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SUMMARY This paper proposes a power saving control method for
battery-powered portable wireless LAN (WLAN) access points (APs) in an
overlapping basic service set (OBSS) environment. The IEEE802.11 stan-
dard does not support power saving control for APs. Some conventional
power saving control methods for APs have been proposed that use the
network allocation vector (NAV) to inhibit transmission at stations (STAs)
while the AP is sleeping. However, since with these approaches the ac-
tual beacon interval in the OBSS environment may be extended due to the
NAV as compared to the beacon interval which is set at the AP, the power
consumption and delay may be increased as compared to a single BSS un-
affected by interference from neighboring APs. To overcome this problem,
this paper introduces a new action frame named power saving access point
(PSAP) action frame which the AP uses to inform STAs within its BSS
about the AP’s sleep length. In addition, a function of the PSAP action
frame is that STAs enter the sleep state after receiving the PSAP action
frame. The proposed control method avoids the postponement of beacon
transmission and reduces the power consumption in an OBSS environment,
as compared to the conventional control method. Numerical analysis and
computer simulation reveal that the newly proposed control method con-
serves power as compared to the conventional control method. The pro-
posed control method achieves the minimum consumed power ratio at the
AP, which is 44% as compared to the standard, when the beacon interval
is 100 ms and the sleep length is 60 ms, even if the number of neighboring
APs in an OBSS environment is increased.
key words: IEEE802.11, power saving, portable access point, overlapping
BSS

1. Introduction

Over the past decade, wireless LAN (WLAN) devices have
been installed in many types of electronic devices such
as personal computers, portable gaming machines, and
portable music players. Although there are major WLAN
areas such as in the homes, offices, and public hotspots, en-
vironments in which electronic devices can access the Inter-
net are still limited. In other words, electronic devices that
only incorporate WLAN devices cannot access the Internet
in a mobile environment. To address this, some vendors
have developed WLAN access points (APs) that incorporate
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Fig. 1 Battery-powered portable APs in OBSS environment.

a cellular network function, which is used as a wide area net-
work (WAN) interface, for systems such as 3G, WiMAX, or
PHS, as shown in Fig. 1 [1], [2]. In battery-powered APs,
power consumption is a very important problem. Although
the IEEE 802.11 standard [3] supports power saving control
for stations (STAs), it does not support this for APs because
it is assumed that APs are always supplied by mains electric
power. This means that the specification does not consider
battery-powered portable APs. To address this problem, it is
necessary to introduce a method of power saving control for
APs.

Recently, several power saving control methods for
APs have been proposed [4]–[9]. In one of the conventional
control methods is that the network allocation vector (NAV)
specified in the IEEE 802.11 standard is extended to allow
an AP to go into the sleep state during one or more future
non-overlapping time periods [4], [5]. Since STAs set the
NAV for these periods and the AP also wakes up in these pe-
riods, it is required that the AP and STAs have a scheduler to
manage one or more future time period. Hence, this type of
control methods requires a modification to the IEEE802.11
standard. In other type of conventional control methods, the
AP uses the duration field of frames that it transmits to set
the NAV in the STA, so allowing it to enter the sleep state
[6]–[9]. However, these conventional control methods do
not take account of the overlapping BSS∗ (OBSS) environ-
ment, as shown in Fig. 1, because, except for [8], [9], these
do not focus on battery-powered portable APs that may be
used anywhere. In addition, even for the control methods
that do focus on battery-powered portable APs [8], [9], the
special problems of an OBSS environment are not clearly

∗The overlapping BSS means that the two or more APs are
operating in the same channel and can hear each other.
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evaluated. If the conventional control methods [8], [9] are
applied to an OBSS environment, the actual beacon interval
in the OBSS environment may be extended, as compared to
the beacon interval which is set at the AP, on account of the
NAV. As a result, the power consumption and delay may be
increased as compared to a single BSS unaffected by inter-
ference from neighboring APs. The problem with conven-
tional control methods is that they use the NAV to allow an
AP to enter the sleep state. Since the STAs or APs, which
receive a frame, are set their NAV according to the duration
field of its received frame, they cannot transmit in an OBSS
environment.

