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Abstract: Pattern Division Multiple Access (PDMA) is a novel non-orthogonal multiple access scheme proposed to meet up 

the diverse demands on high capacity and large number of connections in the fifth generation (5G) wireless networks. PDMA 

uses the characteristic pattern to define the sparse mapping from data to a group of resources, and the sparsity of the pattern 

gives impacts on the capacity performance and detection complexity. The present thesis emphasizes greatly to develop a 

simulation model for the 5G compatible downlink Pattern Division Multiple Access (PDMA) scheme implemented wireless 

communication system. The simulated system incorporates a modern channel coding ((3, 2) SPC) and different low order 

digital modulation (4-QAM, QPSK and DQPSK) schemes. With implementation of G
[2,3]

PDMA pattern matrix for three users 

and considering total transmitted power of 40 Watt, 50%, 30% and 20% of total transmitted power have been assigned to first, 

second and third users and additionally phase shifting factors have been applied in power scaled transmitted signals of second 

and third users to resolve ambiguity in individual data separation. On consideration of both synthetically generated binary data 

stream and color image transmission in AWGN and Rayleigh fading channel, it is observable from MATLAB based simulation 

study that the ((3, 2) SPC) channel encoded simulated system is very much robust and effective in retrieving transmitted data. 

The impact of applicability of 2-D median image filtering technique in processing of three different identically sized color 

images and enhancement of image quality has clearly been observed. This thesis elucidates the benefits of multi-user data 

transmission in power domain. 

Keywords: PDMA, ((3, 2) SPC), G
[2,3]

PDMA Pattern Matrix, AWGN and Rayleigh Fading Channel, 

2-D Median Image Filtering Technique 

 

1. Introduction 

Multiple access scheme is generally regarded as the 

landmark of each generation of mobile communication 

systems. In the first generation (1G), Frequency division 

multiple access (FDMA) was used. Time division multiple 

access (TDMA) and code division multiple access (CDMA) 

were introduced in the second generation (2G) and the third 

generation (3G) respectively. Orthogonal frequency division 

multiple access (OFDMA) is considered as the key 

component of the fourth generation (4G). The multiple access 

schemes separate users in orthogonal resources such as 

frequency, time, or code domain resources. These orthogonal 

multiple access (OMA) schemes make it possible to build the 

system with low complexity, however they are unable to 

achieve the capacity boundary of a multi-user channel. The 

fifth generation (5G) needs to support much higher capacity 

and also provide much larger number of connected users. 

These requirements are rather challenging and it is difficult to 

satisfy the requirements by using OMA schemes. Non-

orthogonal multiple access (NOMA) has thus been 

considered as a promising candidate to meet the requirements 

in connection numbers and system capacity of 5G. Signal of 

multiple users are superposed and advanced detection 

algorithm are employed to separate the superposed signal. 

Theoretically, NOMA is optimal in terms of achieving the 
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capacity boundary [1,2]. In the previous 3G WCDMA 

wireless communication system, NOMA has been used. In 

the uplink of WCDMA, data symbols are spread by long 

spreading codes and multiple users transmit their spread 

signals on the same frequency and time resources. Since long 

spreading codes are used, only linear detection algorithm is 

possible at the receiver due to the complexity of non-linear 

detection algorithm. As a result, non-orthogonal transmission 

of this type is demonstrated to be inefficient in terms of 

spectrum efficiency [3]. A number of NOMA techniques are 

studied in both industry and academy, such as interleave 

division multiple access (IDMA) [4], bit division 

multiplexing (BDM) [5], sparse code multiple access 

(SCMA) [6] and multi-user sharing access (MUSA) [7] etc. 

With IDMA, different users are distinguished by user-

specific interleavers. BDM was first proposed to provide 

differentiated services for broadcasting system. It extends the 

multiplexing from symbol level to bit level. Both SCMA and 

MUSA are based on code domain superposition [8]. In 2016, 

Chen and et.al., suggested various nonlinear detection 

algorithms such as successive interference cancellation 

(SIC), maximum a posteriori (MAP) or maximum likelihood 

(ML) in receiving section for separating users being 

multiplexed on the same resource. Pattern Division Multiple 

Access (PDMA) is a code pattern based NOMA scheme. The 

PDMA patterns are designed to offer different order of 

transmission diversity, so that disparate diversity order 

between multiple users could be introduced to alleviate the 

error propagation problem of SIC receiver. In transmission 

diversity, multiple copies of a signal are transmitted from 

independent resources to avoid transmission error due to 

deep fading on one resource. The resources could be time, 

frequency or spatial resource. The PDMA pattern is also 

extended to include power scaling and phase shifting to 

harvest additional constellation shaping gain. In PDMA, non-

orthogonal transmission is realized through multiplexing data 

of multiple users onto the same resource group with different 

PDMA pattern. 

