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A power saving method in a wireless LAN system is dis 
closed for permitting a terminal station to promptly transition 
to a doze State irrespective of the presence or absence of data 
destined to the terminal station in a base station. Upon receipt 
of a PS-Poll signal from a terminal station subordinate to a 
base station for prompting a transmission of data destined to 
the terminal station, the base station transmits an ACK signal 
to the terminal station for indicating a Successful reception of 
the PS-Poll signal. Further, the base station transmits a data 
frame including data destined to the terminal station when 
there is such data, or transmits an empty data frame when 
there is no data destined to the terminal station. Then, upon 
receipt of the data frame (including the empty data frame), the 
terminal station transmits an ACK signal to the base station, 
and then transitions to the doze state in which a transmission/ 
reception function is made inoperative. 
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POWER SAVING METHOD IN WIRELESS 
LAN SYSTEM FOR PERMITTING 

TERMINAL STATION TO PROMPTLY 
TRANSTION TO OOZE STATE BY 

TRANSMITTING EMPTY DATA FRAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a power saving 
method in a wireless LAN system, and more particularly, to a 
power saving method in a wireless LAN system conforming 
to IEEE802.11. 
0003 2. Description of the Related Art 
0004 Power saving in a wireless LAN system conforming 

to IEEE802.11 is performed in sequences illustrated in FIGS. 
1A, 1B, for example, as disclosed in IEEE Std 802.11, 9.7 
Frame exchange sequences Table 21 Frame sequence. 
0005 FIG. 1A is a sequence chart illustrating a sequence 
of operations when no data destined to a terminal station is 
stored in a base station. The terminal station transmits PS 
Poll, which is a control packet for prompting the base station 
to transmit data, to the base station for requesting the base 
station to transmit downlink data destined thereto after the 
terminal station has transitioned to an active mode, in which 
a transmission/reception function turns on (step 101). Upon 
receipt of PS-Poll without error, the base station transmits a 
successful reception notification signal ACK (step 102). The 
terminal station transitions to a doze State in which the trans 
mission/reception function turns off after it has completed the 
transmission of ACK. 
0006 FIG. 1B is a sequence chart illustrating a sequence 
of operations when data destined to the terminal station has 
been stored in the base station. The terminal station transmits 
PS-Poll to the base station, after it has transitioned to the 
active mode, for requesting the base station to transmit down 
link data destined thereto (step 111). Upon receipt of PS-Poll 
without errors, the base station transmits a data frame (step 
112). Upon receipt of the data frame without errors, the ter 
minal station transmits ACK (step 113). The terminal station 
transitions to the doze state after it has completed the trans 
mission of ACK. 
0007 FIG. 2 is a flow chart illustrating the operation of the 
terminal station in the foregoing situation. As the terminal 
station starts a receiving operation, it transitions to an active 
state (step 201). Next, the terminal station transmits PS-Poll 
to the base station for requesting the base station to transmit 
data destined to the terminal station (step 202). Next, the 
terminal station determines whether a response to PS-Pall 
from the base station is ACK or data (step 203). If the terminal 
station fails to receive either ACKordata, the terminal station 
again transmits PS-Pall (step 202). Upon receipt of ACK, the 
terminal station determines that there is no data destined 
thereto stored in the base station, and transitions to the doze 
state (step 205). Upon receipt of data, the terminal station 
transmits ACK to the base station (step 204), and transitions 
to the doze state (step 205), followed by termination of the 
receiving operation. 
0008. In the foregoing sequence of operations, when data 
destined to the terminal station is stored in the base station, 
the base station returns a data frame when it receives the 
PS-Poll signal from the terminal station without errors. How 
ever, conventional general wireless LAN base stations are 
often configured to return ACK to a terminal station in 
response to PS-Poll from the terminal station irrespective of 
the presence or absence of data to the terminal station. This is 
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because it takes long time to complete the transmission of the 
data frame so that the base station informs, as a temporary 
measure, the terminal station that the PS-Poll signal has been 
received without errors. IEEE802.11 also approves that ACK 
is returned. 
0009 FIGS.3A,3B illustrate sequence charts when a base 
station returns ACK to a terminal station in response to PS 
Poll from the terminal station irrespective of the presence or 
absence of data destined to the terminal station. 
0010 FIG.3A is a sequence chart when no data destined to 
a terminal station is stored in the base station. The terminal 
station transmits PS-Poll to the base station after it has tran 
sitioned to the active mode for requesting the base station to 
transmit downlink data destined thereto (step 301). Upon 
receipt of PS-Poll without errors, the base station transmits 
ACK (step 302). 
0011 FIG. 3B is a sequence chart when data destined to a 
terminal station is stored in a base station. The terminal sta 
tion transmits PS-Poll to the base station after it has transi 
tioned to the active mode for requesting the base station to 
transmit downlink data destined thereto (step 311). Upon 
receipt of PS-Poll without errors, the base station transmits 
ACK to the terminal station (step 312). When data destined to 
the terminal station is stored in the base station, the base 
station further transmits a data frame to the terminal station 
(step 313). Upon receipt of the data frame without errors, the 
terminal station transmits ACK (step 314). 
0012. In this way, data communications in a power save 
mode in a general wireless LAN differs in a frame sequence 
chart between the terminal station and base station depending 
on the presence or absence of data destined to the terminal 
station stored in the base station. Then, as illustrated in FIGS. 
3A, 3B, when the base station returns ACK to the terminal in 
response to PS-Poll from the terminal station irrespective of 
the presence or absence of data destined to the terminal sta 
tion, the terminal station experiences difficulties in determin 
ing whether to transition to the doze state when no data is 
stored in the base station, resulting in difficulties in a reduc 
tion in power consumption. This is because the terminal sta 
tion cannot determine the presence or absence of data des 
tined thereto at the time it receives ACK, and therefore cannot 
promptly transition to the doze state. This is because the 
terminal station does not know whether or not data destined 
thereto is present in the base station at the time it receives 
ACK. Therefore, even if there is no data destined to the 
terminal station, the terminal station cannot transition to the 
doze state immediately after the receipt of ACK. 