This paper presents a method of power saving control
for battery-powered portable WLAN APs which is appli-
cable to an OBSS environment. To overcome the problem
mentioned above, this paper uses a new action frame named
power saving access point (PSAP) action frame which the
AP uses to inform STAs within its BSS that the AP enters a
sleep state. In addition, a function of PSAP action frame is
that STAs enter the sleep state after receiving a PSAP action
frame. The proposed control method avoids the postpone-
ment of beacon transmission and reduces the power con-
sumption in an OBSS environment, as compared to conven-
tional control methods.

The rest of the paper is organized as follows. Sec-
tion 2 reviews the related studies and the remaining prob-
lems. Section 3 describes the proposed power saving control
method. Section 4 presents the numerical analysis and simu-
lation results, and compares the performance of the standard
and conventional control method with the proposed control
method. Finally, Sect. 5 concludes the paper.

2. Related Studies and Remaining Problems, Concern-
ing Power Control Method

2.1 Related Studies Concerning Power Control Method

The IEEE 802.11 standard specifies power control method
for STAs [3]. This paper refers to this control method as
PS STD. The power control has two states, an awake state
and a sleep state. An STA wakes up from the sleep state
when the STA has frames to transmit to the AP or when it
receives a delivery traffic indication message (DTIM). The
STA enters the sleep state when the AP has no frames to
send to the STA and the STA has no frames to send to the
AP. The power control method for STAs is described briefly
as follows.

An AP periodically transmits a beacon that includes a
traffic indication map (TIM) element, as shown in Fig. 2.
The TIM element consists of the DTIM Count, DTIM Pe-
riod, Bitmap Control, Partial Virtual Bitmap, etc. When
the DTIM Count is zero, this is a special case called the
DTIM. The DTIM Count represents the number of beacons
before the next DTIM is transmitted. The DTIM Period rep-
resents the number of beacon intervals between successive
DTIMs. Whenever an AP broadcasts a beacon, the value
of the DTIM Count is reduced by one until it reaches zero.

Fig. 2 Beacon frame format and operation procedure in standard,
PS STD.

Fig. 3 CTS-to-self frame format and Broadcast frame format.

Fig. 4 Operation procedure in conventional control method, PS NAV.

When the DTIM Count reaches zero, it is reset to the value
of the DTIM Period. In addition, Bit 0 of the Bitmap Con-
trol represents the buffer status for broadcast or multicast
frames, and the Partial Virtual Bitmap represents the buffer
status per destination for the STAs. Hence, the AP and STAs
manage broadcast or multicast frames and unicast frames
separately, and the STAs know the buffer status at the AP
from the Bitmap Control and Partial Virtual Bitmap. To
simplify, it is assumed in Fig. 2 that no data frames are be-
ing generated. Hence Bit 0 of the Bitmap Control is set to
zero and all the bits of the Partial Virtual Bitmap are set to
zero. In this situation, after receiving the DTIM, each STA
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Fig. 5 Problems of conventional control method, PS NAV, in OBSS environment.

enters the sleep state. As shown in Fig. 2, the STAs remain
in the sleep state except when receiving a DTIM, but the AP
is always in the awake state. Hence, the power consumed by
the AP is greater than that consumed by the STA.

