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ABSTRACT 

This paper discusses the throughput of a fifth generation (5G) new radio (NR) system. The main goal of this 

research is to provide and develop a pathway for improving the throughput in the 5G system by investigating and 

controlling certain effective factors. The studied factors in this paper are the used modulation technique, the used 

subcarrier spacing in the default Clustered Delay Line (CDL) channel and the existence of a reflector in a custom 

CDL channel profile. It is found that the performance of the throughput is improved for larger subcarrier spacing 

and lower-order modulation technique. The existence and position of the reflector located between the transmitter 

and the receiver will be investigated relative to throughput performance in detail. Both fixed and changeable 

locations of the reflectors are considered in order to reach an optimal value of throughput. The results show that 

the existence of the reflector achieves a better throughput value compared to the one with no reflector.  In the 

presence of a reflector and at a subcarrier spacing of 30 kHz, the throughput can reach 100% of throughput at 0 

dB of signal to noise ratio (SNR) compared with only 40% at 0 dB for no-reflector case. 
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1. INTRODUCTION 

Challenges are the essential part of the technological development; thus, like all innovations, 5 G still 

has great challenges to address. As researchers have found, there is a very rapid growth in the 

advancement of radio technology. The travel is only around 40 years old (1G in 1980 and 5G in 2020) 

from 1G to 5G (Considering 5G in 2020). However, most of the information and communication 

technology (ICT)-based industries and consumers have recognized the value of improving the 

throughput, as the throughput is preferable to be as good as possible for many applications to ensure that 

the data is received appropriately [1]-[3]. 

5G has a potential and promises a compatible future, where it will give a much faster, wide range of 

applications and more reliable systems, without slowing down of running works. Self-driving cars, smart 

meters that track electricity usage and health-monitoring devices are just a few examples that may all 

take a big leap from what 5G could provide [4]. 

As a 5G trial experiment, an experiment was held in 2018 in Indonesia to test a 28 GHz system. This 

experiment aimed to test the characteristics of  5G mmWave band after implementing some scenarios 

in that 5G trial network [5]. One of these scenarios was made to determine the optimum coverage of 

that network and how it would be affected by changing some factors, such as the distance between the 

equipment of the network, obstacle existence and the reflector distance and angles to TUE (Test User 

Equipment) and AAU (Active Antenna Unit) [5]. Later, another experiment discussed the passive 

reflectors and how they can be functioned to enhance the coverage of the system for non-line of sight 

(NLOS) mmWave links. 

Consequently, passive reflectors and some other metallic reflectors have shown significant results in 

terms of coverage enhancement for a new radio (NR) 28GHz system, as it used two shapes of reflectors, 

which are the spherical shape and the cylindrical shape and compared the results of both cases. 

Moreover, further calculations have been made regarding the gain of the reflectors, without ignoring 

one of the main factors in the reflection which is obviously the reflection angles, in addition to the 

distances between the reflector and both the transmitter and receiver [6]. 
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The latest research held regarding the reflectors’ effect discussed the possibility of employing reflectors 

to improve the coverage and to extend the range of the mmWave signal. That experiment introduced the 

use of ECHO passive reflectors and TURBO active repeaters to achieve an advancement of the coverage 

for both indoor and outdoor scenarios, taking into consideration the distance between the transmitter 

and receiver [7]. 

Accordingly, most of the past studies primarily focused on the whole system performance parameters 

without putting full focus on the throughput only, as this paper is concerned with. In this regard, the 

main goal of this research is to provide and develop a pathway to improve the throughput in a 5G system 

by investigating and controlling some effective factors, such as: modulation technique, subcarrier 

spacing (SCS) and existence of reflectors (position and location). Therefore, performance assessment 

will be carried out based on these factors for 3GPP communications standard.  

According to the technical standard (TS) from the latest published version of the 3GPP TS 

38.101  presented in 3GPP TS 38.101-1 V15.9.0 (2020-3) [8], the subcarrier spacing is not fixed in 5G 

system. SCS values which are used for the shared channels that carry traffic are 15 kHz, 30 kHz, 60 kHz 

and 120 kHz; whereas 240 kHz is used only for the synchronization signals. Also, the subcarrier spacing 

affects directly the number of the used resource blocks (RBs) for a given suggested bandwidth. Thus, it 

is interesting to investigate the significance of varying the SCS the throughput of the 5G system. 