SUMMARY OF THE INVENTION 

0013. It is an object of the present invention to provide a 
power saving method in a wireless LAN system, which per 
mits a terminal station to promptly transition to the doze State 
irrespective of the presence or absence of data destined to the 
terminal station in a base station. 
0014) To achieve the above object, in the power saving 
method of the present invention, upon receipt of a PS-Poll 
signal from a terminal station Subordinate to a base station for 
prompting a transmission of data destined to the terminal 
station, the base station transmits an ACK signal to the ter 
minal station for indicating a successful reception of the 
PS-Poll signal, and also transmits a data frame including data 
destined to the terminal station when there is such data, or 
transmits an empty data frame when there is no data destined 
to the terminal station. Then, upon receipt of the data frame 
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(including the empty data frame), the terminal station trans 
mits an ACK signal to the base station, and then transitions to 
the doze state in which a transmission/reception function is 
made inoperative. 
0015. As described above, according to the present inven 

tion, even when no data destined to a terminal station is stored 
in a base station, the base station performs the same operation 
in response to PS-Poll from the terminal station as the opera 
tion when data is stored therein, so that the terminal station 
can transition to the doze state after it has completed a sequen 
tial frame exchange procedure, thus making it possible to save 
the power in the terminal station. 
0016. The above and other objects, features and advan 
tages of the present invention will become apparent from the 
following description with reference to the accompanying 
drawings which illustrate examples of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIGS. 1A, 1B are sequence charts each illustrating a 
conventional power saving method in a wireless LAN system 
conforming to IEEE802.11, where FIG. 1A is a sequence 
chart when no data destined to a terminal station is stored in 
a base station, and FIG. 1B is a sequence chart when data 
destined to the terminal station is stored in the base station; 
0018 FIG. 2 is a flow chart illustrating a sequence of 
operations performed by the terminal station in the processes 
of FIGS. 1A, 1B: 
0019 FIGS. 3A, 3B are sequence charts each illustrating 
the operation of a base station when it returns ACK to a 
terminal station in response to PS-Poll from the terminal 
station irrespective of the presence or absence of data des 
tined to the terminal station, where FIG. 3A is a sequence 
chart when no data destined to the terminal station is stored in 
the base station, and FIG. 3B is a sequence chart when data 
destined to the terminal station is stored in the base station; 
0020 FIGS. 4A, 4B are sequence charts each illustrating a 
power saving method according to the present invention in a 
wireless LAN system conforming to IEEE802.11, where 
FIG. 4A is a sequence chart when no data destined to a 
terminal station is stored in a base station, and FIG. 4B is a 
sequence chart when data destined to the terminal station is 
stored in the base station; and 
0021 FIG. 5 is a flow chart illustrating a sequence of 
operations performed by the terminal station in the processes 
of FIGS. 4A, 4B. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0022 FIGS. 4A, 4B illustrate sequence charts of a power 
saving method in a wireless LAN system conforming to 
IEEE802.11 in accordance with the present invention. Like 
the operations illustrated in FIGS. 3A, 3B, a base station 
returns ACK to a terminal station in response to PS-Poll from 
the terminal station irrespective of the presence or absence of 
data destined to the terminal station. 
0023 FIG. 4A is a sequence chart when no data destined to 
a terminal station is stored in a base station. The terminal 