To reduce the power consumption at the AP, power sav-
ing control method for battery-powered portable APs has
been proposed [9]. This control method uses the NAV to
ensure conditions in which the AP can enter the sleep state.
This paper refers to this control method as PS NAV. To make
possible the sleep state for the AP using the frames that are
specified in the IEEE802.11 standard as shown in Fig. 3,
the AP causes the STAs to refrain from transmission using
the NAV while the AP is sleeping. The operation proce-
dure when no data frames are being generated is shown in
Fig. 4. The Overhead shown in this figure represents the av-
erage waiting time for transmissions in a CTS-to-self or a
broadcast frame, which is given later. At first, an AP checks
whether or not its own buffer is empty during the awake state
before transmitting a DTIM. To force the STAs to maintain
the awake state after the AP broadcasts a DTIM if the buffer
is empty, according to a sleep length for the AP the AP cre-
ates one or more CTS-to-self and one broadcast frames or
creates one broadcast frame. This broadcast frame contains
null data in the Frame Body and is broadcasted only when
an AP allows the STAs to enter the sleep state. In addition,
this frame has the value of zero in the More Data field of the
Frame Control, which is a part of the MAC header. After
that, the AP broadcasts the DTIM with the value of one in
Bit 0 of the Bitmap Control. After the DTIM has been trans-
mitted, the created frames are also transmitted. Using the
NAV, NAVcts created by the CTS-to-self frame and NAVbro

created by the broadcast frame, the AP enters the sleep state.
Since these frames are transmitted after the DTIM to allow
the AP to enter the sleep state, the DTIM Period is set to
one in the TIM elements so as to increase the opportunity
for the AP to enter the sleep state. If the buffer is not empty

during the awake state before transmitting the DTIM, the
AP executes PS STD. That is, the AP continues to remain
in the awake state. Therefore, this method of control is ef-
fective when the downlink traffic (AP to STAs) is low. In
addition, this method of control is fully compatible with the
IEEE802.11 standard. The detail is described in [9].

2.2 Problems of Conventional Control Method in an
OBSS Environment

Since battery-powered portable APs may be used anywhere,
an OBSS environment is formed in places where many peo-
ple gather, such as stations, buses, and trains. Hence, it is
necessary to address the problems of an OBSS environment
because the frequency of occurrence of this situation is high
in a urban area. The problem of which the PS NAV is ap-
plied to an OSBB environment is described as follows.

If two or more APs in OBSS environment use the NAV
to allow each AP to enter the sleep state, the actual beacon
interval may be extended as compared to the normal bea-
con interval which is set at the AP. Assuming that two APs,
AP1 and AP2 in Fig. 1, are present, the NAVs set by the
two APs affect each other’s BSS as shown in Fig. 5. This
figure shows the behaviors in an OBSS environment when
no data frames are being generated. For example, if AP1
receives a CTS-to-self or a broadcast frame from a neigh-
boring AP (AP2), AP1 sets the NAV by the duration field
in the received frame. Since AP1 cannot transmit frames
while it sets NAV, the actual beacon interval of AP1 may
be extended. Moreover, since it may be considered that the
sleep length should be set to a large value so as to reduce
power consumption more effectively, the actual beacon in-
terval is greater than the normal beacon interval which is set
at AP.

The problems resulting from an extended beacon inter-
val are that the delay is increased and the consumed power is



OGAWA et al.: POWER SAVING CONTROL METHOD FOR BATTERY-POWERED PORTABLE WIRELESS LAN AP IN OBSS ENVIRONMENT
661

also increased as compared to a single BSS. The evaluations
related to these problems are discussed in Sect. 5.

3. Power Saving Control Method for Battery-Powered
Portable WLAN APs in an Overlapping BSS Envi-
ronment

To overcome the above problem, this paper proposes a
power saving control method for battery-powered portable
WLAN APs which is applicable to an OBSS environment.
The key of this proposal is the introduction of a new ac-
tion frame named power saving access point (PSAP) action
frame. The function of this frame is that the AP informs the
STAs within its BSS about a sleep length† which is going
to be initiated at the AP. Using the PSAP action frame, the
STAs within its AP which received the frame set the sleep
length of the AP. That is, since the STAs decide whether the
frame is received or not by the source address in the frame,
the sleep length of the AP is set up for each BSS. Another
aim of this proposal is to maintain the compatibility with the
IEEE802.11 standard. This is achieved by using the vender-
specific action frame shown in Fig. 6. This proposed control
method is called PS ACT in this paper. In addition, the func-
tion of power saving control is called PSAP. As well as the
conventional control method, PS NAV, since these frames
are transmitted after the DTIM to allow the AP to enter the
sleep state, the DTIM Period is set to one in the TIM ele-
ments so as to increase the opportunity for the AP to enter
the sleep state. The proposed control method is effective
in low downlink traffic, as well as the conventional control
method.

