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Abstract. With the surge in demand for latency-sensitive traffic, the
next-generation Wireless Local Area Network (WLAN) standard IEEE
802.11be has recognized the improvement of worst-case latency and jitter
as one of its core objectives. Reservation-based contention-free channel
access scheme achieves lower latency. Nevertheless, the channel reserva-
tion still has some limitations. In a multi-cell scenario, the Access Point
(AP) is not capable of managing external cell users, which will cause
interference to the reserved users during the reservation period, result-
ing in deteriorating channel conditions and increasing latency. Hence, in
this paper, we propose a channel reservation mechanism with multi-cell
coordination capability, enabling the sharing of channel reservation infor-
mation among different cell APs and restricting the corresponding users
to remain in silence during the reservation period, to avoid interference
from internal and external cell users on the reserved users. Moreover, we
propose a management frame protection scheme based on channel reser-
vation mechanism that reduces the probability of management frame loss
by offering channel reservation to the management frames. The effective-
ness of the channel reservation mechanism and the management frame
protection scheme is verified by simulations. It is demonstrated that the
latency of latency-sensitive traffic in a multi-cell scenario using the pro-
posed mechanism is significantly improved over the existing works.

Keywords: Wireless local area network (WLAN) · IEEE 802.11be ·
Channel Reservation · Multi-Cell Coordination · Low Latency

1 Introduction

Recently, latency-sensitive traffic has emerged for various sectors, such as
cloud gaming and remote medical monitoring. This traffic usually requires low
latency and high reliability to meet the demands of their application scenar-
ios, whereas the widely used Wireless Local Area Network (WLAN) standard
IEEE 802.11ax [1] has efficient network performance, but it cannot guarantee
timely data delivery due to the uncertainty of the CSMA/CA channel access
mechanism, and thus cannot meet the requirements of latency-sensitive traffic.
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As a result, the next-generation WLAN standard IEEE 802.11be [2] has listed
the worst-case latency and jitter improvement as one of the core objectives, and
new technologies and features will be introduced in the Physical layer (PHY)
and Medium Access Control layer (MAC) to improve the latency.

The traditional IEEE 802.11 standard defines the Distributed Coordina-
tion Function (DCF) and the Point Coordination Function (PCF). DCF uses
contention-based CSMA/CA mechanism to access the channel and simultane-
ously uses binary exponential backoff algorithm to defer channel access time
to reduce the probability of collision. The standard also proposes Enhanced
Distributed Channel Access (EDCA) mechanism based on DCF to meet QoS
requirements. EDCA classifies traffic into four categories, each with different
priorities and backoff parameters. High-priority traffic has more optimal backoff
parameters, like smaller maximum contention window size. PCF uses contention-
free point coordinators to manage channel access and schedules node transmis-
sions by polling. This method introduces significantly more cost and complexity,
plus the loss of scheduling information due to uncertainty in unlicensed bands.
In contrast, DCF has higher reliability, lower cost, and simpler implementation.
Therefore, DCF has been more widely used. But DCF still has a higher proba-
bility of collision when the number of users is large, and channel access becomes
more difficult, resulting in increased latency. Accordingly, the contention-based
channel access mechanism may not meet the low latency and high-reliability
requirements of latency-sensitive traffic.

The IEEE 802.11ax standard introduces Orthogonal Frequency Division Mul-
tiple Access (OFDMA) technology and Multi-User Multi-Input Multi-Output
(MU-MIMO) technology to strengthen the concurrency capability. Based on
these two technologies, the multi-user uplink transmission scheduling scheme
allows users to access the channel free of competition for latency reduction. The
IEEE 802.11ax standard enhances the Target Wake Time (TWT) technique
introduced by the IEEE 802.11ah standard [3] as well as introduces broad-
cast TWT, which utilizes reservation-based channel access to enable users to
transmit data during the reserved period with less contention, thereby reduc-
ing latency. The next generation WLAN standard, IEEE 802.11be, introduces
Restricted TWT (R-TWT) technology derived from broadcast TWT technology,
a mechanism that reduces latency by providing additional channel protection to
channel reservation period to further reduce contention. These scheduling or
reservation-based channel access methods are more appropriate for transmitting
latency-sensitive traffic than competition-based access methods.

