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Abstract—Device-to-Device (D2D) communications enable a
wider set of applications and use cases in the Internet of Things
(IoT) paradigm. Without the presence of Access Points (APs),
Wi-Fi Direct, also known as Wi-Fi Peer-to-Peer (P2P), becomes
an intrinsic facilitator for IoT applications due to its popularity.
In particular, the P2P group owner (GO) plays the role of the
AP and is responsible for making connections with P2P group
client (GC). In IoT paradigm, power control should be carefully
examined to prevent significant power drop on both Wi-Fi P2P
GO and GC. By leveraging the information of connections such
as received signal strength and retry count, this paper proposes
two novel power control mechanisms for Wi-Fi P2P connections
in IoT paradigm. We first design a threshold-based mechanism,
which limits the maximum number of connection retries to elim-
inate unnecessary power consumption. However, considering the
dynamic change of wireless condition, an adaptive power control
mechanism is proposed to further reduce the waste of energy.
We establish an intensive experiment by practically implementing
both mechanisms in Wi-Fi P2P devices. The experiment results
show that the proposed mechanisms can significantly reduce the
power consumption and thus makes Wi-Fi P2P connection more
efficient for IoT applications.

Index Terms—Energy Efficiency, Internet of Things, Wi-Fi
direct, Wi-Fi P2P

I. INTRODUCTION

With the high-speed transmission rate and easy-to-deploy
feature, Wi-Fi has been widely adopted in the human
life to fulfill the requirements of various Internet-of-Things
(IoT) applications. Typically, Wi-Fi is enabled by deploying
infrastructure-based Access Points (APs), which are respon-
sible for providing network connectivity to Wi-Fi clients. To
further extend Wi-Fi-based IoT applications, Wi-Fi Alliance
(WFA) [1] has recently developed the Wi-Fi Direct technol-
ogy [2], also known as Wi-Fi Peer-to-Peer (P2P) mode [3]–[5],
for the set up of direct device-to-device (D2D) communica-
tions among Wi-Fi clients. It is achieved by enabling Wi-Fi
P2P devices to negotiate the roles of AP (known as group
owner; GO) and client (known as group client; GC), and to
establish an infrastructure-like connection. In this case, Wi-
Fi P2P mode is beneficial from the existing basis of Wi-Fi
infrastructure mode by directly considering Wi-Fi P2P GO as
a legacy AP. The related IoT applications on the top of Wi-Fi
P2P mode have been developed accordingly [6]–[8].

However, in Wi-Fi P2P mode, both GO and GC might be the
portable devices, which implies that the power consumption
problem becomes more critical compared with the power
sufficient legacy AP. Moreover, Wi-Fi-based IoT applications
are particularly power-consuming, and battery capacity in
portable device grows much slower, making an energy-efficient
design for Wi-Fi P2P as an important issue for IoT. Recently,
literature started to concentrate on the power-saving problem
for an initiated group by speeding up connection establish-
ment [9], by designing group reformation [10], by adjusting
sleep period [11], or by managing group communications [12],
[13]. However, no related research focused on the polling-
based power control for active but unstable Wi-Fi P2P con-
nections, which tries to resend packets to maintain the group
connections no matter the current quality of the connection,
thereby causing a busy loop and wasting dramatic energy [3].

By leveraging the information of connections such as re-
ceived signal strength and retry count, this paper proposes
two novel power control mechanisms for Wi-Fi P2P active
but unstable connections to prevent the occurrence of the
busy loop. We first design a threshold-based mechanism as
the baseline, which could limit the maximum number of con-
nection retries to eliminate unnecessary power consumption. In
particular, when the received signal is weaker than a predefined
threshold, we stop sending the retry packet. Considering the
dynamic change of wireless condition, an adaptive power
control mechanism is consequently proposed to decrease the
negative effects of a busy loop for retries. In this case, the
stop condition for retry is adjusted according to the current
status of the connection. To achieve backward compatibility,
the proposed mechanisms are designed to be integrated into
the existing software retry logic protocol seamlessly.

In order to evaluate the performance of the proposed
mechanisms, we conduct intensive experiments where both
mechanisms are implemented in Android system over Nexus
7. The experimental results show that the adaptive mechanism
can significantly decrease the power consumption and thus
makes Wi-Fi P2P connection more energy-efficiently. To the
best of the authors knowledge, there is no previous work
designing connection retry algorithm based on the Wi-Fi
P2P specification. The practical implementation for validation
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Fig. 1. One-to-many architecture of Wi-Fi networks

makes this work more convincing and proves the compatibility
of the proposed mechanism. We believe that the proposed
energy-efficient retry mechanism could aid in the widespread
deployment of Wi-Fi P2P technology for IoT applications.

The rest of this work is organized as follows. The back-
ground and related work are described in Section II. This
section also describes the operation of retry for unstable Wi-
Fi P2P connections. Section III introduces the system model,
and Section IV describes both threshold-based and adaptive
retry control mechanisms. In Section V, we conduct realistic
experiments to evaluate the performance of the proposed
mechanism. Finally, we conclude this work in Section VI.