The second tested factor was the modulation technique which varied between the values (QPSK, 

16QAM, 64QAM and 256QAM). These values affected the modulation order that is used in a formula 

which will be mentioned in the transport block size (TBS) in the methodology section. 

The third and most important tested factor in this paper is the existence of a reflector. Passive metallic 

reflectors can be considered as a promising candidate for 5G systems due to many reasons coming from 

the fact that electromagnetic waves behave similarly to light. 

The throughput is evaluated in case of a fixed distance between the transmitter and the receiver and in 

another case by moving the transmitter or the receiver; for example a driving user, which means that the 

distance will be changed between any two sides of the transmitter, receiver and reflector.  

Table 1. List of abbreviations. 

5G Fifth Generation HARQ 
Hybrid Auto Repeat 

Request 
QPSK 

Quadrature Phase Shift 

Keying 

AAU Active Antenna Unit ICT 

Information and 

Communication 

Technology 

RB Resource Block 

AoA Angle of Arrival IOT Internet of Things RTT Round Trip Time 

AoD Angle of Departure LOS Line of Sight Rx Receiver 

AWGN 

Additive White 

Gaussian 

Noise 

MIMO 
Multi-input Multi-

output 
SCS Subcarrier Spacing  

CDL Clustered Delay Line NDI New Data Indicator SIB 
System Information 

Block 

CP Cyclic Prefix NLOS Non Line of Sight SNR Signal to Noise Ratio 

CRC 
Cyclic Redundancy 

Check 
NR New Radio SVD 

Singular Value 

Decomposition 

CSI 
Channel Status 

Interference 
NRB 

Number of Resource 

Blocks 
TBS Transport Block Size 

DL Downlink OFDM 

Orthogonal Frequency 

Division 

Multiplexing  

TUE Test User Equipment 

DL-SCH 
Downlink Shared 

Channel 
OOB Out of Band TX Transmitter 

DM-RS 
Demodulation 

Reference Signal 
PDSCH 

Physical Downlink 

Shared 

Channel 

UE User Equipment 

FR Frequency Range PRB 
Physical Resource 

Blocks 
QAM 

Quadrature Amplitude 

Modulation 
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This paper is organized as follows. Following this introduction, methodology is described in Section 2. 

Then, simulation results are presented and explained in detail in Section 3. Conclusions are then drawn 

in Section 4. 

2. METHODOLOGY  

The mechanism of evaluating the throughput of the communication standard 3GPP TS 38.101-1 5G- 

system went through the following procedure: 

1. Setting up the parameters of the physical downlink shared channel PDSCH; this included the 

number of the resource blocks (RBs), Subcarrier spacing (SCS), the Signal to Noise Ratio (SNR) 

range, type of cyclic prefix (CP), number of allocated physical resource blocks (PRBs), number 

of PDSCH layers, the modulation technique, the code rate, the number of Hybrid Auto Repeat 

Request (HARQ) processes,…etc. 

2. Updating the current HARQ process number, where the system will generate new data after 

checking the CRC of the previous transmission for that specific HARQ process and making sure 

that there is no need for retransmission. 

3. Resource grid generation, in which the new radio downlink shared channel (nrDLSCH) will 

perform the channel coding, as its operation will be on the provided input transport block, while 

keeping a copy of the transport block to be retransmitted if needed; then, the precoding operation 

will be applied only on the resulting signal. 

4. Waveform generation, where the generated grid will be OFDM-modulated. 

5. Noisy channel modeling, where the waveform will be passed through a CDL fading channel and 

then the AWGN will be added; the SNR is defined per resource element (RE) for each user 

equipment (UE) antenna. In this step, for an SNR of 0dB, the signal and noise contribute equally 

to the energy per PDSCH RE per receive antenna [9]. 

6. Synchronization is done using the demodulation reference signal (DM-RS) and then, the 

synchronized signal is OFDM-demodulated. 

7. Channel estimation is performed. In this experiment, perfect channel estimation is used. This 

assumption will be held in order to make the investigation of the tested factors more focused. 

8. Calculating of the precoding matrix, which is done for the next transmission using singular value 

decomposition (SVD). 

