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1Abstract—In Long Term Evolution (LTE) Resource 

Allocation Algorithms (RAAs) are an area of work where 

researchers are seeking to optimize the efficient use of scarce 

radio resources. The selection of an optimal Modulation and 

Coding Scheme (MCS) that allows LTE to adapt to channel 

conditions is a second area of ongoing work. In the wireless 

part of LTE, these two factors, RAA and MCS selection, are 

the most critical in optimization. In this paper, the performance 

of three resource allocation schemes is compared, and a new 

allocation scheme, Average MCS (AMCS) allocation, is 

proposed. AMCS is seen to outperform both “Minimum MCS 

(MMCS)” and “Average Signal to Interference and Noise Ratio 

MCS (SINR AMCS)” in terms of improvements to LTE Uplink 

(UL) performance. The three algorithms were implemented in 

the Vienna LTE-A Uplink Simulator v1.5. 

 
 Index Terms—Resource allocation; Scheduling algorithms; 

Modulation coding; LTE-A; SC-FDMA; 3GPP.  

I. INTRODUCTION 

Scheduling algorithms for long term evolution (LTE) 

were not specified in the 3GPP standard and are, therefore, a 

matter for the suppliers. Rather than the Hybrid Frequency 

Division Multiple Access (FDMA)-Time Division Multiple 

Access (TDMA) used in 2G and the spreading codes and 

pseudo-random noise used in 3G, 4G LTE, LTE-A, and 5G 

New Radio (NR) [1], Orthogonal Frequency Division 

Multiplexing (OFDM) as their downlink modulation 

technology is used in [2]. However, since OFDM has a high 

peak to average power ratio (PAPR), it is considered 

unsuitable for the uplink in LTE, and therefore single 

carrier-frequency division multiple access (SC-FDMA) [3] 

that has lower PAPR was used. Both OFDM and SC-FDMA 

allocate resources to users with blocks of frequency and time 

called “physical resource blocks” (PRBs) [4] by the packet 

scheduler (PS). 
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The PS is a crucial factor that allows the maximization of 

the LTE system performance [5] through optimal resource 

allocation. Several studies have divided the PS into two 

steps [6], [7]: 1) a time-domain packet scheduler (TDPS) 

that selects a subset of active users based on their priority 

and service quality (QoS), 2) a frequency-domain packet 

scheduler (FDPS) that allocates physically PRBs to each 

user in each transmission time interval (TTI) with one-

millisecond duration [8]. Also, modulation and coding 

scheme (MCS) is another crucial factor that determines the 

data rate and the number of bits that can be transported in a 

PRB.  

The user equipment (UE) sends sounding reference 

signals (SRSs) to the enhanced node base (eNB) to estimate 

channel quality. Then, the eNB uses the channel estimation 

to compute signal to interference and noise ratio (SINR) of 

all subcarriers of each UE. Moreover, the eNB uses the 

SINR values to generate PRBs and the link adaptation (LA) 

corresponding to each UE. With all information processed 

by the eNB, the channel-dependent scheduler (CDS) 

allocates PRBs and an MCS to a UE based on the highest 

SINR values and the mapping of the SINR with the channel 

quality indicator (CQI), respectively. 

Unlike OFDM, to reduce PAPR, SC-FDMA has two 

constraints: PRBs allocated to a single user must be adjacent 

to each other and adjacent PRBs already assigned to a user 

must use the same channel quality indicator (CQI) index 

provided by MCS. 

There are few studies focused on the performance of joint 

MCS and PRBs assignment for the LTE UL. In [9], a 

downlink (DL) FDPS, together with the MCS assignment 

algorithm, provide system reliability by the allocation of a 

lower order MCS to users who have poor channel quality. 

Nevertheless, the DL FDPS does not comply with the 

contiguity constraint of a UL FDPS. In [10]–[12], resource 

allocation algorithms were implemented for LTE UL under 

the minimum MCS constraint. However, the MCS was only 

used to guarantee the data transmission. The study of several 

FDPSs was presented in [13]–[15] for LTE UL, and all 

studied algorithms comply with the adjacency constraint. 