2. PDMA Pattern Design and Signal 

Detection 

Users multiplexed PDMA patternson the same resource 

group can construct a PDMA pattern matrix. Each column of 

the PDMA pattern matrix represents a PDMA pattern. 

Properties of PDMA pattern matrix such as dimension and 

level of sparsity contribute both complexity and system 

performance. In our present study, a 2×3 PDMA pattern 

matrix has been used where 3 users are multiplexed on two 

resource elements (REs). The PDMA pattern in such case can 

be written as: 

[2,3] 1 1 0

1 0 1
PDMAG

 
=  
 

                         (1) 

Taking PDMA pattern [2,3]
PDMAG , transmitted data of 3 

users are mapped onto two REs. The transmission signal on 

these REs can be expressed as: 

1
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2
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where, vj is the transmission signal on the j
th

 RE, and xk is the 

modulation symbol of the k
th

user 

Unlike orthogonal transmission, transmission signal on 

each RE is linear combination of multiple modulation 

symbols: 

V1 = x1 + x2                                    (3) 

V2 = x1 + x3 

To resolve ambiguity in proper detection of user’s own 

data, power scaling and phase shifting are introduced in 

PDMA pattern matrix. Specifically, before two users’ 

symbols are mixed, a power scaling factor and a phase 

shifting factor are applied: 

j
v β x e 1 β x1 2

φ= + −                        (4) 

where, β is the power scaling factor and φ is the phase 

shifting factor. In this present study, merely phase shifting 

factor has been applied to data of user #2 and user #3. As 

each user is equipped with a single antenna and base station 

is equipped with two antennas, the fading channel matrix is 

2×3 sized and it is represented as: 
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The PDMA equivalent channel response matrix H can be 

written as: 

H=
[2,3]

CH PDMAH GΘ  

=
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where, Θ  has been considered to represent element-wise 

product of two matrices. In PDMA equivalent channel 

response matrix H, the channel coefficients of first, second 

and third columns are applicable to user #1, user #2 and 

user#3 [9]. As signal transmitted from Base station from two 

antennas use different resource (frequency), the signal 

received at user #1 from second antenna of Base station is 

neglected. The signal received at the user #1, user #2 and 

user # 3 can be written as: 

y1= h11(x1 +x2)                                (7) 

y2= h12(x1 +x2)                               (8) 

y3= h23(x1 +x3)                               (9) 
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From equation (7) through equation (9), it is observable 

that in every cases, another user’s data are treating as 

interference which are needed to be eliminated. Primarily, 

digitally modulated complex symbol vectors for three users

1 2 3
ˆ ˆ ˆ,x x and x are scaled in power such that the average power 

for each user is made to unity. If P be the total transmitted 

power and β1, β2 and β3 are the power scaling factors (0.5,0.3 

and 0.2) of three users, φ2 and φ3 are phase scaling factors for 

user #2 and user #3, the power and phase scaled signal vector 

of the three users can be written as: 

2

3

1 1 1

2 2 2

3 3 3

ˆ̂ ˆ
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j
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On applying OFDM modulation to each data vector 

presented in Equation (10), the transmitted signal vectors for 

three users x1,x2 and x3 are produced. In receiving section of 

each user, the AWGN noise contaminated Rayleigh faded 

signal is undergone OFDM demodulation. The OFDM 

demodulated signal vectors x10, x20 and x30 are channel 

equalized and can be written as: 

x11=(h11)
-1

x10 

= 1 1ˆP xβ + 2
2 2ˆ j

P x e
ϕβ                       (11) 

x22=(h12)
-1

 x20 

= 11 x̂Pβ + 2

22
ˆ φβ jexP                   (12) 

x33=(h23)
-1

x30 

= 11 x̂Pβ + 3

33
ˆ φβ j

exP                    (13) 

In equation (11) through (13),
 1x̂  , 2x̂ and 3x̂ are the 

detected power scaled complex modulated symbol vectors 

for three users. These signal vectors are assumed to have 

average power of unity which are further rescaled to retrieve 

original signal vectors. In equations (11), (12) and (13), 

2

22
ˆ φβ jexP , 11 x̂Pβ  and 11 x̂Pβ  are the interference 

terms, denoting X={ x
(1)