9. Decoding the PDSCH, where the recovered symbols are demodulated and descrambled by 

nrPDSCHDecode for all transmit and receive antenna pairs in order to obtain an estimate of the 

received codewords. 

10. Decoding the downlink shared channel (DL-SCH) and storing the block CRC error for a HARQ 

process; the vector of decoded soft bits is passed to nrDLSCHDecoder which decodes the 

codeword and returns the CRC error to determine the throughput of the system. 

 
Figure 1. Flowchart of the simulation steps. 
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The flowchart in Figure 1 demonstrates the simulation steps mentioned above. 

Evaluating the throughput depends basically on a value called the transport block size (TBS), which can 

be calculated using the guide in [10], as it has different formulae based on some factors affecting the 

parameters of Ninfo  and coding rate, which both are the main factors of calculating the TBS. 

              𝑁𝑖𝑛𝑓 𝑜 = 𝑁𝑅𝐸 · 𝑅 · 𝑄𝑚 · 𝜐                                                      (1)                               

where, R is the code rate, Qm is the modulation order: 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 

for 256QAM transmissions. 𝜐 is the number of layers [10]: 

NRE =𝑁𝑅𝐸 = 𝑚𝑖𝑛(156, 𝑁𝑅𝐸
′ ) ⋅ 𝑛𝑃𝑅𝐵; where, 𝑁𝑠𝑐

𝑅𝐵 = 12, which is the number of subcarriers in a physical 

resource. 

𝑁𝑅𝐸
′ = 𝑁𝑠𝑐

𝑅𝐵 ⋅ 𝑁𝑠𝑦𝑚𝑏
𝑠ℎ − 𝑁𝐷𝑀𝑅𝑆

𝑃𝑅𝐵 − 𝑁𝑜ℎ
𝑃𝑅𝐵; where, 𝑁𝑠𝑦𝑚𝑏

𝑠ℎ  : is the number of symbols of the PDSCH 

allocation within the slot, 𝑁𝐷𝑀𝑅𝑆
𝑃𝑅𝐵 : is the number of REs for DM-RS per PRB in the scheduled duration 

including the overhead of the DM-RS CDM groups without data and 𝑁𝑜ℎ
𝑃𝑅𝐵: is the overhead configured 

by higher layer. 

Evaluating the TBS can lead directly to the value of the maximum throughput, by multiplying the value 

of the TBS by the number of the slots in the system, which varies based on the numerology and the 

number of frames as in Table 4.3.2-1 in [11]. 

The procedure mentioned above is generally used for the throughput calculation, with changing the 

values of the factors that are intended to be investigated.  

The third studied factor was the existence of a reflector with the custom delay profile CDL channel, as 

that mentioned in [12]. In this paper, the impact of the position of the reflector has been studied in case 

of fixed transmitter and receiver and in case of moving transmitter or receiver, with a reflector design 

as shown in Figure 2.  

Spacing between reflector and both transmitter (Tx) and receiver (Rx) was calculated by assuming a 

side and angle of the triangle. After that, the remaining needed values were calculated to decide where 

to locate the reflector in the appropriate position to achieve the best possible performance as will appear 

in the results. 

The reflector type preferred to be used will be the metallic one due to its advantages compared to the 

other types [13]. Furthermore, the reflection properties of electromagnetic waves are better at higher 

frequencies because of the smaller skin depth [14] and lower material penetration. Thus, metallic 

reflectors can act similarly as a communication repeater with the advantage that it can function without 

electricity in addition to negligible maintenance, with longer life spans and small initial investment costs 

compared to repeaters consisting of active elements. 

 
Figure 2. Reflector design. 

These metallic reflectors can be part of our everyday objects, such as lamp posts, advertisement boards 

and street signs. For the characteristics of the metallic reflectors, power can be calculated using the 

following formula [6]: 

                                                𝑃 = 𝑃𝑟𝑒𝑓𝑙
(1)

+ 𝑃𝑟𝑒𝑓𝑙
(1)

+ 𝑃𝑜𝑙𝑜𝑠 + 𝑃𝑠                                                      (2) 
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where P(1)

refl and P(2)
refl are the received powers due to first- and second-order reflections from the 

reflectors, respectively, Polos is the power from the obstructed LOS (OLOS) path and Ps is the received 

power from other surrounding objects. 

