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1. INTRODUCTION

Long-term evolution (LTE) is the fifth generation cellular networks air interface supporting where
LTE is designed spatially for communications of packet data [1], [2], the technology emphasis is the high
efficiency spectral density, data rates with high peak, flexibility of frequency and low latency [3].
The standards of LTE continue to cover multiple releases to satisfy the requirements that deal with data
throughput improving, lower latencies, and flexible configurations increasing. After releasing are stopped,
third generation partnership project (3GPP) resumes with new version of the standards to fixing errors,
but with same old features that introduced [3]. The LTE 13 standard which is called LTE-Advanced Pro.
Which developed for specific applications. LTE operation in both unlicensed and licensed spectrum.
Aggregation of carrier with inter site, to be with the backhaul and capabilities of adjacent cells. Enhancing of
communication in machine-to-machine.

Radio-frequency (RF) characteristics and minimum performance requirements can be described
by technical specifications that contain many complex test cases [1]-[3]. While requirements of an RF
transceiver with some of the specifications can be directly translated into, other specifications that
require a detailed review. Long-term evolution radio-frequency (LTE-RF) will review a few important stages
described [4], [5].
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The LTE RF stages in [1] is analyzed and it will be shown that the stages is imposing very stringent
parameters that makes each stage work probably. Blocking parameters will be reviewed in detail using
MATLAB transmitter and Simulink signal frequency analyzer that will show the LTE reciver can be design
and simulated using a built-in receiver wizard, which provides perfect design as in to [1], [6], [7]. The effect
of phase locked loop noise on the error vector magnitude (EVM) of a LTE signal will be implemented and
illustrated. In the design the phase noise impairments created and can be used to quickly evaluate the effect of
different radio-frequency (RF) phase-locked loop (PLL) on the EVM performance of an LTE signal [8]-[10].

2. LTERFDESIGN

The Figure 1 shows the main blocks of the preposed design. LTE waveform used to generated the
input signal to the reciever [7]-[9]. Then filtered, transmitted using additive white gaussian noise (AWGN)
as channel propagation before intering to the model of RF receiver that acheived with RF Blockset. Preposed
model is based on standerd available stages. Then figures of EVM are taken from RF receiver block [10]-[12].

LTE filter propagation RE EVM
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Waveform channel seever measurement
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Y

Figure 1. LTE-RF receiver block diagram

3. LTERFRECIEVER MODEL

Acording Figure 1, LTE-RF transmitter and receiver design using MATLAB Simulink as shown in
Figure 2(a) and Figure 2(b) respectivilly, this design consist of the fallowing blocks: Tx waveform, filter, free
space loss, AWGN propagation channel, RF reciver, analog-to-digital converter (ADC), direct current (DC)
offset, receiver (Rx), and the output signals taken from spectrum analyzer [1]. At TxWaveform reading data
values in time series or matrix or structure format from workspace. Format with time series can be used with
any data type, fixed dimensions or complexity, where transmitted wave implemented and processed in the
LTE-RF reciver [1], [13], [14]. Descrit finite impulse response (FIR) filter none dependently filter of each
channel for input over time using FIR filter. Specifing filter parameters using either separate input ports or
parameters of tunable dialog, which are suitable for coefficients with time-varying, filter response used for
band limitation of Tx waveform [1], [15]-[20].

Free space path loss the amplitude of the input signal can be reduced by the amount specified.
Where loss directly by the decibels mode or indirectly by the distance and frequency mode as illustrated in
Figure 3. This Bloch added free space path loss to filterd transmitted signal [21], [22]. AWGN channel
adding white Gaussian noise to the input signal. This block supports multichannel processing as shown
in Figure 4. When using either for variance modes with complex inputs. Information used: initial seed 67 and
Es/No units signal-to-noise ratio (SNR) dB. RF receiver, the RF receiver model includes the elements shown
in Figure 5, where the RF demodulator consists of the following stages as shown in Figure 6 [1], [23], [24].
RF receiver, the RF receiver model includes the elements shown in Figure 5, where the RF demodulator
consists of the following stages as shown in Figure 6 [1], [23], [24].
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Figure 2. LTE-RF transmitter and receiver design using MATLAB Simulink: (a) LTE transmitter Simulink
design and (b) LTE-RF MATLAB Simulink design
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Figure 3. Free space path loss parameter
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Figure 4. AWGN parameters

