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Abstract: Non-orthogonal multiple Access (NOMA) is a 

potential 5G era multiple-access scheme that is proposed for the 

future mobile Internet and IoT applications which will require 

enormous increase in data traffic, massive-number of devices 

connectivity, high spectral efficiency, low-overhead and low-

latency. It utilizes the same time-slots, frequency and spreading-

codes for all the users. It uses the power-domain and assign 

different power levels to users for multiple access. The uplink (UL) 

communication in the present 4G-Networks is performed by the 

base station (BS) that uses a request-grant mechanism in which a 

large-overhead and latency is produced. This issue will get more 

severe in upcoming 5G-Networks. For this purpose, a grant-free 

NOMA for UL communication, in which dynamic compressed-

sensing (DCS) algorithm will perform multi-user detection (MUD) 

as well as data-detection is proposed. It deploys the temporal-

correlation of active-user sets (AUS) in adjacent time-slots from 

which the estimated AUS is used as the prior-knowledge to estimate 

AUS in the next time-slot. For the downlink (DL) communication, 

the proposed system performance evaluation is performed using 

Rician fading-channels for Cooperative Relaying System (CRS) 

NOMA. The simulations results show that the proposed DCS-MUD 

and CRS NOMA over Rician fading-channels perform much better 

than the conventional CS-MUD and traditional-CRS. 
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1. Introduction 
 

Internet of things (IoT) is a global network of physical and 

virtual ‘things’ that are connected to the Internet [1]. 

Multiple access scheme is the key technology in the history 

of wireless communication to distinguish all generations 

from 1G to 4G. The conventional orthogonal multiple access 

(OMA) schemes, such as frequency-division multiple access 

(FDMA), time-division multiple access (TDMA), code-

division multiple access (CDMA) and orthogonal frequency-

division multiple access (OFDMA) deploy reserved and 

limited resources for dedicated users which are orthogonal 

and uniquely allocated. As the frequency-division multiple 

access (FDMA) is used for 1G which assign frequency bands 

to each user. The time-division multiple access (TDMA) is 

used mostly for 2G and GSM which assign time-slots to 

users. The code-division multiple access (CDMA) is used in 

3G which assign channel-codes to users. The orthogonal 

frequency-division multiple access (OFDMA) is used for 

current 4G communication networks. All these schemes 

assign orthogonal resources to the corresponding users in 

order to eliminate inter-user interference. Currently, all 

cellular-networks uses such OMA-schemes but none of them 

can fulfill the explosive demands for future 5G radio access. 

According to a survey conducted by the International 

Telecommunication Union (ITU), the data capacity used by 

the smartphone users is 5% more than the standard phone 

users [2]. Mobile data traffic is becoming more dominant due 

to the increasing usage of mobile devices and proliferation of 

IoT [3]. 

To cope with these demands, non-orthogonal multiple access 

(NOMA) scheme is proposed as the 5G radio access 

technology for the wireless mobile networks to efficiently 

utilize the bandwidth, support numerous number of users or 

nodes, provide low-overhead transmission, better user-

fairness, enhanced cell-edge throughput, freedom from 

request-grant scheduling for connection establishment, 

improved QoS, and enable low-latency communication [4]. 

