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Abstract 

In this paper, firstly, the Shannon channel capacity is briefly stated, and the relationship 

between it and the signal uncertainty principle is analyzed in order to prepare for deriving the 

formula which can break through the Shannon channel capacity. Then, as practical examples 

of breaking the Shannon channel capacity, the time-shift non-orthogonal multicarrier 

modulation technology (TS-NMT) and the time frequency pulse time delay multicarrier 

modulation technology (TFP-TDMC) are introduced. After more than twenty years of 

development, this technique is proved to be a practical modulation technique for digital 

communication. At the end of the paper, a hypothesis about the physical nature of information 

is proposed. 

Keywords: Shannon channel capacity, signal uncertainty principle, time-delay 

overlapping technique, non-orthogonal multi-carrier modulation 

1. Introduction 

At present, the fifth-generation mobile communication technology (5G) has been listed. 

Through mobile communication technology, the integration of intelligent devices and the 

Internet is becoming more and more in-depth, which indicates that a new industrial revolution 

is coming. Due to the unprecedented demand for flexible, efficient and reliable communication 

between people, between people and objects and between objects, wireless communication 

technology must provide higher data transmission rate, higher spectral efficiency and lower 

delay than before [1-3]. Therefore, the industry has proposed many technical solutions, such as 

developing spectrum resources and various new multi-user access technologies, new signal 

processing technologies and channel coding methods [4-16]. In addition, large-scale Multiple-

Input-Multiple-Output (Massive MIMO) will be deployed in 5G. By significantly increasing 

the number of antennas, the data transmission rate can be further improved [3,4,17-21]. 

However, the above-mentioned new methods to improve communication performance are 

mainly focused on mining new resources and improving the original technology. Therefore, 

some people in the industry are confused about the development future of communication 

technology and products, because in theory, the transmission rate has been limited by Shannon 

limit! Although it has been proved that MIMO can break the Shannon limit of Single-Input-

Single-Output (SISO) [22], its essence is to multiplex multiple spatial physical channels by 

using multiple antennas, and the rate of a single physical channel still does not break the 

Shannon limit. In 1948, Shannon gave three theorems of source coding, channel coding and 

channel capacity limit with detailed mathematical derivation in his paper mathematical theory 

of communication [23], which laid a theoretical foundation for signal processing and 

communication technology. Since then, academia has done a lot of effective work in source 



coding and channel coding, but there has been no way to break the Shannon limit in terms of 

channel capacity. 

In the second section of this paper, the Shannon channel capacity formula is briefly 

introduced, and the theoretical completeness of the formula is analyzed according to the 

principle of signal uncertainty. Then, according to Shannon's information entropy theory, a 

theoretical method to break through Shannon's limit is introduced. This method is called delay 

overlap method. For more than 20 years, we have constructed a digital modulation method that 

breaks through the Shannon limit by using the idea of delay overlap method. Through a large 

number of computer simulation, physical experiments and theoretical analysis, it is proved that 

this digital modulation method has reached the practical stage. It will show strong vitality in 

the field of 5G wireless communication. In the process of studying this theory, we realize that 

Shannon theory is not only of great significance in communication, but also plays an important 

role in economics, sociology and other disciplines. As Thomas M. cover pointed out in elements 

of information theory： "... therefore, some people think that information theory is a subset of 

communication theory. We think it's more. In fact, it makes important contributions to statistical 

physics (thermodynamics), Computer Science (Kolmogorov complexity or algorithm 

complexity), statistical inference (Okam razor:" the simplest explanation is the best ") and 

probability and Statistics (error index used to test and estimate the best hypothesis)." [24]。 

Further, we think that Shannon theory only gives the mathematical quantitative analysis of 

information, but never involved the physical essence of information. Therefore, a hypothesis 

about the physical properties of information are discussed at the end of this paper. 

2．The Shannon Limit and the Method of Breaking the Shannon 

Limit 

2.1   Shannon Limit 

Fig. 1 shows a basic process model of signal transmission in a communication system. In the 

system model, x(t) is a signal carrying information, n(t) is the noise (including various other 

interferences), and x(t) becomes y(t) = x(t) + n(t) after passing through the channel. If we refer 

to x(t) as the event to be sent, y(t) is the sent event received. y(t) is not equal to x(t) due to the 

existence of noise. We call it as "information loss". Therefore, the problem of information 

measurement is proposed.  

 

Fig. 1 The model structure of a communication system  

A simple answer is that events convey messages, and messages carry information. Common 

sense tells us that the information provided by the event with small probability can attract more 

attention of the receiver than the event with high probability. That is to say, the amount of 

information of the event with small probability is large. In order to explain this phenomenon 

quantitatively, Hartley defined the information content of a discrete message as  
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where p(xi) is the probability density function [25]. Shannon introduced the entropy of 

thermodynamics into the communication system. The statistical average value of information 

is used as a measurement of amount of information for discrete sources  
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where Xi refers to the random variable form of the transmitted signal and H(Xi) is called the 

entropy of a discrete information source.  