LTE direct conversion receiver, estimate the impact of non-linearity, noise, DC offset, mismatches
and imbalance introduced by an RF chain composed by an low noise pre amplifier (LNA), direct conversion
demodulator and variable gain amplifier (VGA) parameters illustrated in Table 1, internat protocol (IP3)
which is a well-known specification that controlling linearity in radio frequency functions and stages,
The output power versus input power behavior of both amplifiers shows that p - 12 dB of parallel amplifier is
better than single path LNA [25]. 10-bit ADC estimate the impact of the quantization error and the saturation
introduced by an ideal analog-to-digital converter as shown in Figure 7, introduce saturation and quantization
on signals that complex, power with full Scale -30 dBm, normallization resistence 1, number of quantization
levels 10. DC offset cancelation parameters of DC offset shown in Figure 8 which estimate the DC offset
of a signal using a running average filter, and removes it from the signal itself, length of averging filter 32,
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intial condition 5x10* At Rx block writing input to specified time series or structure in a workspace,

where recived signal can be taken to be processed as output signal of LTE-reciever.
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Figure 5. RF receiver Simulink design
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Figure 6. RF demodulator Simulink design
Table 1. Direct conversion demodulator parameters
Simulation parameters Direct conversion demodulator characteristics at center frequency
Center frequency 2.14 GHz  Voltage conversion gain 2.3dB
LNA parameters 1/Q gain mismatch (real and imaginary) 0.05dB
Gain 17.4dB  RFto LO Isolation (radio frequency to local oscillator) -60 dB
Reverse isolation -33dB 1P2 56 dBm
Input return Loss -33dB 1P3 25.9dBm
Noise figure 1.2dB Noise figure 10.9dB
1P3 -6.6 dBm  VGA characteristics at low frequency
P1 -12dB Linear gain 20dB

Parameters
Full Scale Power [dBm]:
-30 [E

Normalization Resistance:
1 E

Number of Quantization Levels:
[10 E

Sample time (-1 for inherited):

-1 E

Figure 7. Analog-to-digital converter parameters
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Figure 8. DC offset cancelation parameters

4. RESULTS AND DISCUSSION

LTE-RF receiver design and simulated using MATLAB Simulink as in Figure 2, simulation results
plotted from spectrum analyzer where transmitted, received, demodulated, removed DC offset signals
illustrated in Figures 9(a), Figure 9(b), and Figure 9(c) respectively as shown belows. Simulation results with
8 MHz bandwidth the transmitted signal power -3200 dBm as shown in Figure 9(a), the received signal
power (-140 to -160) dBm as shown in Figure 9(b), Figure 9(c) shows the merging between signals
in prevous figures, while the demodulated signal reaches to -60 dBm difference between main loop and side
loop witch lead to high confident recovered signal as shown in Figure 10, also complementary cumulative
distribution function (CCDF) measurements applied on output signals that computes the power
of complementary for cumulative distribution CCDF function from signal in time domain. Where CCDF
curve shows as in Figure 11 the value of time that a signal stand still above the level of average power for the
measured signal or the probability of signal power will be above the level of average power.
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Figure 9. Simulation results plotted from spectrum analyzer where transmitted, received, demodulated,
removed DC offset signals: (a) ideal transmitted signal, (b) ideal transmitted and received signals,

and (c) ideal transmitted, received and demodulated signals

Demodulated signal

Received signal

2 4

Frequency (MHz)

Figure 10. Received, demodulated, and removed DC offset signals with main loop detection
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Figure 11. Received, demodulated, and removed DC offset signals with CCDF measurements
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5. CONCLUSION

LTE-RF receiver design and simulated using MATLAB Simulink where where the design based on
illustrating parameters of each stage in LTE RF receiver from generating LTE waveform to error vector
magnitude EVM measurements. Simulation results with 8 MHz bandwidth the transmitted signal
power -3200 dBm, the received signal power (-140 to -160) dBm, while the demodulated signal reaches
to -60 dBm difference between main loop and side loop witch lead to high confident recovered signal.
CCDF measurements applied on output signals that computes the power of complementary for cumulative
distribution CCDF function from signal in time domain. Where CCDF curve shows the value of time
that a signal stand still above the level of average power for the measured signal or the probability of signal
power will be above the level of average power. From above for wireless broadband communication
long-term evolution (LTE) is a standard for also mobile devices and data terminals, by using different radio
interface together with core network improvements LTE increases the capacity and speed of mobile network
as parameters illustrated in the proposed model.

REFRENCES

[1] F. F. Al-azzawi, “LTE RF receiver modeling and each part testing with MATLAB Simulink,” Indonesian Journal of Electrical
Engineering and Computer Science, vol. 14, no. 3, pp. 1251-1257, June 2019, doi: 10.11591/ijeecs.v14.i3.pp1251-1257.

[2] F.F. Al-Azzawi, F. A. Abid, and Z. F. Al-Azzawi, “Duplexing mode, ARB and modulation approaches parameters affection on
LTE uplink waveform,”, International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 2, pp. 1485-1494,
April 2020, doi: 10.11591/ijece.v10i2.pp1485-1494.

