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Abstract 

Non-orthogonal multiple access (NOMA) has been considered as a promising multiple 

access technology for the fifth-generation (5G) wireless communication systems since 

it enables energy and spectral efficient communication for growing different quality of 

service (QoS) requirements. In this report, we first introduce the background of this 

research and some basic conceptions of orthogonal multiple access (OMA) and NOMA. 

Then, we discuss a simple model of a single-carrier system to illustrate the fundamental 

principles of NOMA. After that, we discuss the power allocation for energy-efficient 

multicarrier NOMA (MC-NOMA) with statistical channel state information at the 

transmitter (CSIT) and QoS constraints. Subsequently, we propose a suboptimal 

computational efficient solution to solve the user scheduling problem. At last, we 

compare the performance of OMA and NOMA systems with different cell sizes and the 

number of users. 
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Abbreviations 

NOMA Non-orthogonal multiple access 

QoS quality of service 

OMA orthogonal multiple access  

CSIT channel state information at the transmitter 

ICT information and communication technology 

IoT Internet-of-Things 

MIMO multiple-input multiple-output 

FDMA frequency division multiple access 

TDMA time division multiple access 

CDMA code division multiple access  

OFDMA orthogonal frequency division multiple access 

MAI multiple access interference 

DoF degree of freedom 

SIC serial interference cancellation 

CP cycle prefix 

ISI inter-symbol interference 

BS base station 

AWGN additive white Gaussian noise 

CDF cumulative distribution function 

  



5 

 

Contents 

Acknowledgements ........................................................................................................ 3 

Abbreviations ................................................................................................................. 4 

1. Introduction ................................................................................................................ 7 

1.1 Background .......................................................................................................... 7 

1.2 NOMA ................................................................................................................. 9 

1.2.1 Transition strategy for NOMA .................................................................... 10 

1.2.2 Advantages for NOMA ............................................................................... 11 

1.3 Resources Allocation on OMA and NOMA ...................................................... 12 

2. System Model .......................................................................................................... 14 

2.1 Single carrier NOMA System ............................................................................ 14 

2.2 Multicarrier NOMA System .............................................................................. 15 

2.3 Successive Interference Cancellation ................................................................ 16 

3. Problem Formulation ............................................................................................... 19 

3.1 Quality of Service .............................................................................................. 19 

3.2 Optimization Problem Formulation ................................................................... 20 

4. Optimization Solution .............................................................................................. 22 

4.1 Power Allocation Solution ................................................................................. 22 

4.2 A Simple SIC Decoding Order ........................................................................... 27 

4.3 Comparison between NOMA and OMA............................................................ 28 

5. User Scheduling Algorithm...................................................................................... 30 



6 

 

6. Results ...................................................................................................................... 31 

6.1 The simulation for the difference between OMA and NOMA .......................... 31 

6.2 The simulation for the Power allocation for 2-user NOMA .............................. 32 

6.3 Power Consumption versus Cell Size ................................................................ 32 

6.4 Total Power Consumption versus Number of Users .......................................... 34 

7. Conclusion ............................................................................................................... 36 

References .................................................................................................................... 37 

Appendix ...................................................................... Error! Bookmark not defined. 

 

  



7 

 

Chapter 1 

Introduction 

We introduce some basic information about the project in this chapter, including 

research background, definition of NOMA, imperfect CSI, and the comparison between 

OMA and NOMA. 

1.1 Background 

The explosive traffic growth in the demand of wireless communication services has 

received significant interest in academia and industry which fuels the development of 

the next-generation wireless networks, which can significantly improve the coverage 

and user experience. The 5G cellular networks are expected to provide high spectral 

efficiency via advanced multiple access technologies, which plays a significant role in 

determining the performance of wireless communication systems.  

With the popularity of intelligent terminals and the development of mobile network 

business, the capacity of the wireless network systems has to fulfill the stringent QoS 

requirements. Hence, the future of mobile communication systems is facing enormous 

challenges, mainly in the following two aspects. First, massive number of mobile 

terminals will be connected to mobile networks via limited spectrum resources. The 

increasing rate of the number of smartphones and intelligent terminals requiring mobile 

data services double every year. It is predicted that in 2020, the data load will be 500-

1000 times more than it is now, and there will have about 50 billion terminal access to 

wireless networks in the world [1]. Second, the demand for green communications has 

become an emerging need in the design of communication system. As the current report, 

information and communication technology (ICT) industry requires a massive energy 

consumption, accounting for 10% of global energy consumption. In particular, 2% of 

global greenhouse gases are emitted as a by-product of the ICT sector, which equivalent 

to the overall emissions of the aviation industry [2]. Due the rapid development of 

wireless networks and the emergence of massive network nodes and terminals, 

communication industry will consume an enormous amount of energy in the future. 
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Thus, we need to develop the next generation wireless networks to solve these problems, 

which should support higher data rate, lower latency, larger capacity, and lower energy 

consumption [3]. 