station transmits PS-Poll to the base station after it has tran 
sitioned to an active mode for requesting the base station to 
transmit downlink data destined thereto (step 401). Upon 
receipt of PS-Poll without errors, the base station transmits 
ACK (step 402). The base station also transmits an empty data 
frame to the terminal station since the base station has not 
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stored data destined to the terminal station (step 403). Upon 
receipt of this empty data frame without errors, the terminal 
transmits ACK (step 404). The terminal station transitions to 
a doze state after it has completed the transmission of ACK. 
0024 FIG. 4B is a sequence chart when data destined to 
the terminal station is stored in the base station. The terminal 
station transmits PS-Poll to the base station after it has tran 
sitioned to the active mode for requesting the base station to 
transmit downlink data destined to the terminal station (step 
411). Upon receipt of PS-Poll without errors, the base station 
transmits ACK (step 412). Since the base station has stored 
data destined to the terminal station, the base station also 
transmits a data frame to the terminal station in response to 
PS-Poll (step 413). Upon receipt of the data frame without 
errors, the terminal station transmits ACK (step 414). The 
terminal station transitions to the doze state after it has com 
pleted the transmission of ACK. 
0025. In the foregoing manner, in this embodiment, the 
base station performs the same operation in response to PS 
Poll from the terminal station even when the base station has 
not stored data destined to the terminal station as the opera 
tion when the base station has stored data destined to the 
terminal station, thus permitting the terminal station to tran 
sition to the doze state after the completion of a sequential 
frame exchange procedure (completion of the transmission of 
the ACK signal). 
0026 FIG. 5 illustrates a flow chart representing a 
sequence of operations performed by the terminal station in 
the processes of FIGS. 4A, 4B. As the terminal station starts 
a receiving operation, it transitions to the active state (step 
501). Next, the terminal station transmits PS-Poll to the base 
station for requesting the base station to transmit data des 
tined to the terminal station (step 502). Then, the terminal 
station determines whether or not it receives ACK which is a 
response from the base station to PS-Poll (step 503). In the 
event of a failure in receiving ACK, the terminal station again 
goes to step 502 for transmitting PS-Poll. When ACK is 
Successfully received, the terminal station receives data des 
tined thereto, sent from the base station (the data frame 
received herein includes an empty data frame) (step 504). 
When receiving data, the terminal station transmits ACK to 
the base station, and transitions to the doze state (step 506), 
followed by completion of the receiving operation. 
0027. In another embodiment, when the terminal station 
comes under the control of a base station, the terminal station 
may determine whether the base station is a base station 
conforming to IEEE802.11 (i.e., a base station which only 
returns an ACK signal in response to PS-Poll from a terminal 
station when there is no data destined to the terminal station) 
or a base station which embodies the present invention (i.e., a 
base station which returns not only an ACK signal but also an 
empty data frame in response to PS-Poll from a terminal 
station even when there is not data destined to the terminal 
station, to select the sequence charts illustrated in FIGS. 3A, 
3B or FIGS. 4A, 4B. 
0028. While preferred embodiments of the present inven 
tion have been described using specific terms, such descrip 
tion is for illustrative purposes only, and it is to be understood 
that changes and variations may be made without departing 
from the spirit or scope of the following claims. 

