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SPACE DIVISION MULTIPLE ACCESS FOR 
WIRELESS LAN , AND CHANNEL 
ESTIMATION FOR THE SAME 
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No . 13 / 139 , 168 filed on Jun . 10 , 2011 ( now U . S . Pat . No . 
9 , 564 , 999 issued on Feb . 7 , 2017 ) , which is the National 
Phase of PCT International Application No . PCT / KR2009 / 
007435 filed on Dec . 11 , 2009 , which claims the benefit 
under 35 U . S . C . $ 119 ( a ) to Korean Patent Application No . 
10 - 2008 - 0126488 filed on Dec . 12 , 2008 , all of which are 
hereby expressly incorporated by reference into the present 
application . 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[ 0002 ] The present invention relates to a wireless local 
area network ( WLAN ) , and more particularly , to multiple 
access and channel estimation in the WLAN . 

802 . 11g implements the data rate of up to 54 Mbps by using 
the frequency band of 2 . 4 GHz . Due to its backward 
compatibility , the IEEE 802 . 11g is drawing attention , and is 
advantageous over the IEEE 802 . 11a in terms of the com 
munication distance . 
[ 0006 ] The IEEE 802 . 11n is a technical standard relatively 
recently introduced to overcome a limited data rate which 
has been considered as a drawback in the WLAN . The IEEE 
802 . 11n is devised to increase network speed and reliability 
and to extend an operational distance of a wireless network . 
More specifically , the IEEE 802 . 11n supports a high 
throughput ( HT ) , i . e . , a data processing rate of up to 540 
Mbps or higher , and is based on a multiple input and 
multiple output ( MIMO ) technique which uses multiple 
antennas in both a transmitter and a receiver to minimize a 
transmission error and to optimize a data rate . In addition , 
this standard may use a coding scheme which transmits 
several duplicate copies to increase data reliability and also 
may use the OFDM to support a higher data rate . 
[ 0007 ] With the widespread use of the WLAN and the 
diversification of applications using the WLAN , there is a 
recent demand for a new WLAN system to support a higher 
throughput than a data processing rate supported by the 
IEEE 802 . 11n . A very high throughput ( VHT ) WLAN 
system is one of IEEE 802 . 11 WLAN systems which have 
recently been proposed to support a data processing rate of 
1 Gbps or higher . The VHT system is named arbitrarily . To 
provide a throughput of 1 Gbps or higher , a feasibility test 
is currently being conducted for the VHT system using 4x4 
MIMO and a channel bandwidth of 80 MHz . At present , in 
order for the VHT WLAN system to achieve an aggregated 
throughput of 1 Gbps , the use of a spatial division multiple 
access ( SDMA ) scheme is being actively researched as a 
channel access scheme together with the use of a channel 
bandwidth of 80 MHz or higher . 
[ 0008 ] . The conventional channel access mechanism used 
in the IEEE 802 . 11n WLAN system or other WLAN systems 
cannot be directly used as a channel access mechanism of a 
VHT WLAN system for providing a throughput of 1 Gbps 
or higher . This is because a channel bandwidth used by the 
VHT WLAN system is at least 80 MHz since the conven 
tional WLAN system operates under the premise of using a 
channel bandwidth of 20 MHz or 40 MHz which is too 
narrow to achieve the throughput of 1 Gbps or higher in a 
service access point ( SAP ) . 

Discussion of the Related Art 
[ 0003 ] With the advancement of information communica 
tion technologies , various wireless communication tech 
nologies have recently been developed . Among the wireless 
communication technologies , a wireless local area network 
( WLAN ) is a technology whereby Internet access is possible 
in a wireless fashion in homes or businesses or in a region 
providing a specific service by using a portable terminal 
such as a personal digital assistant ( PDA ) , a laptop com 
puter , a portable multimedia player ( PMP ) , etc . 
[ 0004 ] Ever since the institute of electrical and electronics 
engineers ( IEEE ) 802 , i . e . , a standardization organization for 
WLAN technologies , was established in February 1980 , 
many standardization works have been conducted . In the 
initial WLAN technology , a frequency of 2 . 4 GHz was used 
according to the IEEE 802 . 11 to support a data rate of 1 to 
2 Mbps by using frequency hopping , spread spectrum , 
infrared communication , etc . Recently , the WLAN technol 
ogy can support a data rate of up to 54 Mbps by using 
orthogonal frequency division multiplex ( OFDM ) . In addi 
tion , the IEEE 802 . 11 is developing or commercializing 
standards of various technologies such as quality of service 
( QoS ) improvement , access point protocol compatibility , 
security enhancement , radio resource measurement , wireless 
access in vehicular environments , fast roaming , mesh net 
works , inter - working with external networks , wireless net 
work management , etc . 