It uses the concept of non-orthogonality which is obtained by 

using the power-domain. The power-domain can work in 

either, time, frequency or code domains for performing user-

multiplexing at the transmitter (Tx) side [5]. The user-

demultiplexing is performed by a large power-difference 

allocation among the users which mean different power 

levels to different users and then using multi-user detection 

(MUD) algorithm such as the successive interference 

cancellation (SIC) is used at the receiver (Rx) side. It uses 

the same spectrum for all user equipment (UE) which is 

possible by using superposition-coding (SC) at the Tx and 

SIC at the Rx. The superposition is performed by the Tx 

which superimpose all the individual information signals to a 

single signal. The SIC algorithm at the Rx perform the 

reverse of superposition and it decodes the signals one-by-

one until obtaining the required signal for intended user. It 

decodes the strongest and powerful signal at first by treating 

other signals as noise, and then it subtracts this most 

powerful signal from the received signal and this process is 

continued until the required signal for the intended user is 

obtained by such iteration-mechanism. The basic idea of 

NOMA scheme is pictorially illustrated in Figure 1 for single 

BS and two-UEs. It is also compared with conventional 

OMA Schemes to show the advantages of NOMA over 

OMA scheme. Particularly, NOMA-users in a single cell are 

handled by a BS on the same time, code or frequency 

channel using different power-values. Figure 1(a) shows the 

proposed NOMA operation in which two users uses the 

entire bandwidth simultaneously. While Figure 1(b) shows 

the conventional OMA operation in which each user uses 

only one-half of the total bandwidth (BW) which is the 

addressed problem in this proposed work. NOMA provides 

wide BW per user whereas OMA provides narrow BW per 

user. The novelty of NOMA is to intelligently assign the 

transmit-power (Pt) to different users on the basis of the 

difference in channel-conditions. The users are identified by 

their channel-conditions. Specifically, the users with weak 

channel-conditions are assigned more power by the BS, 

therefore, such users are enabled to decode their own signals 

by considering the other users of high power signals as noise. 

The good channel condition users deploy SIC to decode the 

signals of weak channel conditions and then decode their 
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desired signal by removing the other user’s signals [6]. It is 

conclusive from such mechanism that the BS Tx-power is 

inversely-proportional to the channel-condition in the 

proposed NOMA scheme. It is due to the fact that the user 

with weak channel condition is far from the BS and thus the 

corresponding channel between the BS and UE is weaken by 

the path-loss. On the other hand, the users that are closer to 

the BS have good channel condition due to high SNR. That 

is the fairness scenario which is performed by NOMA. The 

conventional OMA assign more power to good channel-

condition which is not fairness to users. 
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Figure 1. Basic difference between: (a) NOMA, (b) OMA 

Scheme. 
 

Cooperative Relay communication also gained much 

research attention due to its dominant features such as 

spatial-diversity or in other words, antenna diversity, 

enhanced transmission-reliability, high data-rate and 

network-coverage. Diversity means that multiple-

independent paths are provided to the signal for propagation. 

Thus, the integration of cooperative-relay with NOMA 

attracted much research interest to improve the system 

capacity of 5G communication networks. Particularly, the 

key benefit of SIC is that the strong-users with good channel-

condition have prior knowledge of the signals of weak-users, 

thus they can act as cooperative-relays to transmit data to the 

weak user which is an indirect and efficient method. This 

feature significantly improves the wireless network 

performance [7]. 

The UL communication in 4G is performed by the BS using 

a request-grant paradigm which causes a large overhead and 

increased latency. To overcome this issue, I propose a grant-

free NOMA scheme which is curiously expected in UL-

NOMA systems. In this way, the UEs can transmit their data 

randomly to the BS where it detects the user’s activity via 

CS-MUD algorithms which deploy sparsity of user activity 

due to intermittent communication in IoT [8]. For DL 

communication, many algorithms have been proposed for 

NOMA systems. A cooperative transmission scheme was 

proposed in [9], in which the strong-users decode the signals 

for the weak-users that act as relays to improve the 

performance of the weak-users. In [10], a NOMA relaying 

system was proposed based on decode and forward (DF) 

method over Rayleigh fading-channels. The previous work in 

[11] shows that the AUSs remain constant in various 

continuous time-slots, which is not suitable from practical 

perspective. Furthermore, none of such schemes consider the 

Rician fading-channel specifically for IoT- intermittent 

communication, in which users can be sensors or devices 

with dominant line-of-sight (LoS) communication strategy. 

Rician fading-channels can model such scenario in an 

efficient manner.  