1. A power saving method in a wireless LAN system, 
comprising the steps of 
upon receipt of a signal at a base station from a terminal 

station Subordinate to said base station for prompting a 
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transmission of data destined to said terminal station, 
transmitting an ACK signal indicative of a successful 
reception of said signal to said terminal station, and 
transmitting a data frame including data destined to said 
terminal station when there is such data, and transmit 
ting an empty data frame when there is no data destined 
to said terminal station; and 

upon receipt of the empty data frame at said terminal sta 
tion, transitioning to a state in which a transmission/ 
reception function is made inactive. 

2. A base station in a wireless LAN system including a 
terminal station which, upon receipt of an empty data frame at 
said terminal station, transitions to a state in which a trans 
mission/reception function is made inactive, said base station 
comprising: 

means responsive to a signal from a terminal station Sub 
ordinate to said base station for prompting a transmis 
sion of data destined to said terminal station, for trans 
mitting an ACK signal indicative of a Successful 
reception of said signal to said terminal station; and 

means responsive to the signal received from said terminal 
station for prompting a transmission of data destined to 
said terminal station, for generating and transmitting to 
said terminal station a data frame including data des 
tined to said terminal station when there is such data, and 
for generating and transmitting to said terminal station 
an empty data frame when there is no data destined to 
said terminal station. 

3. A terminal station in a wireless LAN system, compris 
ing: 

first means for transmitting a signal to a base station to 
which said terminal station is subordinate, for prompt 
ing a transmission of data destined to said terminal sta 
tion; and 

second means responsive to an empty data frame received 
from said base station, for transmitting an ACK signal to 
said base station and bringing said terminal station into 
a state in which a transmission/reception function is 
made inoperative. 

4. A power saving method in a wireless LAN system 
including a terminal station which, upon receipt of an empty 
data frame at said terminal station, transitions to a state in 
which a transmission/reception function is made inactive, and 
a base station, said method comprising the steps of: 

upon receipt of a signal from a terminal station Subordinate 
to said base station for prompting a transmission of data 
destined to said terminal station, transmitting an ACK 
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signal indicative of a successful reception of said signal 
to said terminal station; and 

upon receipt of the signal received from said terminal sta 
tion for prompting a transmission of data destined to said 
terminal station, generating and transmitting to said ter 
minal station a data frame including data destined to said 
terminal station when there is such data, and for gener 
ating and transmitting to said terminal station an empty 
data frame when there is no data destined to said termi 
nal station. 

5. A power saving method in a terminal station of a wireless 
LAN system, said method comprising the steps of: 

transmitting a signal to a base station to which said terminal 
station is Subordinate for prompting a transmission of 
data destined to said terminal station, and 

upon receipt of an empty data frame from said base station 
at said terminal station, transmitting an ACK signal to 
said base station, and bringing said terminal station into 
a state in which a transmission/reception function is 
made inoperative. 

6. A wireless LAN system comprising: at lease a base 
station and a terminal station: 

said base station including: 
means responsive to a signal from a terminal station Sub 

ordinate to said base station for prompting a transmis 
sion of data destined to said terminal station, for trans 
mitting an ACK signal indicative of a successful 
reception of said signal to said terminal station; and 

means responsive to the signal received from said terminal 
station for prompting a transmission of data destined to 
said terminal station, for generating and transmitting to 
said terminal station a data frame including data des 
tined to said terminal station when there is such data, and 
for generating and transmitting to said terminal station 
an empty data frame when there is no data destined to 
said terminal station, 

said terminal station including: 
means for transmitting a signal to a base station to which 

said terminal station is subordinate, for prompting a 
transmission of data destined to said terminal station; 
and 

means responsive to the empty data frame received from 
said base station for transmitting an ACK signal to said 
base station and bringing said terminal station into a 
state in which a transmission/reception function is made 
inoperative. 