Further, let Δxi = xi+1-xi, i = -M, …, -1, 1, …, M, and there is 
0
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This is the entropy of the continuous information source, where p(x) is the probability density 

function. According to the sampling theorem x(t) can be expressed to its discrete form x(tj), j = 

1, 2, …, 2W, and W is the bandwidth of the signal x(t). So that the discrete form of continuous 

entropy can be written as follows  
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Shannon defined condition entropy H(Yj/Xj), and the association relationship between y(tj) 

and x(tj) was established in the sense of entropy. Due to y(tj) = x(tj) + n(tj), there is H(Yj/Xj) = 

H((Xj+Nj)/Xj) = H(Nj). It can be understood that when Xj is known, the uncertainty of Yj is only 

determined by Nj (which is the part of Yj more than Xj). Then there is the average amount of the 

mutual information of a single sampling point  

 ( , ) ( ) ( / ) ( ) ( ).i i i i i i iI Y X H Y H Y X H Y H N= − = −                             (5) 

As a result, the transmission rate on the continuous channel is 

{ } { }2 ( , ) / 2 ( ) ( / ) 2 ( ) ( ) .i i i i i i iR WT I Y X T W H Y H Y X W H Y H N= ⋅ = − = −      (6) 

Shannon has proved that when n(t) is additive Gaussian white noise and the power is P = σ2, 

and when   
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density function function), there are the maximum entropy as  2( ) log 2H X ePπ= ,  

( )2( ) log 2H Y e P Nπ= + and  2( / ) log 2H Y X eNπ= . 



Finally, Shannon limit be represented as  
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where N = n0W,
 
and n0 is the unilateral power spectral density of noise. It can be seen that C 

increases with W, but at the same time the noise also increases, and finally the maximum 

transmission rate reaches a limit  
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Shannon then proposed a method to approximate this rate limit. Firstly, the statistical 

property of the transmitted signal must approximate a white noise. Secondly, the least R.M.S 

error theory can be used to implement the demodulation, i.e. by comparing the received signal 

with all the possible M=2s samples of the transmitted signal , the sample which has the  least 

discrepancy  is chosen  as the demodulated signal . This method can be represented as 
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where ε and T represent the frequency of errors and the duration of the signal, respectively. This 

means that no matter how small the ε is, we can make the transmission rate approximate to 

TWlog(1+P/N) as possible as we can through sufficiently large T. What’s more, ε → 0 and t →

∞ must be satisfied at the same time to make (9) more approximate to (7).. This just fits signal 

uncertainty principle. Specifically, only when T→∞ the bandwidth W of the signal is finite, 

and the sampling theorem is valid. The signal uncertainty principle is the representation of the 

uncertainty principle of quantum mechanics in signal processing domain. In an article 

“Quantum Interpretation of Signal’s Uncertainty Principle”, Wang Peng and Li Jian-ping 

indicated that according to the uncertainty principle of the quantum mechanics, the signal in 

some sense can be treated as a quantum-like system with wave-particle duality, and just due to 

the wave-particle duality, we cannot simultaneously determine both the duration and the 

bandwidth of the signal [26]. Here, we propose a "time-frequency finite duality" congception. In 

addition, some papers demonstrated the signal uncertainty principle from the Fourier transform 

point of view [27,28].  

Although formula (11) theoretically solves the completeness problem of approximate 

realization of Shannon limit, in practical communication services, it is impossible to 

continuously transmit information in infinite time, so it is difficult to realize a limited 

bandwidth in frequency domain. Fortunately, in practical engineering, under the condition of 

given error frequency ε, the bandwidth can be limited in a certain range, so the industry has 

defined various bandwidth, such as 3dB bandwidth, spectrum zero bandwidth, minimum fading 

bandwidth, etc. We will also face another problem: how to guarantee ε → 0. Encouragingly, 

Shannon gave the coding theorem. If the estimated rate of source v1 is R1, the output of the 



source is encoded and transmitted to the channel with capacity C. As long as R1 < C, the fidelity 

is as close to v1 as possible. What’s more, R1 ≥ C is impossible.  

 According to the method given by Shannon to approximate the maximum transmission rate 

[29], we designed the numerical simulation program and the simulation results are shown in 

Fig. 2. To save the space of this paper,  the detailed program does not presented and just show 

the main parameters. Let n0 and ns be the power spectral density (PSD) of the narrow-band 

Gaussian white noise and the transmitted signal which approximates the white noise, 

respectively, and ns/n0 represents the SNR.  Different SNR can be obtained by changing ns while 

keeping n0 unchanged. . At the same time, both the bandwidth of the transmitted signal and the 

noise are set to be W and there are
2

0 0 0P Wnσ= =  and 
2

si si siP Wnσ= = . In addition, according 

to the sampling theory, in the simulation the transmitted signal x(t), the noise n(t) and the 

received signal y(t) = x(t) + n(t) are represented as x(ti), n(ti) and y(ti)= x(ti) + n(ti) represently, 

where i=1,…, 2TW and T is the duration of the signal. The demodulation progress is shown in 

Fig. 2(a). Obviously, in the simulation T is impossible to be very long, then the program must 

be repeated many times to ensure the simulation results approximate the theoretical formula.  

Researching comprehensively formula (1) and the coding theorem given by Shannon, we can 

say that Shannon established a complete information communication theory with mathematics 

and physics for us 70 years ago! Today, 70 years later, looking back on Shannon's contribution, 

how can we not admire its greatness! From quantum physicists, we can see Shannon's greatness 

in another way.  