The results have shown that the Recursive Maximum 
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Expansion (RME) algorithm with the proportional fair (PF) 

metric present an excellent performance under the channel-

dependent resource allocation scheme. However, these 

studies do not address their analysis on the MCS allocation, 

and the CQI is based on a worse channel condition of all its 

allocated PRBs. This means that the MCS allocation does 

not reach a flexible distribution of data rate in the assigned 

adjacent PRBs to a user. Besides, the studies, as mentioned 

earlier, are based on system-level simulations. This type of 

simulations does not allow a survey at subcarrier level of the 

LA for LTE UL. On the other hand, there is no analysis of 

the LA under a scenario with fast fading. Table I shows a 

comparative analysis of the revised literature.  

TABLE I. COMPARATIVE TABLE OF THE STATE-OF-THE-ART. 

Papers 
MCS 

allocation 
LA 

Scenario 

with fast 

fading and 

mobility 

Analysis 

at link 

level 

Link 

[9] 
Minimum 

SINR 
Yes No No DL 

[10] 
Minimum 

SINR 
Yes No No UL 

[11] 
Minimum 

SINR 
Yes No No UL 

[12] 
Minimum 

SINR 
Yes No No UL 

[13] 
No 

allocation 
No No No UL 

[14] 
No 

allocation 
No No No UL 

[15] 
No 

allocation 
No No No UL 

AMCS 

Proposed 

Allocation 

based on 

all SINR 

values 

Yes Yes Yes UL 

 

Currently, 5G NR will provide support to high-speed 

vehicular networks (HSVN), smart grid (SG), wireless 

control (WG), and automation in industrial environments 

(AIE) [16]. In all these scenarios, the UL is used to send 

collision risk warnings, energy consumption reports, 

commands to control drones, information about remote 

surgical operations, and manufacturing equipment. These 

reports are critical for avoiding accidents in highways, 

billing, manufacturing production quickly and accurately, 

and surgeries to patients in other parts of the world. 

However, the information is transmitted over a wireless 

channel, where there are low levels of SINR due to noise, 

fast and slow fading [17], [18], and Doppler effects. 

Consequently, FDPS study on the UL is crucial since it 

assigns the data rate to the PRBs that are most likely to carry 

information from UE to the eNB. Resource allocation to 

PRBs with poor channel quality contributes to loss of critical 

information and system performance degradation. For this 

reason, the motivation for this research topic is to improve 

the block-error rate (BLER) performance of the users that 

have poor channel quality due to fast and slow fading.  

This paper examines the LA, FDPS, and MCS allocation 

to improve the link level throughput and decrease resource 

waste in environments with low SNR and considerable 

mobility. The LA used in this work is based in [19] and 

implemented in the LTE-A Uplink Link Level Simulator 

[20] downloadable at [21]. This simulator was implemented 

by the Institute of Telecommunications TU Wien to 

facilitate reproducibility in wireless communications 

academic research [22]. Using this approach, there have 

been several research works [23]–[26] that obtained their 

results from the Vienna simulator. The simulator works at 

the link level, which allows programming the schedulers at 

the subcarrier level in addition to modeling the link 

adaptation for LTE. It also uses SC-FDMA at the LTE 

uplink direction throughout different types of channels 

according to the 3GPP standard. All these characteristics 

allow the study of performance metrics in detailed way at 

PRBs and subcarriers level, which satisfy the requirements 

of the LTE standard. The LA allows adjusting the user’s 

transmission rate according to the channel quality through 15 

different MCSs linked by the CQI. The RME FPDS [13]–

[15] is implemented in this work. RME is a heuristic 

algorithm and dependent channel [6] that complies with the 

contiguity constraint for LTE UL. Regarding the MCS 

allocation, MMCS, SINR AMCS, and AMCS are developed 

and analyzed in this work. The MCS is an essential tool that 

decides the achievable data rate and the amount of data that 

can be transported in a PRB. Consequently, the wrong 

choice of MCS leads to a degradation of the system 

throughput and severe waste of radio resources. Specifically, 

in environments with low SNR levels.  