[31 F.F. Al-Azzawi and S. A. Emad, “Effect of multi-tone jamming on FH-OFDMA system with orthogonal hopping patterns,” 2006
IEEE GCC Conference (GCC), 2006, pp. 1-5, doi: 10.1109/IEEEGCC.2006.5686256.

[4] F. F. Al-Azzawi, Z. F. Al-Azawi, and S. F. Al-Azzawi, “Reference measurement channel RMC parameters of LTE downlink
waveforms,” IOP Conference Series: Materials Science and Engineering 881, 2020, doi: 10.1088/1757-899X/881/1/012107.

[51 F. F. Al-Azzawi, Z. F. Al-Azzawi, S. Shandal, and F. A. Abid, “Modulation and RS-CC rate specifications in WiMAX IEEE
802.16 Standard with MATLAB Simulink model,” IOP Conference Series: Materials Science and Engineering 881, 2020,
doi: 10.1088/1757-899X/881/1/012109.

[6] E. Dahlman, S. Parkvall, and J. Skold, 4G, LTE-Advanced Pro and The Road to 5G, Oxford: Academic Press, 2016.

[71  S.Yi,S.Chun, Y. lee, S. Park, and S. Jung, Radio Protocols for LTE and LTE-Advanced, New York: John Wiley and Sons, 2012.

[8] Agilent Technologies, LTE and the Evolution to 4G Wireless: Design and Measurement Challenges, New York: John Wiley and
Sons, 2009.

[91 H. Ekstrom et al., “Technical solutions for the 3G long-term evolution,” in IEEE Communications Magazine, vol. 44, no. 3,
pp. 38-45, March 2006, doi: 10.1109/MCOM.2006.1607864.

[10] Y. Zhou, Z. Lei, and S. H. Wong, “Evaluation of Mobility Performance in 3GPP Heterogeneous Networks,” 2014 IEEE 79th
Vehicular Technology Conference (VTC Spring), 2014, pp. 1-5, doi: 10.1109/VTCSpring.2014.7022918.

[11] D. Astely, E. Dahlman, A. Furuskar, Y. Jading, M. Lindstrdm, and S. Parkvall, “LTE: the evolution of mobile broadband,”
in IEEE Communications Magazine, vol. 47, no. 4, pp. 44-51, April 2009, doi: 10.1109/MCOM.2009.4907406.

[12] P.H. Bardell, W. H. McAnney, and J. Savir, Built-In Test for VLSI: Pseudorandom Techniques, New York: John Wiley and Sons, 1987.

[13] H. M. T. Al-Hilfi, “Analysis of LTE physical channels overhead,” TELKOMNIKA Telecommunication, Computing, Electronics
and Control, vol 18, no.5, October 2020, doi: 10.12928/telkomnika.v18i5.16701.

[14] A. Augustine, C.-O. Ifeanyi, and U. Felix, “Comparative analysis of LTE backbone transport techniques for efficient broadband
penetration in a heterogeneous network morphology,” TELKOMNIKA Telecommunication, Computing, Electronics and Control,
vol. 17, no. 5, October 2019, doi: 10.12928/telkomnika.v17i5.10987.

[15] R. 1. Boby, K. Abdullah, A. Z. Jusoh, N. Parveen, and A. L. Asnawi, “A wireless precoding technique for millimetre-wave MIMO
system based on SIC-MMSE,” TELKOMNIKA Telecommunication, Computing, Electronics and Control, vol. 17, no. 6,
December 2019, doi: 10.12928/telkomnika.v17i5.12802.

[16] A. A. Jabber, A. K. Jassim, and R. H. Thaher, “Compact reconfigurable PIFA antenna for wireless applications,” TELKOMNIKA
Telecommunication, Computing, Electronics and Control, vol. 18, no. 2, April 2020, doi: 10.12928/telkomnika.v18i2.13427.

[17] A. Agamy and A. M. Mohamed, “Influence of various application types on the performance of LTE mobile networks,”
International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 5, October 2020,
doi: 10.11591/ijece.v10i5.pp5420-5429.

[18] A. L. Yusof, A. E. Azhar, and N. Ya'acob, “Enhanced direct sequence spread spectrum (eDSSS) Method to Mitigate SINR
mismatch in LTE-Wi-Fi integrated networks,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10,
no. 3, June 2020, doi: 10.11591/ijece.v10i3.pp2644-2650.

[19] J. 1. A. Y. Yaqoob, W. L. Pang, S. K. Wong, and K. Y. Chan, “Enhanced exponential rule scheduling algorithm for real-time
traffic in LTE network,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 2, April 2020,
doi: 10.11591/ijece.v10i2.pp1993-2002.