[ 0005 ] In the IEEE 802 . 11 , the IEEE 802 . 11b supports a 
data rate of up to 11 Mbps by using a frequency band of 2 . 4 
GHz . The IEEE 802 . 11a commercialized after the IEEE 
802 . 11b uses a frequency band of 5 GHz instead of the 
frequency band of 2 . 4 GHz and thus significantly reduces 
influence of interference in comparison with the very con 
gested frequency band of 2 . 4 GHz . In addition , the IEEE 
802 . 11a has improved the data rate to up to 54 Mbps by 
using the OFDM technology . Disadvantageously , however , 
the IEEE 802 . 11a has a shorter communication distance than 
the IEEE 802 . 11b . Similarly to the IEEE 802 . 11b , the IEEE 

SUMMARY OF THE INVENTION 
[ 0009 ] The present invention provides a channel access 
method and apparatus capable of setting an aggregated 
throughput to 1 Gbps or higher in a wireless local area 
network ( WLAN ) . 
[ 0010 ] The present invention also provides a method and 
apparatus capable of performing channel estimation concur 
rently for a plurality of stations in a WLAN . 
[ 0011 ] According to an aspect of the present invention , 
there is provided a channel access method in a wireless local 
area network ( WLAN ) . A frequency division multiple access 
technique and a space division multiple access technique 
based on competition are used together in this method . 
[ 0012 ] In the aforementioned aspect of the present inven 
tion , the channel access procedure may include : a compe 
tition period for estimating channel characteristics for a 
plurality of very high throughput ( VHT ) stations and trans 
mitting , to the plurality of VHT stations , downlink schedule 
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[ 0023 ] FIG . 8 shows an example of several methods using 
an 80 MHz channel . 
f0024 ] FIG . 9 is a diagram showing an exemplary proce 
dure in a downlink phase during an SDMA procedure 
according to an embodiment of the present invention . 
[ 0025 ] . FIG . 10 is a diagram showing concurrent data 
transmission to a plurality of VHT stations ( STAS ) on the 
basis of an SDMA / frequency division multiplex ( FDM ) 
scheme according to an embodiment of the present inven 
tion . 
[ 0026 ] FIG . 11 is a diagram showing an exemplary pro 
cedure in an uplink phase during an SDMA procedure 
according to an embodiment of the present invention . 
[ 0027 ] FIG . 12 is a block diagram showing a wireless 
communication system for implementing an embodiment of 
the present invention . 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

information or uplink schedule information based on the 
estimated channel characteristics ; and a data transmission 
period for performing downlink transmission or uplink 
transmission with respect to all or some of the plurality of 
VHT stations in accordance with the downlink schedule 
information or the uplink schedule information . 
[ 0013 ] In addition , the competition period may include a 
channel estimation period for estimating a channel charac 
teristic for each of the plurality of VHT stations by exchang 
ing a specific message with respect to each of the plurality 
of VHT stations . The exchanged message may be a request 
to send ( RTS ) / clear to send ( CTS ) frame , a null data / 
acknowledgement ( ACK ) frame , or a channel estimation 
request / response frame . 
[ 0014 ] According to another aspect of the present inven 
tion , there is provided a channel estimation method in a 
WLAN system . The method includes : transmitting for a 
plurality of VHT stations a request message including infor 
mation on VHT stations requiring channel estimation and 
information on a sub - channel allocated for each of the VHT 
stations as a message for requesting channel through a full 
frequency bandwidth of the WLAN system ; and receiving a 
response message including information indicating a chan 
nel estimation result from each of the plurality of VHT 
stations through a sub - channel allocated to the request 
message . 
[ 0015 ] According to the present invention , a channel char 
acteristic is first estimated for downlink / uplink transmission 
by applying a contention - based spatial division multiple 
access ( SDMA ) / frequency division multiplex ( FDM ) 
scheme , and concurrent channel access of a plurality of very 
high throughput ( VHT ) stations ( STAS ) is allowed by cre 
ating downlink schedule or uplink schedule on the basis of 
the estimated channel characteristic , thereby being able to 
effectively use radio resources . In addition , a request mes 
sage for channel estimation is transmitted by using a full 
frequency bandwidth of a system when estimating the 
channel characteristic , and a response message thereof is 
received through a sub - channel for each VHT STA , thereby 
being able to decrease overhead caused by channel estima 
tion for the plurality of VHT STAS . 

