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Abstract—The advanced wireless communication system uses the new technology, preparing the limited radio 

spectrum and its low expensive resource. The Scenario of Wireless communication is needed for the flexible 

mechanism with available time and frequency resources. The OFDM system, which is a multicarrier process 

with a remote framework in Long Term Evolution (LTE), 4G, and 5G. Using of 

UFMC(Universal_Filtered_Multicarrier)system with OFDM system symmetrical recurrence division multiply 
with modulation system and the correlation between them. Using of UFMC system with QAM into the MIMO 

system the result of subchannel, the model channel correlation recreated in “ A Simulational Performance of 5G 

MIMO Systems applying UFMC (Universal_Filtered_Multicarrier ) Study” result shown in MATLAB. 
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1. Introduction 
In present demanding of high data rates with new technologies, it might be used in new requirements [1]. In 

the recent scenario, the expectation of 5G and its offer is a great achievement. In new generation technology a 

great challenging issue of the mobile network for telecommunications professionals. The new service provider 
ties up 3GPP(3rd Generation Partnership Project) [2], the requirements are: URLLS (Ultra-Reliable Low Latency 

Communications), eMBB (Enhanced Mobile Broadband), mMTC (massive Machine Type Communications) 

The implement of the 5G service provider's main aim is the flexibility that can offer connectivity growth of 

economical in the rural-urban area as well as agribusiness due to connectivity that is difficult to bring new 

technologies in this sector. 

On the other hand, the previous network generation those are covering these regions was the high price of the 
spectrum with the use of the licensed band, and it is impossible to separate those who are invested in sparsely 

inhabited regions. This happens 5G range proposes reducing the network cost and allocated unlicensed of TVWS 

(TV-White Spaces) in VHF (Very High Frequency) and UHF (High Frequency). 

One of the problematic in the OFDM system is tight timing and synchronization requirement because it will 

be burdening the lack of cyclic prefix leading [3] the technique also adds the effectual spectral 

utilization via the diminishing of the interference between the subcarrier. Correcting the OFDM system using 

UFMC and multiply with RRC filter with K number of antenna, which is full capacity the transmission 

bandwidth through the use of the Offset Quadrature Amplitude Modulation (OQAM) [4]. This research will aim 
to compare the multicarrier of OFDM UFMC when applied for 5G wireless systems. 

 

2. System model 

We presented in this section the data are pass through UFMC in a subband symbol with a QAM system 

which is passed through in serial to the parallel system then passes through the N-IFFT and passes through with 

parallel to series and multiply with MIMO System. 

 

 

Fig. 1:- System Model 
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Fig. 2:- At the transmission side, K number of devices share the same time-frequency resource, while on the receiver side the BS is 

equipped with M number of the antenna array. 

The scenarios of MIMO system pass through the match which is multiplied with Rayleigh fading and 
AWGN. The match filter is connected to the FFT and subcarrier extraction system. The result of the incoming 

signal once again multiply with MIMO Detection. The frequency-domain get the result in window function and 

its inverse gives sync function express as 
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where NPRB, using of OFDM system is the number of physical blocks NFFT is the FFT length, and L is the  L 1 
(filter length) between L-1)/2 n L-1)/2. The sub carriers at the left and right border those are excess  

bandwidth Ne in OFDM system symbols suffer less with attenuation. 
 

However, it is impossible to implement a filter with such response, once it would require an infinite number 
of taps. Therefore, in order to obtain feasible filters, we truncate the sync’s response by applying a window, 

w(n), which is defined next. 
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Finally, the normalized filter’s coefficients are obtained as defined in Eq. (3), 
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The appropriate filter design should maintain ICI (Inter Carrier Interference) and ISI (Inter Symbol 

interference) interference at acceptable levels [8]. 

 
As we will see later, in the UFMC case, the filter length does not need to be smaller than the CP length. This 

is due to the fact that the kind of filter we employ has the majority of its energy concentrated in the main lobe of 

the Sinc square signal, which has length smaller than the CP length. Therefore, this allows filters with lengths 
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longer than the CP one. Therefore, the energy leaking into the subsequent OFDM symbol’s CP is very small and 

happens only for a short time [7]. 

 

A. Detection Methods 

The scenario of 5G [2] and beyond networks. In the receiver side, the number K number of single antenna 

connected with BS devices is also equipped with M antennas and its mathematical expression Eq. (4), 
 

y  Hs  n (4) 
 

Where y is the received signal vector in a M1, H is the channel matrix over in a MK , s is the 

transmitted signal vector in a K1and n is the Gaussian noise vector in M1. As we applying a MIMO 

system for the transmission of several signals over the same time-frequency resource and the estimated signal 
can be determined by using one of the techniques described below. 1) Maximum Ratio Combining (MRC): In 
this method, the signals from each antenna are summed, and the signal branch is weighted by a factor 
proportional to its power level [13]. In this way, the branches with stronger signal are amplified, while the ones 
with lower signal are attenuated. A BS employing 

 

1.1 Maximum Ratio Combining (MRC): 

MRC detection aims at maximizing the received signal-to noise ratio (SNR) of each device, neglecting the 

effects of multi-user interference (i:e:, cross-talk). On one hand it has low implementation complexity, however, 

on the other hand, it presents poor performance in interference-limited scenarios, once it ignores multi-user 

interference. The MRC detection is defined by the product between the Hermitian conjugate of the channel 

response, H, and the received signal vector [14], according to Eq. (5). 
 