[20] A. H. Kelechi, U. A. Samson, M. Simeon, O. Obinna, A. Alex, and A. A. Aderemi, “The quality of service of the deployed LTE
technology by mobile network operators in Abuja-Nigeria,” International Journal of Electrical and Computer Engineering
(IJECE), vol. 11, no.3, June 2021, doi: 10.11591/ijece.v11i3.pp2191-2202.

[21] S. F. Sulthana, “Performance analysis of resource scheduling in LTE femtocell with hybrid access mode,” International Journal
of Electrical and Computer Engineering (IJECE), vol. 9, no. 5, October 2019, doi: 10.11591/ijece.v9i5.pp3599-3606.

[22] F. Nizam et al., “Efficient radio resource allocation scheme for 5G networks with device-to-device communication,” International
Journal of Electrical and Computer Engineering (IJECE), vol. 11, no. 6, December 2021, doi: 10.11591/ijece.v11i6.pp5588-5600.

[23] A. Manasreh, A. A. M. Sharadgh, J. S. Alkasassbeh, and A Al-Qaisi, “Ensuring telecommunication network security through
cryptology: a case of 4G and 5G LTE cellular network providers,” International Journal of Electrical and Computer Engineering
(JECE), vol. 9, no. 6, December 2019, doi: 10.11591/ijece.v9i6.pp4860-4865.

TELKOMNIKA Telecommun Comput EI Control, Vol. 20, No. 2, April 2022: 244-251


https://en.wikipedia.org/wiki/Wireless_broadband
https://en.wikipedia.org/wiki/Technical_standard
https://en.wikipedia.org/wiki/Mobile_device
http://doi.org/10.11591/ijeecs.v14.i3.pp1251-1257
http://doi.org/10.11591/ijece.v10i5.pp5420-5429
http://doi.org/10.11591/ijece.v10i3.pp2644-2650
http://doi.org/10.11591/ijece.v10i2.pp1993-2002
http://doi.org/10.11591/ijece.v11i3.pp2191-2202
http://doi.org/10.11591/ijece.v9i5.pp3599-3606
http://doi.org/10.11591/ijece.v11i6.pp5588-5600
http://doi.org/10.11591/ijece.v9i6.pp4860-4865

TELKOMNIKA Telecommun Comput EI Control a 251

[24] A. Bathich, M. A. Mansor, S. I. Suliman, and S. G. A. Ali, “Q-Learning vertical handover scheme in two-tier LTE-A networks”,
International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 6, December 2020,
doi: 10.11591/ijece.v10i6.pp5824-5831.

[25] A. B. Abdulkarem and L. Audah, “Design and development of handover simulator model in 5G cellular network,” International
Journal  of  Electrical and  Computer  Engineering  (IJECE), wvol. 11, no. 4, August 2021,
doi: 10.11591/ijece.v11i4.pp3310-3318.

BIOGRAPHIES OF AUTHORS

Fatima Faydhe Al-Azzawi B4 P is a lecturer in Electronic Technical Department,
Institute of Technology, Middle Technical University MTU, Having her master degree of
communication Engineering from University of Technology, Irag at 2005. She can be
contacted at email: Fatima_faydy1981@mtu.equ.ig.

Faeza Abbas Abid g P is an assistant prof in Electronic Technical Department,
Institute of Technology, Middle Technical University MTU, Having her Ph.D. of
communication Engineering from University of Technology, Irag at 2007. She can be
contacted at email: drfacza@mtu.edu.iq.

Maham Kamil Naji F:J B3 ® is a lecturer in Electronic Technical Department, Institute of
Technology, Middle Technical University MTU, Having her master degree of communication
Engineering from Sam Higginbottom Institute of Agriculture, Technology & Sciences, India at
2016. She can be contacted at email: maham.kamel@mtu.edu.iq.

Radio frequency receiver of long-term evolution system design by ... (Fatima Faydhe Al-Azzawi)


http://doi.org/10.11591/ijece.v10i6.pp5824-5831
https://orcid.org/0000-0003-1156-4998
https://scholar.google.com/citations?hl=en&user=3z2cwJgAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57211916793
https://publons.com/researcher/4028201/fatima-faydhe-al-azzawi/
https://orcid.org/0000-0003-4198-9890
https://scholar.google.com/citations?user=hK3MSQkAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57211925679
https://publons.com/researcher/3174567/faeza-abbas/
https://orcid.org/0000-0002-5657-2724
https://scholar.google.com/citations?user=wLvY1DAAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57208885744
https://publons.com/researcher/4939391/maham-kamil/