m 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0016 ] FIG . 1 is a schematic view showing an exemplary 
structure of a wireless local access network ( WLAN ) system 
according to an embodiment of the present invention . 
[ 0017 ] FIG . 2 is a diagram showing an exemplary struc 
ture of a spatial division multiple access ( SDMA ) - based 
very high through ( VHT ) WLAN system . 
[ 0018 ] FIG . 3 is a diagram showing an example of a 
sequential channel estimation procedure in a VHT WLAN 
system . 
[ 0019 ] FIG . 4 is a diagram showing an example of a 
parallel channel estimation procedure in a VHT WLAN 
system . 
[ 0020 ] FIG . 5 is a diagram showing a format of a channel 
estimation request frame according to an embodiment of the 
present invention . 
[ 0021 ] FIG . 6 is a diagram showing an exemplary format 
of a channel estimation recipient set information element 
included in a channel estimation request frame of FIG . 5 . 
[ 0022 ] FIG . 7 is a diagram showing a format of a channel 
estimation response frame according to an embodiment of 
the present invention . 

[ 0028 ] FIG . 1 is a schematic view showing an exemplary 
structure of a wireless local access network ( WLAN ) system 
according to an embodiment of the present invention . The 
WLAN system includes one or more basis service sets 
( BSSs ) . The BSS is a set of stations ( STAS ) which are 
successfully synchronized to communicate with one 
another , and is not a concept indicating a specific region . The 
WLAN system to which the embodiment of the present 
invention is applicable is a very high throughput ( VHT ) 
WLAN system that supports a super high - speed data pro 
cessing of 1 GHz or higher in a medium access control 
( MAC ) service access point ( SAP ) . A BSS in the VHT 
system is referred to as a VHT BSS . 
[ 0029 ] The VHT BSS can be classified into an infrastruc 
ture BSS and an independent BSS ( IBSS ) . The infrastructure 
BSS is shown in FIG . 1 . Infrastructure BSSs ( i . e . , BSS1 and 
BSS2 ) include one or more non - access point ( AP ) STAS 
( i . e . , Non - AP STA1 , Non - AP STA3 , and Non - AP STA4 ) 
which are STAs providing a distribution service , APs ( i . e . , 
AP STA1 and AP STA2 ) which are STAs providing a 
distribution service , and a distribution system ( DS ) connect 
ing the plurality of APs ( i . e . , AP STA1 and AP STA2 ) . In the 
infrastructure BSS , the AP STA manages the non - AP STAS 
of the BSS . 
( 0030 ) On the other hand , the IBSS is a BSS operating in 
an ad - hoc mode . Since the IBSS does not include the VHT 
STA , a centralized management entity for performing a 
management function in a centralized manner does not exist . 
That is , the IBSS manages the non - AP STAs in a distributed 
manner . In addition , in the IBSS , all STAs may consist of 
mobile STAs , and a self - contained network is configured 
since connection to the DS is not allowed . 
[ 0031 ] The STA is an arbitrary functional medium includ 
ing a medium access control ( MAC ) and wireless - medium 
physical layer interface conforming to the institute of elec 
trical and electronics engineers ( IEEE ) 802 . 11 standard , and 
includes both an AP and a non - AP STA in a broad sense . A 
VHT STA is defined as an STA that supports the super 
high - speed data processing of 1 GHz or higher in the 
multi - channel environment to be described below . In the 
VHT WLAN system to which the embodiment of the present 
invention is applicable , STAs included in the BSS may be all 
VHT STAs , or a VHT STA and a legacy STA ( i . e . , IEEE 
802 . 11n - based HT STA ) may coexist . 
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[ 0032 ] The STA for wireless communication includes a 
processor and a transceiver , and also includes a user inter 
face , a display means , etc . The processor is a functional unit 
devised to generate a frame to be transmitted through a 
wireless network or to process a frame received through the 
wireless network , and performs various functions to control 
STAs . The transceiver is functionally connected to the 
processor and is a unit devised to transmit and receive a 
frame for the STAs through the wireless network . 