First, after an STA has been associated with an AP, the
STA informs the AP of its PSAP capability using a PSAP
action frame whose action value shown in Table 1 is zero.
After the AP receives this frame, the AP replies to the STA
using a PSAP action frame whose action value is one. By
this negotiation, the AP can manage information about the
capability information of STAs within its BSS. Only if all
associated STAs have the PSAP capability, the AP can at-

Fig. 6 PSAP action frame format.

Table 1 PSAP action frame contents.

tempt to enter the sleep state.
The procedure of operation of the proposed control

method is described as follows. Figure 7 shows the oper-
ation procedure when no data frames are being generated.
In this figure, the STA1 and STA2 shown in Fig. 1 are asso-
ciated with the AP1 and AP2, respectively. The Overhead
shown in this figure represents the average waiting time for
transmissions in a PSAP action frame or a broadcast frame
which is given later. An AP checks whether or not its own
buffer is empty while in the awake state before transmit-
ting a DTIM. If the buffer is empty, the AP creates a PSAP
action frame whose action value shown in Table 1 is two
and also a broadcast frame. The content of the PSAP action
frame is the sleep length of the AP. In addition, the broad-
cast frame contains null data in the Frame Body, and this
frame has the value of zero in the More Data field of the
Frame Control, which is a part of the MAC header. The AP
then broadcasts the DTIM with the value of one in Bit 0 of
the Bitmap Control, and after that also transmits the PSAP
action frame. After the AP has broadcast the PSAP action
frame, the AP enters the sleep state. On the other hand,
the STA receiving the DTIM, maintains the awake state to
receive broadcast or multicast frames. Although STAs nor-
mally maintain the awake state to receive broadcast or mul-
ticast frames, STAs within the BSS can enter the sleep state
to avoid the unnecessary power consumption, but they only
do this after receiving the PSAP action frame. Here, the
sleep length for the AP is the value in the information field
of the PSAP action frame. However, the sleep length for
STAs is extended as compared to the value in the informa-
tion field of the PSAP action frame. The amount of exten-
sion is DIFS. The reason why the extended length is used
is that the AP broadcasts the created broadcast frame on a

Fig. 7 Operation procedure in proposed control method, PS ACT.

†The sleep length is a system parameter for products.
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high priority basis. When the sleep length has expired, the
AP or STA returns to the awake state. Finally, the AP broad-
casts the broadcast frame with the value of zero in the More
Data field. The procedure after that is the same as for the
standard, PS STD.

4. Evaluation for Proposed Control Method

4.1 Performance Criteria and Parameter Setting

To evaluate the performance of the proposed control
method, the following criteria are defined.
- Consumed power ratio:

This represents the ratio of the consumed power in
PS ACT to that in PS STD, or the ratio of the consumed
power in PS NAV to that in PS STD.
- Difference in delay†:

This represents the difference in delay between
PS ACT and PS STD, or the difference in delay between
PS NAV and PS STD.
- Throughput:

This represents the amount of traffic successfully trans-
mitted with PS ACT or with PS NAV.

The main parameters for analysis and simulation are
given in Table 2††. The power consumption refers to Cisco
Aironet 350 series [10], which was also used in [9]. In the
simulation, the data frames are generated following a Pois-
son Process. In addition, the number of stations within a
BSS is one, and the volume of offered traffic††† at an AP is
the same value at a STA.

4.2 Numerical Analysis

First of all, to clarify the performance when no data frames
are being generated, the consumed power is evaluated for
the standard, PS STD, the conventional control method,
PS NAV, and the proposed control method, PS ACT.

To analyze the performance, some terms need to be de-
fined. Let the time taken by the AP to broadcast a beacon
frame, the time taken by the AP to broadcast a PSAP action
frame, and the time taken by the AP to broadcast a broadcast
frame be Tbeacon, Tact, and Tbro, respectively. In addition, let
the time taken by the AP to transmit a CTS-to-self frame,
used in PS NAV, be Tcts.