The main contributions of this paper are the following: 

1. An improved link adaptation (ILA) for LTE uplink is 

proposed; 

2. The AMCS that improves the reliability of information 

transmission of users that have weak quality channel is 

proposed; 

3. Conduct link level simulations for LTE uplink to verify 

and study the results through a scenario with a low SINR, 

at considerable speed.  

The remainder of this paper is organized as follows. 

Section II describes the LTE Uplink. Section III describes 

how to obtain the channel state matrix, including PRBs 

information. Section IV explains the RME algorithm. 

Section V details the MCS allocation with its different 

approaches to improve system performance. Section VI 

describes the simulation environment and results from the 

analysis. Section VII describes the discussion of results. 

Section VIII concludes the paper. 

II. LTE UPLINK 

The sounding reference signal (SRS) is transmitted from 

the user equipment (UE) to the enhanced node base (eNB) 

covering all or part of the bandwidth to estimate the user’s 

channel quality. When the SRS arrives at the eNB, it goes 

through various signal processing modules: OFDM 

demodulation, channel estimation, post-demodulation 

channel, signal to noise and interference ratio (SINR) 

estimation and link adaptation [27]. The eNB, through all 

the SRS processing, extracts near-instantaneous frequency-

selective channel state information (CSI). From this 

information, the eNB obtains the SINR of all subcarriers for 

each UE to generate the channel state matrix (CSM) and 

perform link adaptation. Consequently, the resource 

allocation algorithm in the frequency domain uses the CSM 

51



ELEKTRONIKA IR ELEKTROTECHNIKA, ISSN 1392-1215, VOL. 26, NO. 5, 2020 

to allocate PRBs to each user. 

In contrast, MCS uses link adaptation to allocate the CQI 

to the PRBs assigned to each user. Then, the UE sends a 

buffer status report (BSR) to the eNB through a physical 

uplink shared channel (PUSCH), containing information 

about the bit rate and priority that request the UE. With this 

information, the eNB calculates the PRBs number and bit 

rate through FDPS and LA, respectively. The eNB sends a 

report of the assigned bit rate to the UE using the physical 

downlink control channel (PDCCH). Finally, the UE 

transmits data traffic on the LTE UL by physical uplink 

shared channel (PUSCH). 

The CQI value is set according to the channel conditions. 

This value contains two types of information: modulation 

order (QPSK, 16-QAM or 64-QAM) and the effective code 

rate (ECR) [28]. Therefore, the rate matching adjusts the 

scale of the resulting coded bits taking into consideration the 

PRB grid and modulation order allocated by the scheduler 

according to the following equation 

    PRBs SC OFDM SRS DMRSr 2
S S S ,loge Μ Ν Ν       (1) 

where   is the number of bits corresponding to the 

allocated MCS,  PRBs  is the number of PRBs assigned to 

the user,  SC  is the subcarrier number in the PRB, 

SOFDM  is the OFDM symbol number, S SRS  is the SRS 

symbol number, and S DMRS  is the demodulation reference 

signal (DMRS). Furthermore, the rate matching adjusts the 

bit rate by the ECR  according to 

 r

r

ECR  ,
c
e

  (2) 

where cr  is the number of useful data   TB  plus 24-bits 

CRC [29], and er  is the number of output coded bits. 

Therefore, the   TB  is given as 

  TB r
ECR 24.eΝ     (3) 

III. PRBS GENERATION DESCRIPTION  

The PRB generation process of a UE is shown in Fig. 1. 

The first step is to compute the mean value of each row (R) 

of the CSM.  

 
Fig. 1.  PRBs generation of a UE. 

