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Performance Analysis of Downlink Multipath Multi-User 

NOMA-VLC System  

Ajit Kumar1  ·  S.K.Ghorai2·  N. Sharan3 

Abstract: In the present paper, the performance of non-orthogonal multiple access (NOMA) in a downlink multipath multi-user Visible 

Light Communication (VLC) system has been evaluated w.r.t bit-error rate (BER), sum rate & outage probability. The results show that the 

sum rate and BER performance improve with the increase in semi-angle  𝝋𝟏 𝟐⁄  of the LED using both Line-of-sight (LOS) and LOS plus first 

reflection (L-R1) signals. The simulation results display that there is optimal value of 𝝋𝟏 𝟐⁄  at which minimum BER is achieved. However, 

the optimal angle of semi-angle varies with the number of users and order of reflection of signal. In case of two-user system with LOS signal, 

the optimal angle is 𝟓𝟎𝟎 and 𝟕𝟎𝟎 for user-1 & user-2 respectively, whereas, for three-user system the optimal angle is 𝟑𝟎𝟎 for user-1 and it is 𝟓𝟎𝟎 for each user-2 and user-3. The BER simulation results for L-R1 signal reveal that the successive interference cancellation (SIC) 

efficiently decodes the signal for two-user system with optimum performance at 𝝋𝟏 𝟐⁄   equals to 𝟕𝟎𝟎 but as the number of users increases to 

three, it fails to decode the signal. The results of sum rate vs. offset using LOS signal show that sum rate for two-user system monotonically 

increases & then decreases with the increase in semi-angle. The optimal angle is 𝟓𝟎𝟎 for the maximum sum rate which also supports the 

BER results. The effect of shadowing (blocked LOS signal) shows that the sum rate is zero for lower values of semi-angle of LED. Finally, 

the outage probability against target rate of far user confirms the key finding results of shadowing. 

Keywords: VLC, NOMA, Semi-angle, BER, Sum rate.  

1. Introduction 

Owing to the increase in demand of data driven-application, Visible light communication (VLC) has emerged as 

an encouraging supplement to the conventional radio frequency (RF) communication system. The VLC system 

has dual advantage of illumination as well as communication. It also exhibits numerous advantages when 

compared to RF system e.g. unregulated license-free spectrum, low cost, less power requirement, long life of 

light emitting diode (LED) etc. However, the limited modulation bandwidth of LED reduces the achievable 

capacity of the VLC system. In this context, the conventional multiple access technologies such as frequency 

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

(CDMA) have been used to increase the achievable capacity. Nevertheless, sufficient resource reuse can't be 

achieved using the above-mentioned techniques. The orthogonal frequency division multiple access (OFDMA) 

facilitates the resources to be reused at the subcarrier level and it has been widely investigated in the VLC 

system due to its frequency selective channel and the ability to reject intersymbol interference. Nonetheless, 

such techniques of orthogonal multiple access degrade the spectral efficiency and bit error rate performance.  

 Recently, non-orthogonal multiple access (NOMA) has attracted significant attention as a promising 

multiple access scheme for the 5th generation (5G) wireless network (M. Marshoud et a. 2016). NOMA employs 

superposition coding at the transmit side to aid the simultaneous transmission of signal to several users using a 

single source. Signals intended for different users are multiplexed by assigning different power levels inversely 

according to their channel gains. Z. Ding et al. (2014) have shown that the NOMA performs much better in high 

signal-to-noise ratio (SNR) conditions. Thus, indoor VLC system which offers high SNR due to its short 

distance between LEDs and photo detector (PD) can utilize the NOMA in the downlink VLC system. 

Nevertheless, the received signal is composed of superposition of multi-user's signal and therefore interference 

cannot be completely eliminated by SIC techniques which leads to error propagation. Therefore, the bit error 

rate (BER) which is metric for evaluating wireless communication system is required to be investigated under 

different scenarios for NOMA-VLC system. 
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 Several pioneer works have been done on the BER performance analysis for indoor VLC system. In 

order to combat the impairments like user-mobility and imperfect channel estimation information (CSI) in 

MIMO-VLC system, a minimum bit error rate (MBER) combination has been proposed (R. Sekhar and R. 

Mitra 2019). The authors have shown that the same BER performance is achieved using MBER combiner 

method as compared to maximum ratio combining (MRC) method with perfect CSI. The angle diversity 

receivers particularly pyramid receiver (PR) and hemispheric receiver (HR) have been investigated for 

improving the BER performance (A. Nuwanpriya 2015). However, in all those works, the BER performance 

has been investigated without using NOMA technique. 

