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Abstract— This paper presents a systematic experimental 

study of non-line-of-sight (NLOS) communication channels for 

a networked mobile optical communication system denoted as 

Li-Fi. The experimental setup uses high-power light-emitting 

diodes (LEDs) with wide beam at the transmitter (Tx) and large-

area photodiodes (PDs) with wide field-of-view (FOV) at the 

receiver (Rx). A continuous-wave frequency-sweep based on a 

vector network analyzer (VNA) yields amplitude and phase 

responses of the Li-Fi channel at modulation frequencies of up 

to 200 MHz. Our experiments indicate that IR LEDs compared 

to white LEDs yield a gain of roughly 10 dBel and a significantly 

higher bandwidth. Moreover, NLOS signals are found between 

25-37 dBel below LOS signals at the same Tx-Rx distance. 

Finally, NLOS signals have low-pass characteristics in general 

with a reduced cut-off frequency. Implications of these findings 

on the design of a mobile Li-Fi system are highlighted. 

Keywords—Optical wireless communication, multipath 

channels, channel characterization, indoor Li-Fi, diffuse 

reflection 

I. INTRODUCTION  

The increasing demand for wireless data connectivity 
drives the scientific community to develop an alternative to 
radio frequencies (RF) networks denoted as optical wireless 
communication (OWC). Research on OWC has increased 
substantially in recent years[1-6]. Starting with infrared (IR) 
wavelengths, research has moved on to visible light 
communication (VLC) with high-power LEDs. The 
ubiquitous trend to deploy energy-efficient LEDs for 
illumination accelerated the idea of indoor OWC, which is 
commonly referred to as Li-Fi. In Li-Fi systems, each LED 
luminaire serves as a wireless access point being networked to 
others through the lighting infrastructure. Li-Fi is regarded as 
a capacity booster for Wi-Fi as it allows the deployment of 
additional small cells with few meters coverage area for each. 
It offers a safe, secure and inexpensive communication service 
in the unlicensed optical spectrum and allows to off-load data 
transmission from the crowded RF frequencies. 

As a technology for mobile communication, Li-Fi needs to 
support mobility through link adaptation within a cell and 
handover between adjacent cells similar like Wi-Fi and 4G 
mobile networks do. Understanding the effects of mobility on 
the performance will be similarly important for Li-Fi as for the 
existing mobile communication systems based on RF. 
Channel models validated through measurements in realistic 
scenarios enable the design of network planning tools to 
deliver the desired capacity in the intended coverage area. 
However, signal propagation in Li-Fi differs from RF. Non-
coherent OWC uses intensity modulation with direct detection 
(IM/DD) instead of homo-/heterodyne detection used in RF. 

In general, Li-Fi has smaller cells and better isolation 
between them compared to RF. Due to IM/DD, the electrical 
current after a PD is proportional to the received optical power 
scaling with 1/R² in free line-of-sight (LOS), where R is the 

propagation distance of the signal. Next, electrical signal 
power is proportional to the square of the photocurrent. 
Accordingly, the Li-Fi signal scales with 1/R4 instead of 1/R² 
as it does in RF. 

Due to scattering and reflection, optical signals experience 
multipath propagation denoted as non-line-of-sight (NLOS) 
signal paths. The role of NLOS is different for Li-Fi compared 
to RF. From RF propagation, it is known that most signal 
power is due to NLOS, even if LOS is free [10]. This is due to 
the non-directed, omnidirectional antennas and the fact that 
RF reflection is often specular. In Li-Fi, transmission and 
reception are more directed. As the wavelength of light is 
shorter compared to RF, diffuse scattering is the dominant 
NLOS mechanism. It is intuitive that diffuse scattering 
distributes the light almost evenly inside a room which can be 
explained by the integrating sphere model developed in [5]. 