The entropy was firstly employed to describe the change of the temperature under thermal 

injection by German Physicist R. Clausius in 1865 [30], and the statistical physical expression 

was proposed by L. Boltzmann in 1877 [31]. Until it was used to measure the information, 

people really realized that the entropy is a measurement of the disorder of the system. For this 

reason, E. Jaynes regarded the entropy of the thermodynamics an application of Shannon’s 

information theory [32]. With the development of astrophysics and micro-physics, uncertainty 

principle proposed by W. Heisenberg in 1927 has become more and more universal [33]. The 

information theory is therefore no longer limited to the engineering theory but gradually 

becomes a basic theory, which has a solid mathematical support and can be used in many 

disciplines. 

We should not only praise Shannon's contribution, but also enrich and develop his thoughts 

and methods. This is also the ultimate goal of this paper  

2.2 Theoretical Derivation of Breaking through the Shannon Limit 

We use the delay overlapping method as the basic means to break through the Shannon limit. 

The implementation of this method is actually very simple. It is only necessary to copy the 

discrete sampling points of continuous signal on the basis of Shannon limit formula deduced in 

the previous section, and then insert the newly obtained 2TW sampling points into the interval 

of the original 2TW sampling points to form a composite signal composed of 4TW sampling 

points, as shown in Fig. 2.  



The following formula can explain the principle of this method more clearly. Let two 

continuous signals be 1 2 1
ˆ ( )jx t +  and 2 2

ˆ ( )jx t τ− , where j=0, 1, …,2W-1 and 
1 1

=
2 2W

τ . This 

indicates that the sampling points of the second signal delays half of the sampling interval 

comparing with the first signal. When the two signals are added, there is  

 

 

Fig. 2 Diagram of the time-delay overlapping method. 

 

 0 1 2 1 2 2
ˆ ˆ ˆ( ) ( ) ( ),i j jx t x t x t τ+= + −                                               (10) 

where i=1, …, 4TW, j=0, 1, …, 2TW-1 and 1 4 2 0
ˆ ˆ( ) ( ) 0TWx t x t= = .

 

This means that the sampling points of the second signal are inserted into intervals of 

sampling points of the first signal in turn. It is specified that the two signals have the same 

characteristics in terms of bandwidth, PSD and average power, and the sampling points of the 

two signals are independent of each other1. The corresponding random variables are denoted as 

1X̂  and 2X̂ , and the entropies are 1
ˆ( )H X  and 2

ˆ( )H X . It should be noted that according to 

the linear characteristics of the Fourier transform, the bandwidth of the synthetic wave 0
ˆ ( )ix t  

is same with the bandwidth of the wave composed alone by  1 2 1
ˆ ( )jx t +  or 2 2

ˆ ( )jx t τ− . That is 

to say, the bandwidth of 0
ˆ ( )ix t ,  1 2 1

ˆ ( )jx t +  and 2 2
ˆ ( )jx t τ− is equal. 

In the receiver, the signal is expressed as  
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. The mean power of the noise is 

 
1 When the discrete sampling points in the waveform pass through the channel, as long as the "ideal" channel estimation and equalization 

are used, it can be considered that the adjacent sampling points will not form mutual interference, and independent sampling points can be 

obtained in the receiver. Of course, this is an ideal state. There will still be some interference during the implementation of the project, but 

it can be ignored. 
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This means that the time-delay overlapping method only changes the synthetic wave and 

does not change the noise. Then there are  
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Thus, the channel capacity of the time-delay overlapping method is  
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The comparison between formula (17) and (7) should be carried out under the same condition 

of signal power and noise power. Due to the nonlinear characteristics of the signals and the 

time-delay structure between the signals, their amplitudes can be canceled each other in many 

time periods. Therefore, the power of the synthetic wave will not linearly increase with the 

overlapping of the signals. The power can be expressed as 0 1 2
ˆ ˆ ˆ=P P P Pα < + . The value of α 

can be determined by numerical simulation, and its value range is 0 ≤ α ≤ 2. We call this 

phenomenon power efficiency and will demonstrate it in the next section. This phenomenon 

means that the power of the synthesized signal can be reduced by using the delay overlap 

method when the number of bits carried by the subcarriers of the symbol remains unchanged. 

Moreover, we have proved 0N̂ N= . For this reason, we can rewrite the formula (17) as
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Obviously C0 > C. This indicates that the Shannon Limit has been broken. The above 

derivation can be easily extended to the case of L signals with the same probability density 

function, as shown below 
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L
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=

=∑  and 0 < β ≤ L. 

 

Fig. 3 Channel capacities based on the time-delay overlapping method. (a) Demodulation process 

proposed by Shannon. (b) Theoretical curve of the Shannon Limit (The purple curve represents the limit 

curve given by Shannon in another article[29] ) and the numerical simulation results. 

Above process describes a method to break through the Shannon Limit. In order to 

distinguish, we call the channel capacities described by Eq. (7) and Eq. (19) the Shannon 

Capacity (ShC) and the Time-delay overlapping Shannon Capacity (TDShC), respectively. The 

simulation results of the channel capacity corresponding to Eq. (19) are shown in Fig. 3 under 

three different conditions, i.e. L = 1, 2, and 5. We can draw some conclusions as follows. Firstly, 

the TDShC is larger than ShC when L is bigger than 1, which means that the Shannon Limit 

has been broken through. Secondly, when L increases, the TDShC is obviously enhanced, 

which indicates that large L will bring a higher channel capacity. 