In this paper, I analyze the performance analysis of the 

proposed grant-free and cooperative relaying-NOMA for 

IoT-intermittent communication using a more practical-

scenario that in uplink (UL) communication, the AUSs can 

be changed in several continuous time-slots and deploy a 

simple and low-complexity based dynamic compressed-

sensing (DCS) MUD algorithm to jointly-realize both the 

user-activity and data-detection. Moreover, as users can join 

or leave the system randomly, some of the users generally 

transmit their signals in adjacent time-slots having high 

probability. This information is used for temporal-correlation 

of AUSs in several continuous time-slots respectively. The 

estimated AUS is obtained by the temporal-correlation in the 

present time-slot which is assumed to be the initial-set for 

estimating the transmitted signal in the next time-slot. 

Furthermore, the DL performance in terms of average data-

rate is analyzed over Rician fading channels for the 

cooperative relay NOMA. The mathematical formulation is 

performed and it is compared with the proposed simulation 

results for better understanding the associated concepts. The 

results are also compared with conventional relay system 

(CRS) to get a clear idea of the dominance of the proposed 

scheme over the conventional schemes. 

The rest of the paper is organized as follows. Section II 

describes the literature review of the proposed work. The 

propose system model is explained with mathematical 

modeling in Section III. The simulation results are provided 

in Section IV. And finally, Section V concludes the paper. 
 

2. Literature Review 
 

The rapid-growth of 5G IoT and mobile Internet has 

compelled for 1000x increase in data-traffic by 2020 and 

require massive-connectivity of sensors, devices or users 

[12]. Thus, the spectral efficiency (SE) becomes one of the 

key factor to handle such a big data-traffic. A numerous 

number of smart devices such as smart phones, tablets and 

notebooks etc. demand for explosively higher data-rate as 

well as cell-edge rate. In [13], it is stated that the data-traffic 

from web browsing, HD-video, multimedia-streaming, 

social-networking, file-sharing, and software-downloading 

will be 13x more than that of 2014. Moreover, in [14], it is 

stated that the IoT will deploy different smart-devices, 

wearable devices, home appliances, smart-vehicles, sensors 

that will be interconnected to the Internet to make a web-of-

things for the improved living of mankind, which will 

require more and more data-rate enhancement. From 
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industrial perspective, the control room will connect various 

sensors and machines with much low-latency in order to 

collect important information about the industrial equipment 

on real-time basis [15]. 

The Long-Term Evolution (LTE), LTE-Advanced, Vehicle-

to-Vehicle (V2V) and WiMAX deploy OFDMA scheme due 

to fact that orthogonal-access is suitable option to gain better 

throughput with simple receiver design. But due to the 

drastic increasing demands for big-data services like HD-

video streaming, image-transfer, tele-conferencing, cloud-

services, an alternative and optimum solution is required to 

cope with these demands [16].  The conventional OMA 

schemes allocate channels to users which are orthogonal in 

time, frequency or code-domain. The major limiting factor of 

such OMA schemes is that the maximum number of user 

accommodation is bounded by the orthogonal sub-carriers 

and the scheduling mechanism which allocate the time-slot, 

frequency-band or channel-code to their respective users.  

The current research on future 5G network expect that it 

should achieve a 10x increase in connection-density which 

means 10
6
-connections/km

2
 [17]. For this issue, an upcoming 

potential technology called, non-orthogonal multiple access 

(NOMA) radio technology is proposed which has superior 

spectral-efficiency (SE) and provide many other merits. 

NOMA can drastically increase the SE due the fact that is 

uses the same frequency band for all of its users and it only 

change their power-levels to differentiate them and perform 

multiplexing. It also provides massive-connectivity, it is 

because of the non-orthogonality of the proposed scheme 

which shows that the number of devices or users are not 

constrained by the NOMA resources. Furthermore, it 

provides low-overhead and signal cost as well as low-latency 

as it does not require request-grant process for connection 

establishing. The conventional OMA scheme is grant based 

which send a request of scheduling to the BS and then it 

performs the required scheduling for the UL communication 

and send back a grant to the requesting user on DL.  
 