It is often argued, see e.g. in [11], that a free LOS is 
dominant for Li-Fi and that the contribution of NLOS can be 
ignored at typical working distance; yet this is infrequently 
validated experimentally. While RF channel modeling relies 
mostly on measurements, most Li-Fi channel models are 
based on ray tracing [1, 5]. Few IR measurements are reported 
in [2-8].  

The objective of this paper is to close the gap on channel 
measurements in typical Li-Fi indoor scenarios. A driver 
circuit feeds the broad baseband test signal into the high 
power, wide beam LED. The  receiver (Rx) uses a large-area 
PD with a wide field-of-view (FOV) together with a 
bootstrapped trans-impedance amplifier. The setup used in 
this paper allows measurements of up to 200 MHz in 
bandwidth by using vector network analyzer (VNA) for the 
generation and analysis of the electrical signals. 

In this paper, we report results from a first indoor channel 
measurement campaign that provides experimental insights 

 
 

Fig. 1: Measurement Scenario 
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into the relation between LOS and NLOS signals for Li-Fi. 
The typical signal loss and the bandwidth reduction from 
hundreds of MHz in pure LOS to few ten MHz in pure NLOS 
scenarios is demonstrated.  

The paper is organized as follows: Section II describes the 
experimental setup and Section III the measurement scenarios. 
Sections IV and V contain the experimental results and 
discussion, respectively. 

II. EXPERIMENTAL SETUP 

The classical method for a wideband channel 
measurement in static scenarios is continuous wave (CW) 
frequency sweep [3-5] using a VNA. In normal operation 
mode, a CW signal with 0 dBm electrical power is fed into the 
Tx, where the frequency is swept from 200 KHz to 
200.2 MHz. By comparing amplitude and phase of the 
transmitted signal with the received signal, the VNA is able to 
record the amplitude and phase response of the device-under-
test (DUT). In our case, DUT is the Li-Fi link including the 
optical frontends. The setup is calibrated between Tx input 
and Rx output using a built-in 50 Ω S-parameter test set of the 
VNA. Therefore the measured channel always includes the 
characteristics of the optical frontends. For characterizing the 
propagation channel, the impact of the frontends has to be 
calibrated out as well. The measured frequency response of 
the wireless link is represented as:  

𝐻sys(𝑓) = 𝐻Rx(𝑓) ⋅ 𝐻Ch(𝑓) ⋅ 𝐻Tx(𝑓)                             

where 𝐻Tx(𝑓) , 𝐻Ch(𝑓)  and 𝐻Rx(𝑓)  are the frequency 
responses of the electro-optical Tx, the optical propagation 
channel and the opto-electrical Rx, respectively. 

Since a VNA operates in the frequency domain, it delivers 
the frequency characteristics of the channel. In an initial 
measurement, the Tx and Rx are positioned opposite to each 
other for a distance d at which the so-called the apparatus 
function 𝐻app(𝑓) = 𝐻Rx(𝑓) ⋅ 𝐻𝑑(𝑓) ⋅ 𝐻Tx(𝑓)  is measured, 

assuming that 𝐻𝑑(𝑓)  is the propagation channel with LOS 
only. When choosing d, care has to be taken that the link has 
negligible nonlinear distortion, i.e. neither the LED driver nor 
the Rx are fed with too much electrical amplitude or saturated 
by too much received power, respectively. This has been 
tested carefully. At first, Tx and Rx are deployed in a free 
LOS. As for the normal operation, the input power of the 
sinusoidal signal feeding in the Tx is 0 dBm where harmonic 
distortion is negligible. There is an additional minimum 
distance is required in our setup where the distortion of the 
received signals is negligible. It can be found by reducing 
distance in regular steps while monitoring the received signal 
until the frequency response gets deformed. The reference 
distance 𝑑 is chosen larger, i.e. at 80 cm, so that the distortion 
can be ignored. 