The matrix contains the channel frequency response of all 

subcarriers of a UE with N subcarriers and 14 OFDM 

symbols. The second step groups the mean values in sets of 

12 subcarriers [30]. The third step considers the equalization 

(F) proposed in [19] in the frequency domain for each set 

given as 

 *

k

2
2

n

2k

x

diag ,= d

σ
σ

 
 
 
 
 

 
 

F H

H

 (4)
 

where H  is the channel frequency response, k  is the 

subcarrier index, 
2
n  is the subcarriers noise power, and 


2
x  is the subcarriers signal power. 

The fourth step spreads the SINR to each set already 

equalized, which can be described as [19] 

 
 

     

SC-FDMA

2

2
x

2

2 222 2Tx

x n

diag
12 .

diag diag
12

SINR

σ

σ
σ σ





   

FH

FH FH F F F

 (5) 

To obtain the LA, the fifth step gets the effective SINR by 

Exponential Effective SINR Mapping (EESM) [31] to 

compress the SINRs
FDMA-SC  into a single value 

equivalent to a SINR value of an Additive White Gaussian 

Noise (AWGN) channel. It is defined as 

  

SC-FDMA

iN

eff
i 1

SINR1
EESM SINR, ln ,SINR e ββ βl

Ν





 
   
 
 

  (6) 

where   is the subcarrier number (i.e., resource element 

number) and   is an empirical parameter used as a 

calibration factor, which is MCS dependent. The effective 

SINR gives rise to a PRB. Intending to form PRBs in a 

multiuser environment, the eNB server creates n-CSM when 

there are n-UEs in the cell. Also, the eNB must follow the 

procedure described in Fig. 1. The obtained PRBs are stored 

in a metrics matrix as illustrated in Fig. 2. 

IV. RESOURCES ALLOCATION ALGORITHM 

The CDS allocates resources to UEs experiencing the best 

channel quality. This means that the scheduler will allocate a 

PRB to the UE with a higher SINReff value.  
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Fig. 2.  Metrics matrix of UEs with its corresponding PRBs. 

Also, the scheduler must consider the adjacency 

constraint. Consequently, the RME algorithm searches for 

the best UE-PRB pair with higher SINR value on the metrics 

matrix, and so it makes the first allocation UE0-RB0. Next, 

the UE0 allocation expands up and down until it finds other 

UEi with a higher value. Right after this, UE0 is set to idle 

mode. The algorithm repeats the previous process until all 

UEs are in idle mode or all PRBs have been assigned. When 

unassigned PRBs remain, the algorithm looks for the best 

UEi-PRBj pair among all remaining PRBs. The PRBj 

allocation occurs when: a) the PRBj is adjacent to the 

already allocated PRBs to the UEi that is in idle mode, b) the 

next closest PRBj is far away from the previously allocated 

PRBs to the UEi. The allocation expands until it reaches the 

contiguity, and on the opposite side until it finds other UE 

(idle) with higher metric value. An example of how the RME 

algorithm allocated PRBs to the users using this procedure is 

shown in Table II. 

TABLE II. ASSIGNED PRBS. 

V. MCS ALLOCATION 

A. Vienna MCS and LA Allocation Description 

Vienna MCS allocation [19] is based in (7) and (8). For 

instance, UE3, UE1, and UE2 have received eight, one, and 

six PRBs, respectively. The position of these are PRB1– 

PRB8, PRB9, and PRB10–PRB15, respectively, and the 

subcarriers are ,961 RR  ,10897 RR  and 180109 RR   as 

shown in Table II. These subcarriers are taken from CSM of 

each UE; it can be represented as: 

 

 

1 1 1

96 96 96

97 97 97

3 1 2

108 108 108

109 109 109

180 180 180

, ,

R R R

R R R

R R R

R R R

R R R

R R R

      
      
      
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      
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      

        
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      

     
     
     
     
     
     

CSM CSM CSM .













 
 
 
 
 



 (7)

 

where R  is a subcarrier based on the mean value of each 

row of the corresponding UE CSM. To obtain the CQI value 

and, consequently, the MCS scheme, the LA is based on (4), 

(5), and (6). For instance, for UE3, it can be represented as: 

 

 

1

96

1

96

SC-FDMA

1

SC-FDMA

96

_ ,

_ Effect_SINR .