A few limitations exist, however, in the use of the above techniques. One of
the very critical limitations is the interference from OBSSs. In multi-cell sce-
narios, whether using scheduling-based or reservation-based channel access, the
Access Point (AP) cannot effectively coordinate external cell users. While the
channel is idle, the external cell users may transmit data at any time and even
transmit without contention when they have TXOP. Channel conditions dete-
riorate due to the uncertainty of the access channel for external cell users, and
users with low latency demand who are scheduled or have reservation periods
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may not be able to access the channel rapidly, and thus latency-sensitive traffic
cannot be transmitted in time. Therefore, in multi-cell scenarios, APs need to
coordinate with external cell users in an effective way to reduce the competition
from external cell users. Besides, in the multi-cell high-density scenario, when the
AP performs channel reservation or schedule, the relevant management frames
could be lost due to collision, and since the retransmission mechanism does not
apply to such management frames, the users cannot establish communication
with the AP in the period following and thus cannot provide rapid channel
access to the latency-sensitive traffic, which results in increased latency. There-
fore, in multi-cell high-density scenarios, APs need to minimize management
frame transmission loss effectively.

In light of this, this paper investigates the solution to the problem of inter-
ference from OBSSs for channel reservation and management frame loss in a
multi-cell scenario. The contributions of this paper are mainly as follows:

1) A channel reservation mechanism in a multi-cell scenario is proposed. It
reduces the competition by coordinating the channel access of different BSS
users through APs and Wireless Access Point Controller (AC). In the multi-
cell scenario, before the AP allocates reservation periods to users, the channel
reservation information is first forwarded to the external cell AP through the
AC so that it can coordinate the external cell users. With multi-cell coor-
dination, APs can eliminate interference from external cell users, and users
with low latency demand can rapidly access the channel for data transmission
during the reservation period, consequently reducing latency.

2) In addition, this paper proposes a scheme to transmit management frames
using channel reservation, where the AP can transmit management frames
during a regular channel reservation period, while the user remains in silence
during that period, which reduces the probability of management frame loss
and allows the user to receive the channel reservation information correctly,
thereby preventing the latency increase due to channel reservation informa-
tion loss.
The remainder of this paper is organized as follows: In Sect. 2, the related
work is introduced. Section 3 presents the channel reservation mechanism
in the multi-cell scenario and the scheme of utilizing channel reservation to
protect the management frame transmission in the multi-cell high-density
scenario. The performance is simulated and analyzed in Sect. 4. Section 5
concludes the whole paper.

2 Related Work

Many researchers have investigated in recent years for MAC protocol perfor-
mance enhancement. Paper [4] proposed a distributed reservation MAC pro-
tocol called EBA. The node sends information about future backoff values to
other nodes through data frames, and other nodes select backoff values avoid-
ing the already selected values. A centralized channel reservation MAC mech-
anism is proposed in the paper [5]. Nodes transmit data during reserved peri-
ods and compete to obtain channel reservations during unreserved periods. The
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paper [6] proposes a competition-based distributed channel reservation MAC
protocol. Nodes compete during the competitive periods and the nodes that
succeed in the competition broadcast their reservation information of the chan-
nel using RTS/CTS like mechanism before transmitting the data. Nodes reserv-
ing channels send data during the reservation period. A multi-hop distributed
channel reservation mechanism has been proposed in the papers [7,8]. The node
sends multiple future channel reservation information to other nodes through
data frames, so that the reservation information can be sent multiple times. A
collision-free backoff mechanism is proposed in the paper [9]. Nodes can reserve or
release the backoff value by managing frames. In paper [10], a distributed chan-
nel reservation mechanism is proposed. When a node sends data, the channel is
reserved in the form of NAV and the node can send data again after successful
data delivery. Extensive research on TWT has been carried out in academia in
recent years. The paper [11] investigated the effect of clock drift on TWT and
compared two channel access modes under TWT uplink transmission: random
contention access and AP scheduling access, and found that the former provides
lower transmission time, while the latter provides lower power consumption. The
paper [12] investigates the performance gain of TWT and finds that it brings
significant throughput gains when combined with the uplink multi-user feature
of IEEE 802.11ax, despite the additional management overhead required, along
with almost constant average latency when the traffic load varies. The paper [13]
combines the MU-based orthogonal frequency division multiple access (OFDMA)
function of IEEE 802.11ax with TWT scheduling to improve throughput by
negotiating the appropriate target beacon transmission time and staggering the
wake time of nodes to reduce competition. In the paper [14], the MU function
of IEEE 802.11ax is combined with broadcast TWT to improve throughput by
scheduling the suitable number of nodes through AP to maximize their parallel
transmission without collision using the channel resources. The paper [15] pro-
poses a machine learning-based traffic category detection model and an adaptive
TWT wake interval configuration scheme so that the TWT parameters can be
adjusted according to the traffic category of real-time data to reduce competi-
tion and power consumption. A time-aware scheduling scheme based on TWT is
proposed in the paper [16]. The paper [17] treats as a graph coloring problem by
grouping nodes to find the minimum chromatic number enabling as many nodes
as possible to transmit in parallel at the same time, thus improving throughput
and energy efficiency. Although the above research has improved the MAC pro-
tocol performance, it has not paid much attention to the OBSSs interference.
Hence, this paper proposes a channel reservation mechanism in a multi-cell sce-
nario to solve the OBSSs interference by multi-cell coordination, as well as to
solve the management frame loss problem by using channel reservation to trans-
mit management frames.
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Fig. 1. Period classification of channel reservation mechanism and operation of various
types STAs during different period.

