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Abstract: Power domain non-orthogonal multiple access combined with a universal filtered multi-carrier (NOMA-UFMC) has the potential to cope with fifth generation (5G) unprecedented challenges. NOMA employs power-domain multiplexing to support several users, whereas UFMC is robust to timing and frequency misalignments. Unfortunately, NOMA-UFMC waveform has a high peak-to-average power (PAPR) issue that creates a negative affect due to multicarrier modulations, rendering it is inefficient for the impending 5G mobile and wireless networks. Therefore, this article seeks to presents a discrete Hartley transform (DHT) pre-coding-based NOMA enabled universal filter multicarrier (UFMC) (DHT-NOMA-UFMC) waveform design for lowering the high PAPR. Additionally, DHT precoding also takes frequency advantage variations in the multipath wireless channel to get significant bit error rate (BER) gain. In the recommended arrangement, the throughput of the system is improved by multiplexing the users in the power domain and permitting the users with good and bad channel conditions to concurrently access the apportioned resources. The simulation outcomes divulge that the projected algorithm accomplished a gain of 5.8 dB as related to the conventional framework. Hence, it is established that the proposed DHT-NOMA-UFMC outperforms the existing NOMA-UFMC waveform. The key benefit of the proposed method over the other waveforms proposed for 5G is content gain due to the power domain multiplexing at the transmitting side. Thus, a huge count of mobile devices could be supported under specific restrictions. DHT-NOMA-UFMC can be regarded as the most effective applications for 5G Mobile and Wireless Networks. However, the main drawback of the proposed method is that the Fourier peak and phase signal is not easily estimated.
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1  Introduction

New forms of multiple and unique carrier waveforms have been introduced for the fifth generation (5G) cell radio networks. In 5G and beyond 5G (B5G), data rates, capacity, lower latency and quality of service (QoS) are expected to be better than previous generations. Thus, this new era of technology is in the hands of 5G network systems, also known as new radio (NR) leading to a very smart and efficient method compared to conventional systems of wireless communications. The mobile industry that began in 1970 has seen many generations such as 1G–4G. The introduction of 1G technology was in the form of analog signal transfers; later, digital methods is applied new second generation (2G) technology. When the demand increased from voice to data, 3G then evolved. However, to save the lost signal and information and provide better services known as quality service (QoS), an entirely new technology was introduced, known as fourth generation (4G) [1]. It is a well-known fact that approximately after the cycle of 10 years a new method of wireless communication systems developed to meet out the requirements and demands of consumers and provide them growth in digital devices across the globe. As per the trend, it is judged that digital data demands will scale up by about 30% in the next few years, thus achieving a high efficiency will be a great challenge for the next mobile network technology [2]. Wireless communications technology has an enormous capacity to change the way we work, behave and do the things we do every day. 5G is likely to restructure traditional services by providing better efficiency for work in industrial automation, the medical and health sector, and internet of things (IoT) devices. Although, in the path of 5G, still there are many questions to answer and it’s yet to provide a proper solution to all the issues it has to address. 5G is a technology capable of a realistic and upbeat impact on our lives. The 3rd generation partnership Project (3GPP) indicates that, 5G mainly affects three kinds of applications: enhanced mobile broadband (EMB), device to device (D2D) communication and low latency [3]. Strict requirements that the aforementioned application families have are uninterrupted connectivity, huge system throughput, and enhanced spectral efficiency [4]. To satisfy the novel challenges in the 5G cellular radios and beyond, more novel multiple access and modulation schemes are being investigated, as the current waveforms are not able to fulfill the necessities and problems posed by the future 5G systems [5]. Recently, a large quantity of research has been performed to investigate the pertinence of Universal Filtered Multi-Carries (UFMC) for the 5G cellular radio nets [6]. Fig. 1a illustrates the conceptual view of UFMC waveform, where the whole spectrum is split into a couple of bands. All sub-bands have a particular couple of orthogonal carriers. To decrease Out-of-Band Emissions (OBE) these sub-bands are filtered. The filtering besides reducing the filter span considerably when compared with the other 5G schemes. Additionally, sub-band filters provide design flexibility and reduce the Interference. Therefore, the UFMC is considered by some to be the best option for short burst transmission [7]. The UFMC shape also improves the spectral accuracy by not requiring any type of cyclic prefix (CP). NOMA employed a Super Coding (SC) and Successive Interference Cancellation (SIC) at the sending and receiving side of the transceiver. SC helps to access the allocated resources simultaneously by the numbers of sub-carriers. The separation of sub-carriers is accomplished in the power domain and SIC helps to decode the information of the particular users by treating any other signal as noise and finally cancelling it. In the projected framework, a cluster of filters are applied to the group of sub-carriers, which helps to maintain the signal separation, make the system compatible to cognitive radio (CR), and overcome the effect of frequency and time error. The NOMA UFMC is considered as an important contender for 5G radio due to several advantages, such as large device connectivity, efficient utilization of spectrum, high data speed, better connectivity, high capacity, and compatible to the advanced techniques [8]. Spectral ineffectiveness, however, is the foremost shortcoming of the typical UFMC, making it impracticable for tomorrow’s 5G systems [9]. The UFMC therefore needs to be more rigorously studied and improved to address the problem of spectral inefficiency. Fig. 1a shows the basic structure of the NOMA-UFMC, where k power range users can be grouped together to support a large number of mobile devices.
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Figure 1: UFMC waveform. (a) UFMC waveform (b) NOMA-UFMC waveform