R

R

F

F

SINR

SINR

,

,

S



  
  
  
  
   


 
 

  
  
  


 
 
 
 
  

 

SC FDMA

F

SINR

Effec SINR

value CQI

 (8)

 

The CQI value is obtained through an allocation process 

by using (8). In case there are n-UEs, the process would be 

repeated n-times. In (8), the equalization is applied to all 

subcarriers of the UE3. Consequently, the subcarriers with 

the highest SINR value have greater weight than the 

subcarriers with a lower SINR value. Due to this, the CQI 

assignment is focused on the weight of the highest effective 

SINR values. Therefore, subcarriers with poor channel 

quality get a more significant number of bits that cannot 

support. Due to the constraint of LTE uplink, this behavior 

leads to a degradation of throughput and a waste of 

resources in an environment where the SINR values are 

critical.  

B. MMCS and SINR AMCS Allocation Description and 

Improved LA 

To implement the MMCS, SINR AMCS, and AMCS, the 

following link adaptation process is developed: 

 

1 12

13 24
3

85 96

1 97 108

109 120

121 132

2

169 180

, ,

, ,
,

, ,

, , ,

, ,

, ,
.

, ,

R R

R R

R R

R R

R R

R R

R R

  
  
  
   
  
  
   

    


 
 
 

  
 
 
   

CSM

CSM

CSM

 (9)

 

PRB Subcarriers 
UE1 

SINR 

UE2 

SINR 

UE3 

SINR 
Allocation 

PRB1 1, …, 12 7.03 3.53 1.44 UE3 

PRB2 13, ..., 24 11.76 3.51 3.19 UE3 

PRB3 25, …, 36 7.89 2.91 4.37 UE3 

PRB4 37,…,48 4.41 4.89 6.83 UE3 

PRB5 49, …, 60 10.77 7.46 4.14 UE3 

PRB6 61, …, 72 10.43 6.63 7.30 UE3 

PRB7 73, …, 84 3.37 9.63 11.02 UE3 

PRB8 85, …, 96 10.47 8.93 12.59 UE3 

PRB9 97, …, 108 14.58 6.43 13.15 UE1 

PRB10 109, …, 120 9.52 19.81 11.53 UE2 

PRB11 121,…,132 7.28 40.36 9.16 UE2 

PRB12 133, …, 144 13.35 38.53 4.86 UE2 

PRB13 145, …, 156 9.24 37.93 8.45 UE2 

PRB14 157, …, 168 0.97 39.74 7.47 UE2 

PRB15 169, …, 180 2.72 25.03 6.52 UE2 
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For instance, for UE3 of CSM3 from (9) it can be 

represented as: 

 

1 12

13 24

85 96

1 1

2 2

8 8

SC-FDMA SC-FDMA

1 1

SC-FDMA SC-FDMA

2 2
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

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











  
  
  
  
  
  
   
    

value CQI

 (10)

 

In (10), the equalization is applied in groups of 12 

subcarriers. Consequently, the weight of the subcarriers with 

a low SINR value is spread in each group. This means that 

the subcarriers with the highest SINR value have affected a 

small group of subcarriers with the lowest SINR value. 

Otherwise, if a group has more subcarriers with poor channel 

quality, it will have a low effective SINR value. Therefore, 

the procedure presented in (10) has better diversity than in 

(8) due to the fact that subcarriers with a poor channel 

quality affect only on a group of 12 subcarriers. Besides, this 

approach allows a better allocation of CQI to improve the 

system throughput and waste of resources.  