[ 0033 ] Among the STAs , non - AP STAs ( i . e . , STA1 , STA3 , 
STA4 , STA6 , STAT , and STA8 are portable terminals oper 
ated by users . A non - AP STA may be simply referred to as 
an STA . The non - AP STA may also be referred to as a 
terminal , a wireless transmit / receive unit ( WTRU ) , a user 
equipment ( UE ) , a mobile station ( MS ) , a mobile terminal , 
a mobile subscriber unit , etc . A non - AP VHT - STA ( or simply 
VHT STA ) is defined as a non - AP STA that supports the 
super high - speed data processing of 1 GHz or higher in the 
multi - channel environment to be described below . 
10034 ] The AP ( i . e . , AP1 and AP2 ) is a functional entity 
for providing connection to the DS through a wireless 
medium for an associated STA . Although communication 
between non - AP STAs in an infrastructure BSS including 
the AP is performed via the AP in principle , the non - AP 
STAs can perform direct communication when a direct link 
is set up . In addition to the terminology of an access point , 
the AP may also be referred to as a centralized controller , a 
base station ( BS ) , a node - B , a base transceiver system 
( BTS ) , a site controller , etc . A VHT AP is defined as an AP 
that supports the super high - speed data processing of 1GHz 
or higher in the multi - channel environment to be described 
below . 
[ 0035 ] A plurality of infrastructure BSSs can be intercon 
nected by the use of the DS . An extended service set ( ESS ) 
is a plurality of BSSs connected by the use of the DS . STAS 
included in the ESS can communicate with one another . In 
the same ESS , a non - AP STA can move from one BSS to 
another BSS while performing seamless communication . 
[ 0036 ] The DS is a mechanism whereby one AP commu 
nicates with another AP . By using the DS , an AP may 
transmit a frame for STAs associated with a BSS managed 
by the AP , or transmit a frame when any one of the STAS 
moves to another BSS , or transmit a frame to an external 
network such as a wired network . The DS is not necessarily 
a network , and has no limitation in its format as long as a 
specific distribution service specified in the IEEE 802 . 11 can 
be provided . For example , the DS may be a wireless network 
such as a mesh network , or may be a physical construction 
for interconnecting APs . 
10037 ] FIG . 2 is a diagram showing an exemplary struc 
ture of a spatial division multiple access ( SDMA ) - based 
VHT WLAN system . Herein , an infrastructure VHT BSS is 
used . The SDMA - based VHT WLAN system indicates a 
VHT WLAN system which uses an SDMA scheme as a 
multiple access scheme . Referring to FIG . 2 , a VHT AP 
supporting the SDMA employs a plurality of physical ( PHY ) 
interfaces , for example , 3 PHY interfaces . The 3 PHY 
interfaces can provide 3 concurrent spatial streams . On the 
other hand , a non - AP VHT STA ( hereinafter , referred to a 
‘ VHT STA ” ) has one PHY interface . Each PHY interface can 
support up to 4x4 MIMO . 
[ 0038 ] In the SDMA - based VHT WLAN system shown in 
FIG . 2 , in order for the VHT AP to concurrently provide 
spatial streams to a plurality of VHT STAs , the VHT STA 

must know channel characteristics for these VHT STAS . 
Therefore , in the SDMA - based VHT WLAN system , the 
VHT AP requires a channel estimation mechanism for each 
VHT STA . 
( 0039 ) As one method of estimating a channel for each of 
a plurality of VHT STAs which concurrently receive down 
link ( DL ) streams from the VHT AP or transmit uplink ( UL ) 
streams according to the SDMA scheme , a sequential chan 
nel estimation procedure can be taken into account . Accord 
ing to the sequential channel estimation procedure , the VHT 
AP exchanges a request message and a response message for 
channel estimation sequentially to each VHT STA which is 
a target of DL / UL transmission . The request message and 
the response message can be transmitted through a full 
channel bandwidth of a system . Hereinafter , the sequential 
channel estimation procedure will be described in greater 
detail . 
[ 0040 ] FIG . 3 is a diagram showing an example of a 
sequential channel estimation procedure in a VHT WLAN 
system . In the sequential channel estimation procedure of 
FIG . 3 , the VHT WLAN system uses an 80 MHz channel 
bandwidth and employs 4 VHT STAs which concurrently 
receive DL streams . Referring to FIG . 3 , the VHT AP 
sequentially exchanges a request to send ( RTS ) frame and a 
clear to send ( CTS ) frame which are a request message and 
a response message for channel estimation through a full 
bandwidth of 80 MHz with respect to an STA1 , an STA2 , an 
STA3 , and an STA4 . 