The 5G communication systems aim to improve the quality of communication in 

different aspects. For instance, the 5G networks are expected to offer extreme capacity 

(10 Tbps per square kilometer) and data rate (multi-Gigabits per second), which is 

known as enhanced mobile broadband. 5G should also enable an ultra-high density (1 

million nodes per square kilometer), ultra-low complexity (10s of bits per second) and 

energy consumption, which mainly supports the development of the Internet-of-Things 

(IoT) [4]. Specifically, IoT gives an opportunity to realize smart cities, smart homes, 

long-range object tracking, etc. Besides, 5G should provide ultra-low latency (as low 

as a millisecond), ultra-high reliability (less than 1 out of 100 million packets lost) and 

strong security [5], which helps to achieve mission-critical control such as autonomous 

vehicles, robotics, industrial automation, etc. 

There are various disruptive technologies for realizing the 5G communication system, 

such as massive multiple-input-multiple-output (MIMO) [6], millimeter wave [7], 

visible light communication [8], and NOMA, etc. In this project, we will focus on 

NOMA systems. In a mobile communication system, all users share limited resources 

such as power, time, and bandwidth. Thus, we need technology to achieve that different 

users can communicate with each other at various locations and minimize the inter-user 

interference. This approach is called multiple access technology. Multiple access 

technology not only determines the basic capacity of the network and the system 

complexity but also have a high impact on deployment costs. Traditional mobile 

communication systems, e.g. 1G-4G, adopts OMA technology, which including 

frequency division multiple access (FDMA), time division multiple access (TDMA), 

code division multiple access (CDMA), and orthogonal frequency division multiple 

access (OFDMA) [9], [10] to avoid multiple interference between users. 

In 4G and other existing communication systems, the reason of the general use of OMA 

is to reduce the computational complexity of the transmission and the multiple access 

interference (MAI) due to different users are allocated to orthogonal power region with 

in time, frequency or code domain in OMA technologies. From the viewpoint of multi-

user information theory, OMA systems can reach the inner boundary of multi-user 
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capacity region [11]. However, the OMA systems are not competent to support large-

scale connections with different QoS requirements. Actually, because of the limited 

degrees of freedom (DoF), some users with better channel quality have higher priority 

and other users with poor channel quality must wait for access, which leads to more 

severe unfairness and longer delay. In addition, when the DoF is assigned to a user 

which having a poor channel quality, the efficiency for OMA systems is low [12]-[14]. 

That is why we focus on NOMA technologies which have promising to address the 

challenges and achieve the requirements of 5G. 

1.2 NOMA 

NOMA overcomes the near-far problems of the 3G systems and improve the fairness 

in resource allocation in the 4G systems. NOMA is a multi-user multiplexing scheme 

that exploits the frequency domain, time domain, and power domain similarly. 

Compared with the traditional orthogonal transmission, NOMA uses non-orthogonal 

transmission at the sending terminals, introducing interferenced information 

deliberately, and realizes the demodulation by the successive interference cancellation 

(SIC) technology at the receiving terminals [15]. NOMA technologies can still use the 

OFDM symbol as the smallest unit in the time domain, and insert the cycle prefix (CP) 

between the symbols to prevent inter-symbol interference (ISI). While, in the frequency 

domain, the smallest units can still be the sub-channels, and OFDM technologies are 

used in each subchannels to keep the sub-channels are orthogonal and non-interference 

with each other. However, the power of each sub-channel and the OFDM symbol is 

shared by multiple users instead of only for one user. In particular, the signal power of 

different users on the same subchannel and OFDM symbol is non-orthogonal, which 

led to MAI for shared channels [16]. In order to overcome the interference, NOMA at 

the receiver using a SIC technology for multi-user interference detection and deletion 

to ensure the normal communication of the systems [17]. Thus, the receiver complexity 

of NOMA has improved compared with orthogonal transmission, but it can get higher 

spectral efficiency.  
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Figure 1 A downlink NOMA system model [1], 

Figure 1 illustrates a multi-carrier downlink NOMA system with one BS and four users. 