Now, the frequency response at the minimum distance is 
considered as the apparatus function 𝐻app(𝑓) characterizing 

the frontend modules only. The propagation channel 
𝐻Ch(𝑓) is then obtained as:  

𝐻Ch(𝑓) = 𝐻sys(𝑓)/𝐻app(𝑓)                                                                  (2) 

𝐻Normalized_channel(𝑓) = 𝐻Ch(𝑓)/𝐻𝑑(𝑓)                      (3) 

The measured channel always contains the impact of the 
LOS at the working distance, i.e. a certain reference channel 
at the calibration point described as Hd(f). Although 

propagation takes place in the optical domain, due to IM/DD, 
measurement is in the electrical domain. The amplitude of the 
electrical signal is proportional to optical power. The phase of 

the received electrical signal is given by  = 2f, where f and 

 are the modulation frequency and delay of the signal 
measured with respect to the calibration point.  

Pure LOS propagation can hence be modelled by a single 
path with a certain amplitude and delay in the time domain. 
This is often referred to as Dirac pulse and it yields a constant 
amplitude and a phase ramp rising linearly as a function of 
frequency. Any deviation from this ideal behavior can be 
attributed to the multi-path propagation. Besides the 
attenuation and longer delay due to increased distance, further 
paths could add to the LOS signal constructively or 
destructively, depending on power and delay time of the path. 

III. MEASUREMENT SCENARIOS 

Measurements are carried out in an empty 5.7m x 4.5m x 

3m meeting room in the ground floor at the Fraunhofer 
Heinrich Hertz Institute as shown in Fig. 1. A standard Agilent 
VNA E5061B-3L5 capable of operating between 5 Hz to 
3 GHz is used in the experimental setup and connected to 
optical Tx and Rx. At the Tx, either a IR or a visible light 
LEDs is used with identical bias current and modulation 
amplitude for the driver. Tx and Rx are placed at varying 
distances and directed into three different directions in the 
measurement scenario to investigate direct LOS as well as 
NLOS first and higher order reflections.  

The diffuse reflections at the walls and ceiling are received 
at the Rx. The corresponding amplitude and phase response is 
recorded in the VNA. The raw measurement data correspond 
to the frequency response of the complete system including 
the frontends and the optical wireless channel. For 
investigating the impact of optical propagation, the frequency 
response of the channel is obtained as shown in equation (2) 
by dividing the received signal by the apparatus function 
measured at the minimum distortion-less distance in LOS. 

The experiment is performed for IR LEDs and white LEDs 
as Tx source initially. When using IR, four LEDs at 850 nm 
have been used in parallel fed from the same driver circuit in 
order to send high optical power into a large coverage area. At 
the Rx, five photodiodes are used in order to increase the 
received power. Each PD has its own bootstrap amplifier after 
which equal gain combining is applied. In this 4 LED and 5 
PD setup, the optical power is boosted approximately by a 
factor of 20, corresponding to a gain of 26 dB in the electrical 
signal compared to using a single LED and PD each. This gain 
greatly improves detectability of the optical wireless signal in 
mobile scenarios. Note that previous channel measurements in 
[3-4] used an expensive MOPA laser and an avalanche 
photodiode (APD) with high intrinsic gain. This paper shows 
for the first time that a similar signal quality for channel 
characterization can be reached even in NLOS scenarios using 
modern Li-Fi frontends based on low-cost LED and PD.  

IV. RESULTS 

In this section, the results of measurements for LOS and 
NLOS Li-Fi channels are reported. The intention is to provide 
fundamental insights into point-to-point Li-Fi channel 
characteristics before moving on to more complex networked 
Li-Fi channels with multiple frontends. In the following, first 



we compare the use of white and IR LEDs and then consider 
the channel in LOS and NLOS scenarios. 

A. Comparison of IR LED and White LED as Tx 

This measurement is carried out with four IR LEDs (SFH 
4715AS) or by using a white LED (Cree XLAMP XM-L2) as 
the optical source with overall bias current set to 500 mA. The 
optical Rx uses five photodiodes (Hamamatsu S6968). The 
minimal distortion less with free LOS was found at 80 cm 
distance. In the blue curve in Fig. 2, the IR LED has a 3 dB 
modulation bandwidth of around 80 MHz when measured 
with the optical Rx. This has been reached using custom-
designed driver and bootstrapped trans-impedance amplifier 
at LEDs and each photodiode, respectively. 