3. System Model 
 

The proposed NOMA DCS-MUD based Uplink (UL) and 

Cooperative-Relaying based Downlink (DL) system 

modeling and mathematical analysis is performed in this 

section.  

 3.1  Uplink (UL) Transmission 
 

I consider a single-BS UL-NOMA system with K-users and 

single-antenna aspect is considered with AWGN channels as 

shown in Figure 2. The k-user transmitted symbol    is 

transformed into a spreading-sequence    of length  . 

Specifically, I consider the overloaded-system scenario in 

which the number of users are more than the length of the 

spreading-sequence. i.e.     . After doing so, all the 

signals of the active-users are superimposed and then it is 

transmitted over the L-subcarriers of the OFDM. The signal 

received by the BS on  -subcarrier can be expressed as: 

 

             
 
                                 (1) 

 

for               

where, 

   : is the user-k channel-gain on the nth-subcarrier, 

   : is the nth-part of   , 

  : is the  -subcarrier Gaussian noise of zero-mean and unit-

variance    
 . 

All of the above-mentioned variables are independent and 

identically distributed (i.i.d). 

 

Base Station (BS)

UE1

UE2

UE3

UE K

.

.

.

 
Figure 2. Uplink Channel model for DCS-MUD algorithm. 

 

The combined L-subcarriers signals is written as: 

 

                  
                              (2) 

 

The received signal-vector of the combined L-subcarriers 

signals is then given by: 
 

                                            (3) 

Where, 

                    is the signal-vector transmitted for 

all K-users, 

                    is the measurement-matrix of order 

    and its  th-row and kth-column component is     which 

is equal to       , 

                   is the noise-vector having the same 

attributes as in (1) and follows             . 
 

Specifically, I focus on the recovering of the transmitted 

signal from the received signals in T-continuous time-slots.  

Therefore, equation (3) is expressed with the specific time-

slot subscript as: 

                                            (4)                                       
 

For             

Where, 

       -th time slot equivalent channel-matrix that can 

change with different t-slots, 

      is the corresponding  -th time-slot noise-vector. 
 

To obtain the support-element of the transmitted signal     , 

let Ṣ-represent the sparsity-level of it, which shows the 

number of non-zero elements in the transmitted signal. 

Therefore, the support-element is expressed as follows: 

 

                        
                (5) 
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By deploying (5) which provides partial knowledge 

regarding the received signals, the DCS-MUD joint user-

activity and data-detection process can be performed with 

improved-reliability, which is better than the conventional 

CS-MUD algorithm. For the detection-reliability analysis, 

the isometry property (IP) is deployed by the CS for the 

recovery of signal. To determine the performance-guarantee, 

the upper-constraint of signal-detection error as well as the 

successful recovery condition is obtained for the proposed 

DCS-MUD algorithm. The condition is that the H-matrix 

will satisfy the IP-property of order Ṣ, if there exists a 

constant β such that: 
 

   β        
         

     β        
             (6) 

 

This is satisfied for all Ṣ-sparse vectors    so the maximum 

number of non-zero elements is Ṣ in  . Specifically, the IP-

property is satisfied by the Toeplitz-matrix which is based on 

pseudo-random noise (PN) with a high-probability, which is 

used in the design of the proposed spreading-matrix  . For 

determining the residue-signal (ψ), the concept of residue-

orthogonality in CS-theory is used on the projection-operator 

in which an arbitrary-vector and sensing-matrix of full 

column rank is deployed which is expressed as: 
 

 
  

                      

                        
                    (7) 