The transmitted power density at the reflector can be calculated using the following formula [6]: 

                                                 𝑃𝑟𝑒𝑓𝑙(𝑅1) =
𝑃𝑡𝑥𝐺𝑡𝑥(𝜃𝑡𝑥  ,   ∅𝑡𝑥)

4𝜋𝑅1
2                                                     (3) 

The transmitted power density at the reflector is denoted as Prefl (R1), at distance R1 from transmitter, Ptx 

and Gtx(θtx, φtx) are the transmitted isotropic power and gain (directivity) of the transmit antenna at 

respective azimuth and elevation angles of θtx and φtx  [6]. 

3. RESULTS AND DISCUSSION 

In the following results, the simulations have been conducted using Matlab Platform. 

3.1 Subcarrier Spacing 

The subcarrier spacing values had varied between 15 kHz, 30 kHz, 60 kHz and 120 kHz, since 

the subcarrier of 240 kHz was not used, as it is usually used only for the synchronization signals 

and not for the shared channels which carry traffic. The results of changing the subcarriers were 

as illustrated in Figure 3. 

 

Figure 3. Throughput percentage at different SCS. 

It can be noticed from Figure 3 that small subcarrier spacing allows more subcarriers to be available for 

a given amount of bandwidth, thus increasing the spectral efficiency, since more data is available for a 

given amount of bandwidth. However, performance degrades as subcarrier spacing decreases due to 

inter-channel interference [15]. 

Table 2. Throughput values for different SCS values. 

SCS Throughput (bps) at -5 dB Throughput (bps) at 0dB Throughput (bps) at 5dB 

15 kHz 0 639520 3197600 

30 kHz 639168 1278336 3195840 

60 kHz 622976 1284888 3114880 

120 kHz 910080 1516800 3033600 
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The throughput performance evaluation of the system has been varied by changing the applied subcarrier 

spacing of the system.  Different to the previous generations of wireless mobile systems which had a 

fixed subcarrier spacing (mostly 15 kHz), 5G has the ability to change the subcarrier spacing value, 

where it can have the value of 15 kHz, 30 kHz, 60 kHz and 120 kHz. Accordingly, the used values of 

subcarrier spacing in the simulation are varied between 15 kHz and 120 kHz. 

Starting from a subcarrier spacing of 15 kHz which produced a value of 12% of throughput at 0dB, the 

performance of the throughput improved as the values of the subcarrier spacing are increased, as shown 

by the values of 40%, 68.25% and 100% of throughput for subcarrier spacing’s of 30 kHz, 60 kHz and 

120 kHz, respectively, as shown in Figure 3. Moreover, for clarity purposes, the values of the throughput 

shown in Table 2 are calculated by multiplying the value of TBS by the number of slots in each case of 

SCS. 

3.2 Modulation Techniques 

For the modulation technique used, QPSK, 16QAM, 64QAM and 256QAM techniques had been tested 

at 30 kHz SCS and the results are shown in Figure 4. The throughput performance of the system was 

investigated with the modulation levels applied, where the modulation levels applied were: QPSK, 

16QAM, 64QAM and 256QAM, with fixing the subcarrier spacing to 30 kHz. 

A comparison between the performance of throughput with different types of modulation shows that the 

throughput performance can be improved further by using lower level of modulation. However, there is 

a trade-off between modulation techniques used due to their impact on the spectral efficiency [16]-[17], 

where using a lower-order modulation technique would improve the throughput performance but it 

would result in a lower spectral efficiency. 

 

Figure 4. Throughput percentages of different modulation levels. 

3.3 Existence of Reflector 

Based on the previous results, a trade-off should be made to improve the throughput performance, either 

by decreasing the data rate and consuming more bandwidth in case of higher SCS, or decreasing the 

spectral efficiency to have a good throughput performance in case of lower modulation techniques. 

Having a reflector could be a solution to have a balanced system. In this subsection, the existence of a 

reflector and how it can help improve the throughput performance will be discussed.  