3 A Channel Reservation Mechanism in a Multi-cell
Scenario

3.1 Basic Idea

In the channel reservation mechanism, the period is classified into reserved period
and non-reserved period, as shown in Fig. 1. Among them, the reserved period
is further classified into reserved management period and reserved transmission
period, which will be referred to as management period and transmission period
respectively. During the transmission period, the reserved Station (STA) trans-
mits latency-sensitive traffic through randomly contention access channels, while
other STAs enter silence state. During the management period, APs transmit
reservation information over randomly contention access channels, and other
STAs enter silence state. During non-reserved period, all STAs transmit data
over random contention access channels. Benefits from the above classification,
AP can exclude contention of STAs during the management period, thus reduc-
ing the probability of losing management frames and their reservation informa-
tion due to collision. The reserved STAs can rapidly access the channel without
contention during the transmission period, thus eliminating the contention and
conflicts caused by other STAs and thereby reducing latency.

To implement period classification, all nodes will maintain two period lists,
reservation list and silence list. For STAs, the reservation list records the trans-
mission period information allocated to itself, and the silence list records the
reserved period (including transmission period and management period) infor-
mation allocated to other nodes. For APs, the reservation list records the trans-
mission periods allocated to internal cell STAs, and the silence list records the
transmission periods allocated to external cell STAs. Besides, AP maintains an
additional management list to record management period information. STAs
enter the silence state when the Time Synchronization Function (TSF) matches
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any of the silence list recording periods, and the silence state will last for a fixed
duration. Nodes start to randomly compete for access channels when the TSF
matches any of the reservation list or management list recording periods. For
ensuring that the channel remains idle at the beginning of the reserved period so
that the reserved node can access the channel quickly, the node must determine
before each transmission whether the frame exchange sequence can end before
the nearest reserved period, otherwise, this transmission is not performed.

Fig. 2. Multi-cell coordination operation of channel reservation mechanism.

To eliminate the interference of OBSSs, AP needs to notify the reservation
list to the adjacent external cell nodes for multi-cell coordination, as shown in
Fig. 2. AP forwards its reservation list to the adjacent AP through AC, and the
adjacent AP adds the list to its silence list and then broadcasts the silence list to
all STAs in the belonging BSS through management frames, and STAs add the
list to their silence list. As a result of the above operation, the transmission period
information can be shared among the cell nodes, thus excluding the interference
of OBSSs. In addition, the management period should occur cyclically and each
reserved period included in the management frame shouldn’t exceed the next
management period.

3.2 Channel Reservation Mechanism Algorithm

We use the following notation to describe the channel reservation algorithm:

1) Node: A denotes AP1, an(n ≥ 1) denotes the n-th STA associated with A;
B denotes AP2, bn(n ≥ 1) denotes the n-th STA associated with B. etc.
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2) Period: T denotes the current time, TP denotes the transmission period,
and MP denotes the management period. TPi denotes the i-th transmission
period and the same as the management period.

3) List: RL denotes the reservation list, SL denotes the silence list, and ML
denotes the management list. RLi(i ≥ 0) denotes the i-th period in the reser-
vation list and the same for the other lists. We assume that the list is always
in ascending order and there is no invalid period (an invalid period is a
period whose beginning time is less than the current time), so RL0 denotes
the nearest valid reservation period to the current time and the same for
other periods.

Fig. 3. Illustration of node operation and list status at different periods of channel
reservation mechanism in two cell network topologies. (a) Node operation and list status
before management period MP0. (b) Node operation and list status after AP allocation
and exchange transmission period in management period MP0. (c) Node operation and
list status after A sends a management frame in management period MP0. (d) Node
operation and list status after B sends a management frame in management period
MP0. (e) Node operation and list status in the first transmission period TP0. (f) Node
operation and list status in the second transmission period TP1.