 B. Lin et al. (2017) have proposed single carrier-based NOMA scheme for the VLC system and have 

found optimum power allocation ratio (PAR) of 0.29 at which best BER performance is achieved. Chen et al. 

(2018) have suggested a flexible-rate SIC-free NOMA technique for downlink VLC system. They have 

revealed that for high power allocation range (PAR), almost same BER performance can be achieved by the 

near user using proposed constellation portioning coding (CPC) method. H. Li et al. (2019) have introduced a 

hierarchical pre-distorted layer asymmetrically clipped optical OFDM (HPD-LACO-OFDM) scheme for 

NOMA. They have experimentally shown that for the same signal power, the proposed method outperforms dc-

biased optical OFDM (DCO-OFDM) and asymmetrically clipped optical OFDM (ACO-OFDM) in the terms of 

BER performance. X. Liu et al. (2019) have obtained the closed form expression of BER and found that the 

difference in BER performance among users decreases with the increase in modulation order at the expense of 

higher power consumption. H. Marshoud et al. (2017) have used a novel gain ratio power allocation (GPRA) 

scheme which outperforms the conventional static power allocation technique in terms of BER. They have also 

demonstrated that the tuning of both semi-half power angle of the LED and FOV of the receivers using GPRA 

method provides more sum rate than that achieved using fixed semi-angle of the LED and fixed FOV of the 

receiver. Nevertheless, in all the above works, the NOMA based BER performance has been investigated using 

only line-of-sight (LOS) signal.  

 L. Yin et al. (2016) have investigated impulse response and sum rate performance using NOMA in 

multiuser VLC system with multipath reflection and LOS blockage. The authors have shown that the LOS 

blockage degrades the performance, but signal transmission is still possible due to the existence of multipath 

reflection. A. K. Mishra and A. Trivedi (2019) have compared the GPRA and normalized gain difference power 

allocation (NGDPA) methods in the NOMA-MIMO-VLC system with single reflection environment and have 

shown that the latter method results in better sum rate than that achieved using the former power allocation-

based scheme.  Yet, in all these works, the BER performance of NOMA-VLC system was not investigated. 

There are certain situations in which the BER performance shows different performance with different signal 

components (A. Kumar and S. K. Ghorai 2018; A. Kumar and S. K. Ghorai 2020). There can be different cases 

in practical indoor VLC system e.g. LOS blockage, tilted receiver etc. due to which light signal may not be 

captured through LOS path. Moreover, the LOS component may be comparable or even smaller than non-line-

of-sight (NLOS) component in case where horizontal separation between LED and PD is wide enough so that 

not all incident light rays are received by limited FOV of the receivers. Also, the received power from second 

reflection is more than that received from first reflection when the LED is located at the center and PD is at 

either center or the wall side of the room. Hence, there is a need to investigate the BER performance of 

multipath multiuser NOMA-VLC system under different scenarios. 

 Following are the main contributions and outcomes of this research paper. The BER performance of 

NOMA-VLC has been investigated with single LED for two-user & three-user system by changing the semi-

angle of the LED using LOS and L-R1 signals. The sum rate vs. offset has been examined for different number 

of users using LOS and blocked LOS signal. Also, the outage probability has been simulated for blocked signal. 

The remainder of the paper is organized as follows: Section II presents the indoor multipath NOMA-VLC 

model and section III describes the principal of NOMA-VLC system. Section IV includes results and discussion 

while conclusion is provided in Section V. 
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2. Downlink multipath NOMA-VLC model 

In this section, the model of indoor multipath NOMA-VLC system has been described in a room size of 

5m×5m×3m. For simplicity and without loss of generality, single LED located at the center of the ceiling and k 

number of users have been considered. In the present paper, two-user (k=2) and three users (k=3) system have 

been considered in simulation. Fig. 1 shows the indoor multipath NOMA-VLC model.  The users are placed at a 

height of 0.85m from the floor. The LOS signals from the LED to the PD are shown by the paths d1 and d2 for 

the user-1 and user-k respectively. Similarly, L-R1 signal for user-1 and user-k is shown by the paths d3-d4 and 

d3-d5 respectively. The maximum coverage radius of the light beam of the LED is L=2.5m.  