Fig. 1b also illustrates that each user k consumes an identical frequency band, but with different output levels to boost system capacity and performance. Unfortunately, NOMA-UFMC waveform suffers from high PAPR. The key objectives of the projected work are as follows:

•   A significant reduction in peak power is accomplished in the hybrid waveform schemes. It is seen that by selecting the different value of V in the projected algorithm, the ideal peak power of the framework can be achieved.

•   The spectral performance of the system is greatly enhanced by integrating the NOMA and UFMC waveforms thus making it suitable for 5G radio.

•   The interference is overcome by implementing SIC at the receiver of the framework and the resources are simultaneously accessed by the number of subscribers. Hence, the throughput of the projected framework is greatly enhanced.

The overall organization of the paper is: Section 1 summarizes related works; Section 2 compendiously explains the proposed waveform design. Section 3 evaluates the math formulas. Section 4 presents the results and Section 5 completes the work

2  Related Work

The DFT spread OFDM (DFT-s-OFDM) is common transmission radio implemented in 4G frameworks because of its low PAPR [10]. The DFT-s-OFDM inherits positive points from its forerunner CP-OFDM like outstanding spectrum performance. In CP-OFDM, the IDFT has greater modification that can be decreased by implementing DFT procedure, formerly the IDFT. Furthermore, the method of cyclic prefix (CP) in DFT-s-OFDM facilitates smooth treatment of multi path’s impact. Moreover, it has very low deployment complexities, agile frequency allocation and strong MIMO adaptability. Yet, just like CP-OFDM, the DFT-S-OFDM plus sustains a loss high in OBE and cannot promote 5G requirements [11]. For tackling the issues mentioned above, a number of waveform designs were proposed in the state-of-the-art literature. Those are especially proposed to come through the new stiffness’s of 5G cellular nets and beyond. Filter bank multicarrier (FBMC) [12], multi-carrier NOMA (MC-NOMA) [13] and universal filtered multicarrier (UFMC) [14] are included by those waveforms related to the recommended work. The UFMC is most likely introduced for 5G cellular networks. The UFMC comes all the benefits into FBMC and OFDM, in turn while keeping clear of their handicaps [15]. The waveform of NOMA, OFDM and UFMC is shown in Fig. 2. The debated methods ensure OBE as analogized 4G long term evolution advance (LTE-A) CP-OFDM. However, the spectral ineffectiveness is still the main problem of standard UFMC that makes it infeasible for upcoming 5G systems. The symbols and abbreviations used in the paper is given in Tab.1.
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Figure 2: CP-OFDM, FBMC, and MC-NOMA waveforms comparisons
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3  Proposed Waveform

Fig. 3 shows the structure of the proposed DHT pre-coding-based uplink NOMA-UFMC (DHT-NOMA-UFMC) waveform design. According to the Fig. 3, all the k mobile devices are interfixed to the Base Station (BS) concurrently and utilizing the same frequencies but, with the different powers. Assume there are k users, where all users are utilizing a full band of N subcarriers. The QAM modulated symbol Xl of whichever ith subscriber, subsequently S/P transformations is given as:


Xl=[X0,X1,X2,…,XN−1]T
(1)

N corresponds to the count of subcarriers. Then QAM modulation process, the DHT precoding is performed to spread the modulated information and reduce the auto-correlation relationship amongst the modulated signal. S/P conversions, full-band F of N subcarriers for ith user is split into number bands for C constant sub carries.


xSi[n]=1C∑l=0C−1Xl.ej2πnCl,0≤n≤C−1
(2)

where Xl shows the constellation symbols, contained in S sub-bands. A cluster of filters of size L is applied to the time domain (TD) signal of DHT-NOMA-UFMC, given as:-


x⌣Si,l=xSi∗fL
(3)
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Figure 3: Proposed structure for downlink DHT-NOMA-UFMC waveform

Once the filter procedures are carried out, the entire filtered sub-carriers are added to acquire the filtered signal, given as:


xi=∑l=0S−1x⌣Si,l
(4)

where xi represent the UFMC symbol for ith user. Lastly, the NOMA-UFMC signal for ith user is multiplexed in the power domain, where several power ranks are chosen by the base station to each user disjoint. After the total power allocation Pt, all the transmitted signals are combined to get the DHT-NOMA-UFMC signal that can be given as follows:


x=∑i=1kpixi
(5)

pi and xi represent allocated power and signals for any ith MU respectively. The received signal is given as:


y=∑i=1khi⊗xi+w
(6)

where hi is the time division (TD) channel coefficient for any ith MU. Per subcarrier equalization is applied to reduce the effects of network filters. Finally, the data is un-mapped to reconstruct the original signal.

Peak to average power ratio (PAPR) is the cause of worry in wireless communication and it is defined by the ratio of maximum power used in a transmitted sample symbol divided by the average power used in transmitting the whole symbol in OFDM networks.

The PAPR of the signal in Eq. (4) can be shown as:


PAPR=peak_power_of_xiaverage_power_of_xi
(7)

The Complementary Cumulative Distribution Function (CCDF) is utilized to measure the PAPR. The CCDF of DHT-NOMA-UFMC signal is given as:


P(PAPR>PAPR0=1−(1−e−PAPR0)N
(8)

PAPR0 shows the level of clipping.

4  Numerical Results

This section discusses the computer-based simulations and analyzes the proposed waveform in MATLAB. The PAPR performance has been investigated for the NOMA-UFMC, DHT-NOMA-UFMC and Selective Mapping (SLM) based DHT-NOMA-UFMC waveforms, respectively. The data is randomly produced and several modulation schemes 4-QAM, 16-QAM and 64-QAM modulations are utilized. Tab. 2 presents various constraints utilized for evaluations and analyzes such constraints in detail. It also shows the simulation constraints of the projected work. In the projected work, we have taken the FFT equivalent to 512, sub-bands are 12 and sub-carriers are also equal to 20. The Dolph-Chebyshev filter is implemented with length L = 75 with Stop-Band Attenuation 38.
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Figs. 4–6, present a simulation analysis of the PAPR for NOMA-UFMC, DHT-NOMA-UFMC, DHT-NOMA-UFMC with SLM (V = 2) and DHT-NOMA-UFMC with SLM (V = 4) waveforms, respectively by using 4-QAM, 16-QAM and 64-QAM. It can be realized from Figs. 4–6 that the PAPR of the proposed DHT-NOMA-UFMC is efficient than the conventional NOMA-UFMC waveform. Furthermore, PAPR of the projected system can be further decreased by employing any kind of PAPR reduction scheme, which is suitable for the UFMC. We selected Selective-Mapping (SLM) and combined it with DHT precoding. Both SLM and DHT schemes are selected due to linearity, simplicity, maturity and their suitability for UFMC. It is also noticeable that DHT precoding or SLM or combination of both DHT precoding and SLM improves the PAPR gain. The PAPR gain of the proposed DHT-NOMA-UFMC waveform can be further improved by using the higher values in the V of SLM thought the system complexity will increase. Therefore, selection of V in SLM should be carefully selected, but this is another area of research beyond the scope of this study. The peak power performance of the projected system, after applying the reduction algorithm to 4-QAM is given in Fig. 4. At CCDF of 10−2, the recommended system accomplished a gain of 4, 1.4 and 0.6 dB as compared to other methods. It is also seen that by increasing the value of V, the peak power performance is greatly enhanced. However, the complexity of the system will be high for large value of V. Hence, it is important to find the finest PAPR value, without increasing the complexity.
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Figure 4: PAPR analyses by utilizing 4-QAM
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Figure 5: PAPR analyses by utilizing 16-QAM
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Figure 6: PAPR analyses by utilizing 64-QAM