 

1.2 Zero Forcing (ZF): 

ŝ  HH y (5) 

The ZF detection technique is a suboptimal linear detection algorithm used in communications systems, 
which focuses on recovering the transmitted signal, by mitigating the interference among devices (i:e:, multiuser 

interference). The detection is achieved by applying the pseudo-inverse of the channel to the received signal, y 

[12]. The ZF solution is found through Eq. (6), 

ŝ  HH H
1 

HH y 

 
(6) 

 

ZF detection minimizes the interference between devices, but fails to tackle the effects of noise. Due to that 

fact, it performs well in interference limited scenarios and poorly in noise-limited scenarios. When compared to 

the MRC detector, it presents higher complexity, as it involves the computation of the pseudo-inverse of the 

channel matrices. 

 

1.3 Linear Minimum Mean Squared Error (LMMSE): 

LMMSE detection minimizes the Mean Squared Error (MSE) between the estimate A Hy and the transmitted 

signal s, where A is the MMSE detection matrix. The LMMSE detector mitigates device interference while also 

taking the noise effect into account. Therefore, LMMSE detection maximizes the received SINR (signal to 

interference plus noise ratio). Therefore, when compared to other sub-optimal detectors such as ZF, and MRC, 
MMSE is the one with the best detection performance. The LMMSE detection is found with (7). 
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1.4 Maximum Likelihood (ML): 
ML is the known to be optimal detection technique [14]. ML tests all values of s and chooses the one with the 

smallest Euclidean distance to the received signal y, according to Eq. (8). 

ŝ  arg min 
s k 

y  Hs (8) 



A Simulational Performance of 5G MIMO Systems applying UFMC( Universal Filtered Multicarrier) Study 

3179 

 

 

 

 

 

where  is the finite alphabet of sk , k  1, 2, K . The disadvantage of ML detection is that it has to search 

over the space of  
k   

vectors, where  is the cardinality of the set  . Therefore, its complexity exponentially 

increases with the number of devices and modulation order. 

 

2.1 OFDM (Orthogonal Frequency Division Multiplexing) 
In OFDM system, the arrangement signal system is divided into subcarriers in a repetitively system with a 

multicarrier filter bank scheme, which is substituted by the synthesis filter bank (SFB). Where in OFDM 

multicarrier are isolated into parallel information streams utilizing the arrangement parallel converter. 

 

At the point in IFFT (Inverse Fast Fourier Transform) creating a period succession of the streams with CP 

broadens the time arrangement. 

 

2.2 UFMC (Universal Filtered Multicarrier) 

In UFMC technique with the OFDM system with the addition of the SRRC (square root rice cosine filter) 
pulse shaping filters that guarantee the localized sub channel in the frequency and time domain [9]. The UFMC 

system possesses which is eliminating the need for CP and offering more effective. In the transmitter side using 

of UFMC system working as a parallel form by the serial to parallel converter and transferred to the analysis 

filter bank [11]. 
 

2.3 Difference between the OFDM and the UFMC techniques 

The new technique UFMC are used in with the OFDM and modulate the similar property in multicarrier 
system that created using the filter bank scheme by the synthesis filter bank (SFB). 

 

3. Comparing MMSE, ZF 

Evaluating the several MIMO detectors with FFT( Fast Fourier transform), LS , MMSE (Minimum Mean 

Squared Error), and comparing the equalize Zero Forcing (ZF), equalize Minimum Mean Squared Error(MMSE). 

 
This paper is divided as follows: section II presents the system model, presents a model for comparison of the 

performance of MIMO systems when UFMC and OFDM waveforms are used with several detectors, the results 

and discussion in section III, and the conclusions are presented in section IV. 

 

3. RESULTS AND DISCUSSION 
In modulation system, the sample signal 105 Hz using of UFMC generalization the OFDM filtered entire 

band and create individual subcarriers are filtered in FBMC (Filter Bank Multi-carrier) in groups of subcarrier as 

shown in figure (3) and (4). Allow the subcarrier grouped which reducing the length, modifying the complex 

orthogonality with the help of QAM Pre-Equalization and existing MIMO schemes as shown in figure (5) . On 

the other hand the full band 'N' is divided into subcarriers and each subband has a fixed number of subcarriers. 

Each subband is computed an N-pt IFFT, inserting zeros for unallocated carriers. L is the length of each subband 

filter and its responsibility adding all of them [1]. 