[ 0041 ] The sequential channel estimation procedure can 
be effective for estimation of channel characteristics of VHT 
STAs which concurrently access on the basis of the SDMA . 
However , the sequential channel estimation procedure has a 
disadvantage in that overhead is great . That is , when using 
the sequential channel estimation procedure , the VHT AP 
has to exchange the RTS frame and the CTS frame by the 
number of STAs located in the same space , and thus a signal 
processing amount may also increase to that extent . In 
addition thereto , a time required for the sequential channel 
estimation procedure may also increase according to the 
number of STAs , and thus if the number of STAs is great , 
more time is assigned for the channel estimation procedure , 
thereby decreasing a time that can be used for actual data 
transmission . Therefore , although the aforementioned 
sequential channel estimation procedure can be used as the 
channel estimation procedure in the VHT WLAN system , a 
certain limitation exists in this case . 
[ 0042 ] As one method for compensating for the disadvan 
tage of the sequential channel estimation procedure , the 
embodiment of the present invention proposes a parallel 
channel estimation procedure . The term “ parallel channel 
estimation procedure is for exemplary purposes only . 
According to the parallel channel estimation procedure , the 
VHT AP transmits a request message for channel estimation 
to each VHT STA , which is a target of DL transmission , in 
a broadcast or multicast manner . Upon receiving the request 
message , the VHT STAs transmit a response message to the 
VHT AP through each sub - channel in a unicast manner . In 
this case , the request message may include information 
indicating a sub - channel to be used when each VHT STA 
transmits the response message . The VHT STA may transmit 
the response message to the VHT AP through a sub - channel 
included in the request message . 
[ 0043 ] For example , in case of a VHT WLAN system 
using an 80 MHz channel bandwidth , 4 sub - channels each 
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ale 
having a 20 MHz channel bandwidth can be used . In 
addition , if it is assumed that 4 beamforming antennas are 
supported by the VHT AP , the number of DL transmission 
concurrently supported is 4 . If a VHT STA which is a target 
of DL transmission is the STA1 , the STA2 , the STA3 , and 
the STA4 , then a sub - channel 1 , a sub - channel 2 , a sub 
channel 3 , and a sub - channel 4 can be respectively allocated 
to the STA1 , the STA2 , the STA3 , and the STA4 for 
example . 
[ 0044 ] FIG . 4 is a diagram showing an example of a 
parallel channel estimation procedure in a VHT WLAN 
system . In the example of the parallel channel estimation 
procedure shown in FIG . 4 , the VHT WLAN system uses an 
80 MHz channel bandwidth and has 4 VHT STAs concur 
rently receiving DL streams . Referring to FIG . 4 , a VHT AP 
broadcasts a ' request message ' for channel estimation 
through a full bandwidth of 80 MHz for all of an STA1 , an 
STA2 , an STA3 , and an STA4 . Each STA performs channel 
estimation by using the received request message , and 
thereafter transmits a ' response message including channel 
estimation information to the VHT AP . In this case , the 
response message may be transmitted through a sub - channel 
having a channel bandwidth of 20 MHz , and each STA uses 
a different sub - channel . In order for each STA to be able to 
use the different sub - channel , together with information on 
an STA which is a target of channel estimation , the request 
message includes information on a sub - channel to be used 
when the STA transmits the response message . 
[ 0045 ] In FIG . 4 , an RTS frame and a CTS frame are used 
as a request message for channel estimation and a response 
message thereof . However , the present embodiment is not 
limited thereto , and thus in addition to a pair of the CTS 
frame and the RTS frame , a pair of a null data frame and an 
ACK frame , a pair of a channel estimation request frame and 
a channel estimation response frame , or the like can be used 
as a pair of the request message and the response message . 
[ 0046 ] As described above , the request message ( i . e . , the 
RTS frame , the null data frame , the channel estimation 
request frame , or the like ) according to the embodiment of 
the present invention includes information on an STA which 
is a target of channel estimation and information regarding 
a sub - channel to be used when each STA transmits a 
response message . Such information may be added as a new 
information element ( IE ) to the existing frame or may be 
added as a new field , and there is no particular restriction on 
the adding mechanism . Hereinafter , an exemplary format of 
a ' channel estimation request frame and a ' channel estima 
tion response frame ' will be described as an example of a 
frame including the aforementioned information . Another 
frame ( e . g . , an RTS / CTS frame or a null data / ACK frame ) 
can have a format in which essential information or fields are 
added to the existing format , and description thereof will be 
omitted . 