In this NOMA system, each subcarrier multiplex two users. For user 1 who has a better 

channel quality, it should decode and remove the messages of user 2 via SIC before it 

decodes its own signal. The power allocation of user 2 is higher than user 1. User 3 and 

4 are the similar with user 1 and 2. 

1.2.1 Transition strategy for NOMA 

NOMA technology has the characteristics of high spectrum utilization, high flexibility, 

and improved system capacity. According to the non-orthogonal transmission strategies’ 

difference between users, NOMA technologies can be divided into two categories: 

signal domain segmentation technology and waveform design technology [56], [57]. 

Signal domain segmentation technology is based on the overall optimization of 

multiuser communication system. At the transmitting terminal, the user is differentiated 

based on the non-orthogonal features of multiple signal domains (e.g. power domain, 

generalized spatial domain, coding domain). At the receiving terminal, the multi-user 

detection receiver can be realized by using the SIC method or other sub-optimal 

detection algorithm based on the feature structure of the users’ pattern. Signal domain 

segmentation multiple access representative technology mainly as power domain 

NOMA [18]-[21], bit division multiplexing (BDM) multiple access [22], superposition 

modulation (SM) [23], pattern division multiple access (PDMA) [24], space coupled 
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multiple access (SCMA) [25]-[26], low density signature multiple access 

(LDSMA)[27]-[28] inter-leave division multiple access (IDMA)[29]-[31], etc.  

Power domain NOMA technology assigns different powers to different users according 

to the users’ channel quality [18]. In theory, each user can occupy all the time-frequency 

resources of the system. In order to realize the NOMA system, we can adopt user 

scheduling algorithm at the transmitter side and perform the SIC detection at the 

receiver side to separate the user signals from each other. For multi-user cellular 

communication systems, a proper power control can be performed at the transmitter, 

such that the interference to be effectively mitigated at the receiving terminal. The 

performance of the SIC detector highly depends on the received signal quality. In 

general, the performance of the SIC detector improves with the increasing disparities 

of the strength received signals. 

On the other hand, waveform design techniques are primarily designed to optimize the 

multi-carrier modulation waveform and filter modes to achieve the non-orthogonal 

carriers. Waveform NOMA is mainly composed of faster-than-Nyquist (FTN) [32]-[33], 

generalized multi-carrier (GMC) [34], filter band multi-carrier (FBMC) [35], 

generalized frequency division multiplexing (GFDM) [36], universal filtered multi-

carrier (UFMC) [36], biorthogonal frequency division multiplexing (BFDM) [36]-[38], 

and overlap time division multiplexing (OVTDM), etc. 

1.2.2 Advantages for NOMA 

In this part, we summarize some advantages about NOMA systems. 

First, Non-Orthogonal Multiple Access can utilize the spectrum more efficiently, 

because it can admit closer users into the sub-carriers which engaged by farther users. 

It wouldn’t influence a lot for their performance with appropriate power allocation and 

Successive Interference Cancellation techniques.  

Second, Non-Orthogonal Multiple Access multiplexing strong users with weak users 

on purpose, it could utilize the heterogeneity of the condition of the channel. So, the 

performance effect of NOMA system is better than Orthogonal Multiple Access when 

channel gains of the multiplexed users turn to additionally different.  
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The third one is that it could enhance consumer fairness. By resting the orthogonal 

limitation of Orthogonal Multiple Access, Non-Orthogonal Multiple Access capacitate 

a more elastic regulation of the resources of radio, and it also supports an efficient 

method to increase consumer fairness through appropriate resource allocation.  

At last, Non-Orthogonal Multiple Access can accept more terminals with different 

kinds of Quality of Service call for the same sub carrier. Thus, Non-Orthogonal 

Multiple Access is a good examinee to push Internet of Things which bands a lot of 

terminals and sensors. At the same time, there are several disadvantages about Non-

Orthogonal Multiple Access system. 

1.3 Resources Allocation on OMA and NOMA 

In this part, we discuss the differences between OMA and NOMA technology in power 

allocation. 

 

Figure 2 Resource allocation in an OFDM-based system. 

