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COMMUNICATIONS

Energy-efficient MAC protocol for wireless LANs with WiFi sensors

Woo-Yong Choi1

More and more mobile computing devices such as smartphones with limited battery power are being used in IEEE 802.11
wireless LANs, and WiFi sensors with very limited battery power are expected to get Internet access through wireless LANs
in the near future. We propose an efficient MAC (Medium Access Control) protocol so that WiFi sensors and mobile devices
are connected to APs (Access Points) in IEEE 802.11 wireless LANs in an energy-efficient manner.
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1 Introduction

As our society becomes data-centric, the need for com-
puting devices to be connected to the Internet is grow-
ing. IEEE 802.11 wireless LAN technology has the advan-
tage of providing cost-effectively high data rate service in
hotspot areas such as homes, schools, shopping malls, and
airports. More and more mobile computing devices such
as smartphones with limited battery power are being used
in wireless LANs, and WiFi sensors, which have very lim-
ited battery power, are expected to get the Internet access
through wireless LANs. For this reason, we need to de-
velop an energy-efficient MAC (medium access control)
protocol for wireless LANs to allow mobile devices and
WiFi sensors with low battery power to be connected to
APs (access points) in wireless LANs.

The energy-efficient MAC protocols for wireless sensor
networks or IEEE 802.11 wireless LANs have been pro-
posed in the literature [1-4]. In [1], the multi-hop commu-
nication technique was developed for the nodes deployed
in ad hoc manner to be scheduled to go to sleep mode
according to applications, and pass application messages
through wireless sensor networks. The optimization of the
original power saving mechanism in [5], and the IEEE
802.11 ah MAC protocol for WiFi sensors were presented
in [2] and [3, 4], respectively. However, we still need to re-
solve the problems of large latency due to multiple trans-
missions from source to destination in [1], and low trans-
mission rate from WiFi sensors with very limited battery
power to APs in [2-4].

In this paper, we propose an efficient MAC protocol
for IEEE 802.11 wireless LANs that allows WiFi sen-
sors and mobile devices with limited battery power to
indirectly communicate with APs via other nodes with
enough transmission power, which are called pseudo APs.
Based on the connectivity information between WiFi sen-
sors and mobile devices with limited battery power and

other nodes with enough transmission power, to save the
energy consumption due to the transmissions of beacon
frames of pseudo APs, APs select the minimal number
of pseudo APs for WiFi sensors and mobile devices with
limited battery power. An pseudo AP and WiFi sensors
and mobile devices that are indirectly connected to an
AP via the pseudo AP compose a cluster. The hidden
node problem can seriously worsen the performance of
the DCF (distributed coordination function) protocol, [6].
Each cluster is assigned a separate DCF channel access
period during CPs (contention periods) to mitigate the
hidden node problem among WiFi sensors and mobile
devices with limited transmission power.

2 Proposed energy efficient MAC protocol

All nodes should perform the authentication and asso-
ciation processes with APs before they can transmit data
frames to and receive from APs. In a wireless LAN, there
exist two kinds of nodes that want to be connected to an
AP. The first kind of nodes, which are called direct nodes,
with enough electric power can directly perform the au-
thentication and association processes with the AP after
hearing beacon frames from the AP, and can be directly
connected to the AP. The other kind of nodes, which are
called indirect nodes, such as WiFi sensors and mobile
devices with insufficient battery power cannot be directly
connected to the AP with high data rate service. After
hearing beacon frames from the pseudo APs that are se-
lected by the AP, the latter kind of nodes indirectly per-
form the authentication and association processes with
the AP through one of the pseudo APs, and are indi-
rectly connected to the AP. The necessary request and
response frames for the authentication and association
processes between the nodes and the AP are transmit-
ted using the DCF protocol during CPs. The pseudo APs
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relay the request and response frames for the authentica-
tion and association processes between the AP and the
indirect nodes.

According to IEEE 802.11 standard in [5], the PCF
(point coordination function) and DCF protocols are the
fundamental wireless channel access methods, and are
respectively operated during CFPs (contention free pe-
riods) and CPs, which are alternated with each other.
After the authentication and association processes, each
direct node can transmit and receive data frames during
both CFPs and CPs. However, each indirect node can
transmit and receive data frames only during CPs.