The LED is assumed to follow Lambertian radiation pattern which is cosine function as given below: 𝐼(𝜑) = 𝑚+12𝜋 𝑐𝑜𝑠𝑚(𝜑)                     (1) 

where 𝜑 is the irradiance angle w.r.t normal axis, m is the Lambertian order which is the function of semi-half 

angle φ1/2 of the LED and is given as m = −ln(2) ln(cosφ1/2)⁄ . 

The LOS and non-line-of-sight (NLOS) channel gains for the kth user are stated respectively as (J. Kahn and J. 

Barry 1997) 

 ℎ𝑘𝐿 = { 1𝑑𝑘2 𝑔(𝜓𝐿,𝑘)𝐴𝑟𝐼(𝜑) 𝑐𝑜𝑠𝑚(𝜑𝐿,𝑘) cos(𝜓𝐿,𝑘) 0 < 𝜓𝐿,𝑘 < 𝐹𝑂𝑉0 𝜓𝐿,𝑘 ≥ 0                              (2) 

ℎ𝑘𝑁 = { 1∏ 𝑑𝑝,𝑘2 𝑔(𝜓𝑁,𝑘)𝜇𝐴𝑟𝐼(𝜑) cos(𝜑𝑁,𝑘) cos(𝛼) cos(𝛽) cos(𝜓𝑁,𝑘) , 0 < 𝜓𝑁,𝑘 < 𝜓𝐹𝑂𝑉0 𝜓𝑁,𝑘 ≥ 𝜓𝐹𝑂𝑉                  (3) 

where 𝑑𝑝.𝑘 is the NLOS distance between LED and kth user through pth path,  𝜑𝐿,𝑘 and 𝜑𝑁,𝑘 are the irradiance 

angles from source for the kth user corresponding to LOS signal and NLOS signal respectively, 𝐴𝑟 is the active 

𝝋𝑳,𝒌 

𝚿𝑳,𝒌 

LED 

User-1 

User-k 

𝜶 𝜷 

Fig. 1 Indoor multipath multi-user NOMA-VLC model 

𝒅𝒑=𝟑 

𝒅𝒑=𝟒 

𝒅𝒑=𝟏 

𝒅𝒑=𝟓 

𝒅𝒑=𝟐 

𝝋𝑵,𝒌 

𝚿𝑵,𝒌 

H=0.85m 
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area of the PD, 𝜇 is the reflection coefficient of wall, 𝛼 and 𝛽 are the incidence and reflected angles on the wall, 𝜓𝐿,𝑘 and 𝜓𝑁,𝑘 are the incident angles of LOS and NLOS signals at PD of kth user respectively, 𝜓𝐹𝑂𝑉 is the field 

of view of the concentrator. The factor 𝑔(𝜓) is the gain of optical concentrator given by (J. Kahn and J. Barry 

1997) 𝑔(𝜓) = { 𝑛2𝑠𝑖𝑛2(𝜓𝐹𝑂𝑉) , 0 ≤ 𝜓 ≤ 𝜓𝐹𝑂𝑉0, 𝜓 ≥ 𝜓𝐹𝑂𝑉                    (4) 

where 𝑛 is the refractive index of concentrator. Here 𝜓  can be either 𝜓𝐿,𝑘 or 𝜓𝑁,𝑘.  

3. Principal of NOMA-VLC system 

In NOMA, the bipolar message signal for the different users are superposed in the power domain and a DC bias 

is added at the LED as given by: 𝑥 = ∑ 𝛼𝑖√𝑃𝑒𝑙𝑒𝑐𝑆𝑖 + 𝐼𝐷𝐶𝐾𝑖=1                      (5) 

where 𝑃𝑒𝑙𝑒𝑐is the total electrical power of all the message signals, 𝐼𝐷𝐶 is the DC bias added to the LED before 

the signal transmission, 𝑆𝑖 and 𝛼𝑖 are the modulated message signal and power allocation coefficient for the ith 

user (i=1, 2,…k….K). 