The channel reservation algorithm is described in Fig. 3. The green list rep-
resents the reservation list, the red list represents the silence list, the orange
list represents the management list, and the periods in the list are sorted in
ascending order from top to bottom:

(a) Before the management period MP0 is about to arrive, there are no other
periods recorded in the node list except MP0. In the STAs silence list,
SL0 = MP0; in the APs management list, ML0 = MP0.

(b) On the arrival of management period MP0, the node refreshes the list to
delete MP0. APs update the management period, and in the management
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list,ML0 = MP1. A allocates transmission period TP0, and in the reser-
vation list, RL0 = TP0; B allocates transmission period TP1, and in the
reservation list, RL0 = TP1; After the allocation, A and B exchange RL
information and add each other RL to their own SL, and in the A silence
list, SL0 = TP1;In the B silence list, SL0 = TP0.

(c) After the above operation, APs start to contend for channels, and A suc-
cessfully contends and sends management frames to STAs, where a1 is an
STA with low latency demand. a1 receives management frames and adds
RL to its own reservation list, RL0 = TP0, and adds SL and ML to its own
silence list, SL0 = TP1, SL1 = MP1; an(n ≥ 2) receives management frames
and adds RL,SL and ML to its own silence list, SL0 = TP0, SL1 = TP1,
SL2 = MP1.

(d) B After successful contention sends management frames to STAs, where b1 is
an STA with low latency demand. b1 receives management frames and adds
RL to its own reservation list, RL0 = TP1, and adds SL and ML to its own
silence list, SL0 = TP0, SL1 = MP1; bn(n ≥ 2) receives management frames
and adds RL,SL and ML to its own silence list, SL0 = TP0, SL1 = TP1,
SL2 = MP1.

(e) On the arrival of transmission period TP0, the node refreshes the list to
delete TP0. a1 starts contending for the channel and the other STAs enter
the silence state.

(f) On the arrival of transmission period TP1, the node refreshes the list to
delete TP1. b1 starts contending for the channel and the other STAs enter
the silence state. At this time, the node state is similar to the state in (a),
and the process will be repeated for each node in the next management
period MP1.

4 Performance Evaluation

4.1 Simulation Environment and Parameter Settings

In this paper, we use the NS-3-based IEEE 802.11be network simulation plat-
form for simulation. We validate the performance of the scheme by comparing
the latency and throughput of users with low latency demand and other users
respectively in four scenarios: EDCA scenario, R-TWT scenario, channel reser-
vation scenario, and channel reservation scenario combined with management
frame protection scheme (hereafter referred to as enhanced channel reservation
scenario). The simulation parameters are shown in Table 1.

4.2 Simulation Results and Analysis

Figure 4 and Fig. 5 show the trend of the average latency of users with low
latency demand and the average latency of users without low latency demand
in different scenarios when the number of STAs increases in the 2 × 2 multi-cell
network topology, respectively. From Fig. 4 and Fig. 5 we can observe that:
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Table 1. Simulation parameter value table.

Parameter Value

Management period cycle 100 ms

Reserved period duration 1 ms

Number of transmission periods in the management period cycle 5

Traffic rate 1e8bps

BSS size 15×15 m

network topology 2×2

Number of AP in BSS 1

Number of user with low latency demand in BSS 1

Latency sensitive traffic access category VI

other traffic access category BE

VI min/max contention window 15/31

BE min/max contention window 15/1023
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Fig. 4. Average latency of users with low
latency demand in four scenarios of 2 × 2
network topology
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Fig. 5. Average latency of users without
low latency demand in four scenarios of 2×
2 network topology

1) For users with low latency demand. Enhanced channel reservation scenario
latency is the lowest and increases slowly with a larger number of STAs.
Channel reservation scenario latency is only higher than enhanced channel
reservation scenario and increases faster with a larger number of STAs. EDCA
scenario latency and R-TWT scenario latency are the highest, and there is
no significant difference between them, both of which increase rapidly with
a larger number of STAs. Therefore, when the number of STAs becomes
larger, the difference between the latency of the enhanced channel reservation
scenario and the other three scenarios gradually expands.