Initially each indirect node that wants to be connected
to the AP broadcasts the hello packet frame including its
MAC address to neighboring direct nodes to announce
its identity. Each direct node reports to the AP only the
change of the MAC addresses of the indirect nodes that
it can hear. Maintaining the set Si of the MAC addresses
of the indirect nodes that can be heard, each direct node
i reports to the AP the MAC addresses of the indirect
nodes that it can newly hear, and the MAC addresses of
the indirect nodes that it has not heard any longer during
ten consecutive CPs by piggybacking the MAC addresses
on its data frames destined for the AP.

Based on the reported connectivity information be-
tween the direct nodes and the indirect nodes, the AP
selects the appropriate pseudo APs, and let them broad-
cast their beacon frames. After hearing beacon frames
from the pseudo APs, each indirect node selects one of
the pseudo APs, and performs the authentication and
association processes with the AP through the selected
pseudo AP. Beacon frames broadcast from the pseudo
APs contain the change of the MAC addresses of the in-
direct nodes for which they can function as the pseudo
APs, that is, the MAC addresses of the new indirect nodes
for which they can function as the pseudo APs, and the
MAC addresses of the old indirect nodes for which they
can no longer function as the pseudo APs. Even though
multiple direct nodes can function as the pseudo APs for
a specific indirect node as announced by beacon frames
of the pseudo APs, the indirect node should select only
one direct node as its pseudo AP.

After the successful indirect authentication and asso-
ciation processes, the indirect nodes are allowed to trans-
mit their data frames to and receive from the pseudo APs
using the DCF protocol during CPs. The pseudo APs re-
lay data frames between the AP and the indirect nodes.
When the pseudo APs successfully receive data frames
from the AP or the indirect nodes, the pseudo APs trans-
mit ACK (acknowledgement) frames to the AP or the
indirect nodes. Successfully receiving data frames from
the pseudo APs, the AP and the indirect nodes transmit
ACK frames to the pseudo APs. When the direct nodes
detect the change of the connectivity between themselves
and the indirect nodes during the course of the transmis-
sions of data frames from the indirect nodes, the change
of the connectivity is reported to the AP similarly to the
aforementioned method.

The AP maintains the set of selected pseudo APs.
When one or more direct nodes are newly selected as
the pseudo APs or are removed from the set of pseudo
APs, to notify this change to the corresponding direct
nodes, the AP broadcasts beacon frames including the
MAC addresses of the direct nodes added to or removed
from the set of pseudo APs. In case the indirect nodes
can no longer receive beacon frames from their pseudo
APs due to the change of the set of pseudo APs selected
by the AP, they can look for new pseudo APs hearing
beacon frames from other pseudo APs, or can broadcast
the hello packet frames, and let the AP select the pseudo
APs appropriate for them.

Each cluster of a pseudo AP and the indirect nodes
that are indirectly connected to the AP via the pseudo
AP is assigned a separate DCF channel access period dur-
ing CPs. This helps us mitigate the hidden node problem
among the indirect nodes with insufficient transmission
power. CPs consist of the access periods for the direct
nodes, and the separate access periods for the clusters of
the pseudo APs and the indirect nodes. The AP can ac-
cess the wireless channel in every access periods of the di-
rect nodes and the clusters using the DCF protocol during
CPs. The information of the time of the start of each ac-
cess period is contained in beacon frames broadcast from
the AP and the corresponding pseudo APs.

To save the energy consumption due to the transmis-
sions of beacon frames of the pseudo APs, we need to
derive the minimal number of direct nodes, among which
each indirect node can find at least one direct node that
can function as its pseudo AP. The optimization problem
for deriving the minimal number of pseudo APs can be
formulated as the set cover problem, where the goal is to
find the minimal number of sets Si’s whose union equals
to the union of Si’s of all direct nodes [7]. Note that Si
is the set of the MAC addresses of the indirect nodes
that can be heard by direct node i . The greedy heuristic
can be employed to get a good solution for the set cover
problem, [7].