Figure 2 shows the resource allocation for user information carried in frequency domain 

and time domain of the OFDM technology. For example, in LTE systems, the minimum 

unit in the frequency domain is the sub-carrier with a bandwidth of 15 kHz. The 

minimum unit of the time domain is an OFDM symbol with 1/14ms [39]-[41]. Each 

resource unit consists of one subcarrier and one OFDM symbol. LTE system adopt 

multi-antenna exploiting the degrees of freedom offered in spatial domain to carry user 

information. In particularly, each antenna utilizes the same frequency spectrum and 

time domain resources as other antennas.  
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In the power domain, since the frequency domain and the time domain carry the same 

users’ information power, the OFDM technology in the LTE system does not adopt the 

power domain of the user information transmission [42]-[43]. It is the two-dimensional 

plane of resource carrying system, the transmission capability of the wireless channel 

relatively weak. 

 

Figure 3 Resource allocation in NOMA-base system. 

Figure 3 shows the resource allocation in the frequency domain, time domain, and 

power domain in a NOMA system. The frequency domain and time domain in the 

NOMA system are the same as the one in Figure 2. However, the difference between 

them is that each resource unit on the time domain and frequency domain plane can 

carry multiple users with different signal powers.  

Obviously, NOMA technology is a system allowing a three-dimensional resource 

allocation. Hence, NOMA provides a higher flexibility in resource allocation compared 

to traditional OMA systems [44]. However, it is expected that there exist non-negligible 

multiuser interference and a more sophisticated interference management technology 

is needed.   
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Chapter 2 

System Model  

In cellular mobile communications, the system performance is usually limited by the 

low received signal-to-noise ratio (SNR) of the cell edge users. In the case of OMA 

transmission, if the objective of the system design is to maximize the system capacity, 

then those users located at the cell edge will rarely be scheduled. Therefore, it results 

in an unfair resource allocation and user starving. This section improves this situation 

by NOMA. In particular, we examine the detection algorithm of the SIC receiver using 

the power domain in the channel and the power allocation strategy taking into account 

user rate fairness requirement in the system. The closed form solution of the power 

allocation of NOMA system and the corresponding detection algorithm of the user 

power allocation and the corresponding detection algorithm are deduced, and the 

relationship between the system and the rate gain and the power distribution factor is 

explained. 

2.1 Single carrier NOMA System 

 

Figure 4 Downlink NOMA Model [45]. 

As shown in Figure 4, these two users: user 1 and user 2 (s1 and s2) transmitted on the 
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same subcarrier with different transmit power (p1 and p2) respectively by a BS. The 

corresponding transmitted signal 𝑥 is given by 

 𝑥 = √𝑝1𝑠1 + √𝑝2𝑠2,  (2.1) 

where the transmit power 𝑝1  and 𝑝2  for signal 𝑠1  and 𝑠2  is restricted by 𝑝1+𝑝2 = 1 . 

The received signal at user 𝑖 is represented follow: 

 𝑦𝑖 = ℎ𝑖𝑥 + 𝑣𝑖 ,  (2.2) 

where ℎ𝑖  represents the channel coefficient capturing the joint effect of small-scale 

fading and large-scale fading. 𝑣𝑖  is additive white Gaussian noise (AWGN), i.e., 

𝑣𝑖~𝐶𝑁(0, 𝜎𝑖
2) , which means that it follows the Gaussian distribution with zero mean 

and 𝜎𝑖
2 variance. Assume that the user 1 is a weak user who is farther with the BS (with 

a worse channel on average) and the user 2 is a strong user who is closer with the BS 

(with a better channel on average). Thus, the BS will allocate more power to user 1 

(weak user), which means 𝑝1 ≥ 𝑝2 due to the NOMA protocol [46]. 

In this report, we assume that the users’ channels between the BS and users are followed 

the Rayleigh fading channel gain, which are ℎ1 and ℎ2 respectively. 

Without loss of generality, we denote the power allocation for user 1 and user 2 as 𝑎1
2  

and 𝑎2
2  respectively, where 𝑎1

2 + 𝑎2
2 = 1 . Note that a1 ≥ 𝑎2  holds since |ℎ1|2 ≤ |ℎ2|2 

due to the principle of NOMA, Thus, the rates achieved by these two users are given 

by: 

 𝑅1 = log (1 +
|ℎ1|2𝑎1

2

|ℎ1|2𝑎2
2+

1

𝜌

), (2.3) 

and 

 𝑅2 = log(1 + 𝜌|ℎ2|2𝑎2
2), (2.4) 

where ρ represents the transmit SNR. 