Compared to the IR LED, with the white LED we measure 
around 20 dB gain drop at low frequencies. We have to correct 
the measured number since the IR LED has a beam width of 
90° compared to the white LED where it is 125°. 

Assuming LEDs have a generalized Lambertian radiation 
characteristics, this corresponds to Lambert coefficients of 2 
and 0.9, for IR and white LEDs, respectively. Accordingly, the 
power ratio in the main beam direction can be estimated as 
3.33, i.e. 5.2 dB in the optical and 10.4 dB in the electrical 
domain.  

After correction, the optical wireless communication 
channel has around 10 dB more gain at 1 MHz and around 40 
dB in addition at 200 MHz when using IR compared to white 
LED, all measured in the electrical domain. The significant 
difference is attributed to multiple reasons. The electrical-to-
optical conversion efficiency at the LED is higher in the IR 
compared to the blue LED converted to white by the 
phosphor. Moreover, white light has longer wavelength than 
blue, due to the wavelength conversion in the phosphor. In 
both cases, Tx power at the white LED is reduced compared 
to IR. Finally, the photodiode optical-to-electrical conversion 
efficiency is higher for IR compared to white. 

Moreover, 3 dB bandwidth is reduced to 1-2 MHz when 
using the white LED, which is very well known due to the 
phosphor [9]. Most blue LED light is converted into white 
light by color conversion in the phosphor. The white phosphor 
is known to have a slower response in general and reduced 3 

dB bandwidth, accordingly. At around 30 MHz, however, in 
our results, the frequency response of the white LED flattens 
and becomes similar to the one for the IR LED, just taking a 
higher overall signal loss into account. The flattened part of 
the frequency response is attributed to the small fraction of the 
blue light shining through the phosphor. Note that the blue 
LED can be modulated at similarly high frequencies as for IR.  

B. Impact of NLOS channels 

In the next experiment, we investigate the effects of NLOS 
propagation in a Li-Fi channel. At first, the impact of two 
NLOS scenarios is investigated and compared to a LOS 
scenario, all using IR LED. In all cases, the same distance of 
1 m was kept between Tx and Rx having an equal height of 
1.5 m. 

Fig. 3 illustrates the amplitude response of the Li-Fi 
channel, with apparatus function removed, where the Tx and 
Rx are arranged in three different scenarios. At first, Tx and 
Rx are facing each other (denoted as LOS), then both Tx and 
Rx are facing towards the ceiling (denoted as NLOS first 
reflection) and finally, they face away from each other in 
opposite directions (denoted as NLOS multiple reflections).  

The channel in the first scenario consists mostly of the 
LOS. In the second scenario, the first diffuse reflection is 
dominant. In the third scenario, at least two or more diffuse 
reflections are required for transmitted signals to reach the Rx. 

It is observed in the second scenario (red curve) compared 
to the first (blue curve) that the LOS has 25 dB more power in 
the electrical domain (around 20x in terms of optical power). 
This verifies that LOS Li-Fi scenarios can have significantly 
higher channel gain, compared to NLOS scenarios, if distance 
is short. But still a wide band transmission is possible over 
these NLOS. 

In the third scenario, when more reflections are included, 
power is further reduced by roughly 10 dB. In the yellow 
curve in Fig. 3, it is obvious that the frequency response is 
reduced faster in the low-frequency part of the spectrum up to 
around 20 MHz. This behavior is typical for the diffuse light 
propagation [5]. At lower frequencies, the signal results form 
a superposition of all higher order reflections. At higher 
frequencies, the response remains flatter and reveals some 

 
Fig. 2: LOS amplitude response of the system with IR LED (blue line) 

and white LED (red line) as optical source. 