In NOMA, two criteria should be met: more signal power is allocated to the user with poorer channel quality 

and power allocation coefficients should satisfy the total power constraint i.e. ∑ 𝛼𝑖2 = 1𝐾𝑖=1 . At the kth user, the 

received signal is given by (Y. Lin et al. 2016): 𝑦𝑘 = √𝑃𝑒𝑙𝑒𝑐ℎ𝑘(∑ 𝛼𝑗𝑠𝑗 + 𝛼𝑘𝑠𝑘𝑘−1𝑖=1 + ∑ 𝛼𝑖𝑠𝑖𝐾𝑖=𝑘+1 ) + 𝑛𝑘                   (6) 

The first term in above equation is SIC, second term is the signal intended for the kth user, third term represents 

the interference and the fourth term (𝑛𝑘) is the noise. The noise is having zero mean and variance 𝜎𝑛𝑜𝑖𝑠𝑒2 which 

comprises shot noise and thermal noise as written below: 𝜎𝑛𝑜𝑖𝑠𝑒2 = 𝜎𝑠ℎ𝑜𝑡2 + 𝜎𝑡ℎ𝑒𝑟𝑚𝑎𝑙2 = (2𝑞𝑅𝑃𝑟𝐵) + (8𝜋𝐾𝑇𝐺 𝜂𝐴𝑟𝐼2𝐵2 + 16𝜋2𝐾𝑇Γ𝑔𝑚 𝜂2𝐴𝑟2𝐼3𝐵3)                  (7) 

where q is electronic charge, R-responsitivity of the receiver, B-equivalent bandwidth, K-the Boltzmann 

constant, T-absolute temperature, G-open loop voltage, 𝜂-input capacitance of PD, G-open loop voltage gain, Γ-

FET transconductance. 

After optical to electrical conversion, the achievable data rate per bandwidth for kth user is given as (L. Yin 

2016) 

𝑅𝑘 = {12 𝑙𝑜𝑔2 (1 + (ℎ𝑘𝛼𝑘)2∑ (ℎ𝑘𝛼𝑖)2+1𝜌𝐾𝑖=𝑘+1 ) , 𝑘 − 1, … . , 𝐾 − 112 𝑙𝑜𝑔2(1 + 𝜌(ℎ𝑘𝛼𝑘)2), 𝑘 = 𝐾                    (8) 

where 𝜌 = 𝑃𝑒𝑙𝑒𝑐𝑁0𝐵   represents the transmit SNR and scaling factor of ½ is due to the Hermitian symmetry.  

The schematic block diagram of downlink NOMA-VLC system is represented in fig. 2. The modulated bipolar 

message signals S1, S2 … Sk...SK are superposed in power domain based on the channel state information (CSI). 

Then a fixed DC bias is added to obtain unipolar signal for intensity modulation and direct detection (IM/DD). 

The signal is finally transmitted through the LED and AWGN gets added to it in the indoor multipath channel 

before it is captured by photodetector. In the receiver side, the received optical signal is converted into electrical 

signal using photodetector.  Finally, after removal of DC term, the SIC is carried out at the kth user to remove 

the message signal for other users with poorer channel condition. 
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4. Results and discussion 

The SIC based decoding order between the multiusers of the LED is decided by the channel gain of each user. 

On simplification, the channel gain can be stated as ℎ ∝ 1𝑑(𝑚+1)𝑠𝑖𝑛2(𝐹𝑂𝑉)                     (9) 

From above Eqn. it can be seen that the channel decoding order depends on the three factors; the Euclidean 

distance between LED and kth user, the FOV of the receiver and lastly semi-angle of the LED. 

All the parameters and their corresponding values are provided in the table I.  

Table I. Parameters and their values 

 Parameters Value 

Room Size 5m× 5m × 3m 

 ρNorth = ρSouth = ρWest = ρEast 0.7 

Source Coordinate of LED  (0m, 0m, 3m) 

Semi-angle at half power, φ1/2 200, 300, 400, 500, 600, 700 

Channel 

model 

Barry channel model 

 

Receiver 

Height of receiver plane above the floor 0.85m 

Active area (AR)  1Cm2 

Coordinate of user-1  (0.5m, 0.5m, 0.85m) 

Coordinate of user-2  (-1m, -1m, 0.85m) 

Power domain  

Superposition  

 

Modulated 

signal 𝑆1 

Modulated 

signal 𝑆𝐾 

 
𝑃𝑘 

𝑃1 

P 

t, f 

DC bias 𝐼𝐷𝐶  

𝑆𝑘 decoding 

𝑆1decoding 

𝑆1decoding 

User-1 

User-K 

l 

L 

𝒅𝟏 
𝒅𝟐 

Fig. 2. Schematic block diagram of downlink k-user NOMA-VLC system 

Recovered 

signal 𝑦1 

Recovered 

signal 𝑦𝐾 

Superposed signal 𝑥 

𝑃𝐾  

𝑆𝐾decoding 
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A. BER performance analysis 