,x
(2)

,x
(3)

and x
(4)

} is the power scaled 

(unity average power) signal alphabet of 

4QAM/QPSK/DQPSK and using ML decoding, the detected 

interfering complex symbols 1 2 3,
�

x x and x contained in 

interference term for user #1, user #2 and user #3 can be 

obtained from: 

1
ˆx = − − =

∈

2jφ(k)
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(k)

arg min x Pβ x Pβ x e , k 1, 2, 3,4

x X  (14) 

2
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∈

2jφ(k)
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(k)

arg min x Pβ x Pβ x e , k 1, 2, 3, 4

x X  (15) 

ˆ 3jφ(k)
3 33 1 3 33

(k)

x arg min x Pβ x Pβ x e ,k 1, 2, 3,4

x X

= − − =

∈  (16) 

The detected power scaled complex symbols 1 2 3
ˆ ˆ ˆˆ ˆ ˆ,x x and x

for three users can be written as: 

1
ˆ̂x = (x11- 2

2 1
jP x e ϕβ )/ 1( )Pβ              (17) 

2
ˆ̂x = (x22- 1 2P xβ )/ 2

2( )jP e ϕβ              (18) 

3
ˆ̂x = (x33- 1 3P xβ )/ 3

3( )
j

P e
ϕβ              (19) 

On multiplying Equation (17) through Equation (19) with 

normalization factor NF(= 2 ), the original complex 

digitally modulated data symbols for user #1, user #2 and 

user#3 are achieved viz. 

1

ˆ̂
x̂ NF= 1

ˆ̂x                                     (20) 

2

ˆ̂
x̂ NF= 2

ˆ̂x                                    (21) 

3

ˆ̂
x̂ NF=                                         (22) 

3. Channel Coding and Image Filtering 

Techniques 

3.1. (3, 2) SPC Channel Coding 

In SPC (Single parity check) channel coding, the transmitted 

binary bits are rearranged into very small code words 

consisting of merely two consecutive bits. In such (3, 2) SPC 

coding, a single parity bit is added to the message u = [u0, 

u1] so that the elements of the resulting code word x =[x0, 

x1, x2] where, x0 = u0, x1 = u1 and x2 = u0 ® u1, the 

symbol ® is indicative of the sum over GF (2) [10] 

3.2. 2D Median Filtering 

2D median filtering is widely used to remove various types 

of ‘pepper’ and ‘Gaussian’ type noises. In this paper 2D 

Median Filtering scheme is utilized in which a 3×3 

neighborhood windowing mask is used for simply sorting all 

the pixel values within the window and finding the median 

value and replacing the original pixel value with the median 

value [11]. 

4. System Description 

The block diagram of the 5G compatible downlink Pattern 
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Division Multiple Access (PDMA) scheme implemented 

wireless communication system model has been presented in 

Figure 1. In such simulated model, RGB color image will be 

processed. The RGB color image is different for three users 

but each is of identical size (260 pixels (width) and 140 

pixels (height)). The chosen color image is primarily 

converted into its respective three Red, Green and Blue 

components. Its each components is undergone integer to 

binary converted (not shown in the Figure), channel coded 

with various Forward Error Correction codes (FEC). The 

processed binary data are digitally modulated using low order 

digital modulations, power scaled and phase inserted (in case 

of signals for user 2 and user 3), serial to parallel converted, 

OFDM modulated, parallel to serial converted and PDMA 

encoded prior to transmission from two transmitting antennas 

of Base station. The signal transmitted from two transmitting 

antennas are in different resource elements such that the 

frequency of transmitted carrier is different. In receiving 

section of each user, own transmitted signal is detected along 

with other user’s signal transmitted in identical resource 

element considered as interference. The received signal is 

processed for interference reduction and subsequently sent up 

to the serial to parallel (S/P) converter, OFDM demodulated, 

parallel to serially converted, power rescaled and phase 

removed, digitally demodulated, channel decoded and 

eventually transmitted color image / binary data are retrieved. 

Our presently considered simulated system is working in 

MATLAB environment based on the simulation parameters 

presented in Table. 

 

Figure 1. Block diagram of 5G Compatible Downlink Pattern Division Multiple Access (PDMA) scheme implemented Wireless Communication System. 
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Table 1. Summary of the simulated model parameters. 