From (5) and (6), under environments with low SINR, the 

SINR
FDMA-SC  obtains positive values of SINR, while the 

effective SINR leads to positive and negative values of 

SINR. The MMCS allocates the CQI value to a UE based on 

its PRB with lowest effective SINR; it can be represented as 

 
1 8

_ Effec_ , ,Effec_ .SINR SINR   value CQI Min  (11) 

To study the behavior of the CQI allocation under the 

SINR
FDMA-SC , the SINR AMCS is proposed in (12). This 

scheme allocates the CQI value to a UE with an average 

cost; it can be represented as 

 SC-FDMA SC-FDMA

1 8
_ , , .SINR SINR 

 
value CQI Mean  (12) 

Both MMCS and SINR AMCS compute the MCS by the 

SINR-CQI mapping shown in Table III. 

TABLE III. SUPPORTED MCS INDEX AND ASSOCIATED SINR-CQI. 

 

 

C.  AMCS Allocation Description 

In (11), the MMCS takes into account the minimum SINR 

value of all the assigned PRBs to the UE. However, MMCS 

does not consider other effective SINR values. Thus, there is 

a need for the scheduler to achieve a more rational and 

flexible distribution among effective SINR values. In (12), 

the proposed SINR AMCS computes the average of the 

values corresponding to each PRB. This scheme provides a 

high CQI due to the average of positive values, which means 

that a UE obtains a higher bit rate compared to MMCS and 

AMCS. However, in environments with fast fading, the 

PRBs with poor channel quality do not support high bit rate. 

Consequently, the transmission of critical information would 

be lost in addition to causing delays due to the 

retransmission of data.  

Based on the analysis, as mentioned above, the AMCS 

allocation is proposed and adapted to improve the link level 

throughput and loss of radio resources. The AMCS 

considers the adjacency constraint and the LA presented in 

(10). Consequently, the contiguous PRBs allocation requires 

of a CQI value to obtain the data rate of a UE. Due to this, 

AMCS computes a fixed value of CQI for each contiguous 

MCS CQI SINR [dB] 
Modulatio

n 

Code 

Rate x 

1024 

Efficiency 

[4], 

[32] 
[32] [12], [33] [32] 

[32], 

[34] 
[32], [34] 

- 0 Out Range 

- 1 -7.0 → -5.0 QPSK 78 0.1523 

0 2 -5.0 → -3.0 QPSK 120 0.2344 

1   QPSK   

MCS CQI SINR [dB] 
Modulati

on 

Code 

Rate x 

1024 

Efficiency 

      

2 3 -3.0 → -1.0 QPSK 193 0.3770 

3   QPSK   

4 4 -1.0 → +1.0 QPSK 308 0.6016 

5   QPSK   

6 5 +1.0 → +3.0 QPSK 449 0.8770 

7   QPSK   

8 6 +3.0 → +5.0 QPSK 602 1.1758 

9   QPSK   

10   16 QAM   

11 7 +5.0 → +7.0 16 QAM 378 1.4766 

12   16 QAM   

13 8 +7.0 → +8.5 16 QAM 490 1.9141 

14   16 QAM   

15 9 +8.5 → +10.0 16 QAM 616 2.4063 

16   16 QAM   

17   64 QAM   

18 10 
+10.0 → 

+11.5 
64 QAM 466 2.7305 

19   64 QAM   

20 11 
+11.5 → 

+13.5 
64 QAM 567 3.3223 

21   64 QAM   

22 12 
+13.5 → 

+15.0 
64 QAM 666 3.9023 

23   64 QAM   

24 13 
+15.0 → 

+17.0 
64 QAM 772 4.5234 

25   64 QAM   

26 14 +17.0→+19.5 64 QAM 873 5.1152 

27   64 QAM   

28 15 +19.5 → ∞ 64 QAM 9480 5.5547 

29  QPSK   

30  16 QAM  Reserved 

31  64 QAM   
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PRB by SINR-CQI mapping shown in Table III. Right after 

that, the average CQI values are calculated to obtain only a 

CQI value and allocates the corresponding MCS. For 

instance, for UE3, it can be represented as 

 
.