 
Fig. 3: Amplitude response  of the channel for LOS (blue) and for NLOS 

with first (red) and multiple reflections (yellow). 



ripple and fading attributed to the constructive or destructive 
interference of the second (Tx-wall-wall-Rx) and third order 
reflection (Tx- wall-ceiling/floor-wall-Rx). For fictive 
specular reflected paths, the two fading events around 140 and 
180 MHz would correspond to distances of 214 and 167 cm, 
respectively. But since diffuse light has a continuous delay 
distribution, this is meaningless. A comparison with ray 
tracing is needed here which is beyond the scope of this paper. 

C. Impact of distance in NLOS channels 

Now the effect of mobility is studied. In the experiment, 
lateral distance between Tx and Rx was varied from 1 to 3 m 
at an increment of 0.5 m. The variation in distance for Tx and 
Rx are always kept symmetric to the center point of the room. 

 Fig. 4 shows amplitude and phase responses of the NLOS 
channels where the Tx and Rx are facing towards the ceiling, 
i.e. the first reflection is included. In the evaluated data, the 
impact of the apparatus function has been removed now, i.e. 
in this graph the LOS configuration at 80 cm distance from 
Fig. 2 would be represented by 0 dB. As already mentioned, 
there is a loss of approximately 25 dB at low frequencies, 
which increases to approximately 37 dB at 200 MHz. When 
distance is increased, received power from the first reflection 

is reduced due to reduced overlap between the area covered 
by the Tx beam and the one falling inside the Rx field-of-view. 
Moreover, Tx and Rx get nearer to the walls so that the 
relevance of higher-order reflections is increased. As a 
consequence, path loss increases to roughly 37 dB at low 
frequencies at 3 m distance. The higher-order reflections 
manifest in an increased ripple at higher frequencies in the 
amplitude response and more distortion in the phase ramp. 

Fig. 5 shows amplitude and phase responses of NLOS 
channels where Tx and Rx face away from each other, i.e. at 
least two and more diffuse reflections are included. In the data, 
again, the impact of the apparatus function has been removed 
now, i.e. in this graph the LOS configuration at 80 cm distance 
in Fig. 2 is now at 0 dB. There is a loss of approximately 37 dB 
at low frequencies increasing to approximately 50-60 dB at 
200 MHz. When distance is increased, average received 
power is almost maintained, which is indicative for higher-
order diffuse reflections which create a nearly homogeneous 
illumination inside the room, as explained by the integrating 
sphere model introduced in [5]. As Tx and Rx get far from the 
walls, there is more ripple at higher frequencies in the 
amplitude response and further distortion in the phase ramp 
both of which are particularly strong at 3 m distance. There 
are multiple diffuse propagation paths with similar amplitude 

 

 
Fig. 4: Amplitude (a) and phase response (b) for NLOS first reflections, 

where Tx and Rx are facing towards the ceiling. 

 

 
Fig. 5: Amplitude (a) and phase response (b) for NLOS with higher 

order reflections, where Tx and Rx face away from each other. 



and opposite phase which cause these fading effects. Further 
insights can be obtained from ray tracing which is beyond the 
scope of this paper. Note that at fading frequencies, a 
significant phase change is also observed.  

D. Channel Parameters of  NLOS Li-Fi channels 

More insights into the characteristics of the channel 
phenomena can be provided by calculating main channel 
parameters, i.e. path loss and root mean-square (RMS) delay 
spread of the channel.  

Path loss is the fraction of the transmitted signal power 
between Tx and Rx after the propagation through wireless 
channel. In logarithmic units, it is defined as the inverse of the 
DC channel response [3]. Due to the absence of DC frequency 
response in all our measurements, we have taken the 
amplitude value at the lowest frequency as the DC channel 
response. The DC channel response 𝐻(0) also represent the 
average optical received power at the Rx.  