Where, 

    : is the arbitrary-vector (AV),          : is the 

sensing or sampling-matrix,                    
    is 

the residue signal, and   shows the Moore-Penrose inversion 

of matrix. As AWGN channels are considered, so    , 

which means that the measurement-matrix and spreading-

matrix are equal. Therefore, 

                                         (8) 

Also, H satisfy the following conditions: 

 

 
  

                  

  
         

                                    (9) 

By using such IP and residue-orthogonality properties, the 

residue signal of the proposed DCS-MUD can be obtained 

as:   
 

                                                   (10) 

By using (4) and (5) (10), it follows as: 

               

                                                                

 

(11)              

                                  

                                  

 

Using (6), it follows: 

 

                       β
    

                                  (12) 
 

Similarly,             can be derived in a similar manned by 

manipulation of the same equations as: 

 

             
  β    

   β    

                                       (13) 

To compare (12) and (13), it requires the relationship 

between the received signals at ith and ith-1 iterations. First, 

the ith-1 iteration support set for updating the estimated-AUS 

is given by: 

 

        
   

             
                      (14) 

 

From (14), the following two-inequalities can be derived: 

 
             

  
  

 β    

   β      
                 

     β     

  β    

        (15)       

 

               
   β    

  β    

                
 

  β    

             (16) 

 

By putting (15) and (16) into (12) and (13), this give the 

conditions of termination as: 

 

                                             (17) 

The flowchart in Figure 3 illustrates the various important 

steps performed in the proposed DCS-MUD algorithm.  

The iteration will be stopped if the energy-level of the   is 

not reduced. From (17), the following result is obtained: 

 

        
β    

    
                 

β    

    
              (18) 

From (18) it is clear that if the noise-power is greater than 

the residue active-user signals that is multiplied with a 

β  coefficient, the iteration-process will be stopped from 

which the final-estimated AUS is given by: 

 

          
                                       (19) 

For the signal reconstruction-error (SRE), the following 

relationship is used: 

          
      β     β    

 

β       β     
                   (20) 

It clearly shows that the noise-power, IP-property and the    

upper-bound the SRE which is the constrained limit. Table 1 

shows the detail of the proposed system parameters which is 

used for simulations results. 
 

Table 1. Proposed System Specification for DCS-MUD 

S. No Parameter Symbol Value 

1 Number of users N 200 

2 Number of subcarriers L 100  

3 Number of active users K 20 

4 Common active users C 15 

5 Continuous time slots T 7 

6 Signal-to-Noise Ratio SNR 14dB 

 

3.2 Downlink (DL) Transmission 

The system model for the downlink (DL) performance 

evaluation is shown in Figure 4.  

The DL cooperative-relay NOMA performance analysis is 

performed over the Rician fading-channels. I consider a 

typical cooperative-relaying system (CRS) which comprised 

of a BS source (S), a decode-and-forward (DF) relay (R) 

which operates in half-duplex manner, i.e. it can receive or 

transmit signal only one at a time, finally a UE/MS 

destination (D). The wireless signals paths between each pair 

of devices are from S-to-D, S-to-R, and R-to-D respectively. 

The associated channel-coefficients are hSD, hSR and hRD. The 
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corresponding average-powers are   
 ,    

  and    
  

respectively. It is clear from the figure that the S-to-D path-

loss is greater as compare to the S-to-R path. In Figure 4(a), 

the conventional CRS send the signal s1 to the relay (R) and 

destination (D) in the first time-slot. The relay then sends s1 

to D in the second time-slot. 

 

Start

End

Received signals (y), H-matrix,

Sparsity level (S)

Reconstruct sparse signals (u)

Initialize support in t time slot

Determine estimated support for t-1 

time slot as initial support

Update the estimated support 

Calculate the residue signal

Update the sparse 

transmitted-signal 

Elements of estimated support > S

Yes

Determine the AUS

Update the residue signal 

NO

 
Figure 3. DCS-base MUD flowchart. 