1

8

1





































CQI

CQI

SINR

SINR

8

3

Effec_

Effec_

UE  (13) 

To obtain the CQI value from (13), the average on the 

effective SINR of each PRB in (14) can be calculated 

 
1 8

_ , , .CQI CQI 
 

value CQI Mean  (14) 

However, the proportion of the average of negative and 

positive values leads to low CQI.  

The results of (8), (11), (12), and (14), together with RME 

algorithm, are illustrated in Fig. 3, which shows the assigned 

data rate by the scheduler where the SINR AMCS algorithm 

achieves a better data rate. However, SINR AMCS is not 

optimal in environments where the subcarriers have low 

SINR. But, this can be considered in scenarios with a good 

channel quality. 

 

Fig. 3.  Bit rate allocation to the users. 

Figure 3 shows the resource allocation versus the number 

of users. When there are 50 users in the cell, the proposed 

SINR AMCS presents a considerable improvement 

compared with Vienna, MMCS, and proposed AMCS in 

25 %, 30 %, and 33 %, respectively. The proposed SINR 

AMCS improved due to the average of the SINR
FDMA-SC  

values from the LA. However, this does not mean an 

improvement in the system throughput at the link level. 

Specifically, in environments where there are a lot of abrupt 

changes due to a considerable speed and rapid fluctuations 

of the received signals in the time domain. All these 

characteristics give rise to a scenario with low SNR values 

and a high loss of radio resources.  

Furthermore, when there are 50 users, the proposed 

AMCS presents less amount of resources allocation in 3.9 % 

compared with MMCS. The proposed AMCS showed the 

least amount of assigned resources due to the average 

applied to obtained CQI values of the SINR-CQI mapping. 

Hence, this work presents an analysis of system throughput, 

fairness, and BLER of the proposed algorithms in 

environments with low SNR, at considerable speed.  

VI. SIMULATIONS RESULTS AND ANALYSIS 

The proposed Vienna MCS, SINR AMCS, MMCS, and 

AMCS, together with the RME algorithm and link 

adaptation shown in (10), are implemented by the LTE 

Uplink Link Level Simulator v1.5. The wireless channel was 

modeled as an extended vehicular model A with nine paths 

[8]. Also, the FDD frame structure was used. All simulations 

ran with 1000 TTI, and the results were averaged out. Each 

user moves at a speed of 80 km/h with a channel bandwidth 

of 10 MHz. Channel estimation and filtering on the eNB 

were given by the minimum mean squared error (MMSE) 

and fast fading, respectively. The main simulation 

parameters are given in Table IV. 

TABLE IV. PARAMETERS OF THE SIMULATION. 

 

Based on the above simulation model, the performance of 

the proposed AMCS was compared to MMCS, proposed 

SINR AMCS, and Vienna MCS. All obtained results were 

evaluated under a scenario that suffers from low channel 

quality, at considerable speed. A wireless channel with an 

SNR of 6 dB provides a bad quality link in vehicle-to-

infrastructure environments [35], [36]. For this reason, we 

have used an SNR of 6 dB in all simulations. 

Figure 4 shows the link level throughput performance for 

all schemes versus the number of users.  

 

Fig. 4.  Link level throughput with SNR = 6 dB. 

A comparison of simulations results reveals that the 

performance of proposed AMCS and MMCS presents a 

14 % and 11.4 % improvement compared to the Vienna 

MCS, respectively. A high loss of link level throughput for 

Parameter Value 

Channel bandwidth 10 MHz 

Number of users 10, 20, 30, 40, 50 

Minimum SNR value 6 dB 

Subframes (TTI) 1000 

Channel model EVehA of 9 Taps 

Filtering Fast Fading 

Channel estimation MMSE 

Traffic Full Buffer 

Transmission frequency 1700 MHz 

User’s speed 80 km/h 
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the proposed SINR AMCS can be observed for any number 

of users. This disparity is a consequence of the high number 

of assigned data bits to users in environments with adverse 

quality channel conditions.  