The awake state may be sub-divided into the transmis-
sion, receiving, and listening states. In the related studies

Table 2 Parameters for evaluations.

[4], [6], [9] the consumed power in the receiving state was
set to the same value as that in the listening state, and, for
simplicity, this paper makes the same assumption. Let the
value of the consumed power in the transmission state, the
value in the listening/receiving state, and the value in the
sleep state be Et, El, and Es, respectively.

Using these terms, the consumed power is evaluated
without considering the contention among neighboring APs,
for simplicity. First, the values of the consumed power for
the AP and STA during DTIMs in the standard, PS STD,
Eap ps−std and Esta ps−std, are expressed below.

Eap ps−std=Et ·Tbeacon

+El(Beacon Interval−Tbeacon), (1)

Esta ps−std=El ·Tbeacon

+Es(Beacon Interval−Tbeacon) (2)

where, the DTIM Period is set to one, to evaluate the pro-
posed method, standard, and conventional control method
fairly. Even if neighboring APs are present, the above equa-
tions are satisfied. Since the STAs are in the sleep state ex-
cept when the DTIM is received, the STAs do not receive
frames from neighboring APs. Hence, the consumed power
for the STA is not changed by the number of neighbor-
ing APs. In addition, since the AP is always in the listen-
ing/receiving state except when the DTIM is received, the
consumed power for the AP is not changed by the number
of neighboring APs.

The values of the consumed power for the AP and STA
during DTIMs in the conventional control method, PS NAV,
Eap ps−nav and Esta ps−nav, are evaluated. As shown in Fig. 5,
the actual beacon interval may be extended as compared to
the beacon interval which is set at the AP. The actual beacon
interval is changed by the number of neighboring APs in the
OBSS environment, Nap, and the sleep length. The sleep
length including Overhead related to transmission is shown
as τ in Fig. 5. If the beacon interval which is set at the AP
is smaller than τ(Nap + 1), the actual beacon interval is ex-
tended to τ(Nap + 1). Hence, two conditions for evaluation
are considered.

If Beacon Interval ≥ τ(Nap + 1);

Eap ps−nav=Et(Tbeacon+Tcts ·Ncts+Tbro)

+Es ·S LEEPps−nav + El ·(Beacon Interval

−(Tbeacon + Tcts ·Ncts+Tbro + S LEEPps−nav)), (3)

Esta ps−nav=El(Tbeacon + (Tcts+NAVcts)Ncts

+Tbro+Overhead) + Es(Beacon Interval

−(Tbeacon+(Tcts+NAVcts)Ncts+Tbro+Overhead)) (4)

If Beacon Interval < τ(Nap + 1);

Eap ps−nav= (Et(Tbeacon+Tcts ·Ncts+Tbro)

†The delay represents the time from frame generation until the
frame is completely sent out, i.e., the ACK is successfully received.
††The transmission rate means the speed of wireless links.
†††The offered traffic means the traffic generation rate at each AP

or STA.
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+Es ·S LEEPps−nav + El(τ(Nap+1)

−(Tbeacon+Tcts ·Ncts+Tbro+S LEEPps−nav)))

·Beacon Interval/τ(Nap+1), (5)

Esta ps−nav= (El(Tbeacon+(Tcts+NAVcts)Ncts

+Tbro+Overhead+τ(Nap+1)−Beacon Interval)

+Es(Beacon Interval

−(Tbeacon+(Tcts+NAVcts)Ncts+Tbro+Overhead)))

·Beacon Interval/τ(Nap+1) (6)

where Overhead, S LEEPps−nav, and τ are expressed below.

Overhead=DIFS +CWmin/2 · S lotT ime,

S LEEPps−nav= (NAVcts−Overhead)Ncts+NAVbro,

τ=Tbeacon+(Tcts+NAVcts)Ncts+Tbro+NAVbro

+2 · Overhead.