II. BACKGROUND AND RELATED WORKS

This section describes the background of Wi-Fi P2P and the
recent literature related to power control.

A. Wi-Fi P2P Group Formation

To achieve D2D Wi-Fi communications, Wi-Fi P2P devices
form a P2P group, where a P2P Group Owner (GO) acts
as an AP for a set of connected P2P Group Clients (GCs).
Typically, two P2P devices run a 4-way handshake negotiation
protocol after discovering each other, where the P2P GO shall
act as the authenticator and the P2P GCs shall act as the
supplicant [14]. As shown in Fig. 1, the P2P GO may provide
a data distribution service between all connected GCs in the
P2P Group. The resulting temporal encryption keys shall be
installed and used to encrypt unicast and broadcast/multicast
frames exchanged between the P2P GO and GCs.

B. Power Control on P2P Mode

Since the formation of a group is time- and power-
consuming, it is important to keep the stability of a group.
To maintain a valid group, GO will periodically check GC’s
status so that an unstable GC can be identified. Typically,
it is achieved by a classic polling mechanism, as shown in
Fig. 2, once GO observes that the failure rate of packets sent
to GC (i.e., 𝑟𝑓 ) is higher than the predefined threshold 𝑓𝑡ℎ, GO
will periodically try to make a request to the GC. The “retry
procedure” is implemented by using a busy loop and of course
incurs heavy power consumption. For mobile IoT applications,
this case becomes more serious because the distance between
GO and GC changes frequently. As a result, such retry for
group maintainness should be carefully considered to prevent
the significant drop in energy.
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Fig. 2. Polling behavior in P2P group owner

TABLE I
THE CORRESPONDING VALUES OF RSSI, TXGOOD, AND TXBAD FOR

EACH SIGNAL LEVEL

Signal Level 4 3 2 1 0
RSSI -50dBm -60dBm -75dBm -83dBm -90dBm
TxGood 80-90 63-69 45-48 3-5 ignore
TxBad 5-10 23-26 42-51 70-80 ignore

Chak et al. [10] proposed an energy-efficient algorithm to
perform Wi-Fi P2P group’s reformation when the group is un-
stable. However, to the best of the authors knowledge, there is
no previous work designing connection retry algorithms based
on the Wi-Fi P2P specification. In legacy Wi-Fi, AP could
leverage the signal strength to reduce unnecessary consump-
tion [15]. Gandarillas et al. [16] further exploit transmitting
and receiving signals to predict possible power consumption.

III. SYSTEM MODEL

We consider a Wi-Fi P2P group consisting of one GO-
GC connection. A classic polling-based mechanism for the
maintenance of a P2P group is adopted. In particular, when
the failure rate of packets sent to GC is larger than a predefined
threshold, Wi-Fi channel saturation, poor device location, or
deficient coverage are indicated. To make the mechanism
most energy-efficient, we leverage Received Signal Strength
Indicator (RSSI), TxGood, and TxBad at GO to estimate the
GO-GC connection status so that the unnecessary retries can
be minimized. The details of these two factors are described
as follows.

∙ RSSI at GO. It indicates the quality of the connection
from GC to GO, which might reflect the quality of the
connection from GO to GC of some sort. We leverage
this factor due to that it can be easily retrieved from the
GO side.

∙ TxGood and TxBad at GO. The two factors can be
exploited as the indicator of the transmission quality.
Basically, it is calculated by using the physical layer
parameters. If the quality of the transmission is more
acceptable, the value of TxGood is higher, and TxBad
is smaller.
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Fig. 3. Opeation logic of threshold-based retry control

This paper primarily considers the power consumption and
the number of retries for the GO-GC connection. Moreover,
we are interested in the quality of transmission, and we
exploit “signal level” as the indicator. Table I summarizes the
corresponding values of RSSI, TxGood, and TxBad for each
signal level. By investigating the retry count of transmissions
with different signal levels, we can understand the effects of
elimination on unnecessary retries more clearly.

IV. RETRY CONTROL MECHANISMS

This section proposes two new mechanisms, threshold-
based and adaptive, for retry control in polling of Wi-Fi P2P
connection to eliminate energy waste due to unnecessary retry.
The details are described in the following subsections.

A. Threshold-based Retry Control

Fig. 3 shows the operational details of the proposed
threshold-based retry control mechanism for Wi-Fi P2P con-
nections. We can easily observe that in the original operation
flow, GO blindly tries to make a connection no matter what
the current quality of the connection is. In some cases, it is
not possible to make a connection since the quality of the
connection is very bad. The critical problem is that the “failure
rate” is the result of the bad connection while the RSSI is the
cause of the bad connection.