Figure 5 shows fairness performance for all considered 

schemes. A maximum of 25 % and 16 % improvement can 

be observed for proposed AMCS and MMCS compared to 

Vienna MCS, respectively. The fairness analysis reveals that 

as the number of users increases, the proposed AMCS 

increases the fair value by up to 7 % compared to MMCS in 

a specific range. There is a fairness degradation for the 

proposed SINR AMCS due to considerable loss of data bits.  

 

Fig. 5.  Fairness in terms of throughput with SNR = 6 dB. 

Figure 6 compares the block error rate versus the number 

of users in an environment with low SNR value at 

considerable mobility.  

 

Fig. 6.  Block error rate with SNR = 6 dB. 

Based on the comparison of the obtained results, when the 

number of users increases above 30, the BLER of the 

proposed AMCS algorithm is better. It can thus be 

established that the proposed CQI allocation mechanism 

achieves a substantial improvement in terms of BLER, 

which can be up to 60 % for 50 users in the cell. The high bit 

rate loss in the results obtained for MMCS, Vienna MCS, 

and proposed SINR AMCS is the result of the inadequate 

allocation of the CQI value to the users in the cell. This is 

because, for scenarios with bad channel quality, the 

scheduler assigns more data bits throughout the average 

FDMASCSINR   or minimum effective SINR. The proposed 

AMCS allocates CQI value to each effective SINR value. 

Then, calculates the average value of CQI to limit the bit 

allocation. Besides, using the link adaptation presented in 

(10) together with the RME algorithm improves the efficient 

use of resources.  

Figure 7 shows the block error rate versus signal to noise 

ratio with 50 users in the cell. A considerably better BLER is 

achieved when the proposed AMCS is applied in 

environments with low SNR values and considerable speed. 

For a value of 10 % of the BLER, the proposed AMCS starts 

to decrease. Also, from SNR 4 dB to 10 dB, the proposed 

AMCS shows a better behavior compared to the other 

algorithms. It can be established that the proposed AMCS 

achieves a substantial improvement in terms of waste of 

radio resources. Consequently, the proposed CQI allocation 

mechanism in this work can be used in vehicular-to-

infrastructure environments or scenarios that present a low 

SNR level. The set of measurement data is available in [37].  

 
Fig. 7.  Block error rate versus SNR for 50 users. 

VII. DISCUSSION 

The selection of a link level simulator with an extended 

vehicular channel and the selected scenario allows for an 

exhaustive analysis of resources allocation and link 

adaptation at the subcarrier level. The results presented in 

this paper prove that the best performance is achieved with 

values of SNR from 4 dB to 10 dB. High waste of radio 

resources is more likely to occur in environments with poor 

channel quality, high speed, and low SNR values. This 

means that the proposed AMCS is useful when SNR values 

are low and the speed is high. Simulation results have also 

demonstrated that for a low SNR value of 6 dB, the link 

level throughput and fairness achieve better results, while 

the number of users is incremented. Moreover, with the new 

CQI allocation technique and the enhanced technique of link 

adaptation, the radio resource allocation in scenarios with 

poor channel quality and high speeds are ensured. 

Furthermore, the throughput improves by 3 % and fairness 

by 7 % due to the MCS allocation, which is based on the 

CQI average value of all subcarriers. 

VIII. CONCLUSIONS 

In this paper, joint modulation-coding selection and radio 
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resource allocation were considered for LTE uplink. The 

performance of three resource allocation schemes was 

compared, and a new allocation scheme, Average MCS 

(AMCS) allocation, was proposed, which, together with 

Recursive Maximum Expansion (RME) algorithm, have 

been implemented in an uplink link level simulator. The 

assignment of CQI values has been achieved to improve the 

efficiency of use of radio resources and maintain an 

excellent link level throughput considering constraints of 

uplink LTE. We have shown, through numerical simulation, 

that our proposed scheme technique improves the 

performance of users experiencing low SNR values, at 

considerable mobility, enhancing, besides network 

performance in terms of throughput, fairness, and BLER for 

a high number of users in a cell. 
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