per channel reali-
zation were utilized in order to build a square matrix of
metrics, which was provided as input of the optimiza-
tion algorithm. This way, the channel-dependent sche-
duler aimed to provide the optimal resource allotment
by following a fairness fashion, which means that all
users were always served under a one-to-one optimal
allocation scheme. From the analysis of the obtained
results, first it was possible to corroborate that the
implemented channels effectively behaved according to
the specifications after getting the statistics of the r.v.’s
belonging to the Rayleigh fading processes involved. In
terms of the proposed channel-dependent scheduler,
after 10,000 channel realizations it was possible to count
the number of times that each resource chunk was allo-
cated to each user aiming at perceiving the dynamic
allocation. Lately, for each of the optimal metrics pro-
vided as output of the algorithm, the global metrics
were computed with the aim of generating a statistical
distribution, which was compared with the obtained
ones from other static and dynamic algorithms. Also,
empirical CDFs were computed aiming at getting an
idea about the probabilities of finding a determined glo-
bal cost, being the CDF provided by the proposed sche-
duler the lower bound between the compared
algorithms.

Additionally, the baseband structure of the SC-
FDMA system (Transmiter/Receiver chain) was imple-
mented in order to incorporate the PBHM, which
allowed us to determine the system’s error rate (BER)
aiming at perceiving the benefit given by the proposed
algorithm.

So, it was proved through mathematical essays as well
as by simulating a mobile wireless communication
environment that proposed algorithm can be seen as a
feasible solution for implementing a channel-dependent
scheduling facing the characteristics (contiguous subcar-
rier allotment) of the 3GPP-LTE uplink system.

Endnote

’In the language of asymptotics (when # is very large)
symbols mean. O: grows same rate or slower than, ©:
same rate, o: grows slower than.
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