Table I shows the calculated normalized channel path loss 
for all the NLOS configurations. In the NLOS channels with 
first-order reflections, as the distance of separation increases, 
the average received power is significantly reduced and thus 
the path loss is increased. This is due to the reduced overlap 
between the Tx beam and the Rx FOV. But in NLOS channels 
with higher-order reflections, the properties of diffuse light 
propagation in the room, creating an almost constant power 
distribution independent of the Tx-Rx distance [5], become 

more obvious now. Path loss is nearly constant changing by 
less than 1.5 dB in the electrical domain. The smaller path loss 
at higher distance can be explained by reduced propagation 
distance as Tx and Rx move away from each other. 

Due to the multipath propagation of the transmitted 
signals, multiple replicas of the optical signal arrive at the Rx 
at different times with varying power. This effect of multipath 
propagation in Li-Fi channels can be quantized by calculating 
the RMS delay spread of the channel. RMS delay spread is 
given as [2]   

𝐷 = [
∫(𝑡−µ)2ℎ2(𝑡)𝑑𝑡

∫ ℎ2(𝑡)𝑑𝑡
]

1

2
                                                      (4)                

µ =
∫ 𝑡.ℎ2(𝑡)𝑑𝑡

∫ ℎ2(𝑡)𝑑𝑡
 ,                                                                (5) 

where, 𝐷 is the RMS delay spread, µ is the average delay  
and ℎ(𝑡)  is the impulse response of the channel which 
illustrates the power profile of the optical signals arriving at 
the Rx as a function of time. It can be estimated from the 
frequency- domain measurement by using standard 
windowing techniques [3, 6]. Here, we defined a Hamming 
window by considering equally distant points as in the 
measured frequency response of the channel and 200.2 MHz 
as the infinite attenuation frequency. The frequency response 
of the channel has been multiplied with the windowing 
function and then an inverse Fourier transformation is applied 
to get the time domain response of the channel. Taking the 
windowing function before the inverse Fourier transform 
ensures the reduction of the side lobe levels in the estimated 
impulse response, generated due to the band-limited 
measurement. 

Figure 6 illustrates the estimated impulse response of the 
channel for LOS and NLOS configurations, at a separation of 
2.5 meters. The impulse response of NLOS first and higher-
order reflections have very small effects on the width of the 
impulse response when compared to the LOS case. The 
reduced peak amplitude and a shift of the strongest peak by 
around 10  and 15ns for first- and higher-order reflections, 
respectively, is observed when compared to the LOS case. The 
calculated impulse response shows the further reflection 
contributions typically varying in the delay range of 10-25 ns 
after the initial peak. From the estimated channel impulse 
response corresponding to all NLOS Li-Fi channels, the RMS 
delay spread and average delay are calculated using the 
equations (4) and (5).  

Table II shows the calculated RMS delay spread values for 
all NLOS Li-Fi channels. We can observe that in first-order 

 
Fig. 6: Impulse response of the channel, where Tx and Rx kept at 

LOS, NLOS with first order reflections and NLOS with higher 

order reflections. 

 

TABLE I.  PATH LOSS OF NLOS LI-FI CHANNELS 

DEPENDING ON DISTANCE 

Distance of 

separation 

between 

Tx and Rx    

(in meters) 

Normalized Path loss of the channel (in 

optical dB) 

First order 

reflections 

Higher order 

reflections 

1 27.1 38.72 

1.5 30.4 38.5 

2 33.86 38.05 

2.5 36.48 37.82 

3 37.82 37.27 

 

TABLE II.  RMS DELAY SPREAD OF NLOS LI-FI      

CHANNELS DEPENDING ON DISTANCE 

Distance of 

separation 

between 

Tx and Rx     

(in meters) 

Delay spread of the channel (in ns) 

First order 

reflections 

Higher order 

reflections 

1 3.46 10.5 

1.5 4.95 9.9 

2 7.81 10.52 

2.5 11.83 10.05 

3 14.22 9.68 

 



reflections, the RMS delay spread increases significantly with 
respect to the distance between Tx and Rx. But in case of 
higher-order reflections, due to the nearly uniform 
illumination in the room, the RMS delay spread is almost 
constant at around 10ns.  