Moreover, Ncts is the number of transmitted CTS-to-
self frames. This value is determined by the sleep length.
The detail is described in [9]. In addition, since the bea-
con interval is extended, the consumed power is normalized
by the beacon interval which is set at the AP if the beacon
interval which is set at the AP is smaller than τ(Nap+1).

Next, the values of the consumed power for the AP
and STAs during DTIMs in the proposed control method,
PS ACT, Eap ps−act and Esta ps−act, are expressed below.

Eap ps−act=Et(Tbeacon+Tact+Tbro)

+Es ·S LEEPps−act + El(Beacon Interval

−(Tbeacon+Tact+Tbro+S LEEPps−act)), (7)

Esta ps−act=El(Tbeacon+Tact+Tbro

+2·Overhead−DIFS ) + Es(Beacon Interval

−(Tbeacon+Tact+Tbro+2·Overhead−DIFS )) (8)

where Overhead is expressed by the equation given above.
Moreover, as mentioned above, the values of the consumed
power for the AP and STA are not changed by the number
of neighboring APs.

4.3 Analysis and Simulation Results

First, the consumed power ratio is evaluated when no data
frames are being generated, using the above equations.
The consumed power ratio of PS ACT and PS NAV as
compared to PS STD is expressed as Eap ps−act/Eap ps−std

and Eap ps−nav/Eap ps−std for the AP and is expressed as
Esta ps−act/Esta ps−std and Esta ps−nav/Esta ps−std for the STA.
The analysis results for the AP and STA are shown in Figs. 8
and 9, respectively. As shown in Fig. 8, the consumed power
ratio of PS ACT is reduced. For example, the proposed con-
trol method achieves the minimum consumed power ratio at
the AP, which is 44% as compared to the standard, when
the sleep length is 60 ms, even if the number of neighbor-
ing APs in an OBSS environment is increased. However
the consumed power ratio of PS NAV at the AP in an OBSS
environment, i.e., Nap is one or two, is not reduced even

Fig. 8 Consumed power ratio at AP as compared to PS STD if no data
frames are generated.

Fig. 9 Consumed power ratio at STA as compared to PS STD if no data
frames are generated.

if the sleep length is increased. The reason for this is that
the actual beacon interval is extended as compared to the
beacon interval which is set at the AP. Moreover, when the
sleep length is short or the number of neighboring APs is
zero, the consumed power ratio of PS ACT at the AP is the
same as that of PS NAV, because the actual beacon interval
is not extended as compared to the beacon interval which is
set at the AP. As shown in Fig. 9, the consumed power ra-
tio of PS NAV at the STA increases as Nap increases. The
reason why the consumed power ratio with Nap=0 is more
than 100% is that the STA is in the awake state while the
AP is sleeping. Moreover, the consumed power of PS ACT
at the STA is small as compared to PS NAV because the
STA enters the sleep state while the AP is sleeping, but is
slightly increased as compared to PS STD. Hence, the AP
of PS ACT achieves a lower power as compared to both
PS STD and PS NAV. In addition, although the consumed
power at the STA of PS ACT is slightly increased as com-
pared to PS STD, this is lower than PS NAV.

Next, the performance considering data traffic† when
the number of neighboring APs is two, that is in an OBSS
environment, is evaluated by computer simulation. Fig-
ures 10 and 11 show the consumed power ratio of PS ACT

†It is assumed that data frames are unicast frames. The AP
informs the STAs about the buffer status per destination for the
STAs using the Partial Virtual Bitmap of the TIM element.
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Fig. 10 Consumed power ratio at AP as compared to PS STD if data
frames are generated.

Fig. 11 Consumed power ratio at STA as compared to PS STD if data
frames are generated.

and PS NAV as compared to PS STD, at the AP and STA,
respectively. As well as the previous results, it is verified
that PS ACT outperforms PS NAV. Moreover, if the offered
traffic is greater than about 0.5 Mbps, the consumed power
ratio is approximately 100%. This means that the AP ex-
ecutes PS STD because the AP has frames while in the
awake state before transmitting a DTIM. This is analyzed
as follows. Let λ, P(λ), and L be defined as the generation
rate of data frames at the AP, the probability that the AP
has data frames before transmitting a DTIM, and the data
frame length, respectively. This probability is expressed as
P(λ) = 1− exp(−λ ·Beacon Interval). From this equation,
it is confirmed that the offered traffic, λL, is greater than
0.55 Mbps when the P(λ) is greater than 0.99.