A question will be asked: will L be increased infinitely? The time-delay overlap method to 

construct waveform means to increase the sampling rate, which is equivalent to increasing the 

bandwidth. However, the signal bandwidth has been limited, and increasing the bandwidth 

results in the increase of white noise. According to Eq. (8), when the bandwidth is infinite, the 

Shannon limit of a single wave is 1.44 P / N, so formula (24) becomes  

0

lim 1.44L
W

P
C L

n

β
→∞

= ⋅                                                   (20) 

3. An Example to Break Through the Shannon Limit -- Digital 

communication technology based on the time-delay overlapping 

modulation method 

In 1997, authors started to explore a more efficient modulation method for digital 

communication. In 2000, the patent “Phase-shift overlap codes and decode method” (grant no. 

1151641) is authorized. Then, authors implemented lots of theoretical studies, numerical 

simulations and physical experiments, and acquired many new patents. Among those patents, 

the patent “Time-frequency-phase mixed multicarrier modulation method” (grant no. 

101662437) reflect more comprehensively the idea of constructing high-efficient digital 

modulation technique through time-delay overlapping method. After that, we call this 



modulation technique the time-shifting non-orthogonal modulation technology (TS-NMT). 

During the research of TS-NMT, we gradually realized that the waveform construction method 

based on time-delay overlapping in TS-NMT is a practical method to break through the 

Shannon Limit. In recent years, on the foundation of TS-NMT, we propose a time-frequency 

pulse shaping based delay multicarrier modulation and demodulation method (TFP-TDMC), so 

that the transmission efficiency of the channel is further greatly improved. Computer simulation 

shows that TFP-TDMC can achieve 5G rate on 4G channel.  

3.1 The Waveform Structure of TS-NMT 

Firstly, the waveform of the TS-NMT symbol constructed by the time-delay overlapping 

modulation technique is shown in Fig. 4. A single sinusoidal or cosine wave is called the base 

sub-carrier, and multiple subcarriers with identical frequency form a sub-channel on the 

frequency domain. It is similar with OFDM belong to the multi-carrier category. There are 

many forms of TS-NMT and they can be uniformly expressed as follows 

( ) ( )
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H

t h t h hh

h dhH

r h r h hh

g t a g t
t T T

g t a g t

ω τ
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ω τ
=

=

= −  ∈ ∈
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∑
∑

                           (21) 

where subscripts t and r represent the transmitter and the receiver, respectively. T is the period 

of the symbol of the synthetic wave, and Tdh=Td(h+1)=Td represents the duration of each 

subcarrier and is called the lifetime. gt(t) and gr(t) are the synthetic wave of the transmitted and 

received symbol, respectively. ( )h t h ha g tω τ−
 
and ( )h r h ha g tω τ− are subcarriers, in which 

ah is the modulation amplitude， ( )t h hg tω τ−
 
and ( )r h hg tω τ−

 
are base-subcarriers. Base-

subcarriers can be sinusoidal, cosine or other waveforms with no DC component, and ωh is the 

angle frequency. It is worth noting that, ωh = γωh+1 and γ can be any rational number, which 

means that orthogonality between the sub-channels is not needed. τh is the time delay, and the 

starting points of all the subcarriers are in the life-time of the first subcarrier. Obviously, τ0 =0. 

We can see that there are three differences between TS-NMT and OFDM: 

i. There are time delays among each sub-carrier; 

ii. Orthogonality in the frequency domain is not required; 

iii. The number of the sub-carriers in a single frequency sub-channel is not limited to 2.  

Specifically, there is no upper limit of the number of the sub-carriers. 

In addition, due to the interference of the channel fading and the noise, 

( ) ( )r h h t h hg t g tω τ ω τ− ≠ − under normal circumstances. However, 

( ) ( )r h h t h hg t g tω τ ω τ− ≈ − can be realized through channel estimation and equalization.
  



 

Fig. 4. Waveform structure of TS-NMT. (a) TS-NMT/S constructed by X sub-carriers with 

same frequency and modulation amplitude (b) TS-NMT/S constructed by Y sub-carriers with 

same frequency but the modulation amplitude are 1±  alternately. (c) Spectrum of the synthetic 

wave of TS-NMT/S and a one subcarrier. (d) TS-NMT/F constructed by the subcarriers in the 

sub-channels with 4 frequencies, each sub-channel containing two sub-carriers of which 

amplitudes are +1 (e) TS-NMT/F symbol. All the parameters are same with that in (d) except 

for the modulation amplitude of each base subcarrier is ±1 alternately. (f) Spectrum of each 

frequency sub-channel and the synthetic wave.  