 

Therefore, D receives the same signal s1 in two time-slots.  In 

Figure 4(b), the source (S) send superposition of two 

different signals (s1 and s2) to the R and D in the first time-

slot. T. So, the benefit of CRS-NOMA is that the destination 

(D) can receive two different signals in two time-slots which 

has better throughput than conventional-CRS. 

The superposition of the two signals that is transmitted to the 

R and D can be expressed as: 

 

                                             (21) 

Where, 

    is the     signal whose normalized-power is unity; 

    is the total transmit-power; 

    is the power-allocation coefficient. 

As    
     

 , therefore it is clear that [18]: 

 

 
       
            

                                     (22) 
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Figure 4. Cooperative relaying system (CRS):                    

(a) Traditional CRS, (b) NOMA-CRS. 
 

The signals that are received by the R and D from the source 

S in the first time-slot are given by: 

 

                                      (23)                  

 

                                      (24)  
 

Where, 

         shows the additive white Gaussian Noise (AWGN) 

having zero-mean and variance   . 

The destination (D) uses Successive Interference 

Cancellation (SIC) algorithm to decode the signal    by 

treating the signal    as noise. The signal-to-interference plus 

noise ratios (SINRs) for both the signals is expressed as: 

 

   
  

          

                                      (25) 

 

   
  

          

                                (26) 

The corresponding SINR for    at D is given by:  

    
          

                                         (27) 

For the second time-slot, only the relay (R) transmits the 

decoded-signal    to the destination (D) with its full-power 

  , by assuming that R perfectly-decode    in the first time-

slot. Therefore, the signal received in the second time-slot at 

D can is given by: 

 

                                    (28) 

Where, 
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     is the noise having the same characteristics as in (23), 

(24). The corresponding SINR for    is expressed as: 

 

    
        

                                     (29) 

From these equations, I will determine the exact and 

approximated achievable-rates for the proposed CRS-

NOMA. The performance analysis over Rician fading-

channels is analytically obtained by Taylor expansion of 

Bessel-function and incomplete Gamma-function. The 

complexity of the incomplete Gamma-function causes 

difficulty to obtain the exact values of the required 

parameters. To cope this issue, I additionally deploy Gauss-

Chebyshev (GC) algorithm to make the calculation more 

feasible.  

3.2.1 Exact Average Achievable Rate Analysis 

The exact achievable rates of both signals are determined. I 

assume that       
  

         
  

         
  

   and 

  
  

   . From [19], the achievable rates of both signals are 

given by: 

 

        
 

 

 
                            

                     

            

 
 

 
                        

 

 
                 

     )  2                                                               (30) 

 

        
 

 

 
              

                                   

            

            
 

 
                                                       

(31) 

 

To determine the cumulative distribution function (CDF), I 

assume                  and                    . 

By using [20], the CDF of     is given by: 

 

                                
   

 
                                            

                                                (32) 
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Where, 

       
   

         

   
      

,         
   

         

   
      

,  

     
     

   
,      

     

   
,                ,     

         ,         
      

   
   ,         

      

   
   ,  

Here,   represents the Rician factor in these equations. It is 

worth notable that the second-equality of (33) is used for 

incomplete Gamma function. 

 

In a similar manner, the CDF of    is expressed by: 
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The variables in (35) are defined in the same manner as in 

(33). The average-achievable rate of signal    is then 

obtained by putting (32) into (30) as follows: 
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Let suppose that        
       

      

 

 
     now putting (33) 

in it I get: 

    

                            

 

   

 

   

   
   

    
 

    

 

   

 

   

    

 

       
   

   
              

      

 

 

         

 

        

   
 

                            
   

 
      

   
    

 

         
 
   

 
    

       
      

  
        

   

    

 

 
                                                       

(37) 

 

Where (b) is calculated by putting      , and the integral 

 
      

  
        

   

    

 

 
    is calculated by the following Lemma. 