Comparing with the operation flow of legacy Wi-Fi P2P
try control, the threshold-based mechanism simply exploits
RSSI as the parameter to determine if the quality of the
P2P connection is bad. Once the RSSI is lower than the
threshold RSSI𝑡ℎ, instead of entering connection retry, the
proposed mechanism passively monitors the quality of the
P2P connection by checking TxGood and TxBad. If TxGood
is larger than a threshold 𝑔𝑡ℎ and TxBad is smaller than a
threshold 𝑏𝑡ℎ, it indicates that the condition of P2P connection

Establish a P2P 
group

Get 
Connection 

Status

If RSSI ≤ 
RSSIth

Packet Monitoring 
and calculate ɑ 

YES

NO

Send Retry 
Packets

Fig. 4. Operation logic of adaptive retry control

is recovering, and thus the connection retry becomes more
meaningful. In this case, the success possibility of making a
reconnection becomes higher and the possibility of unneces-
sary retry becomes smaller. As a result, an energy-efficient
P2P connection is expected.

B. Adaptive Retry Control

We can observe that the original operation flow of Wi-Fi
P2P follows the “always retry” rationale while the threshold-
based mechanism follows the “retry when necessary” rule.
However, the determination of necessary timing is difficult and
needs to be carefully designed. This subsection introduces an
adaptive approach where GO decides the number of retries
by using the current status of the connection adapters. In
particular, we define 𝛼 to represent the status of the connection
as follows.

𝛼 =

(
RSSI

RSSImax

)
×
(

TxBad
TxGood + TxBad

)
. (1)

It is obviously that 𝛼 considers RSSI, TxGood, and TxBad
concurrently. In this case, the number of connection retries
performed by GO is limited and significant power consump-
tion due to the unlimited number of retries in the original
procedure is prevented. As shown in Fig. 4, when the quality
of thge connection is good, the number of retries performed
by GO is larger while the quality is bad, GO performs retry
procedure less.

V. PERFORMANCE EVALUATION

To validate the correctness of the proposed mechanism and
evaluate its performance, we build an intensive experiment
where we choose Nexus 7 as the platform for implementation
and testing. The protocol stacks of Nexus 7 is clear, and it is
easy to insert the codes in such open source system, compile it
and then update the binary to the test bed. By adding the debug
logs, we can understand the operation flow of retry control in
Wi-Fi P2P. As shown in Fig. 5, the experimental environment
consists of one GO and one GC, which respectively connect



Fig. 5. Experimental environment
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Fig. 6. Power consumption of retry count
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Fig. 7. Signal level of retry count

to terminals for debugging. Each P2P device (i.e., Nexus 7) is
equipped with 1.5GHz CPU, 2GB RAM, and 1xUSB interface.

Table II shows the number of retries (known as retry
count) of the connections at each signal level. We can simply
observe that in the original polling-based retry mechanism,
unnecessary retries exist when the status of the connection
is poor. By introducing the threshold-based mechanism, the
number of unnecessary retries decreases significantly, thereby
reducing the power consumption.

In Fig. 6, we observe an intuition result that the power
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Fig. 8. Power consumption of original, threshold-based, and adaptive retry
control mechanisms

consumption will be in proportion to the number of connec-
tion retries. This figure also validates the correctness of the
experiment. Fig. 7 shows the relationship between the signal
level and retry count. For the original scheme with the polling-
based retry scheme, when the signal level is from 4 to 2, the
retry count is low and stable. It is due to the reason that with
good transmission quality, no heavy retry occurs. As predicted,
when the signal level is below to 2, a huge increase in retry
count is observed. When the signal level decreases to 1, no
retry exists since the group connection is crashed.

We can observe in Fig. 6 that the proposed threshold-based
and adaptive schemes perform very well when the quality of
transmission is bad (i.e., the signal level is below to 2). It is
due to the fact that in the proposed scheme, the unnecessary
retries have been stopped when the quality of transmission is
poor. This figure also shows that the adaptive retry control
performs better than the threshold-based one, for example, the
retry process will be stopped even in signal level 3 in adaptive
retry control scheme. It is due to the design of 𝛼 in equation
(1).

In Fig. 8, we observe that in the original scheme, the
polling-based retry scheme consumes 23 percent of energy
totally in 12 hours. With the aid of the proposed scheme,
the unnecessary energy waste is eliminated, and the control
scheme only consumes 10 percent of energy.

VI. CONCLUSION

For more efficient manage power for unstable Wi-Fi P2P
connections for IoT, this work proposes two retry control
mechanisms, where we leverage more information of con-
nection to make a smarter decision. Instead of performing a
busy loop to achieve a successful retry, we first propose a
threshold on the retry counts, so that the power waste due
to the unnecessary retry is avoided. The proposed adaptive
mechanism could dynamically control the retry according
to the current status of connections. To practically validate
the proposed mechanism, we conduct realistic experiments
by implementing the mechanisms in the existing Android



TABLE II
SIGNAL LEVEL AND RETRY COUNT

Level 4 3 2 1 0
Original 20-30 25-50 55-70 about 500 0=>disconnected, no retry
Threshold 20-30 20-30 25-45 1x =>stop the retry 0=>disconnected, no retry

system over Nexus 7. The experimental results show that the
proposed mechanisms significantly decrease the unnecessary
power consumption comparing with the legacy polling-based
retry scheme. The experiment also proves that the proposed
mechanisms are compatible to the existing solution, which
therefore facilitates the wide development of Wi-Fi P2P tech-
nologies.
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