2.2 Multicarrier NOMA System 

We consider a multi-carrier downlink NOMA system which has one BS and K users, 
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2.3 Successive Interference Cancellation 

NOMA performs multiple access using the power domain [47]-[48]. The BS realizes 

power allocation and user scheduling, according to the availability of CSIT. In addition, 

some downlink users will exploit SIC to alleviate multi-user interference. In the 

literature [49]-[51], including perfect CSIT and ignoring QoS requirements, before 

strong user, who has better channel quality, decoding itself, they will decode and 
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eliminate signal of weak user, i.e., worse channel quality, first. However, the weak user 

will treat the signal of the strong user as noise and directly decode its own signal. 

Besides, in order to achieve fairness and to facilitate the SIC process, the weak user 

will be allocated more power by the BS. 

 

 



18 

 

 �̃�𝑗
𝑚 = 2�̃�𝑗

𝑚

− 1, (2.9) 

Assuming on subcarrier m, SIC at user 𝑖 is successful when the decoding rate of the 

signal for user 𝑗 is not less than the target rate of user 𝑗, i.e., 

 𝑅𝑖→𝑗
𝑚 ≥ �̃�𝑗

𝑚, (2.10) 

where 𝑅𝑖→𝑗
𝑚  represents the achievable rate for user 𝑖 which decodes the signal of user 𝑗 

on subcarrier m, and it is represent by 

 𝑅𝑖→𝑗
𝑚 = 𝑙𝑜𝑔2 (1 +

𝑝𝑗
𝑚|ℎ𝑖

𝑚|
2

𝑝𝑖
𝑚|ℎ𝑖

𝑚|
2

+𝜎2
). (2.11) 
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Chapter 3 

Problem Formulation 

In this section, we formulate the power allocation and define the QoS requirements for 

NOMA system. 

3.1 Quality of Service 
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3.2 Optimization Problem Formulation  
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scheduling is jointly influenced by target rate 𝑅𝑖
�̃�, distance 𝑑𝑖, and the required outage 

probability 𝛿𝑖, According to (3.5), while the counterpart of traditional NOMA system 

with perfect CSIT only based on channel gain order [55]. Besides, the user scheduling 

and power allocation variables are jointed base on (3.5a) and (3.5b). Therefore, we 

propose a suboptimal solution in the following two sections.  In particular, we aim to 

solve the user scheduling and power allocation independently.  
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Chapter 4 

Optimization Solution  

Without loss of generality, for a given user scheduling policy c that satisfies constraints 

(3.5d), (3.5e), and (3.5f), we can perform the power allocation on each subcarrier 

independently. Thus, the original problem (3.5) can be simplified to a power allocation 

problem for two-user on each subcarrier. For the sake of simplicity, we discard the 

subcarrier index 𝑚. The optimization problem per subcarrier given by 

 

where 𝑅𝑖 is given by (3.2).  

In the following, we assume that there is only one user executeing the SIC to solve the 

problem in (4.1), and then based on the power allocation solution and compare its 

expression with OMA derived the SIC decoding order. 

4.1 Power Allocation Solution 
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 𝑝1 − 𝑝2�̃�1 ≤ 0, (4.3) 

 

Substituting (2.11), (3.3), and (3.4) into (4.4) and (4.5), and then yields 

 

Performing mathematical incompletion of (4.6) and (4.7) yields 

 

Then, we here: 
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Substituting (3.1) and (4.1b) into (4.10) and (4.11) yields 

 

Exploiting the CDF of channel gain (2.7) in (4.12) and assuming 
�̃�2𝜎2

𝑝2−𝑝1�̃�2
>

�̃�1𝜎2

𝑝1
 obtains 

 

Exponent operating (4.7) gets 

 

where 𝛽1 = −
ln(1−𝛿1)

(1+𝑑1
𝛼)𝜎2

, then we get 
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Performing mathematical operating of (4.11), we get 

 

then we get 

 

Exploiting the CDF of channel gain (2.7) in (4.13) obtains 

 

Performing mathematical operating of (4.15), we get 

 

where 𝛽2 = −
ln(1−𝛿2)

(1+𝑑2
𝛼)𝜎2

, then we get 

 

Calculating (4.10), (4.14) and (4.18) yields 
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According to (4.2) and (4.3), we get 

 𝑝2 ≥
1

𝛽1
. (4.21) 

Therefore, we acquire the solution of (4.1) where the minimized total transmit power 

as: 

 

 

 𝑝1 − 𝑝2�̃�1 > 0 and (4.24) 

                                                     𝑝2 − 𝑝1�̃�2 ≤ 0. (4.25) 
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Similarly, with the previous case, the solution of power allocation for (4.1) can be 

deduced and denoted as 

 

where the superscript (2) express that it allows user 2 to exploit SIC. 