Parameters Values 

Size of Color image for each user 140 pixels× 260 pixels 

PDMA pattern matrix G[2,3]
PDMA 

Total transmitted power (Watt) 40 

Assigned power to user 1, user 2 and user 3 

(of total transmitted power) 
50%,30% and 20% 

Phase introduced intransmitted signals of 

user 2 and user 3 
π and π/4 

Channel encoding (3,2) SPC 

Symbol mapping DQPSK, QPSK and QAM 

Image filter 2-D median 

Signal to noise ratio, SNR (dB) 0-15 

It is keenly observable from graphical illustrations 

presented in Figure 2 through Figure 4 that the performance 

of the downlink (3,2) SPC channel encoded PDMA scheme 

based 5G compatible simulated wireless communication 

system is very much well defined. In all cases, the simulated 

system shows comparatively better performance in QAM as 

compared to QPSK and DQPSK digital modulations. On 

critical observation of simulation curves shown in Figure 2, it 

is seen that for a typically assumed SNR value of 5 dB, the 

estimated BER values are 0.1859, 0.2462 and 0.3763 which 

are indicative of system performance improvements of 

1.2201 dB and 1.8425 dB in case of QAM as compared to 

QPSK and DQPSK digital modulations. At 20% BER value, 

SNR improvements of 6 dB and 12 dB are achieved in case 

of QAM as compared to QPSK and DQPSK digital 

modulations. 

 

Figure 2. BER performance of (3,2) SPC channel encoded downlink Pattern Division Multiple Access (PDMA) scheme implemented 5G compatible wireless 

communication system for user #1 under utilization of various digital modulation schemes. 

The BER performance presented in Figure 3 is applicable 

for user #2. For a typically assumed SNR value of 5 dB, the 

estimated BER values are 0.2996, 0.3326 and 0.4513 which 

ratify system performance improvements of 0.4538 dB and 

1.3254 dB in case of QAM as compared to QPSK and 

DQPSK digital modulation techniques. At 25% BER 

value, SNR improvements of 1 dB and 7 dB are achieved in 

case of QAM as compared to QPSK and DQPSK digital 

modulation techniques. 

 

Figure 3. BER performance of (3,2) SPC channel encoded downlink Pattern Division Multiple Access (PDMA) scheme implemented 5G compatible wireless 

communication system for user #2 under utilization of  various digital modulation schemes. 
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On graphical illustration presented in Figure.4, it is 

observable that the overall system performance is not suitable 

for user #3 as power assigned is low as compared to user #1 

and user #2. For a typically assumed SNR value of 5 dB, the 

estimated BER values are 0.3204, 0.3337 and 0.4546 which 

are indicative of system performance improvement of 

0.1766dB and 1.3427dB in case of QAM as compared to 

QPSK and DQPSK digital modulation techniques. At 25% 

BER value, SNR improvements of 1dB and 4dB are achieved 

in case of QPSK in comparison to QAM and DQPSK digital 

modulation schemes. 

 

Figure 4. BER performance of (3,2) SPC channel encoded downlink Pattern Division Multiple Access (PDMA) scheme implemented 5G compatible wireless 

communication system for user #3 under utilization of  various digital modulation schemes. 

 

Figure 5. Transmitted color images for three users (Top for user #1, middle 

for user #2 and bottom for user #3). 

Figure 5 shows the three identical sized color images which 

are considered to have been assigned to the three users. In 

purpose of showing pixel distributions in the color images, 

they are converted into gray forms (Figure 6) and 

corresponding histograms are presented in Figure 7. It is 

keenly observable that the pixel distributions in the images are 

not identical to each other. In assigned image for user #1, the 

pixel distribution with pixel values in the approximate range: 

120-130 are very much prominent in comparison to others. 