The default values of the CDL have been stated earlier in the previous results of throughput with 

changing either the subcarrier spacing or the modulation level, but for the custom values of CDL, the 

parameters which have been tested were the position and location of the reflector. 
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The existence of the reflector has shown significant results of throughput, where it could cause a much 

better performance or a much worse performance depending on the location and position of the reflector.  

The existence of the reflector in the 5G system in this paper is investigated for two scenarios. First, a 

fixed distance between transmitter and receiver is assumed with changing the position of the reflector. 

Second, different distances between transmitter and receiver are investigated in the existence of a 

reflector, which might happen as one or more users are moving or driving for example.  

In each scenario and for each position and location of the incorporated reflector, the angle of departure 

(AoD) and the angle of arrival (AoA) will be calculated and used in the simulation. Furthermore, the 

frequency range used in NR 5G system is FR1 which denotes a sub-6 GHz standard. 

Therefore, the procedure for testing the reflector impact on the throughput was carried out through 

changing some parameters as follows:  

1. Angle of Arrival (AoA) 

2. Angle of Departure (AoD) 

3. Distance from Transmitter to Receiver (Tx-Rx) 

4. Distance from Transmitter to Reflector (Tx-Ref) 

5. Distance from Receiver to Reflector (Rx-Ref), as will appear in each of the following tables. 

In the case of fixed distance between Tx and Rx, this distance was assumed to be 16m and the distances 

between reflector, Tx and Rx were assumed for the first time and then adjusted closer and further till 

reaching the best possible scenario. 

For the case of varying distance between Tx and Rx, the distances of the first scenario were assumed 

and then adjusted in different cases to have different scenarios with varied results of throughput 

performance. It should be noted that throughout this section, the SCS is fixed at 30 kHz and NRB=51. 

a) Fixed Distance between Transmitter and Receiver 

In this part, the separation between Tx and Rx was fixed to 16m and the position and location of the 

reflector were varied. The throughput results are shown in Table 3 for five cases and without reflector 

for comparison purposes. 

Table 3. Different reflector positions for fixed 16m distance from Tx to Rx. 

i. Case 1: Tx-Rx = 16m, Tx-Reflector = Rx-Reflector = 10m 

In this case, the throughput performance was below that in the case with no reflector, as the system 

achieved 15% of throughput at 0dB and 40% at 5dB. Figure 5 (a) and Figure 5 (b) show the reflector 

position and the throughput performance, respectively.  

ii. Case 2, Tx-Rx =16m, Tx-Ref. = Rx-Ref. = 15m 

In this case, the throughput performance was still below that in the case with no reflector, as the system 

achieved 40% of throughput at 0dB and 100% at 5dB, as depicted in Figure 6 (a) and Figure 6 (b), 

respectively. 

iii. Case 3, Tx-Rx = 16m, Tx-Ref. = 12m, Rx-Ref. = 20m 

In this case, the throughput performance was much better than in the case with no reflector, as the system 

 Tx-Rx Tx-Ref. Rx-Ref. Throughput 

% at 0dB 

Throughput 

% at 5dB 

Difference 

% at 0dB 

Difference 

% at 5dB 

No Reflector - - - 42.5 100 - - 

Case 1 16 10 10 15 40 -27.5 -60 

Case 2 16 15 15 40 100 -2.5 0 

Case 3 16 12 20 97.5 100 55 0 

Case 4 16 12 22 100 100 57.5 0 

Case 5 16 18 8.5 0 0 -42.5 -100 
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achieved 97.5% of throughput at 0dB and 100% at 5dB, as depicted in Figure 7 which shows the reflector 

position and the throughput performance. 

 

 

 

 

 

 

 

 

 Figure 5 (a). Reflector design of case 1.                              (b) Throughput percentage for case 1. 

   Figure 6 (a). Reflector design of case 2.                  (b) Throughput performance for case 2. 

      Figure 7. (a) Reflector design of case 3.                    (b) Throughput performance for case 3. 

        Figure 8 (a). Reflector design of case 4.                      (b) Throughput performance for case 4. 
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iv. Case 4, Tx-Rx =16m, Tx-Ref. = 12m, Rx-Ref. = 22m 

In this case, the throughput performance was the best among the different cases, as the system achieved 

100% of throughput at 0dB and 100% at 5dB, as shown in Figure 8. 

v. Case 5, Tx-Rx = 16m, Tx-Ref. = 18m, Rx-Ref. = 8.5m 

In this case, the throughput performance was at its worst case, as the system achieved 0% of throughput 

at all the points, as shown in Figure 9. 