Figures 12 and 13 show the difference in delay as com-
pared to PS STD, at the AP and STA, respectively. As
shown in Fig. 12 for AP, the difference in delay of PS NAV
increases with the sleep length. The reason for this is that
the actual beacon interval is larger than the beacon interval
which is set at the AP. The delay of PS ACT is the same as
that of the PS STD because the actual beacon interval is not
extended in an OBSS environment. On the other hand, as
shown in Fig. 13 for the STA, the delay of both PS ACT and
PS NAV are increased as compared to PS STD. The reason
for this is that the STA cannot transmit data frames to the AP
while the AP is sleeping. In addition, the delay of PS NAV

Fig. 12 Difference in delay at AP as compared to PS STD.

Fig. 13 Difference in delay at STA as compared to PS STD.

Fig. 14 Throughput characteristics of PS ACT and PS NAV at AP.

Fig. 15 Throughput characteristics of PS ACT and PS NAV at STA.
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is increased as compared to PS ACT because the actual bea-
con interval is larger than the beacon interval which is set at
the AP.

Finally, Figs. 14 and 15 show the throughput character-
istics at the AP and STA, respectively. Both PS ACT and
PS NAV show the same throughput, with no degradation.
The reason for this is that the AP enters the sleep state only
when the offered traffic is low. Therefore, even if the of-
fered traffic is greater than 1.0 Mbps, the throughput char-
acteristics of PS ACT and PS NAV are the same as those of
PS STD.

As mentioned above, numerical analysis and computer
simulation results show that the proposed control method,
PS ACT, is effective for a battery-powered AP in an OBSS
environment. Specifically, the proposed control method is
effective for low offered traffic at the AP. That is, this sit-
uation means that the frequency of transmitting frames at
the AP is low after STAs are associated with the AP. Usu-
ally, the AP does not always transmit frames to STAs be-
cause STAs intermittently request to transmit. For example,
the AP may not transmit frames to STAs while the user is
reading e-mails. Therefore, low power consumption in low
offered traffic condition is important.

5. Conclusion

This paper has proposed a power saving control method for
battery-powered portable WLAN APs which can accommo-
date an OBSS environment. The proposed control method
introduces the PSAP action frame, by which the AP in-
forms STAs within its BSS about the AP’s sleep length. The
main contribution is that the proposed power saving control
method for APs is compatible with the IEEE 802.11 stan-
dard, and the proposed control method can coexist with the
existing WLAN systems with no adverse effect because this
power saving control is performed for each BSS. The anal-
ysis and simulation results reveal the following.

1) As compared to the standard, the consumed power at
the AP is decreased by the proposed control method, while
the consumed power at the STA is slightly increased. The
degree of this increase is small as compared to the conven-
tional control method in an OBSS environment. For ex-
ample, the proposed control method achieves the minimum
consumed power ratio at the AP, which is 44% as compared
to the standard, when the beacon interval is 100 ms and the
sleep length is 60 ms, even if the number of neighboring APs
in an OBSS environment is increased.

2) As compared to the standard, the delay of the pro-
posed control method at the AP is the same, and the delay of
the proposed control method at the STA is increased. How-
ever, the degree of this increase is also small as compared to
the conventional control method in an OBSS environment.

3) The throughput at both AP and STA is not degraded
when the proposed control method is introduced.

The proposed control method does not take account of
unscheduled automatic power saving delivery (U-APSD) for
QoS specified in the IEEE802.11e because the STA requires

the transmission to the AP at an arbitrary timing. Therefore,
the cooperation of control between the power control for an
AP and U-APSD is a challenging issue for future study.
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