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A SURVEY OF FRAME-LEVEL COMMUNICATION IN LI-FI 
NETWORKS

Abstract: 
This paper presents a survey of the concepts and technological aspects of 
optical communications, with a particular focus on Li-Fi systems as an 
advanced subcategory of visible light communication (VLC). Li-Fi represents 
a concrete solution for simultaneous illumination and data transmission 
using LED light sources based on the principle of intensity modulation and 
direct detection (IM/DD).
The paper reviews and synthesizes existing approaches to the frame structure 
and organization of data transmission in Li-Fi systems (IEEE 802.15.7 
standard). The hierarchy of data encapsulation from the physical to the network 
layer is described, as well as the role of different frame types (data, control, 
and management), with attention to the superframe structure that includes 
beacon intervals, a Contention Access Period (CAP), and a Contention Free 
Period (CFP) with the implementation of mechanisms such as CSMA/CA and 
Guaranteed Time Slots (GTS). Together with the basic network topologies 
in Li-Fi systems, including peer-to-peer, star, and broadcast topologies, Li-Fi 
has the potential for application in wireless networks where high capacity 
and secure data transmission are required.
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INTRODUCTION

Wireless communication systems, through their continuous devel-
opment, aim to improve data transmission rates, reduce latency, and 
improve spectrum utilization. Due to the rapid growth of internet traffic, 
the application of IoT, and indoor communication systems with high 
density, RF systems are beginning to face increasing challenges in terms 
of spectrum, interference, and capacity. This has driven research into 
communication technologies capable of extending network performance 
beyond the limitations of the RF domain, and in this context, opti-
cal wireless communication, particularly visible light communication 
(VLC), has the potential to become a direction for future indoor wire-
less networking. 
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Visible light communication (VLC) is a wireless 
technology that enables high-speed data transmission 
through visible light. It emerged from the development 
of LEDs, whose physical characteristics enabled the 
combination of lighting and data transmission within a 
single infrastructure. The LED simultaneously plays the 
role of a light source and an information transmitter. 
The information signal is imposed on the light inten-
sity—intensity modulation with direct detection (IM/
DD)—so the optical carrier is a real, positive quantity. 
Therefore, all modulation formats must ensure wave-
form non-negativity and control of average power due 
to illumination and flicker constraints.

In early studies, it was shown that white LED sources 
can be used not only for illumination but also as optical 
transmitters in indoor wireless systems. This led to the 
development of the concept from basic VLC to Li-Fi 
(Light Fidelity). However, Li-Fi is a subset of VLC that 
satisfies three conditions: (1) bidirectionality, (2) multi-
user access, and (3) a standardized physical and MAC 
layer stack [1]. Therefore, when a VLC signal is allowed 
only in the direction lamp → device [2], it is referred to 
as one-way broadcast; as soon as the device can send a 
response (via a return infrared or visible channel), and 
multi-user access is orchestrated through mechanisms 
such as CSMA/CA, the technology qualifies as Li-Fi. The 
principle of Li-Fi is based on transmitting data by IM/
DD in a well-defined and standardized manner. 

While early Li-Fi implementations can be conceptu-
ally described using on-off keying (OOK), modern Li-
Fi physical layer designs extend beyond simple binary 
intensity switching and include modulation schemes 
such as pulse amplitude modulation (PAM) and optical 
OFDM variants (e.g., DCO-OFDM and ACO-OFDM). 
These techniques ensure signal unipolarity and compli-
ance with illumination constraints, including flicker 
mitigation and dimming control requirements [3].