Practically, the receiver captures not only LOS signal but non-line-of-sight (NLOS) signals are also received by 

it and hence in this section the BER performance using LOS as well as LOS along with first reflection (L-R1) 

signal has been analyzed. Figs. 3a & 3b respectively show the BER performance for two-user & three-user 

system using LOS signal w.r.t transmitted energy against AWGN’s power spectral density. In the BER 

simulation, three different values 300, 500, and 700 of the semi-angle φ1/2  have been considered. The result of 

fig. 3a shows that as angle φ1/2 decreases, the BER performance of user-1 & user-2 decreases. It can be 

observed that the best BER performance is achieved at φ1/2 equals to 500 and 700 for user-1 and user-2 

respectively. However, the BER curves of fig. 3b show that the optimal value of φ1/2 for user-1 is 300 whereas 

for user-2 & user-3, it is 500. Thus, it is observed that there is optimal value of semi-angle of LED for a 

standard room size of 5m×5m×3m at which best BER best performance is achieved for multi-user NOMA-VLC 

Coordinate of user-3  (-1.5m, -1.5m, 0.85m) 

Half-angle FOV 600 

 

 

 

 

 

 

Noise 

Ambient light noise 

Spectral irradiance of ambient light noise Pbn 5.8uw/cm2.nm  

Receiver preamplifier noise 

Electronic charge q 1.6×10-19 

Noise bandwidth factors I2,  I3 0.562, 0.0868 

Receiver area Ar 10-6 m2 

Responsitivity of Photodiode R 0.5 A/W 

Boltzman’s constant K 1.38×10-23 J/k 

Absolute temperature T 300 K 

FET channel noise factor Γ 0.82 

Feedback resistor of FET based 

transimpedance amplifier Rf 

1.4 KΩ 

Transconductance gm 14 mS 

Total Input capacitance η 2 pF 

Fig. 3.  LOS BER performance of NOMA-VLC system using different values of 𝝋𝟏/𝟐 for (a) Two-user (b) Three-user system 

(a) (b) 
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system using LOS signal. However, the optimal value of semi-angle of the LED could be different depending 

on the number of users & therefore proper investigation is to be done before implementing indoor multi-user 

NOMA-VLC system. The BER curves in fig. 3b also shows that for all three users, the successive interference 

cancellation becomes inefficient for large value of semi-angle of the LED (φ1/2 equals to 700). This is because 

the channel correlation between multi-users starts reducing with further increase in semi-angle of the LED. 

Since, the channel gain is the order of 10-4, the electrical path loss at the receiver side is -80 dB and so, there is 

an offset of 80 dB with respect to received Es/No in fig.3.  

Figs. 4a & 4b show the BER performance of LOS plus first reflection signal (L-R1) using different values of 

semi-angle of the LED for two-user and three-user system respectively. The result shows that the bit error rate 

reduces with increase in semi-angle of the LED (same trend as shown in LOS). However, in present case, the 

result of fig. 3a shows that optimal value of 𝛗𝟏/𝟐 is 𝟕𝟎𝟎 which gives minimum bit error rate in two-user system. 

This is because number of reflected light rays increases as 𝛗𝟏/𝟐 increases so captured light rays through the 

receiver's FOV is also more. Nonetheless, as seen from fig. 4a, the SIC method fails to decode the user’s 
intended signal as the number of users becomes three. This is because channel correlation increases as the 

number of user increases. In such scenario the concept of optical attocells can be implemented to make the 

channel gain uncorrelated as suggested by H. Haas (2013). Thus, choosing the optimal value of semi-angle of 

the LED not only depends on the number of users but it also depends on the reflected signals. Therefore, to 

achieve optimum BER performance, factors such as indoor room scenarios as well as requirements in 

accordance with the NOMA-VLC system i.e. number of users, position of transmitters & receivers, semi-angle 

of the LEDs etc. is to be considered. 