 
Figure 9 (a). Reflector design of case 5.                      (b) Throughput performance for case 5. 

Table 4. Different reflector positions moving transmitter or receiver. 

 AoA AoD Tx-

Rx 

Tx-

Ref. 

Rx-

Ref. 

Throughput 

% at 0dB 

Throughput 

% at 5dB 

Difference 

at 0dB 

Difference 

at 5dB 

No Reflector 0° 0°    42.5 100   

Case 2 30° 22° 7.39 9.23 8.63 100 100 57.5 0 

Case 3 10° 30° 6.03 8.12 9.23 80 100 37.5 0 

Case 4 40° 35° 10.92 10.44 9.77 40 100 -2.5 0 

Case 5 60° 50° 23.4 16 12.44 20 85 -22.5 -15 

Case 6 30° 70° 27.32 9.23 22 0 0 -42.5 -100 

Comparing the results of the different tested cases, the best case was case 4, where the throughput 

achieved was 100% when the reflector is spaced 12 meters from the transmitter and 22 meters from the 

receiver, while the worst case was case 5 when the reflector was spaced 18 meters apart from the 

transmitter and 8.5 meters apart from the receiver, as shown in Figure 10. 

 

Figure 10. Comparison of different reflector locations with fixed Tx-Rx distance. 
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b) Moving Transmitter and Receiver 

i. Case 1, AoA = AoD = 0° (Default) 

For the angle of 0, the throughput percentage reached its maximum at 5 dB and 42.5% of its maximum 

at 0 dB, as Figure 11 illustrates. 

 
Figure 11. Throughput without reflector. 

ii. Case 2, AoA = 30°, AoD = 22°  

For this case, the throughput percentage was at its best case which is 100% of throughput all the way 

from -5 dB to 5 dB (Figure 12 (b)) with an improvement of 57.5% at 0dB compared to the default case 

(no reflector), with the reflector design shown in Figure 12 (a). 

         Figure 12 (a). Case 2 reflector design.                                  (b) Throughput for case 2. 

iii. Case 3, AoA = 10°, AoD = 30° 

For this case, the throughput has improved compared to the default case (no reflector), as the system 

showed an 80% throughput at 0dB with an improvement of 37.5 % compared to the default case, as 

shown in Figure 13 (b), while Figure 13 (a) shows the reflector design. 

       Figure 13 (a). Reflector design of case 3.                                     (b) Throughput for case 3. 



313 

Jordanian Journal of Computers and Information Technology (JJCIT), Vol. 06, No. 03, September 2020. 

 
iv. Case 4, AoA = 40°, AoD = 35°  

This case shows that the performance decreased when using the reflector, as the system showed 40% of 

throughput at 0dB, which is lower by 2.5% compared to the case of not using the reflector, as shown in 

Figure 14 (b), while Figure 14 (a) shows the reflector design. 

           Figure 14 (a). Reflector design of case 4.                                 (b) Throughput for case 4. 

v. Case 5, AoA = 60°, AoD = 50  

Case 5 shows a significant decrease of throughput percentage compared to the default case (no reflector), 

with 22.5% decrease at 0dB and 15% decrease at 5dB, as shown in Figure 15 (b). 

          Figure 15 (a). Reflector design of case 5.                     (b) Throughput for case 5. 

vi. Case 6, AoA = 30°, AoD = 70° 

The worst case tested in this scenario was when the angle values were 30° for the angle of arrival and 

70° and more for the angle of departure, where the throughput resulted in a straight line of 0% for both 

0dB and 5dB, which represents a decrease of 42.5% and 100%, respectively, as shown in Figure 16 (b). 

      Figure 16 (a). Reflector design of case 6.                 (b) Throughput for case 6. 



314 

" Performance Assessment of Throughput in a 5G System,  "  M. A. T. Almahadeen and A. M. Matarneh. 

 
As shown in Figure 17, a comparison between the values of throughput in different cases has shown that 

the throughput performance was at its best in case 2 and at its worst in case 6. 

 

Figure 17. Throughput percentages for different cases of reflector. 