2.	 MODULATION AND CHANNEL 
CHARACTERISTICS IN LI-FI SYSTEMS

Modulation in Li-Fi systems must be adapted to the 
specific characteristics of the optical channel with inten-
sity modulation and direct detection (IM/DD). This 
means that information is transmitted by changing the 
intensity of the light emitted by the LED source, while 
reception is performed by a photodetector sensitive to 
variations in illumination. The transmitted signal must 
be unipolar (it cannot have negative light amplitudes) 
and real, unlike RF systems where electromagnetic 

waves carry information in both phase and amplitude. 
The main modulation schemes used in Li-Fi include 
simple single-carrier techniques as well as more com-
plex multicarrier techniques [4]. The optical channel in 
Li-Fi systems is dominated by a limited set of propa-
gation mechanisms. The most significant component 
is line-of-sight (LoS) transmission between the LED 
transmitter and the photodetector receiver. Addition-
al signal components correspond to non-line-of-sight 
(NLoS) propagation paths, which arise from diffuse re-
flections on indoor surfaces such as walls, ceilings, and 
furniture, typically modeled using Lambertian reflection 
principles.

In Li-Fi systems, the optical channel is governed by 
line-of-sight (LoS) propagation between the LED trans-
mitter and the photodetector receiver, as well as non-
line-of-sight (NLoS) components arising from diffuse 
reflections on indoor surfaces such as walls, ceilings, and 
furniture, typically modeled using Lambertian reflec-
tion principles. The received optical signal is therefore 
strongly dependent on geometric parameters including 
transmission distance, irradiance angle, incidence angle, 
and the receiver field-of-view (FOV). [2], [5], [6].

A Li-Fi system uses light photons instead of RF 
waves, so the signal requires optical visibility or reflec-
tions in order to reach the receiver. Unlike radio waves, 
light does not penetrate opaque obstacles (e.g., walls), 
which means that the coverage of a Li-Fi network is lim-
ited to the room in which the light source is located. 
The advantage of this property is that there is no mutual 
interference between neighboring rooms and security is 
improved (the signal is „contained“ within the room). 
The drawback, however, is sensitivity to signal blockage 
– if an obstacle appears between the LED and the pho-
todiode, the direct signal will be interrupted [7]. In such 
situations, reception is possible through diffuse reflec-
tions from walls or the ceiling, but with a significantly 
weaker signal level. Because of this, Li-Fi systems usually 
require multiple lighting fixtures within a single room in 
order to ensure good coverage regardless of the position 
of the user. The Li-Fi channel consists of two types of 
paths: a direct path with a Line-of-Sight (LoS) and indi-
rect paths without direct visibility (Non-Line-of-Sight, 
NLoS) created by reflections from surfaces within the 
room [2]. Under standard conditions, the dominant 
portion of transmission is formed by LoS components 
– direct light from the LED lamp to the receiver pro-
vides the highest optical gain due to the short path and 
minimal losses. However, NLoS components, created by 
reflections of light from walls, ceilings, furniture, and 
other objects, also contribute to the overall channel.  
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In certain positions within a room, even the diffuse 
(NLoS) component alone can provide a sufficiently 
strong signal for communication [8] if the direct path 
is unfavorable.

3.	 FRAME STRUCTURE AND TRANSMISSION

A frame in wireless systems is defined as a unit of 
data at the link layer that contains addressing and con-
trol information and the user payload [10]. Higher lay-
ers (network and transport) send packets that are en-
capsulated into frames for physical transmission. The 
frame-level abstraction includes the procedure of mes-
sage assembly, their inter-layer interactions, and the 
processing logic for delivery, retransmission, and dis-
carding. Frames in Li-Fi are important due to the short-
range nature, i.e., frequent handover, limitations of LED 
emitters, and the need for precise synchronization.

At the link layer, a frame is formed by adding a header 
and typically contains fields such as: (1) Frame Control 
(frame type, identification, QoS), (2) Address (MAC 
addresses of source and destination), and (3) Sequence 
Control (frame number) [11]. At the network layer, 
packets are used (e.g., IP datagrams), which contain 
IP addresses in their headers. A frame encapsulates a 
packet. Formally: packet (network layer) → frame (MAC 
layer) → bits (physical layer). An example of encapsula-
tion: an Ethernet frame (Data Link layer) can contain 
IEEE 802.2 LLC with an IP packet inside. An Ethernet 
frame has fields: destination and source MAC address 
(6B+6B), type/length (2B), and CCITT-16 CRC. The 
Maximum Transmission Unit (MTU) determines the 
maximum number of payload bytes in a frame. In Li-Fi 
systems with small cells (attocell [10]), the MTU is often 
selected based on trade-offs discussed in the literature 
regarding reliability and throughput. Longer frames 
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Figure 1. Line-of-Sight (LoS) and Non-Line-of-Sight (NLoS) Li-Fi Communication Scenarios [9]
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Figure 2. Superframe structure, frame exchange, and frame formats in a Li-Fi system. (a) Superframe structure in a  
Li-Fi system, (b) Frame exchange between the AP and user device in a Li-Fi system, (c) Attocell data frame structure,  

