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Abstract—We propose a computational 

complexity-reduced algorithm for an adaptive 

peak-to-average power ratio (PAPR) reduction 

method previously developed by members of 

our research group that uses the null space in a 

multiple-input multiple-output (MIMO) 

channel for MIMO-orthogonal frequency 

division multiplexing (OFDM) signals. The 

proposed algorithm is an extension of the peak 

cancellation (PC) signal-based method that has 

been mainly investigated for per-antenna 

PAPR reduction approaches. This method adds 

the PC signal, which is designed so that the 

out-of-band radiation is removed/reduced, 

directly to the time-domain transmission signal 

at each antenna. By introducing a constraint so 

that the PC signal is transmitted only to the 

null space in the MIMO channel, the proposed 

method achieves approximately the same 

throughput-vs.-PAPR performance as the 

original method while dramatically reducing 

the required computational cost. 

 INTRODUCTION 

Massive multiple-input multiple-output 

(MIMO) or large-scale MIMO [1, 2], in which 

a base station transmitter employs a very large 

number of antennas, along with beamforming 

(BF) are considered to be promising 

component techniques in future radio access 

such as 5G. On the other hand, orthogonal 

frequency division multiplexing (OFDM) is 

known to be robust against multipath 

interference due to its low symbol rate and the 

use of a cyclic prefix. Therefore, the 

combination of massive MIMO using BF and 

OFDM signals offers a broadband high-speed 

data transmission with wide coverage through 

a high power gain. In massive MIMO, the high 

peak-to-average power ratio (PAPR) of the 

OFDM signals may be further enhanced due to 

the variation in the transmission power levels 

among the transmitter antennas caused by the 

BF process. Reducing the PAPR is an 

important issue to be addressed in massive 

MIMO-OFDM transmission with BF.  

Members of our research group reported on an 

adaptive PAPR reduction method using the 

null space in a channel in MIMO-OFDM 

signals [3-5]. This method suppresses the 

degradation in the transmission quality of data 

streams due to the in-band peak reduction 

signal, which is viewed as interference to the 

data streams on the receiver side, by restricting 

the peak reduction signal transmitted to only 

the null space in the given MIMO channel. It 

is expected that the effect of the adaptive 

PAPR reduction method using the null space 

in the MIMO channel will increase in a 

massive MIMO scenario, since the dimensions 

of the null space increase. Members of our 

research group also investigated the 

performance of this method in a massive 

MIMO transmission scenario [6, 7]. 

 In our previous investigations in [3-5], the 

adaptive PAPR reduction method using the 

null space in the MIMO channel is actualized 

by using an iterative algorithm. Clipping and 

filtering (CF) [8, 9] and the projection of the 

peak reduction signal generated by CF onto 

the null space in the MIMO channel are 

applied at each iteration. However, since the 

fast Fourier transform (FFT) and inverse fast 

Fourier transform (IFFT) operations are 

required at each iteration and peak regrowth 

occurs due to the filtering to outof-band 

radiation and the channel null constraint in the 

peak reduction signal, the required 

computational complexity of this iterative 
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algorithm is relatively high. Therefore, this 

paper investigates a computationally efficient 

algorithm for the adaptive PAPR reduction 

method using the null space in the MIMO 

channel. More specifically, we propose a 

complexity-reduced algorithm by extending 

the idea of the peak cancellation (PC) signal 

method proposed in [10] and [11]. The PC 

signal-based method achieves approximately 

the same PAPR reduction performance while 

reducing the required computational cost 

compared to CF. The point of the PC signal-

based method is to define the PC signal that 

satisfies the requirement in out-of-band 

radiation. By directly adding the PC signal to 

the time-domain transmission signal at the 

transmitter antenna, the PAPR reduction 

equivalent to the CF operation is achieved. In 

[10] and [11], the PAPR reduction using the 

PC signal is performed independently at each 

transmitter antenna. In this case, the data 

streams suffer from interference from the in-

band PC signal. 

The proposed algorithm performs PC signal-

based PAPR reduction jointly considering all 

the transmission signals for all antennas. Thus, 

the PC signal is constructed in vector form. By 

setting the directional vector of the PC signal 

orthogonal to the MIMO channel, i.e., the 

directional vector is restricted within the null 

space in the MIMO channel, the interference 

to the data streams can be eliminated on the 

receiver side. We show that the proposed 

algorithm achieves computationally efficient 

PAPR reduction using the null space in the 

MIMO channel and that the achievable 

throughput-vs.-PAPR performance is quite 

comparable to the CF-based iterative 

algorithm assumed in [3-5].  