V. DISCUSSION 

In the above results, it is found that IR LEDs provide 
around 10 dB more gain at low frequencies and a much wider 
bandwidth in general, compared to white LEDs. This suggests 
to use white LEDs only in cases where power consumption is 
less relevant, like in the downlink from an infrastructure to 
mobile devices. IR is more suitable in energy-constrained 
cases, like in the uplink from battery-powered mobile devices. 
For high-rate applications, the use of IR may be preferable in 
general, due to the increased optical frontend bandwidth.  

The measured channel responses show that LOS, first and 
higher-order reflections have different properties. LOS links 
have both, high power and high bandwidth. First diffuse 
reflections have reduced power but still rather high bandwidth. 
Higher-order reflections have further reduced power and 
significantly lower bandwidth. Moreover, they develop nearly 
constant path loss and delay characteristics due to the diffuse 
light propagation in rooms, consistent with the integrating 
sphere model [5]. 

In mobile scenarios, the channel may switch between these 
cases in very short time. As shown in [8], switching between 
LOS and NLOS due to blockage can be due to movement by 
few centimeters only. When a LOS is available, both, power 
and bandwidth are significantly higher, thus, a high data rate 
service can be offered using spectrally efficient transmission 
modes. In NLOS scenarios, both, power and eventually also 
the bandwidth can be reduced, significantly. Hence, less 
spectrally efficient and more power-efficient transmission will 
be required in general.  

As a consequence, Li-Fi systems must be highly adaptive 
and able to switch between different transmission modes 
according to the current channel condition. This requires 
instantaneous feedback provided from the receiver to the 
transmitter via the reverse link and adaptation of modulation 
and coding schemes in order to maintain a reliable 
connectivity between Tx and Rx and enable the highest 
possible data rate in any possible scenario. While bandwidth 
and spectral efficiency in the forward data link can be very 
high to exploit the potential of the best-case LOS scenarios, 
the feedback link has to be robust in all scenarios, hence, the 
worst-case NLOS scenario with both, lowest power and 
lowest bandwidth has to be taken into account. 

VI. CONCLUSION 

In this paper, a first Li-Fi channel measurement campaign 
has been conducted using our most recent frontends in which 
4 parallel high-power LEDs and 5 parallel large-area 
photodiodes transmit and receive the signal. Channel 
frequency response has been measured for NLOS Li-Fi 
channels by removing the effects of optical frontends. Besides 
studying the use of white and infrared LEDs, the impact of 
NLOS vs. LOS propagation has been investigated where the 
study has been detailed using dominant first- and higher-order 
reflections. The Li-Fi channel frequency response is reported 

for typical configurations of Tx and Rx modules that can be 
assumed in a mobile scenario. While LOS channels tend to 
have higher power and bandwidth, the opposite is true for 
NLOS channels with multiple reflections. 

For future work, it is challenging to model the continuous 
time evolution of the channel in mobile scenarios. There is 
significant fluctuation of the path gain and bandwidth, besides 
curious fading holes in specific Tx and Rx configurations. The 
variation of the channel in time and frequency between single 
Tx and Rx frontends requires a highly adaptive physical and 
medium access layer in order to provide mobility. The 
challenge is to maintain connectivity and maximize data rate 
at a sufficiently low error rate. The use of multiple optical 
frontends will significantly increase the probability that a LOS 
is available. If these distributed frontends are networked e.g. 
through the illumination infrastructure, the best LOS channel 
conditions with highest power and widest bandwidth are 
always available by linking the user via the nearest optical 
access points. Compared to previous optical wireless system 
designs, merely based on single access points, the use of 
multiple access points will greatly improve the Li-Fi 
communication performance. 
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