(d) Feedback data frame structure [13] 
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increase channel utilization, but may also be more 
vulnerable to errors caused by blockage or rapid user 
movement between cells. The Li-Fi MAC layer protocol 
(IEEE 802.15.7) defines data, beacon, and MAC com-
mand frames [12]. In 802.15.7, the coordinator periodi-
cally sends beacon frames for superframe synchroniza-
tion, and the superframe is divided into a contention 
access period (CAP), where channel access is based on 
CSMA/CA, and a contention-free period (CFP), where 
guaranteed time slots (GTS) are allocated for scheduled 
transmissions.

The topology of a Li-Fi network determines the way 
access points, user devices, and data flows are connect-
ed. In VLC, as well as in Li-Fi, which is a subset of VLC 
[2], three basic network topologies are supported: (1) 
peer-to-peer (P2P), (2) star topology, and (3) broadcast 
topology [14].

In a peer-to-peer (P2P) topology, two devices com-
municate within the same coverage area, where one 
of them takes the role of a coordinator responsible for 
link management [15]. It is not a central coordinator 
through which all communication passes, as in the star 
topology. The P2P topology is primarily used for simple, 
rudimentary systems and local forms of data exchange. 
The most common use cases are when it is necessary 
to establish a short-range optical link between a small 
number of devices. The advantage is lower complexity 
and fast connection establishment, but it is not suitable 
for a large number of users and complex network man-
agement.
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Figure 3. Li-Fi Network Topologies and Superframe Structure in Li-Fi Systems. (a) Network Topologies in Li-Fi Systems, 
(a.1) Peer-to-Peer Network Topology, (a.2) Star Network Topology, (a.3) Broadcast Network Topology; (b) Superframe 

Structure Across Different Topologies in Li-Fi Systems (IEEE 802.15.7); (c) Detailed Superframe Structure with CAP, 
CFP and GTS in Li-Fi Systems (IEEE 802.15.7); (d) Superframe structure with CAP and CFP (GTS₁ … GTSn);  

(e) Hierarchical Structure of the Li-Fi Superframe [12], [14]
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The star topology includes multiple devices, i.e., all 
devices communicate with a central coordinator, i.e., 
an access point that manages data exchange within the 
network. Such a model enables centralized medium 
access control, device synchronization, resource alloca-
tion, and data flow control. It is implemented as a set of 
small optical cells (attocell zones), where each LED 
access point serves users within its FOV. The advantage is 
more efficient resource utilization, but due to the limited 
range of individual cells, user overlap between neighboring 
access points occurs (handover).

The broadcast topology is based on one-way trans-
mission of a signal from a single source to a larger num-
ber of receivers located within its coverage area. In this 
model, the transmitter sends the same information to 
all devices that can optically receive the signal, with-
out establishing individual bidirectional links with each 
user. Therefore, the broadcast topology is suitable for 
distributing the same data to multiple devices simulta-
neously, for example, for sending notifications, iden-
tification signals, or other information that does not 
require complex user interaction. Its main advantage 
is simplicity and efficiency in transmission to multiple 
receivers, while the limitation is that it does not provide 
full control of return communication and management 
as the star topology does.

IEEE 802.15.7, part of the IEEE 802.15 family, utilizes 
a superframe architecture synchronized by periodic beacon 
frames, with the format determined by the coordinator 
based on the network topology. The superframe structure 
contains a beacon period throughout which beacon 
messages are transmitted for synchronization purposes. 
The system contains a Contention Access Period (CAP), 
where communication occurs via the CSMA/CA mech-
anism, and a Contention Free Period (CFP), during 
which communication is facilitated by Guaranteed Time 
Slots (GTS).