The remainder of the paper is organized as 

follows. First, Section II briefly describes the 

principle of the adaptive PAPR reduction 

method using the null space in the MIMO 

channel and conventional CF-based 

implementation. Section III describes the PC 

signal-based approach and the proposed 

method. Section IV presents numerical results 

based on computer simulations. Finally, 

Section V concludes the paper. 

 LITERATURE SURVEY 

This section describes the original PC signal-

based PAPR reduction method in [10] and 

[11]. The point of the PC signal-based method 

is to define the PC signal that satisfies the 

requirement in the out-of-band radiation. By 

directly adding the PC signal to the time-

domain transmission signal at the transmitter 

antenna, PAPR reduction equivalent to the CF 

operation is achieved, while the required 

computational cost of the PC signal-based 

method is significantly reduced compared to 

that for the CF method.  

The basic time-domain signal, g[t], 

which is used to generate the PC signal, is 

given as

 

Term t represents the discrete time index and t 

= 0, …, F−1, where F is the number of 

FFT/IFFT points. Term h[t] is the impulse 

response of the transmitter low-pass filter and 

we assume h[t] = 1, t = 0, …, F−1 in the paper 
so that its frequency transfer function becomes 

an ideal rectangular function in the OFDM 

signal. Term 𝜔𝑘 represents the angular 

frequency at subcarrier k. 

 The time-domain transmission signal 

before PAPR reduction at transmitter antenna 

n at t is denoted as xn[t]. The original PAPR 

reduction method using the PC signal in [10] 

and [11] is applied independently at each 

transmitter antenna. In the following, this 

method is referred to as the per-antenna PC 

(PAPC) method. Hereafter, the PAPC method 

is briefly described. 

 The time-domain transmission signal 

of transmitter antenna n at the j-th iteration of 

the PAPC method is denoted as 𝑥𝑛𝑗[𝑡]
. As the 

initial setting, 𝑥𝑛𝑗[𝑡]
. is set to 𝑥𝑛[t]. The time 

index, where 𝑥𝑛𝑗[𝑡]
 for a given n has the 

maximum amplitude that exceeds the 

predetermined amplitude threshold, 𝐴𝑡ℎ, is 

denoted as  τ(𝑗)𝑛 . The PAPC method adds the 

following PC signal, 𝑝𝑛(j)[t], to 𝑥𝑛(j)[t] to 

reduce the peak power. 
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The PAPC method achieves approximately the 

same PAPR reduction performance as that for 

the CF method. However, the data streams 

suffer from interference from the in-band PC 

signal since a part of the PC signal is 

transmitted to the effective MIMO channel. 

 PROPOSED SYSTEM 

 The proposed algorithm performs PC 

signal-based PAPR reduction jointly 

considering all the transmission signals for all 

antennas. Thus, the PC signal is constructed in 

vector form. By setting the directional vector 

of the PC signal orthogonal to the MIMO 

channel, i.e., the directional vector is restricted 

within the null space in the MIMO channel, 

the interference to the data streams can be 

eliminated on the receiver side. Hereafter, the 

proposed method is referred to as the PC with 

channel-null constraint (PCCNC) method. 

 Here, the PCCNC method is described 

in detail. The Ndimensional time-domain 

transmission signal vector before PAPR 

reduction at time t is denoted as x[t], whose n-

th element is 𝑥𝑛[t]. 

 

 

An important component of the proposed p(j) 

[t] is w(j) . The N-dimensional vector w(j) lies 

within the null space of the MIMO channel. 

PC signal vector p(j) [t], which is generated by 

multiplying w(j) to the τ(j) -time-shifted 

version of g[t], satisfies the requirements for 

the out-of-band radiation and zero interference 

to the data streams. This is because the PC 

signal is transmitted to only the null space in 

the given MIMO channel and does not appear 

on the receiver side. 

 How to determine w(j) significantly 

affects the achievable PAPR performance of 

the PCCNC method. Reference [12] focuses 

on investigating how to generate w(j) in the 

PCCNC method. In this paper, we use the best 

method among those investigated in [12]. 