4. CONCLUSION 

In this work, an assessment of the throughput performance has been provided based on studying some 

parameters that might affect it either directly or indirectly. The factors studied were subcarrier spacing, 

modulation technique in the default CDL channel and the existence of a reflector with two different 

scenarios. To conclude, it can be argued that using a higher SCS, a greater percentage of throughput can 

be achieved, whereas for the modulation technique, it is found that higher-order modulation will achieve 

lower throughput performance and a trade-off should be made to preserve a reasonable spectral 

efficiency.  

Finally, the position of the reflector in case of reflector existence has shown a noticeable effect on the 

throughput performance for both situations studied; fixed distance and moving users. The results have 

shown a significant impact of the reflectors in both ways. Further investigation by considering more 

than one reflector linked with wide coverage milestone can be used in order to improve the performance 

of system throughput. However, complexity and cost will come into play in this stage. Moreover, 

investigation of throughput performance using reflectors in mmWave frequency (FR2) in 5G systems 

could be carried out as well. 
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 ملخص البحث:

تنُااااااا ال رااااااا ا جتيااااااااار ديجي جديد ااااااا   تنيااااااا . اجي اااااااي  ي  ااااااا   ااااااا  د ي ااااااار جت  ااااااا  جت ااااااا     

وجتهااااااا ي جنه هااااااار  نهااااااا  راااااااي ت اااااااي ل  صااااااا ا   ااااااا  ديااااااا  ت صااااااا   ديجي جديد ااااااا   جت ااااااا   

ب تنيااااا . ستااااال جهد مااااا ي سيج ااااا   ع نااااار وجتاااااد اس بهااااا   جتعيج ااااا  جتدااااار   اااااع  ت  اجهااااار  ااااار 

تدت سااااا  جت صاااااد  .  ااااار جت    ااااار جت لس ااااار  ااااار رااااا ج جتت اااااة رااااار  ت ن ااااار جتدعااااا    جت صاااااد   ر  وج

عااااار  اااااار ا ااااا ت ساااااا     وويااااايي ساااااا     ااااار اناااااا ا  اااااا جتداااااا   ل  انااااا ا  اااااا جتداااااا   ل جت   ،

عر   جت   ،

وب نااااااا  جتندااااااا تي د  ديجي جديد ااااااا   اااااااا  ت صااااااا   ااااااا    ااااااا يا تت سااااااا  جت    ااااااار جت لس ااااااار و ااااااا  

تعاااااا    جهااااااد  ج. ت ن اااااار تعاااااا    تج  اتتاااااار دااااااا   وااااااا  تااااااس جهد ماااااا ي د اااااال  اااااا   اااااا  وياااااايي ج

و يضااااااااعء  اااااااار ديجي جديد اااااااا   جت اااااااا   ب تنياااااااا .  اااااااا  وضاااااااا  جتعاااااااا    باااااااا   جت لهاااااااا  

وجت صااااااد ت   ب ااااااري  اااااا  جتد ماااااا    ودُ اااااا   بعاااااا   جدسدتاااااا ا   تاااااار جت يضاااااا  جت  باااااا  و  تاااااار 

 جت يض  جت دغ ل ت ع   ؛    دي  جت ميل س ى جت   ر جت   ى نيجي جديد    

تاااااى جت مااااايل س اااااى ا  ااااار د  ااااا  نيجي واااااا  دهااااا ل  جتندااااا تي سااااا  د  ويااااايي جتعااااا     ااااا ي  ج

جديد اااااا      ا اااااار ب ت  تاااااار جتداااااار د  صُااااااد  .   هاااااا  ساااااا     وبيياااااايي ساااااا     وسناااااا  تت سُاااااا  

%( 100(    اااااااي ر لتااااااالا    اااااااا  نيجي جديد ااااااا   د   مااااااا  جتاااااااى  30    ااااااار  لس ااااااار اااااااا اُاُ  

%( سناااااا   صااااااتر 40سناااااا   صااااااتر يجاااااا اا جتااااااى ضاااااا  ي   اااااا جار   اااااا ل ي صاااااا ت      ا اااااار باااااا   

 تى ض  ي    جار    ل ي ص ت   ر   تر ا  ت جتع    يج اا ج
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