There are two types of random channel access mech-
anisms proposed in the IEEE 802.15.7 standard. The first 
type is the non-beacon enabled mode, where beacon sig-
nals from the coordinator are turned off, as illustrated in 
Illustration 3(a.1). In this method, shown in Illustration 
3(a.1), the coordinator typically operates in this mode, 
where transmission is always performed using unslotted 
random channel access via the CSMA method. In non-
beacon mode, communication is based on unslotted 
random access mechanisms, with behavior depending 
on implementation and network configuration. Device 
discovery in IEEE 802.15.7 can use active or passive 
scanning depending on topology and implementation:  

passive scanning relies on listening for beacons, while 
active scanning involves sending probe requests and 
awaiting responses. This method employs unslotted 
random channel access utilizing the CSMA technique. 
In that case, when a device wishes to transmit, it ini-
tially waits for a random backoff interval, then checks 
the channel to see if it is busy or free before proceeding 
with the transmission. If the channel is busy, the device 
will wait for another random duration before trying to 
access the channel again, as shown in Illustration 3(b).

The second type is the beacon-enabled mode, in 
which signals from the coordinator are sent as beacons, 
as illustrated in Illustration 3(a.2) and 3(a.3). In this 
mode, time is segmented into beacon intervals. The super-
frame that occurs during a beacon interval includes both 
a Contention Access Period (CAP) and a Contention 
Free Period (CFP). When a device intends to transmit in 
this mode, it first identifies the start of the next backoff 
slot and then waits for a randomly determined number 
of backoff slots before conducting a Clear Channel As-
sessment (CCA). If the channel is available, the device 
initiates transmission. If the channel is busy, the device 
waits for another random number of backoff slots before 
repeating the CCA process, as shown in Illustration 
3(b), while a star topology is established between one 
coordinator and multiple subordinate devices. Passive 
scanning is used to detect nodes in the environment. 
Beacon-enabled random access features a Contention 
Free Period (CFP), which comprises several Guaranteed 
Time Slots (GTS). This time frame allows the coordinator 
to allocate medium access for devices that have specific 
latency or bandwidth needs. Based on the requirements, 
the coordinator allocates Guaranteed Time Slots (GTS) 
within the CFP to support scheduled transmissions for 
devices with specific QoS requirements.

IEEE 802.15.7 supports two operating modes: beacon-
enabled and non-beacon-enabled, which define how 
medium access and synchronization are performed. In 
the non-beacon-enabled mode, communication is not 
organized through periodic beacon transmissions, and 
channel access is typically based on contention-based 
mechanisms without strict time synchronization. In 
this case, devices access the medium using CSMA/CA 
principles adapted to optical wireless communication, 
where channel sensing and randomized backoff delays 
are used to reduce the probability of collisions. In contrast 
to beacon-enabled operation, this mode does not rely 
on a predefined superframe structure, and its behavior 
largely depends on the implementation and network 
configuration. Device association and discovery mech-
anisms are not strictly defined and may vary across 
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systems, often relying on implicit synchronization and 
signaling procedures rather than standardized scanning 
techniques.

Recent developments in Li-Fi standardization go 
beyond IEEE 802.15.7 toward the newer IEEE 802.11bb, 
which integrates optical wireless communication into 
the Wi-Fi ecosystem. Unlike IEEE 802.15.7, which 
defines a dedicated MAC layer with superframe struc-
tures (CAP/CFP), IEEE 802.11bb adopts the conven-
tional IEEE 802.11 MAC protocol, enabling compatibil-
ity with existing RF-based Wi-Fi systems. This results 
in notable differences in frame organization, channel 
access mechanisms, and overall network integration 
capabilities. The described frame structures, including 
superframe organization with CAP and CFP periods, are 
aligned with the IEEE 802.15.7 standard. However, IEEE 
802.11bb departs from this model by adopting a MAC 
layer compatible with Wi-Fi networks. As a conse-
quence, mechanisms such as CSMA/CA remain present, 
but without superframe segmentation and GTS-based 
resource allocation as defined in IEEE 802.15.7. There-
fore, the applicability of the presented frame structure 
is primarily limited to systems compliant with the IEEE 
802.15.7 standard.