 

Figure 6. RGB to Gray converted images for three different users. 
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Figure 7. Histograms of RGB to Gray converted images for three different users (Top for user #1, middle for user #2 and bottom for user #3). 
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Figure 8 shows received color images for user #1 at SNR 

values of 0 dB, 5 dB, 10 dB and 15 dB under scenario of with 

and without implementation of 2D image noise reduction 

technique and utilization of QAM digital modulation in (3,2) 

SPC channel encoded simulated system. In studying with non 

using 2D image noise reduction technique, the estimated 

BER values are found to have values of 0.2566, 0.1926, 

0.1442 and 0.0790 in case of 0 dB, 5 dB, 10 dB and 15 dB 

SNR values. Figure 8 also ratifies that the quality of the 

retrieved images is improved with application of 2D image 

noise reduction technique. Figure 9 shows received color 

images for user #2 at SNR values of 0 dB, 5 dB, 10 dB and 

15 dB under scenario of with and without implementation of 

2D image noise reduction technique and utilization of QAM 

digital modulation in (3,2) SPC channel encoded simulated 

system. In studying with non using 2D image noise reduction 

technique, the estimated BER values are found to have values 

of 0.0.3704, 0.3030, 0.1701 and 0.0798 in case of 0 dB, 5 dB, 

10 dB and 15 dB SNR values. Figure 9 also ratifies that the 

quality of the retrieved images is improved with application 

of 2D image noise reduction technique although the 30% of 

total power has been assigned to user #2. Figure 10 shows 

received color images for user #3 at SNR values of 0 dB, 5 

dB, 10 dB and 15 dB under scenario of with and without 

implementation of 2D image noise reduction technique and 

utilization of QAM digital modulation in (3,2) SPC channel 

encoded simulated system. In studying with non using 2D 

image noise reduction technique, the estimated BER values 

are 0.3726, 0.3203, 0.2261 and 0.1513 for SNR values of 0 

dB, 5 dB, 10 dB and 15 dB. Figure 10 also confirms that the 

quality of the retrieved images is improved with application 

of 2D image noise reduction technique although the 20% of 

total power (smallest power) has been assigned to user #3. 

Figure 11 through Figure 13 show graphical illustrations for 

RGB to Gray converted transmitted and retrieved color 

images with and without filtering at 10 dB SNR value for 

different users in (3,2) SPC channel encoded simulated 

system. It is observable that in each cases presented filtered 

image has resemblance with the original image. 

 

Figure 8. Sequential received color images for user #1 at SNR values of 0 dB, 5 dB, 10 dB and 15 dB under scenario of with and without implantation of 2D 

image noise reduction technique (color images presented in Left column and Right column imply the case of without and with implementation of 2D image 

noise reduction technique). 
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Figure 9. Sequential received color images for user #2 at SNR values of 0 dB, 5 dB, 10 dB and 15 dB under scenario of with and without implantation of 2D 

image noise reduction technique (color images presented in Left column and Right column imply the case of without and with implementation of 2D image 

noise reduction technique). 

 

Figure 10. Sequential received color images for user #3 at SNR values of 0 dB, 5 dB, 10 dB and 15 dB under scenario of with and without implantation of 2D 

image noise reduction technique (color images presented in Left column and Right column imply the case of without and with implementation of 2D image 

noise reduction technique). 
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Figure 11. 3-Dimensional Graphical illustrations showing RGB to Gray converted transmitted and retrieved color images with and without filtering at 10 dB 

SNR value for user #1 in (3,2) SPC channel encoded simulated system (Top for original, middle for without filtering and bottom for filtering). 
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Figure 12. 3-Dimensional Graphical illustrations showing RGB to Gray converted transmitted and retrieved color images with and without filtering at 10 dB 

SNR value for user #2 in (3,2) SPC channel encoded simulated system (Top for original, middle for without filtering and bottom for filtering). 
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Figure 13. 3-Dimensional Graphical illustrations showing RGB to Gray converted transmitted and retrieved color images with and without filtering at 10 dB 

SNR value for user #3 in (3,2) SPC channel encoded simulated system (Top for original, middle for without filtering and bottom for filtering). 
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5. Conclusions 

In this paper, an comprehensive study has been undertaken 

on the performance evaluation of 5G Compatible Downlink 

Pattern Division Multiple Access (PDMA) scheme 

implemented Wireless Communication System. In such 

work, an effort has been taken to show the suitability of 

PDMA scheme in multi-user’s data retrieval. To discriminate 

individual user’s signal, phase scaling factors have been 

introduced and implementation of 2D spatial domain noise 

reduction technique is found to have produced reasonably 

watchable color images. Numerical results ratifies the 

significance of utilizing digital modulation, power 

assignment and channel coding schemes. In the context of 

system performance, it can be concluded that the 

implementation of low order QAM digital modulation 

technique in (3,2) SPC channel coding scheme provides 

satisfactory result for such a 5G Compatible Downlink 

Pattern Division Multiple Access (PDMA) scheme 

implemented Wireless Communication System. 
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