2) For users without low latency demand. There is no significant difference
between the latency of the four scenarios. The latency increases with a larger
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Fig. 6. Average throughput of users with
low latency demand in four scenarios of
2 × 2 network topology
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Fig. 7. Average throughput of users with-
out low latency demand in four scenarios
of 2 × 2 network topology

number of STAs for all four scenarios. When the number of STAs is less, the
latency increases faster, and when the number of STAs is more, the latency
increases slower.

Figure 6 and Fig. 7 show the trend of the average throughput of users with
low latency demand and the average throughput of users without low latency
demand in different scenarios when the number of STAs increases in the 2 × 2
multi-cell network topology, respectively. From Fig. 6 and Fig. 7 we can observe
that:

1) For users with low latency demand. Enhanced channel reservation scenario
throughput is the highest and remains stable with a larger number of STAs.
Channel reservation scenario throughput is only lower than enhanced channel
reservation scenario and decreases with a larger number of STAs. EDCA sce-
nario throughput and R-TWT scenario throughput are the lowest and there
is no significant difference between them, both decrease with a larger number
of STAs. Therefore, when the number of STAs becomes larger, the difference
between the throughput of the enhanced channel reservation scenario and
the other three scenarios gradually expands.

2) For users without low latency demand. The enhanced channel reservation
scenario has the lowest throughput, and the channel reservation scenario
throughput is only higher than the enhanced channel reservation scenario.
The R-TWT scenario has the highest throughput, followed by the EDCA sce-
nario. However, there is no significant difference between them. The through-
put of all four scenarios decreases slowly as the number of STAs becomes
larger.

The main reasons for the trends in Fig. 4, 5, 6 and Fig. 7 are:

1) For users with low latency demand, when the number of STAs becomes larger,
the network environment deteriorates, leading to an increase in latency as
well as a decrease in throughput. In the EDCA scenario, although users with
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low latency demand enjoy the backoff parameter for easier access to the chan-
nel, they still have difficulty accessing the channel when the number of STAs
is larger and are prone to conflicts, resulting in higher latency and lower
throughput; in the R-TWT scenario, although it is possible to keep other
users in the cell in silence during the reservation period to provide channel
protection for users with low latency demand, it is incapable of managing
users from external cells. Therefore, when the number of external cell users
is large, channel protection is ineffective, resulting in high latency and low
throughput; the channel reservation mechanism, with multi-cell coordination
capability, can silence other users including external cell users during the
reservation period, providing channel protection for users with low latency
demand. However, when the number of STAs is large, the management frames
carrying reservation information are easily lost, resulting in better delay and
throughput than the above two mechanisms, but the improvement is not
significant; the enhanced channel reservation mechanism, with multi-cell col-
laboration and management frame protection capability, can effectively avoid
the loss of management frames and make users with low delay demand free
from interference by other users including external cell users during the reser-
vation period. Therefore, the latency is minimized and the throughput is
maximized.

2) For users without low latency demand, when the number of STAs becomes
larger, the network environment deteriorates, leading to an increase in latency
as well as a decrease in throughput. When the number of STAs is less, the
network environment is better, and the increment in the number of STAs
leads to a sudden deterioration of the network environment and an intensi-
fied trend of latency increase, but the throughput decreases slowly due to the
high number of STAs. When the number of STAs is more, the network envi-
ronment is poor, the increment in the number of STAs only leads to a gradual
deterioration of the network environment, the trend of increasing delay slows
down, and the throughput still keeps decreasing slowly. In the EDCA sce-
nario, users without low delay demand are not restricted, the throughput
is higher, but the impact on delay is smaller. The R-TWT scenario silences
other users in this cell during the reservation period, and the overall net-
work conflict is reduced. For users without low latency demand, throughput
is improved, but the impact on latency is smaller. In the channel reservation
scenario and the enhanced channel reservation scenario, users without low
latency demand cannot transmit during the reservation period, resulting in
a decrease in throughput, but with a small impact on latency.

We can see from the above analysis that the proposed channel reservation
mechanism combining the management frame protection scheme as compared to
the EDCA mechanism, and R-TWT mechanism, can significantly improve the
latency and throughput of users with low latency demand without sacrificing
too much the latency and throughput of users without low latency demand.
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5 Conclusion

To solve the interference problem of OBSSs to channel reservation in multi-
cell scenarios, this paper proposes a novel channel reservation mechanism, and
a management frame protection scheme to solve the management frame loss
problem in multi-cell high-density scenarios. It is demonstrated through simula-
tion that the proposed channel reservation mechanism and management frame
protection scheme can effectively solve the interference problem of OBSSs and
management frame loss, thus improving the latency and throughput of users
with low latency demand.
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