 

For        and β     it implies that 

 

 
       

    

 

 
                             (38) 

Where, 

       : is the incomplete Gamma-function which is 

substituted for: 

         
    

    

 

 
                               (39) 

 

Now putting (38) in (37), I get the final exact equation for 

signal    as follows: 

 

   
 

 

      
                              (40) 

Where, 

                                

 

   

 

   

 

   
       

    

 
   

 
    

   
    

 

      
        

          
        

 
      (41) 

and        shares the same pattern as     . 

 

In a similar manner, the exact equation for the signal    is 

given by: 
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(42)   
 

The expression for the exact rate are derived in (40) and (42) 

but they are still difficult to calculate due its complexity and 

incomplete Gamma function. So, to overcome this problem, 

the Gauss-Chebyshev (GC) approximation is used to obtain 

the approximate achievable rates which are easier to 

calculate numerically. 

3.2.2 Approximate Average Achievable Rate 

Analysis 

The Gauss-Chebyshev (GC) is an Integration method which 

is deployed in order to make the incomplete Gamma function 

numerical calculation simple. Figure 5 shows the GC 

Integration is an accurate method for numerical calculations 

which converges very-quickly.  

 
Figure 5. The convergence accuracy of Gauss-Chebyshev 

approximation. 

It is clear from the figure that for the considered incomplete 

Gamma function              , the convergence to 

exact value of 0.0 occur after approximately 15-terms of 

summation. The intervals in (40) and (42) are infinite 

whereas the GC-interval is limited which is [-1, 1]. Thus, to 

overcome this issue, I put     
 

 
   in (39) and apply 

GC-integration to convert the incomplete Gamma-function to 

the following: 
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Where, 

   is the order of approximation. 

By putting (43) into (40), finally I get the approximate 

achievable rate as follows: 
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Where, 

                               

 

   

 

   

 

   
       

    

 

   

 

   

 
   

    
 

    
  

        
   

 

 
        

 

 

   

 

         
 

 
       

    

  
      

 

   

     

 

         
  

 
        

 

    
    
              

    

  
                                          

 

(45)                              

and        shares the same pattern as     . 

In a similar manner, the approximate average achievable-rate 

of the second signal    is expressed as: 
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From the derived approximated achievable rates equations of 

(44) and (46), the numerical calculations can be easily 

calculated. Their validation will be verified in the simulation 

results in the next section. 

3.2.3 Outage probability Analysis 

The outage probabilities for both symbols of the proposed 

system are given by: 
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Table 2 shows the detail of the proposed system parameters 

which is used for simulations results. 
 

Table 2.  Proposed System Specification for DL CRS-

NOMA 

S. No Parameter Symbol Value 

1 Rician distribution 

parameter 
   

 
 

2 Rician factor (SR, RD) K 6  

3 Average powers (SR, RD)   36 
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4 Average SD-link power  SD 9 

5 Power allocation 
coefficient 

c2 0.9 

6 Signal-to-Noise Ratio SNR 100dB 

4. Simulation Results 

The simulation results are provided to validate our analytical 

formulations. Figure 6 shows the comparison of the 

conventional CS-MUD and the proposed DCS-MUD 

algorithms. I consider 200% overloading factor by deploying 

200 users, 100 subcarriers. Specifically, 7 number-of 

continuous time-slots are considered according to LTE-A 

system perspective with 20 number of active users. 

 
Figure 6. BER comparison of conventional CS-MUD and 

proposed DCS-MUD in UL grant-free NOMA with 200% 

overloading factor. 
 

It is clear that by observing both schemes at BER= 10
-2

, the 

proposed algorithm achieve approximately about 6 dB SNR-

gains over the conventional CS-MUD scheme due to the 

deployment of temporal correlation of AUSs within several 

continuous time-slots. Moreover, the proposed DCS-MUD 

performance gets more superior and dominant for high SNR. 