3.2 Demodulation Methods of TS-NMT 

The demodulation of TS-NMT can be realized through a specific method of solving the set of 

linear equations . The diagram of TS-NMT symbol with 4 subcarriers(the synthetic wave is not 

drawn) and the simple demonstration of the demodulation process are shown in Fig. 5. The goal 

of demodulation is to solve the modulation amplitude of each base-subcarrier from the periodic 

symbol waveform in turn. The modulation amplitude of a base-subcarrier can be obtained 

through the integral operation expressed as ( ) ( )1
sin sin

2 dh
h h h h h h

T
a a t t dtω τ ω τ= − −∫ , 

which is defined as the coherent operation. Due to the overlapping of all the subcarriers in Td1, 

although it is impossible to distinguish the amplitudes of all the subcarriers through only one 

coherent operation, we can construct and solve an set of equations  to get all the modulation 

amplitudes.  

In the linear set of equation, R is the demodulation matrix, in which the elements are obtained 

through the coherent operations on each base-subcarrier, i.e. [ ], , 1,...,hkR r h k H= =

( ) ( ),
dhk

hk r h h r k k
T

r g t g t dtω τ ω τ= − −∫ . A is the amplitude vector, and it is consisted of the 

quantified amplitude as [ ], 1,..., HhA a h= = ,also is the result of the linear equation set. It can 

be expressed as 

A=R-1B                                                                  (22) 
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where B is the coherent vector and consists of the results of coherent operations, which is 

defined as ( ) ( ) , 1,...,
dh

h r r h h
T

B g t g t dt h Hω τ= − =∫ . 

 

Fig. 5. Diagram of the demodulation of TS-NMT. 

3.3 Transmission Rate and Performance Analysis of TS-NMT 

In reference [34,35], the performances comparison between TS-NMT and OFDM are analyzed 

in detail, and the corresponding numerical simulations are given. It is demonstrated that TS-

NMT has the advantages of high spectrum utilization, low peak to average power ratio, strong 

frequency shift resistance and low power consumption compared with OFDM.  

Next, we will analyze the feasibility of TS-NMT as a practical method to break through the 

Shannon Limit. Four aspects are considered: power, transmission rate and efficiency, ill-

condition set of the equations  and the sampling frequency of the system. 

Firstly, it can be seen from Fig. 4 intuitively that the synthetic wave of TS-NMT contains 

superposition of positive and negative amplitudes during some time sections, which makes the 

composite amplitude very small or even approximate zero. The numerical simulation results 

also indicate that the power of the whole synthetic wave doesn’t increase proportionally with 

the number of subcarriers, which means that higher power efficiency can be achieved by TS-

NMT. From Fig. 6(a), comparing with OFDM, the increment of the TS-NMT symbol power 

along with the number of subcarriers is much lower. 

In the aspect of data transmission rate, the comparison of the spectral-efficiency between TS-

NMT and the Shannon Limit is given in Fig. 6(b). It can see that the spectral-efficiency of TS-

NMT exceeds the Shannon Limit, especially in the higher SNR domain. It is worth noting that, 

for TS-NMT/S, the frequency of all the subcarriers are the same, which means that the TS-

NMT/S symbol occupies only one  sub-channel. Meanwhile, for TS-NMT/F, although multiple 

sub-channels are occupied, due to the non-orthogonal between frequency sub-channels, the 

spectral-efficiency is much higher than any existed multi-carrier modulation technologies, such 

as OFDM. 



Thirdly, as we all know that, there is a problem of ill-condition in the numerical solution of 

the set of equations, i.e. the perturbation of the equations will bring large deviation between the 

accurate solution and the numerical solution. For TS-NMT, we proposed a unique method 

through adding additional waves to solve the ill-condition problem. From Fig. 6(c) and (d), it 

can see that when there exist additional waves the channel capacity can be further increased 

and the frequency of error is further decreased.  

Last but not least, TS-NMT requires a higher sampling frequency than that specified in the 

sampling theorem, and the transmission rate is directly proportional to the sampling frequency. 

Therefore, some researchers believe that the sampling theorem used by Shannon is not perfect. 

This paper does not draw this conclusion. In fact, according to equation (7) and signal 

uncertainty principle, under the framework of signal uncertainty principle, t →∞ can ensure 

the completeness of sampling theorem for continuous signals.  

 

Fig. 6. Simulation results of the performance of TS-NMT. (a) Comparison of the symbol power 

of OFDM, TS-NMT/S and TS-NMT/F. (b) Channel capacity of TS-NMT. (c) Channel capacity 

of TS-NMT with additional waves. (d) BER performance of TS-NMT. 

3.4 Time Delay Multi-carrier Modulation Based on Time -Frequency -Pulse Shaping 

(TFP-TDMC) 

TFP-TDMC is the evolution of TS-NMT, and it also belongs to the multi-carrier time-delay 

modulation. Compared with TS-NMT, the main difference lies in the different structure of base-

subcarrier. A subcarrier of TFP-TDMC is divided into three parts in time: the front information 

wave, the main wave and the back information wave. Among them, the main wave does not 
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carry information, that is, once its amplitude is determined, it will not change any more, and 

only the amplitude of the information wave will change randomly according to the quantization 

amplitude levels. Figure 7 shows an example of a subcarrier.  

 

Fig. 7. Structure of the subcarrier of TFP-TDMC. 

