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 The next generation of radio technologies designed to increase the capacity 

and speed of mobile networks. LTE is the first technology designed 

explicitly for the Next Generation Network NGN and is set to become  

the de-facto NGN mobile access network standard. It takes advantage of  

the NGN's capabilities to provide an always-on mobile data experience 

comparable to wired networks. In this paper LTE uplink waveforms 

displayed with various duplexing mode, Allocated Resources Blocks ARB, 

Modulation types and total information per frame, QPSK and 16 QAM used 

as modulation techniques and tested under AWGN and Rayleigh channels, 

similarity and interference of the generated waveforms tested using  

auto-correlation and cross-correlation respectively. 
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1. INTRODUCTION 

To provide multiple services to customer, operators have built multiple networks such as fixed 

telephone networks, cable TV networks, cellular telephone networks and data networks. The Next Generation 

Network (NGN) provides all of these functions using a flat all-IP core that interconnects multiple access 

technologies and provides a consistent and reliable user-experience regardless of the access method.  

The NGN core will provide Quality of Service (QoS) support and a wide variety of applications and services. 

The NGN access network will provide mobility and routing management and ensure that the core sees  

the mobile networks simply as another IP network. Mobile handover between access types will be seamless 

as the IP access network controls security, authentication, and billing for the multiple access technologies. 

LTE is the first technology designed explicitly for the NGN and is set to become the de-facto NGN mobile 

access network standard. It takes advantage of the NGN's capabilities to provide an always-on mobile data 

experience comparable to wired networks [1, 2]. 

LTE supports peak data rates of up to 100 Mbps on the downlink and 50 Mbps on the uplink when 

using a 20 MHz channel bandwidth, a single transmit antenna at the user equipment (UE), and two receive 

antennas at the Base Station. LTE generates three to four times the throughput on the downlink and two to 

three times the throughput on the Uplink relative to 3GPP Release 6. LTE improves spectrum efficiency,  

also defined relative to Release 6. The downlink target is three to four times the spectral efficiency of  

High-Speed Downlink Packet Access (HSDPA) while the uplink target is a two to three-time improvement 

over High-Speed Uplink Packet Access (HSDPA) [3, 4]. LTE has flexible duplex methods. Both Frequency 

Division Duplex (FDD) and Time Division Duplex (TDD) are valid spectrum allocations and allow LTE to 

accommodate various channel bandwidths in the available spectrum [5-9]. 
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In this paper LTE uplink waveforms displayed with various duplexing mode, Allocated Resources 

Blocks ARB, Modulation types and total information per frame, QPSK and 16 QAM used as modulation 

techniques and tested under AWGN and Rayleigh channels, similarity and interference of the generated 

waveforms tested using auto-correlation and cross-correlation respectively. 

 

 

2. LTE UPLINK TRANSMISSION 

Explaining research chronological, including research design, research procedure (in the form of 

algorithms, Pseudocode or other), how to test and data acquisition [1, 3, 10]. The description of the course of 

research should be supported references, so the explanation can be accepted scientifically [4, 10]. The LTE 

standard does not only need wider bandwidth but also a more advanced modulation technique to matching 

the high data rates of LTE transmission. Orthogonal Frequency Division Multiplexing (OFDM) is considered 

to be the optimum modulation technique to fulfill the downlink transmission requirement, the high  

Peak-to-Average Power Ratio (PAPR) property of OFDM makes it less favorable for the uplink transmission. 

Instead, the Single-Carrier FDMA technique is used for LTE uplink transmission [9, 11-15]. 

The main advantage of using SC-FDMA instead of OFDMA in LTE Uplink Transmission scheme is 

the LTE uplink is supposed to provide up to 86 Mbit/s data rate. To achieve this, a new multi-access 

technique should be used. OFDMA can provide very high bandwidth but it also produces high PAPR (Peak-

to-Average Power Ratio). Since in mobile terminals we use batteries there should be efficient uplink 

transmission. Single-Carrier Frequency Division Multiple Access (SC-FDMA) is an answer to overcome  

the high PAPR problem. SC-FDMA has a lower PAPR which means that it will not consume as much power, 

giving a longer battery life to the user terminal [15-20].  

In addition to the low-PAPR (’single-carrier’ property) inherent in SC-FDMA, it also has some 

other desired properties for a transmission scheme. SC-FDMA allows for the possibility for low-complexity 

but high-quality equalization in the frequency domain and it is also possible to have flexible bandwidth 

assignments with SC-FDMA [9]. Another benefit of SC-FDMA is the so-called” built-in” frequency 

diversity. Because SC-FDMA spread the information of one symbol through all the available subcarriers, 

so in case Figure 1. Comparison between OFDMA and SC-FDMA losing partial information on one  

(or even more) subcarriers due to deep fading does not necessarily lead to losing the information modulated 

in the symbol [20-25]. 