The gap between the proposed and the conventional schemes 

gets larger when SNR is increasing, due to the fact that the 

proposed scheme BER decreases with increasing SNR 

whereas, the conventional scheme BER does not decrease for 

high SNR. Figure 7 shows the average achievable sum-rate 

comparison of the both signals s1 and s2 using the proposed 

CRS-NOMA. The sum-rate is observed against the power-

allocation coefficient c2 of signal s2. 

It is clear from the figure that when c2 increases, the s2 rate 

increases and the s1 rate decreases. It is due to the fact that s2 

gets more-power. Furthermore, when the coefficient c2 

increases from 0.1 to 0.5, the s1 rate decreases from 1.719 

bits/s/Hz to 0.491 bits/s/Hz, whereas the s2 rate increases 

from 4.127 bits/s/Hz to 5.237 bits/s/Hz. 

Figure 8 shows the comparison of the achievable sum-rates 

of the conventional-CRS and the proposed CRS-NOMA 

systems. It is clear from the figure that the proposed CRS-

NOMA achieves higher sum-rate for increasing SNR than 

the conventional-CRS. Moreover, as s1 gets low-power so it 

has poor achievable rate than s2 which gets more-power. 

 

 
Figure 7. Comparison of sum-rates for both signals in CRS-

NOMA schemes under Rician fading-channels. 
 

 
Figure 8. Sum rate comparison of the proposed CRS-NOMA 

and the conventional-CRS against the SNR. 
 

Figure 9 shows the performance comparison of the outage 

probability versus the transmit SNR with different power 

levels. It is clear from the figure that, the simulation results 

perfectly match the analytical results. Moreover, the outage 

probability improves for the first symbol as the quality of the 

R-D link increases. Furthermore, corresponding curves gap 

decreases when the power levels between the R-D link 

increases from 10 to 50, which means that its effect becomes 

negligible. The high-SNR approximations are close at 

moderate-SNR and it becomes exact at high SNR regime. 

 
Figure 9.  Comparison of the proposed and analytical results 

in terms of outage probability against the transmit SNR with 
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different values of power levels     and     and SINR 

remains constant and 10 and 0dB. 

Figure 10 shows the achievable rate comparison of the 

simulations, analytical and the high SNR approximation 

against the transmit SNR. It is clear from the figure that, the 

simulation result is consistent with the analytical results. The 

proposed scheme performance is better than CRS-OMA at 

low and high SNRs. It is because of the SIC algorithm which 

is used at the destination, which facilitates the second symbol 

transmission during the second time-slot. Moreover, the 

fading gain of the first symbol is also improved due the relay 

node which shortens the R-D link distance. 

 
 

Figure 10. Achievable rate comparison of the proposed 

CRS-NOMA with conventional OMA in against the transmit 

SNR with different values of power levels     and     

remains constant at 10. 
 

5. Conclusions 
 

This paper focuses on the uplink (UL) grant-free NOMA and 

downlink (DL) DCS-MUD techniques. The proposed DCS-

MUD performs joint user-activity and data-detection in 

several continuous time-slots. The conventional CS-MUD 

independently detect user in each time-slot whereas our 

proposed DCS-MUD performs it simultaneously. It is 

because of deploying the estimated AUS in current time-slot 

as the reference set to estimate the transmitted-signal in the 

next time-slot. The proposed DCS-MUD algorithm has low 

computational-complexity in each iteration. As compare to 

the conventional CD-MUD algorithm which does not have 

the partial-known support feature, the proposed DCS-MUD 

algorithm has lower complexity than the CS-MUD scheme. 

The downlink CRS-NOMA scheme uses GC-integration 

which converge quickly to achieve higher sum-rate as 

compare to conventional-CRS system. The outage 

probability of the proposed system is also analyzed in term 

of transmit SNR. The analysis validated that the higher 

average power of the R-D path improves the system 

performance. Finally, the proposed scheme shows better 

overall performance than the conventional OMA scheme in 

the entire SNR regime. 
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