The modulation process of TFP-TDMC is similar to that of TS-NMT, and the structure of a 

TFP-TDMC symbol containing two groups of subcarriers is shown in Fig. 8. In the symbol of 

the TFP-TDMC, each group of information waves is equivalent to a TS-NMT symbol, and 

there can be many groups of TS-NMT in a single symbol of TFP-TDMC. In the demodulation 

process, each group of information waves is extracted from the TFP-TDMC symbol and 

demodulated to recover the transmitted message.  

 

Fig. 8. Structure of the symbol of TFP-TDMC. 

 

The performance of TFP-TDMC with various symbol parameters are simulated and shown 

in Fig. 9. Meanwhile, the peak data transmission rate and spectral efficiency corresponding to 

various parameters are shown in Table I. Firstly, thanks to the high spectral efficiency, TFP-

TDMC can achieve a 10Gbps peak data transmission rate in 20MHz bandwidth, which is the 

peak data rate of uplink transmission in 5G. In other words, the TFP-TDMC can achieve the 

peak data transmission rate of 5G in a bandwidth of 4G, and the spectral efficiency is 500 

bit/s/Hz, which is 100 times of the spectral efficiency of 4G. What’s more, the rate in Table I 

is calculated in the single-input-single-output (SISO) system. When multiple-input-multiple-

output (MIMO) is introduced to TFP-TDMC, the data transmission rate will be further 

increased. Meanwhile, according to the 5G standard 3GPP TS 38.101-1, the data transmission 

rate in a bandwidth of 100 MHz can be 1.57 Gbps (4×4MIMO) , and the TFP-TDMC can 



achieve more than 50 Gbps in the same bandwidth with SISO, which is nearly 10 times of the 

5G standard.  

It is worth noting that, to achieve above peak data transmission rates, the TFP-TDMC 

requires an extremely high sampling rate2, which is a remarkable characteristic of TFP-TDMC. 

For instance, to achieve a 10 Gbps data rate in 20 MHz bandwidth, the sampling rate requires 

to be nearly THz, which can hardly be achieved in actual engineering. However, symbol 

parameters of TFP-TDMC have a strong flexibility, and the sampling rate can be decreased 

through properly adjusting symbol parameters, meanwhile maintaining a relatively high 

spectral efficiency and data transmission rate. According to Table I, when the group is set to be 

3, and each group contains 30 sub-carriers, TFP-TDMC can achieve a data transmission rate of 

more than 400 Mbps, or even 500 Mbps in  20 MHz bandwidth, and both the spectral efficiency 

and data rate is 4-5 times of that of 4G. At this time, the sampling rate is 8 GHz, and it can be 

achieved in actual engineering. Under same parameters, TFP-TDMC can achieve up to 2.9 

Gbps in 100 MHz bandwidth with SISO, which is similar to the data rate of 5G using MIMO 

technology.  

 

Fig. 9. Performance (a) and spectrum (b) of TFP-TDMC. 

 

Table I. Parameters of TFP-TDMC 

System Parameters 
Bandwidth 

Spectral 

Efficiency 

(bit/s/Hz) 

20 MHz 100 MHz 

Number of 

subcarriers 

per group 

(NB) 

Number 

of 

groups 

(NG) 

Number 

of bits per 

subcarrier 

Duration 

of a 

symbol 

(μs) 

Bit rate 

(Gbps) 

Duration 

of a 

symbol 

(μs) 

Bit rate 

(Gbps) 

30 3 3 1.37 0.4 0.27 1.9 20 

30 3 4 1.37 0.4 0.27 2.6 20 

34 3 4 1.37 0.5 0.27 2.9 25 

3000 1 2 1.1667 10.28 0.2333 51.42 514.3 

1500 2 2 1.2727 9.428 0.2545 47.14 471.4 

1000 3 2 1.5556 7.714  0.3112 38.57 385.7 

 

0 5 10 15 20

SNR (dB)

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

B
E

R

TFP-TDMC,NG=1,NB=3000

TFP-TDMC,NG=2,NB=1500

TFP-TDMC,NG=3,NB=1000

TFP-TDMC,NG=3,NB=30,s=3

TFP-TDMC,NG=3,NB=30,s=4

TFP-TDMC,NG=3,NB=34,s=4

OFDM-QPSK

OFDM-16QAM

OFDM-64QAM



Finally, to demonstrate the superiority of TFP-TDMC, the physical layer communication 

technology of current 4G-LTE is chosen to be the benchmark. For fairness, the bandwidth and 

symbol power of 4G-LTE is set to be same with TFP-TDMC. According to 3GPP R8, the 

orthogonal frequency division multiplexing (OFDM) technology is used in physical layer, and 

the peak data rate can reach up to 100.8 Mbps with 64QAM for each sub-channel ignoring any 

channel encoding method. The spectral efficiency of 4G-LTE is 5 bit/s/Hz. The comparison 

between TFP-TDMC and OFDM with 16QAM and 64QAM is shown in Fig. 9. The 

performance of TFP-TDMC is similar to that of OFDM with 16QAM, and is better than OFDM 

with 64QAM. From Fig. 9(b), when achieving a 5G data rate, the bandwidth of TFP-TDMC is 

nearly 20MHz, and the out-of-band radiation is also similar to OFDM. This again proves that 

the TFP-TDMC has an extremely high spectral efficiency. 