In Fig. 5, the reduction algorithms are applied on NOMA-UFMC for a 16-QAM transmission method. In this case the interference will be more as compared to 4-QAM, since we are transmitting 4 symbols at a time. From the graph, it is noticed that the peak power performance of the 4-QAM is better than the 16-QAM. The projected system achieved a gain of 2.8, 1.6 and 0.3 dB as compared to different techniques. The best result is achieved at V = 4.

The peak performance of the NOMA-UFMC for 64-QAM is given in the Fig. 6. In this case the interference will be high as compared to the 4-QAM and 16-QAM, since we are transmitting 6 symbols at a time. The utilization of 64-QAM will increase the capacity, spectral performance and data speed. However, there is a maximum probability that the peak power performance of the system will be low. From Fig. 6, it is seen that the peak power values of the reduction algorithm is large as compared to other transmission schemes. The peak power value obtained after applying a reduction method are 8.4 dB for DHT-SLM (V = 4), 8.8 for DHT-SLM (V = 2) and 9.8 dB for DHT as equated to the peak power of NOMA-UFMC 11.2 dB (reference).

To analyze the throughput of the projected framework, the SNR Vs BER curves are given in Fig. 7. At the BER of 10−3, the SNR requirement of NOMA-UFMC is 8.8 dB, DHT-NOMA-UFMC is 7.4 dB, SLM-NOMA-UFMC (V = 2) is 5.8 dB and SLM-NOMA-UFMC (V = 4) is 4.2 dB. Hence, it is concluded that the projected framework is an improvement over the conventional methods.
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Figure 7: SNR vs. BER for 64-QAM

Fig. 8 indicated the throughput comparison of OFDM, UFMC, NOMA and NOMA-UFMC. It is seen that the projected method achieved a gain of 5.8, 4.2 and 2.8 dB as compared to the traditional waveform schemes.
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Figure 8: SNR vs. BER

Tab. 3 presents a summary of the PAPR performances of the different waveforms by using different QAMs. The effect of various QAMs is more apparent on the DHT Pre-coded NOMA-UFMC waveforms and DHT Pre-coded NOMA-UFMC waveforms based on SLM (V = 2, 4). The PAPR performance degrades with higher modulation order. Hence, modulation order should be carefully selected.
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Tab. 4 Summarizes the performance analysis of the different 5G candidate waveforms. The complexity of the proposed waveform is directly proportional to the number of sub-bands and their lengths. The complexity can be decreased up to 4.5 times by utilizing poly-phase implementations. The complexity of the proposed wave form can also be decreased by implementing less length of FFTs and a lower number of sub bands [16]. Currently, a hardware design is implemented in [17] to decrease the complexity of UFMC based waveform.
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Consequently, it could be concluded that the suggested DHT-NOMA-UFMC waveform could hold more users as compared with the existing UFMC by using power domain multiplexing. When the proposed waveform is compared with other 5G candidates, its advantages are content gain and throughput gain to support a great number of 5G users.

5  Conclusion

In this study, we proposed and designed a new DHT-NOMA-UFMC for the future 5G mobile and wireless networks. The simulations in MATLAB were made to evaluate the PAPR performances. DHT pre-coding and SLM combined with DHT precoding is employed to reduce the PAPR. According to the evaluations and analyzes, the proposed waveform out-performs the standard NOMA-UFMC. The implementations complexities of the projected transmission techniques are very high, but they can be decreased by determining lower level FFTs and restricting the count of sub-bands. Further, the main drawback of the proposed method is that Fourier peak and phase signal is not easily estimated. The key benefit of the proposed method over the other waveforms proposed for 5G is content gain due to the power domain multiplexing at the transmitting side. Thus, a huge count of mobile devices could be supported under specific restrictions. DHT-NOMA-UFMC can be regarded as the most effective applications for 5G Mobile and Wireless Networks.
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Table 1: Symbols definition
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