 

 

 
 

Figure 1. Comparison between OFDMA and SC-FDMA 

 

 

The main components/elements of LTE that discussed in this paper are: 

 Duplexing mode 

 Resources Blocks 

 Modulation types 

LTE support both Frequency- and Time-Division-Duplex (FDD, TDD), meaning that in FDD 

different frequency bands are used for the downlink and uplink while in TDD downlink and uplink 

transmissions use the same frequency band but are done in separate time slots [2, 5]. Two frame types are 

defined for LTE: Type 1, used in Frequency Division Duplexing (FDD) as shown in Figure 2. Type 2, used 

in Time Division Duplexing (TDD) as shown in Figure 3. Type 1 frames consist of 20 slots with slot duration 

of 0.5 ms. Type 2 frames contain two half frames. Depending on the switch period, at least one of the half 

frames contains a special subframe carrying three fields of switch information: Downlink Pilot Time Slot 

(DwPTS), Guard Period (GP) and Uplink Pilot Time Slot (UpPTS). If the switch time is 10 ms, the switch 
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information occurs only in subframe one. If the switch time is 5 ms, the switch information occurs in both 

half frames, first in subframe one, and again in subframe six. Subframes 0 and 5 and DwPTS are always 

reserved for downlink transmission. UpPTS and the subframe immediately following UpPTS are reserved for 

uplink transmission. Other subframes can be uplink or downlink. One of the main advantages of using LTE-

TDD systems is the ability to dynamically change bandwidth for uplink and downlink, depending on current 

needs, network load etc.  

 

 

 
 

Figure 2. Type 1 Frame Type. Timing and symbol allocations shown for FDD with normal cyclic prefix (CP) 

 

 

 
 

Figure 3. Type 2 frame type. Special fields are shown in subframes 1 and 6. Guard period separates 

the Downlink and Uplink. This TDD example represents a 5 ms switch point. A 10 ms switch point would 

not have the special fields in subframe 6 

 

 

LTE resource block: In LTE, the time and frequency resources of the available bandwidth are 

divided into smaller blocks to support multiuser configuration and improve overall system efficiency. 

the available bandwidth is divided into number of orthogonal frequencies with a spacing of Δf=15KHz called 

subcarriers [11, 12]. This subcarrier spacing of 15 KHz helps keeping Inter Carrier Interference (ICI) to 

the lower level even the mobile user is moving with high speed and causing high Doppler shifts in 

the frequency. 

A resource block (RB) or sub-frame is formed of a length 1ms using 12 subcarriers and 12 or 14 

OFDM symbols (depending on the length of Cyclic Prefix (CP)). Furthermore, the RB is subdivided into two 

slots of 0.5 ms each containing 6 or 7 OFDM symbols over 12 subcarriers. Such fine granularity of the time 

and frequency resources helps network to assign one or more RBs to different active users simultaneously 

depending upon the channel conditions and other factors. These building blocks are grouped together to form 

the radio resources [13, 14]. 
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In SC-FDMA as shown in Figure 4, the data is mapped into signal constellation according to  

the QPSK, 16-QAM, or 64-QAM modulation, depending upon the channel conditions similarly as in 

OFDMA. Whereas, the QPSK/QAM symbols do not directly modulate the subcarriers; these symbols pass 

through a serial to parallel converter followed by a DFT block that produce discrete frequency domain 

representation of the QPSK/QAM symbols. Pulse shaping is followed by DFT element, but it is optional and 

sometimes needs to shape the output signal from DFT. If pulse shaping is active then in the actual signal, 

bandwidth extension occurs. The Discrete Fourier symbols from the output of DFT block are then mapped 

with the subcarriers in subcarrier mapping block. After mapping the frequency domain; the modulated 

subcarriers pass through IDFT for time domain conversion. The rest of transmitter operation is similar as 

OFDMA [8, 15, 16]. 

 

 

 
 

Figure 4. SC-FDMA system block diagram 

 

 

3. PRACTICAL RESULTS 

After implementing LTE uplink in MATLAB programing language, the proposed system testes 

under FDD and TDD duplexing mode, multi rate of resources Blocks, modulation type used of QPSK and 16 

QAM leading of various number of information per frame as follows: 

 Duplex mode Frequency Division Duplex (FDD), QPSK modulation type, allocated resource blocks 6, 

15, 25, total information per frame 6000, 15440, 22160 bits respectively. 

From Figure 5 as number of resources block increased the band width increased so the total 

information per frame increased. 

 Duplex mode Frequency Division Duplex (FDD), 16 QAM modulation type, allocated resource blocks 

3,15, 25, total information per frame 23440,59920,99120 bits respectively. 