In summary, the optimal solution for the problem in (4.1) can be selected by 

 

and the BS will message user 𝑖 to exploit SIC and prevent the other user to do that if 

(𝑝1
(𝑖)

, 𝑝2
(𝑖)

) is selected. 

4.2 A Simple SIC Decoding Order 

In order to achieve minimum power consumption, optimization of power allocation 

options in (4.28) includes the SIC decoding strategy. However, we can acquire a clear 

rule to decide a normal case for �̃�1 ≥ 1 and �̃�2 ≥ 1 of the SIC decoding order, which 

means the target rates of two users are not less than 1 bit/s/Hz. In this case, 
1

𝛽1
 and 

1

𝛽2
 

will not be selected in (4.23) and (4.26), separately. Therefore, we have a simple 

solution for the joint optimization of power allocation and SIC decoding order: 

 

 



28 

 

for �̃�1 < 1, in order to find the SIC decoding order we have to evaluate both solutions 

and compare them in (4.28). 

4.3 Comparison between NOMA and OMA 

 

 (𝑝1
𝑂𝑀𝐴, 𝑝2

𝑁𝑂𝑀𝐴) = (
22�̃�1−1

2𝛽1
,

22�̃�2−1

2𝛽2
), (4.30) 
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In general, from (26) and (28), we deduce that the level of QoS requirements  
1

𝛽𝑖
 plays 

a significant role in SIC decoding order and power allocation design. 
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Chapter 5  

User Scheduling Algorithm 

 

 

The number of all candidate combinations is denoted by 

 N = ( 𝐾
2𝑀−𝐾

) ∏ (2𝑚 − 1)𝐾−𝑀
𝑚=1 .  (5.1)
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Chapter 6 

Results  

6.1 The simulation for the difference between OMA and 

NOMA 

In this part, we assume there are two users in one subcarrier, the distance between users 

and BS is 1000 meters and 20 meters respectively. And the path loss exponent n = 3.6. 

For noise power, Boltzmann's constant K = 1.38 × 10−23 , temperature in Kelvin T =

300K, noise bandwidth B = 2.1 𝐺𝐻𝑧. 

 

Figure 5 System capacity versus transmitter power for OMA and NOMA. 

This part is a prepare step which could help us understand the function of OMA and 

NOMA system of perceptual intuition. Assume these two users are located at same 

distance with the BS, and does not consider the interference between these two users 

temporarily. We simulate the capacity difference between OMA and NOMA during the 

increase of transmit power, which eliminate the influence of channel, noise, path loss, 
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and interference. As the figure 5 illustrate, the capacity of OMA system is less than 

NOMA system for all the transmitter power.  

6.2 The simulation for the Power allocation for 2-user NOMA 

In this part, we simulate the different power allocation for 2-user at NOMA system. 

Assume these two users does not consider the interference between these two users 

temporarily. 

 

Figure 6 NOMA system capacity versus transmitter power. 

As the figure 6 shows, the “blue” curve is the sum capacity of two users which have a 

huge distinction of power allocation, also known as large distance between them. And 

the “red” curve is for two users who have equal power allocation, which means that 

they are allocate at same distance with the BS.  

6.3 Power Consumption versus Cell Size 

In this part, we assume the BS located at the centre of the cell with size 𝐷, and there 

are 𝐾 users allocated between 30 m and 𝐷 m randomly, i.e., 𝑑𝑖~𝑈[30, 𝐷] m. Besides, 

the target rates for all users are created by �̃�𝑖~𝑈[0.1, 10] bit/s/Hz. There are two kinds  
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Figure 7 Power consumption (dBm) verses cell size. 
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6.4 Total Power Consumption versus Number of Users 

 

Figure 8 Power consumption (dBm) versus number of users. 
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Chapter 7 

Conclusion 
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