 At the j-th iteration, the time index 

where 𝑥𝑛(j)[t]  for all n = 1, …, N and t = 0, 
…, F−1 has the maximum amplitude that 
exceeds threshold Ath is denoted as τ(j) . 
Then, to generate w(j) , vector 𝑤~(j) is 

calculated as 

 

However, vector 𝑤~(j) has a component that is 

orthogonal to the null space in the MIMO 

channel, which causes interference to the data 

streams. Therefore, w(j) is projected onto the 

null space in the MIMO channel, V, to 

generate the w(j) in (9). 

 

The PCCNC method repeats the above process 

J times. The PC signal vector added to the 

transmission signal vector satisfies the 

requirements for the out-of-band radiation and 

zero interference to the data streams by using 

the null space in the MIMO channel. Since the 

FFT/IFFT operations are not needed and the 

peak regrowth due to the filtering after 

clipping is avoided, the PCCNC method is 

expected to achieve lower computational 

complexity than the conventional CFCNC 

method. 

 

  RESULTS 

 The number of subcarriers, K, is set to 

64. The number of FFT/IFFT points, F, is set 

to 256, which corresponds to 4- times 

oversampling in the time domain in order to 

measure the PAPR levels accurately. For 

general evaluation, we assume that the signal 

constellation of each subcarrier follows an 

independent standard complex Gaussian 

distribution. The number of transmission 

antennas, N, is parameterized from 8 to 100, 
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while the number of receiver antennas, M, is 

fixed to 4. Assuming multiuser MIMO, zero-

forcing BF is applied. For the channel model, 

we assume flat Rayleigh fading, which is 

independent between transmitter antenna 

branches and between receiver antenna 

branches. The signal-to-noise ratio (SNR) is 

set to 20 dB. As for the PAPR reduction 

method for evaluation, as a per-antenna 

independent PAPR reduction approach, CF 

and PAPC are tested. As the adaptive PAPR 

reduction approach using the null space in the 

MIMO channel, the conventional CFCNC and 

PCCNC algorithms are tested for comparison. 

For all algorithms, the number of iterations, J, 

is parameterized. 

 In the PCCNC algorithm, we assume 

that after J iterations, PAPC is performed with 

Jadd iterations in order to achieve a lower 

PAPR at the cost of reduced throughput for the 

purpose of clear comparison with the 

conventional CFCNC. The Jadd value is 

selected from 10, 20, 40, and 60 depending on 

the J value. Furthermore, after several 

iterations in PCCNC, when the projection of ( 

)j w onto the null space in the MIMO 

channel is close to 0, further PAPR reduction 

is not achieved. This situation occurs 

especially when the dimensions of the null 

space in the MIMO channel are low. To avoid 

trivial PAPR reduction results using the 

PCCNC method due to the above 

phenomenon, when the same peak is targeted 

for consecutive βJ iterations, we insert a 1-

time PAPC process within the PCCNC 

processes. We applied this modification in the 

following evaluation when N is 8 and β is set 
to 0.1. Please refer to [12] for more details 

regarding this issue. 

 The power threshold, Pth, in PAPR 

reduction is defined as the signal power 

threshold normalized by the signal power per 

antenna averaged over the channel 

realizations. The PAPR is defined as the ratio 

of the peak signal power to the average signal 

power across all the transmitter antennas per 

OFDM symbol. The sum throughput of M 

streams (users) is calculated based on the 

Shannon formula taking into account 

Bussgang's theorem. 

 Figs. 3 and 4 show the complementary 

cumulative distribution function (CCDF) of 

the PAPR and throughput, respectively. N is 

100 in Fig. 3 and N of 8 and 100 are compared 

in Fig. 4. Threshold Pth and J are set to 7 dB 

and 100. The number of additional iterations 

Jadd in PCCNC is 60. The PAPR distribution 

of all methods is quite comparable. The 

throughput levels of CFCNC and PCCNC 

(shown in overlapped two blue lines) are much 

better than those of CF and PAPC (shown in 

overlapped two red lines). This is because the 

peak reduction signal is concentrated in the 

null space in the MIMO channel in CFCNC 

and PCCNC; therefore, it does not interfere 

with the data stream on the receiver side. The 

achievable throughput distribution of CFCNC 

and PCCNC are nearly the same and very 

close to that without PAPR reduction. This 

confirms that the proposed PCCNC works well 

as PAPR reduction using the null space in the 

MIMO channel. 