4.	 CONCLUSION

In this paper, the key aspects of Li-Fi systems are 
analyzed as an advanced form of visible light commu-
nication (VLC), with an emphasis on frame structure 
and the organization of data transmission in accordance 
with the IEEE 802.15.7 standard. Attention is given to 
the role of frames as the basic unit of transmission at 
the link layer. Frames are used for data structuring, 
device synchronization, and communication control 
between nodes, as described in the literature. It is shown 
how data is encapsulated through different layers of the 
network architecture, from the physical to the network 
layer, where the MAC layer has a central role in organ-
izing medium access and managing transmission. The 
classification of frames into data, control, and manage-
ment further enables efficient handling of different types 
of communication requirements.

The superframe structure enables temporal organiza-
tion of communication through division into CAP and 
CFP periods. The CAP period, based on the CSMA/CA 
mechanism, enables flexible channel access, while the 
CFP period, using Guaranteed Time Slots (GTS), pro-
vides scheduled access mechanisms as described in the 
literature for supporting different traffic types.

Additionally, different Li-Fi network topologies, 
including peer-to-peer, star, and broadcast models, 
directly affect frame organization and the way data is 
transmitted. Each of these topologies has its own advan-
tages and limitations depending on the specific application, 
number of users, and system requirements. 

Table 1. Comparison of Li‑Fi and RF Systems [2], [16], [17]

Aspect Li‑Fi (IEEE 802.15.7) Wi‑Fi (IEEE 802.11) Li‑Fi (IEEE 802.11bb)

Medium Visible light (LED, IM/DD) Radio waves (RF) Visible light (optical wireless  
integrated into 802.11 PHY/MAC)

MAC structure
Superframe with beacon,  
CAP (CSMA/CA), CFP 

(GTS)
Distributed coordination  
function (DCF), EDCA

Standard IEEE 802.11 MAC (EDCA/
DCF), reused with optical PHY 

adaptation

PHY modula-
tion

OOK, PAM, optical OFDM 
(DCO‑OFDM, ACO‑OFDM) OFDM, QAM, PSK Optical OFDM (802.11‑adapted); 

OFDMA and QAM concepts

Coverage Limited to illuminated area,  
no wall penetration

Wide coverage,  
penetrates walls

Same limitation as Li‑Fi, but  
interoperable with Wi‑Fi

Security Physical containment  
(light confined to room)

Susceptible to RF interference 
and leakage

Same physical security as Li‑Fi,  
plus Wi‑Fi integration

Limitations
Sensitive to blockage, requires 

LoS or reflections,  
flicker/dimming constraints

RF congestion, interference, 
limited spectrum

Inherits Li‑Fi limitations, but gains 
Wi‑Fi compatibility

Use cases Indoor high‑capacity,  
secure links, attocells

General wireless networking, 
broad mobility

Hybrid Li‑Fi/Wi‑Fi deployments, 
seamless integration
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In this context, frame structure and channel access 
mechanisms must be adapted to the specifics of the chosen 
topology. 

Compared to RF-based systems, Li-Fi offers signifi-
cantly higher potential in terms of data transmission 
rates, as it utilizes a much wider frequency spectrum 
in the visible light domain and benefits from inherent 
physical-layer security. However, Li-Fi systems are more 
sensitive to blockage and require line-of-sight or reflective 
propagation paths. In the literature, hybrid Li-Fi/Wi-
Fi systems have been proposed to combine the high 
capacity of Li-Fi with the robustness and coverage of RF 
systems, thereby mitigating the limitations of both tech-
nologies and improving overall reliability and connec-
tivity in indoor environments. Future research should 
focus on optimizing frame length, adaptive channel 
access mechanisms, and integration of Li-Fi technology 
with existing RF systems in hybrid networks. Such 
approaches can further improve performance and 
enable wider adoption of Li-Fi technology in modern 
communication systems. 
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