With FDD duplexing mode and 16 QAM the results shoes same increasing parentage in bandwidth 

as RB increased with using QPSK modulation as shown in Figure 6, total information per frame will 

increased with 16 QAM modulation. 

 Duplex mode Frequency Division Duplex (TDD), QPSK modulation type, allocated resource blocks 6, 

15, 25, total information per frame 2400, 6177, 8464 bits respectively. 

With TDD duplexing mode of Figure 7 if there is comparison with Figure 5, the results shoes same 

percentage in bandwidth increasing as ARB increased but number of total information per frame will 

decreased to 2400,6177, 8464 respectively with TDD wile with FDD 6000,15440, 22160 as number of  

AEB increased. 

 Duplex mode Frequency Division Duplex (TDD), 16 QAM modulation type, allocated resource blocks 3, 

15, 25, total information per frame 9376, 23968, 39648 bits respectively. 

With TDD duplexing mode of Figure 8 as compared with Figure 7, 16 QAM increased number of 

total information per frame over QPSK, while comparison with Figure 6, FDD mod increases number of total 

information per frame over TDD as number ARB increased in addition to bandwidth that increased with 

QPSK, 16 QAM, FDD and TDD as ARB increased. 
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Figure 5. LTE uplink RMC wave form with QPSK modulation and FDD duplex mode,  

(a) RB 6, (b) RB 15, (c) RB 25 

 

 

 
 

Figure 6. LTE uplink RMC wave form with 16 QAM modulation and FDD duplex mode, 

(a) RB 6, (b) RB 15, (c) RB 25 
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Figure 7. LTE uplink RMC wave form with QPSK modulation and TDD duplex mode, 

(a) RB 6, (b) RB 15 , (c) RB 25 

 

 

 
 

Figure 8. LTE uplink RMC wave form with 16 QAM modulation and TDD duplex mode, 

a. RB 6, b. RB 15, c. RB 25 
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 Testing under AWGN and Rayleigh channels. 

QPSK and 16 QAM tested under AWGN channel from Figure 9 the results show butter BER 

performance with QPSK under AWGN channel with gain 4 dB of Eb/No in 10-8 BER while under Rayleigh 

channel the gain in Eb/No is 3 dB at 10-3 BER with QPSK modulation. 

 Similarity test 

LTE uplink with QPSK and 16 QAM waveforms examined using autocorrelation function in order 

to test the similarity of the wave forms, Figure 10 and Figure 11 shows the autocorrelation function of LTE 

uplink with QPSK and 16 QAM respectively with 6, 15, 25 allocated resources blocks, the results shows as 

number of allocated resources blocks increase the similarity decreased and the signal reaches the inequality. 

 Crosstalk test 

LTE uplink with QPSK and 16 QAM tested with cross correlation function in order to test  

the crosstalk or interference between signals as illustrated in Figure 12, from the results the cross correlation 

test shows butter performance as number of allocated resources block increased. 
 

 

 
Figure 9. QPSK and 16 QAM under AWGN and Rayleigh fading channel 

 

 

 
 

Figure 10. Autocorrelation test of LTE uplink waveform with QPSK modulation using various allocated 

resources blocks AEB 
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Figure 11. Autocorrelation test of LTE uplink waveform with 16 QAM modulation using various ARB 

 

 

 
 

Figure 12. Cross correlation test of LTE uplink waveform between 16 QAM 

and QPSK modulation using various ARB 
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4. CONCLUSION 

In this paper LTE uplink proposed for the next generation of radio technologies and designed to 

increase the capacity and speed of mobile networks, where Duplexing mode, Resources Blocks,  

Modulation types of the LTE uplink is the parameters that effect on the practical results, LTE has flexible 

duplex methods. Both Frequency Division Duplex (FDD) and Time Division Duplex (TDD) are valid 

spectrum allocations and allow LTE to accommodate various channel bandwidths in the available spectrum. 

In LTE, the time and frequency resources of the available bandwidth are divided into smaller blocks to 

support multiuser configuration and improve overall system efficiency, as number of resources block 

increased the band width increased so the total information per frame increased, QPSK and 16 QAM 

modulation approaches used in the LTE uplink and tested under AWGN, Rayleigh channels from the results 

QPSK shows butter performance in term of BER with gain 4 dB and 3 dB in the tested channel respectively, 

similarity and crosstalk interference examined using auto-correlation and cross-correlation respectively,  

as number of ARB increased the performance of LTE uplink wave form is improved. Finally, the results of 

the parameters that examined in this paper which are Duplexing mode, Resources Blocks, Modulation types 

in the LTE uplink prove that the proposed system is the next generation of radio technologies. 
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