 

In receiving the process of UFMC system which like OFDM with FFT-based. The typical scenarios of per- 

subcarrier equalization are used for equalizing the joint effect of the channel and the subband filtering. An 

equalized of UFMC channel does not affect if noise is added in receiver signal and we achieve the desired SNR 

(Signal to Nose ration) 

 

Fig.3:- PSD in UFMC, 20 Sub bands 

with 40 Subcarriers each 

Fig. 4:-PSD in OFDM, 800 
Subcarriers 

Fig.5:- UFMC Pre-Equalization 

Symbols 
Fig.6:- UFMC Equalized Symbols 
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Fig 13:- Frequency window 81 and 

Timing window 81 with 

256-QAM  

Fig.12:- Frequency window 27 and 
Timing window 27 with 128-QAM 

Fig.11:- Frequency window 27 and 

Timing window 27 with 

64-QAM 

 
 
 
 

 
Fig.7:-PSD in UFMC, 40 Sub bands 

with 80 Subcarriers 

 
 
 
 

 
Fig. 8:-PSD in OFDM, 3200 

Subcarriers 

 
 

 

 

Fig.9:- UFMC Pre-Equalization 
Symbols 

Fig.10:- UFMC Equalized Symbols 

In the receiver side the data in 3-D numeric array or a 2-D numeric matrix, it has size-frequency window 27 
with time window in modulation 64-QAM , where number of subcarrier is N and M is the number of OFDM 

symbol . The result of receive antennas is NR×Ants received as shown in fig. (6), & (10). In the scenario of the 

physical channel index, the first two dimensions have been reduced to one dimension appropriate through the 

frequency and time locations of the resource elements of interest. 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
Fig.14:- Frequency window 81 and 

Timing window 81 with 

512-QAM 

 

 

 
 

The variation of different QAM using in MMSE channel estimated with number of 80subcarrier in receiver side 

BER with SNR as shown in fig (15), (16) and (17). We compare the equalizer MMSE equalizer is better than 

the Zero force (ZF) equalizer as shown in fig. (18) 

 

  
Fig. 15:- QAM-128 with 

80=Subcarrier 
Fig.16:- QAM-512, 80=Subcarrier 

 

  
 

Fig.17:- QAM-1024, 80=Subcarrier Fig. 18:- QAM-1024, 80=Subcarrier 
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Fig. (19) and (20) shows that the (ACPR) adjacent channel power ratio base-band 5MHz using in QAM 

signal , having with FFT length of 256, compared the CCDF(Complementary Cumulative Distribution Function 

)using of 512-QAM and 1024-QAM with OFDM which is within the band limit . 

 

 

Fig. 19:- CCDF in QAM-512 with 

OFDM 

Fig.20:- CCDF in QAM-512 with 

OFDM 
 

The table-1 shows that UFMC and OFDM in PAPR in receiver side, Pre- equalizer QAM and equalizer QAM 

are derive in BER in 5MHz frequency channel. 
 

Using Power 15dB, ACPR (adjacent channel power ratio base-band) 5MHz 

 
Table-1 

PERROTMANCE COMPARISION-1 

 

Adjacent Channel Power Ratio Base-Band with BER 

 OFDM- PAPR UFMC- PAPR UFMC - BER 

1 7.556 7.6466 0.005625 

2 9.9643 10.032 0.12453 

 
 

CCDF (complementary cumulative distribution function) with PAPR (Peak Power Output Port Using Power) 

using 15dB. 

 
Table-2 

PERROTMANCE COMPARISION-2 

 

Peak to Average Power Ratio between QAM and OFDM 

 QAM QAM PAPR in dB OFDM PAPR in dB 

1 64-QAM 3.65 9.344 

2 512-QAM 3.52 9.59 

3 1024-QAM 4.50 9.84 

In the table -1 the result of PAPR both are uses OFDM and UFMC in power 5MHz but OFDM and UFMC 

are approximately same in case of 10 and its result more batter than the 7.5 in BER result. Where in the table-2 

increasing of OFDM-PAPR power 9.84dB but QAM-1024 same cases power uses is only 4.50dB.The final result 

is using the QAM-1024 using in MIMO system with UFMC system is more reliable. 
 

4. CONCLUSIONS 

The scenario of in this paper, " A Simulational Performance of 5G MIMO Systems applying UFMC 
(Universal_Filtered_Multicarrier ) Study" the incoming signal subband system using of QAM pass through 

OFDM with UFMC modulation system, where we convert to serial to parallel system then pass through N-pt 

IFFT and once ageing convert to parallel to serial multiply with RRC filter with K number of antenna. UFMC 

system has subband with subcarrier system which is connected to MIMO system. The MIMO system match filter 

was analyzed and detect the ZF, MMSE, LS. The subcarrier system is extracted and those do not affect equalizer 
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ZF, equalizer MMSE, and No equalizer system. At the end of the result using of low power PAPR of UFMC 

integrating with QAM system good performance for the future generation of wireless and mobile networks. 
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