Next, some performance comparison and analysis are made between  TFP-TDMC with those 

of TS-NMT: 

(1) Firstly, both belong to non orthogonal multi carrier modulation, and both have much 

higher spectral efficiency than orthogonal frequency division multiplexing (OFDM). However, 

TFP-TDMCand TS-NMT have a common feature that they need high sampling rate and 

increase with the increase of subwave number. 

(2) TFP-TDMC not only meets the requirements of 5G for transmission rate, but also meets 

the requirements of 5G for real-time performance. The period of one symbol of TS-NMT is 

twice that of OFDM, and it needs to solve the equation and demodulate, which more consumes 

on time. However, the time width of information wave of TFP-TDMCcan be much smaller than 

that of one symbol of TS-NMT, which can greatly reduce the time consumption. For example, 

if the time width of information wave is less than 1ms,Therefore, it can meet the real-time 

requirements of 5G. 

(3) Although the main wave of TFP-TDMC does not carry information, it can reduce the 

power of synthetic wave due to the delay dislocation of different waves 

(4) Compared withTS-NMT, TFP-TDMC can reduce the sampling rate without reducing the 

transmission rate by reducing the number of waves of information wave and increasing the 

amplitude of subwaves and the number of groups of information waves while keeping the 

synthetic wave power unchanged. 

Discussion 

In the research of TS-NMT for more than 20 years, we have gradually realized that the delay 

overlapping method is an effective technique to improve the transmission efficiency. We have 

long believed that this technology can break through the Shannon Limit[34]. However, for the 

sake of caution, for a long time we did not announce breaking Shannon limits. 

In fact, we can explain the efficiency of TS-NMT more intuitively. A single physical channel 

is divided into several logical channels by using the method of time delay overlapping. Then, 

the transmission efficiency of a single physical channel can be improved by gathering all the 

modulated logical channels. 



A hypothesis 

Through the research on breaking the Shannon limit, especially after combining the 

uncertainty principle in quantum mechanics with our research, we find that the scientific 

research on information in modern science is not deep enough. Shannon only gave the 

measurement of information, but did not answer what is the physical essence of information. 

So far, people have always believed that the world is composed of matter, which can be 

infinitely divided into smaller elementary particles. In Jim's book《The Quest to Understand 

Matter from Greek Atom to Quantum Fields》, he comprehensively summarizes human views 

on matter from ancient Greek atomic theory to today's physics. Finally, he concluded: “the 

greatest feature of the universe is the energy of quantum fields, not hard, impenetrable 

atoms.”Such an answer is not satisfactory. We can ask: in what form do the electric fields and 

energy exist? 

 We will answer this question with the assumption that the universe is a whole interconnected 

by infinite hierarchical information groups. The premise of this hypothesis is to admit that the 

relativistic theory of constant speed of light, the uncertainty principle of quantum mechanics, 

the big bang and cosmic expansion theory are correct.  

In his book the Tao of Physics ——An Exploration of Parallels between Modern Physics and 

Eastern Mysticism, American physicist f. kapura first discussed the cosmology, and believed 

that eastern mysticism emphasized the cosmology of universal unity at the beginning.  The west 

views the universe with scientific thinking method. It can be roughly divided into two stages: 

classical physics represented by Newtonian physics and modern physics. Classical physics is a 

cosmology of separation and mechanism, which has not changed into a cosmology of universal 

unity until modern physical mechanics. We believe that although Oriental mysticism 

emphasizes the unity of the universe, compared with science, it lacks detailed analysis methods 

and cannot express the mathematical model given by scientific methods in ordinary language. 

This paper will explain our hypothesis with the method of scientific thinking.  

In scientific methods, firstly should  distinguish different objects and look for the relationship 

between objects, and then describe them through various rational thinking methods such as 

logical reasoning, finally explain them in general language. In order to further elaborate this 

theory,  needing to simply sort out the process of human cognitive development. A baby starts 

by distinguishing light and light shadows, then identifies individual objects and their simple 

connections. From children to adults, through learning and practice, they have the ability to 

understand all kinds of things (including abstract ability). The whole humanity needs the 

intellectual accumulation of many generations to improve its cognitive ability. It can be seen 

that distinguishing objects is a basic ability. That is why the first step of scientific methods 

needs to separate objects, and then find the regularity of things by looking for the relationship 

between objects. It should be noted that distinguishing "objects" It is a basic ability for human 

beings to understand the objective world. But it does not mean that the object they know is the 

inevitable existence of the objective world3. However, if there aren’t any objects the universe 

observed by human beings cannot be described more clearly, completely and consistently. For 

example, when people understand the cloud, they first see a large area cloud that seems to be 

continuous, then divide it into different parts according to different gray levels, and then analyze 



the behavior of different parts of the cloud, such as whether it will rain? It was not until later 

that humans realized that clouds were mainly composed of unevenly distributed water 

molecules. With the development of science and technology, it is now possible to more 

accurately predict the meteorological conditions of the vast sky (so far, the weather forecast 

can only increase the probability of accuracy gradually, but it is impossible to be completely 

sure). The question is whether the object comprehended by human must be material. Today, 

although humans have built a huge electron Collider, they have only found some new quark 

particles at different levels. That is to say, since no smaller particles can be found, it is 

concluded that "the greatest feature of the universe is the energy of the quantum field". This is 

not a thinking in line with scientific methods. Energy and energy-field no longer contain other 

smaller objects, so we can't give clearer reasoning according to scientific methods. This is no 

different from kapura's thinking method of "Oriental mysticism". 