B. Sum rate analysis  

Fig. 5 shows the simulated curves of sum rate vs. normalized offset (l/L) for different values of semi-angle of 

the LED using LOS signal. The normalized offset of user-2 is defined w.r.t user-1 as l/L where L is the 

maximum coverage range inside the room. The sum rate vs. normalized offset has been simulated for different 

values of semi-angle of the LED (200, 300, 400, 500, 600 & 700). The result shows that as the position of user-

2 is shifted towards the edge of the room, the sum rate decreases. The decrease in sum rate is not clearly evident 

from Fig.5 (curves appear straight horizontal line) and so for better clarity it has been shown in the inset 

diagram with only three curves corresponding to 500, 600 and 700 of semi-angle. The result displays that with 

increase in semi-angle, the sum rate increase and reaches to its peak value & thereafter it starts decreasing with 

Fig. 4.  L-R1 BER performance of NOMA-VLC system using different values of 𝝋𝟏/𝟐 for (a) Two-user (b) Three-user system 

(a) 
(b) 
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further increase in semi-angle. The sum rate is maximum for 𝜑1/2 equals to 500 (shown by marked arrow). The 

average value of each curve for different offset values has been calculated and plotted against their 

corresponding semi-angles as shown in fig. 6. It can be observed that the peak average sum rate is 278.84 Mbps 

achieved at 𝜑1/2 equals to 500. Thus 𝜑1/2 equals to 500 is the optimal value of semi-angle of the LED for two 

user system at which maximum sum rate is achieved in the room whose dimension is 5m×5m×3m. The optimal 

value of 𝜑1/2 can be different for different number of users (discussed previously). Consequently, it can be 

noted that the semi-angle of the LED can't be increased arbitrarily to any value in order to improve BER 

performance in multiuser NOMA-VLC system.  

Since, in the previous discussion, reflected signals were considered for BER performance analysis therefore, the 

sum rate vs. offset has been simulated using first reflection signal. Fig.7 shows the sum rate vs. offset for 

blocked LOS signal or only first order reflected signal. The result shows the opposite trend from that observed 

in Fig.5 i.e. the sum rate increases with increase in the offset. This is due to the fact that more optical power is 

received by user-2 as it is shifted towards the edge of the wall because the wall acts as light source (reflected 

light) for the user-2. The result also displays that the sum rate keeps on increasing with increase in semi-angle 

of the LED. It is because greater number of light rays are incident on the walls using higher semi-angle-based 

Fig.8. Avg. sum rate vs. semi-angle for blocked LOS Fig.7. Sum rate vs. normalized offset using blocked-LOS 

signal 

Fig.5. Sum rate vs. normalized offset using LOS 

signal 

Fig.6. Avg. sum rate vs. semi-angle of LED 
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LED, and therefore numbers of reflected light rays captured through the FOV of the receiver is also more. 

Moreover, it is evident from the simulation curves that the sum rate is almost zero for 𝜑1/2 equals to 200 and 300. It is because the emitted light rays from the LED are confined in very narrow beam and so there is no 

incident light rays on the surface of walls causing users to be in dark zone. Thus, it can be observed that the 

multipath reflected signal as well as semi-angle of the LED plays a crucial role for multiuser NOMA-VLC 

system.  

C. Outage performance analysis  

The essence of shadowing without the discussion of outage probability remains incomplete and so the outage 

performance analysis has been presented in this section. Fig. 9 shows the outage probability for blocked LOS 

scenario against target rate of far user. It can be observed that the outage probability increases with reduction in 

semi-angle of the LED when the target rate of far user increases. For the semi-angle values of 300 the outage 

probability (for target rate beyond 3bps/Hz) reaches to 100 percent for both users e.g. the coverage area 

becomes zero percent. This is because reduction of signal due to shadowing is greater than the margin when 

semi-angle reduces. This result supports the outcomes discussed in previous section for sum rate using 200 and 300 values of semi-angle. 

 

Fig. 9. Outage probability of blocked LOS scenario 

 

5. Conclusion 

In the present paper, BER and sum rate performance of NOMA-VLC using single LED and two-user & three-

user system have been investigated for LOS as well as L-R1 signals using different values of semi-angle of the 

LED. The results show that the BER as well as sum rate of LOS and reflected signals have best performance at 

optimal semi-angle. However, the optimal value of semi-angle of LED changes with number of users as well as 

order of reflection of signal. The outage probability for blocked LOS signal display that the for small semi-

angle of LED, the outage probability reaches to 100 percent. The overall results show that semi-angle of LED in 

addition to multipath signal plays a significant role in multi-user NOMA-VLC system. Therefore, proper 

investigation is to be done before implementing downlink multipath multi-user NOMA-VLC system. 
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