3 Simulation results

It is assumed that over a circular IEEE 802.11 ah wire-
less LAN service area, 100 nodes with sufficient transmis-
sion power, and n = 1000, 2000, . . . , 5000 WiFi sensors
with insufficient battery power are uniformly distributed.
The AP is located at the center of the service area. All
nodes are assumed to continuously attempt to transmit
their data frames with payloads of 5000 bits. All nodes
can directly transmit their data frames to the AP. How-
ever, when it comes to the direct transmission rates from
the nodes to the AP, there is the imbalance that the data
transmission rate from WiFi sensors with insufficient bat-
tery power to the AP is significantly lower than the data
transmission rate of 100 nodes with sufficient transmis-
sion power.
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We want to compare the performances of the IEEE

802.11 ah DCF protocol in [3] with and without the indi-
rect transmission method through the pseudo APs, which

is proposed in the previous section and can resolve the

imbalance of the transmission rates of the nodes with

sufficient and insufficient transmission power. For the in-
direct transmission method proposed in the previous sec-

tion, 100 nodes with sufficient transmission power are

connected to the AP as the direct nodes, and each WiFi
sensor with insufficient battery power is indirectly con-

nected to the AP through the nearest direct node. This

results in 100 clusters of the direct and indirect nodes.
For the IEEE 802.11 ah DCF protocol with the proposed

indirect transmission method, the MPDU (MAC proto-

col data unit) aggregation technique is also applied for

the pseudo APs to piggyback the aggregated MPDUs of
WiFi sensors on their data frames destined for the AP

[8]. For fair comparison, the same grouping of the nodes

is assumed for the IEEE 802.11 ah DCF protocol without
the proposed indirect transmission method to be operated

within the RAWs (restricted access windows) during CPs.

For each case of the IEEE 802.11 ah DCF proto-

col with and without the proposed indirect transmission

method and n = 1000, 2000, , 5000, simulations were con-
ducted during 109 time slots. To see the maximal perfor-

mances of the IEEE 802.11 ah DCF protocol with and
without the proposed indirect transmission method, it is

assumed that no hidden node problem exists within each

cluster, and transmissions fail only due to the collisions

of simultaneous transmission attempts from two or more
nodes. The values of PHY and MAC parameters used for

simulations are shown in Tab. 1.

Table 1. Values of PHY and MAC parameters

Parameters Values

Trans. rate of direct node 6.5 M bps

Trans. rate of wifi sensor to AP 0.65 M bps

Trans. rate of wifi sensor to pseudo AP 6.5 M bps

Sifs 160 µs

Difs 264 µs

Time slot 52 µs

Phy header trans. Time 240 µs

Ack trans. Time 240 µs

Minimal contention window 15

Maximal contention window 1023

For the IEEE 802.11 ah DCF protocol with and with-
out the proposed indirect transmission method, by simu-
lations we obtained the MAC throughput per direct and
WiFi sensor nodes during a separate DCF access period
or RAW of CPs as shown in Tab. 2. We can see that the
IEEE 802.11 ah DCF protocol with the proposed indi-
rect transmission method has far better MAC through-
put than the IEEE 802.11 ah DCF protocol without the
proposed indirect transmission method. As the number
of WiFi sensors in a cluster increases from 10 to 50, the
MAC performances of both the IEEE 802.11 ah DCF
protocol with and without the proposed indirect trans-
mission method worsen due to the increased number of
collisions among the transmissions of nodes. Even though
for a data frame to be transmitted from a WiFi sensor
to the AP, two transmissions from the WiFi sensor and a
pseudo AP is required by the proposed indirect transmis-
sion method, the proposed indirect transmission method
is beneficial for the MAC performance because of the in-
creased transmission rate of WiFi sensors.

4 Conclusions

We proposed a new MAC protocol for mobile comput-
ing devices and WiFi sensors with limited battery power
to be accommodated to IEEE 802.11 wireless LANs in an
energy-efficient manner. When there is the imbalance of
the transmission rates of nodes with sufficient transmis-
sion power and mobile computing devices and WiFi sen-
sors with insufficient transmission power, the proposed
indirect transmission method allows nodes with insuffi-
cient transmission power to transmit their data with high
transmission rate to APs through appropriately selected
pseudo APs. By simulation results, we can see that the
proposed indirect transmission method significantly im-
proves the MAC performance of wireless LANs with WiFi
sensors having insufficient battery power.
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