 

Figure 3. CCDF of PAPR. 

 

 Figure 4. CCDF of throughput. 

 Fig. 5 shows the average throughput 

as a function of the average PAPR with N as a 

parameter. The relationship between the 

average PAPR and average throughput is 

varied by changing the Pth value for the 
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respective PAPR reduction methods. Here, J is 

set to 100. When using the per-antenna PAPR 

reduction approach such as CF and PAPC, the 

degradation in the throughput accompanying 

the reduction in the PAPR is large. This 

degradation is remarkable especially under 

conditions where N is large. This is because 

the interference due to the peak reduction 

signal becomes a dominant factor in the 

degradation in the throughput when N is large 

as the increased BF gain diminishes the impact 

of noise. On the other hand, the adaptive 

PAPR reduction method using the null space 

in the MIMO channel employing the CFCNC 

and PCCNC algorithms suppresses the 

degradation in the throughput caused by the 

reduction in the PAPR. The throughput-vs.-

PAPR performance of PCCNC is quite 

comparable to that of CFCNC. However, when 

N becomes large, throughput degradation in 

the low PAPR region is observed. This is 

mainly because this figure compares the 

performance levels of the respective PAPR 

reduction methods assuming the same J. The 

PCCNC method requires more iterations than 

CFCNC since one peak is cancelled at each 

iteration in the PCCNC method while CFCNC 

can reduce multiple peaks simultaneously 

through clipping. We note that the same 

number of iterations does not mean the same 

computational complexity among the four 

PAPR reduction methods evaluated. 

 

Figure 5. Average throughput as a function of average 

PAPR 

Table I gives the number of real 

multiplications per iteration required for the 

respective PAPR reduction methods to 

evaluate the computational complexity. The 

number of real multiplications is a function of 

N, M, and F. Based on Table I, Fig. 6 shows 

the average throughput as a function of the 

number of real multiplications of the 

respective PAPR reduction methods for a 

given PAPR requirement. The required 

average PAPR is set to 7 dB. The relationship 

between the number of real multiplications and 

the average throughput is varied by changing 

the J value (and Jadd in PCCNC) for the 

respective PAPR reduction methods. 

Irrespective of N, PAPC achieves better 

throughput than CF between the two per-

antenna PAPR reduction methods for the same 

computational complexity. When we focus on 

the two PAPR reduction methods using the 

null space in the MIMO channel, the proposed 

PCCNC achieves a better tradeoff between the 

throughput and complexity than the 

conventional CFCNC. The performance gain 

using PCCNC is especially significant when N 

is large. This is because the reduction in 

computational complexity by using PCCNC 

compared to that for CFCNC increases as N 

increases. Therefore, when considering a 

massive MIMO scenario, the proposed 

PCCNC method is attractive because it 

achieves approximately the same throughput-

vs.-PAPR performance as that for the CFCNC 

with much lower computational complexity. 
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Figure 6. Average throughput as a function of number of 

real multiplications. 

       CONCLUSIONS 

 In this paper, we proposed a 

computational complexity-reduced algorithm, 

PCCNC, for our previously reported adaptive 

PAPR reduction method using null space in 

the MIMO channel for MIMO-OFDM signals. 

The proposed PCCNC algorithm performs PC 

signal-based PAPR reduction jointly 

considering all the transmission signals for all 

antennas. Thus, the PC signal is constructed in 

vector form and by setting the directional 

vector of the PC signal orthogonal to the 

MIMO channel, the interference to the data 

streams is eliminated on the receiver side. 

Since complex FFT/IFFT operations are not 

required in the proposed PCCNC method, the 

PCCNC achieves better throughput than the 

conventional CF-based implementation for the 

same computational complexity. The 

performance gain by using PCCNC is 

especially significant when the number of 

transmitter antennas is large. Therefore, when 

considering a massive MIMO scenario where 

the number of antennas at the base station 

transmitter is very large, the proposed PCCNC 

method is attractive because it achieves great 

throughput-vs.-PAPR performance with very 

low computational complexity. This paper 

assumes a frequency nonselective channel. 

The extension of the proposed method to 

accommodate the frequency selective channel 

is left for future study. 
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