We believe that the foundation of the universe is information! The information exchange 

between organisms has been recognized by the scientific community. In a broad sense, there is 

also information transmission between non creatures. For example, in sunlight, the thermal 

expansion and cold contraction of uneven parts of rock will lead to mechanical changes, and 

the infiltration of water into cracks will lead to chemical changes. Finally, the rock may turn 

into sand ( biological effects are ignored ). Among them, thermal expansion and contraction are 

mainly caused by infrared thermal radiation in sunlight. The thermal radiation formed by 

infrared belongs to electromagnetic radiation; Chemical changes also send signals. It can be 

assumed that all signals are presented in the form of electromagnetic waves. It is in a variety of 

signal flows that colorful changes are presented and colorful nature is presented in front of 

mankind! A rough model of the universe composed of hierarchical information clusters is given 

below. We see the moment before and after the big bang as the boundary at the beginning of 

the universe. Before this boundary is a black hole, followed by the beginning of the universe 

composed of countless smallest information groups. Each information group switches to each 

other at a very high speed in the two states, and the two states are recorded as 0 and 1 

respectively. The information group is a flexible sphere. All information groups are seamlessly 

squeezed in the universe and vibrate in a local range. It can be imagined as the motion state of 

water molecules in the container. It is called layer 0 before the creation of the universe and 

layer 1 composed of the smallest information group. In the first layer, all information groups 

collide with each other in high-speed vibration, resulting in mutual attraction or repulsion. The 

mutual attraction is combined into some large information groups, 2and many isolated small 

information groups are retained to form the second layer information group; Such repetition 

forms a layer of gradually increasing information. Information clusters can be distinguished by 

different codes. When the information group reaches the level that human beings can 

distinguish clearly, it is called matter, and then there is the concept of quality. Each layer will 

retain some small information groups from the lower layers (even layer 0).. These small 

information galaxy clusters may be the dark matter considered by the physical world today. 

Steve Hawking once gave a light cone model in Brief History of Time. Following Hawking's 

 
2 We believe that human beings cannot fully and truly understand the whole universe with scientific methods. 

There is a simple explanation as follows. Mathematical models given by scientific methods always have boundary 

conditions. If the universe is expanding, the boundary conditions should change, but human cognition has no 

ability to follow the change speed of boundary conditions. 



light cone, we construct a rough model diagram of the universe composed of hierarchical 

information groups (Fig. 10).  

 The combination of information groups can be described by 2n, where n=1,…,N.  

 

Fig. 10. Hierarchical information cone. 

According to the above, we believe that the origin of the universe is information. If there is 

no information exchange, all particles can only be static, and the universe will not appear! The 

view that "the biggest unified feature of the universe is the energy of quantum field" is 

obviously flawed. Because it is called a "quantum field", it should have quantum motion and 

then produce energy. Quantum motion will produce information exchange between quantum. 

Information exchange will make information groups attract or repel each other, so the upper 

layer will produce larger information groups, while the lower layer will retain some unbound 

information groups. The effect of mutual attraction or repulsion is random, that is, it follows 

the uncertainty principle of quantum mechanics.  

According to the theory of modern physics, hydrogen particles move at the speed of light in 

vacuum. In our hypothesis, the so-called "vacuum" is not a "vacuum" without anything. It is 

full of small information groups moving at the speed of light. The high-speed movement of 

these small information groups will produce signals. At present, the field of signal processing 

has been facing the problem of noise interference. In the face of the signal generated by the 

small information group in the vacuum, there is no noise problem. All noise is a useful signal 

for new particles that will be found. We used the non orthogonal frequency Fourier method to 

approximate the continuous function, and had prove that it has higher accuracy than the 

orthogonal Fourier method. We also assume that the upper layer of the information cone will 

always retain a large number of small information groups that originally belong to the lower 

layer. For example, particles now considered dark matter may be these small sets of information 

that remain from the bottom. If we use the method of signal processing, it is possible to perceive 

these small information groups and their relationships.  

Scientific hypotheses need to be proved by experiments and described by mathematical 

methods. Unfortunately, the author is not a physicist and has no experimental conditions. Only 

two assumptions can be given. Firstly, we think it should look for evidence of chemical reaction 

information coding in the process of transformation from inorganic matter to organic matter. 

For example, looking for electrical signals from chemical reactions, and then converting them 

into quantitative coding by imitating the method of digital communication, different codes may 

be obtained in different chemical reactions. Is it possible to get some inspiration from it? If we 



can observe and analyze the smallest particles from the perspective of signal, it will greatly 

reduce the cost of scientific research, rather than the current method of directly decomposing 

substances from top to bottom. Now, in order to find smaller particles, building a huge electron 

collider is an extremely huge investment! If we can find smaller particles from the signal, our 

main energy will be used to make more sensitive sensors. Noise in modern signal processing 

seems  to be able to provide useful information for our discussion. We can also find some signal 

analysis method. This method will be used to decompose the signals sent by large information 

groups to obtain the signals of smaller information groups in the next layer. In this way, it is 

possible to gradually go deep into the signal of the lower information group 
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