[ 0047 ] FIG . 5 is a diagram showing a format of a channel 
estimation request frame according to an embodiment of the 
present invention . 
[ 0048 ] Referring to FIG . 5 , the channel estimation request 
frame includes an action category field , an action value field , 
a channel estimation initiator field , a channel estimation 
duration field , and a channel estimation recipient set infor 
mation element ( IE ) field . The action category field may be 
set to a value indicating a category of an action to which a 
channel estimation response frame belongs , for example , a 
management action category . The action value field may be 

set to a specific value indicating a ' channel estimation 
response action . The channel estimation initiator field is set 
to an address of an STA for transmitting the channel esti 
mation request frame . The channel estimation duration field 
is set to a value indicating a duration of a channel estimation 
sequence . 
0049 ] In addition , together with an address of an STA 
requiring channel estimation for DL transmission through 
the channel estimation request frame or an STA that must 
transmit the channel estimation response frame , the channel 
estimation recipient set IE field may be set to a value 
indicating a sub - channel to be used when the STA must 
transmit the channel estimation response frame . 
[ 0050 ] FIG . 6 is a diagram showing an exemplary format 
of a channel estimation recipient set IE . Referring to FIG . 6 , 
the channel estimation recipient set IE may include an 
element identifier ( ID ) field , a length field , a channel esti 
mation recipient field , and a feedback channel field . The 
element ID field is set to a specific value indicating the 
channel estimation recipient set IE . The length field is set to 
a value indicating the length of subsequent fields ( i . e . , the 
channel estimation recipient field and the feedback channel 
field ) . The channel estimation recipient field includes a value 
for specifying an STA that becomes a target of DL trans 
mission and thus has to transmit the channel estimation 
response frame , for example , address information of the 
STA . The feedback channel field is set to a value indicating 
a sub - channel to be used when the STA specified in the 
channel estimation recipient field transmits the channel 
estimation response frame . 
[ 0051 ] FIG . 7 is a diagram showing a format of a channel 
estimation response frame according to an embodiment of 
the present invention . 
[ 0052 ] Referring to FIG . 7 , the channel estimation 
response frame includes an action category field , an action 
value field , a channel estimation initiator field , a channel 
estimation recipient field , and a channel state information 
report field . The action category field may be set to a value 
indicating a category of an action to which a channel 
estimation response frame belongs , for example , a manage 
ment action category . The action value field may be set to a 
specific value indicating a ' channel estimation response 
action . In addition , the channel estimation initiator field may 
be set to an address of an STA for transmitting the channel 
estimation request frame , that is , a value set to the channel 
estimation initiator field of the received channel estimation 
request frame . In addition , the channel estimation recipient 
field is set to an address of an STA for transmitting the 
channel estimation response frame , that is , an address of an 
STA that generates a channel estimation value included in 
the subsequent channel state information report field . The 
channel state information report field is set to the channel 
estimation value . 
10053 ] Now , an SDMA procedure in a VHT WLAN sys 
tem which uses channel information obtained through the 
aforementioned sequential channel estimation procedure 
and / or parallel channel estimation procedure will be 
described . 
10054 ] . As described above , the VHT WLAN system uses 
a wideband channel having a bandwidth of 80 MHz or 
higher . The wideband channel can be split into a plurality of 
sub - channels having the same or different bandwidths ( e . g . , 
20 MHz ) . Several methods are proposed as a method of 
using the wideband channel in the VHT WLAN system . 

biob 
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[ 0055 ] FIG . 8 shows an example of several methods using 
an 80 MHz channel . A VHT WLAN system may use any one 
of methods described below or a combination of several 
methods . Alternatively , different methods can be used in DL 
and UL scenarios . 
[ 0056 ] FIG . 8 ( a ) shows a channel bonding scheme . 
According to the channel bonding scheme , one STA uses a 
full wideband channel . That is , a set of sub - channels is used 
as a single wideband . However , as explained in the afore 
mentioned channel estimation procedure , the channel bond 
ing channel shown in FIG . 8 ( a ) may cause a relatively great 
overhead . In addition , FIG . 8 ( b ) shows a channel aggrega 
tion scheme . According to this scheme , a plurality of sub 
channels can be used independently by one STA . In this 
case , the STA can concurrently transmit a plurality of 
frames , and each frame is transmitted through a different 
sub - channel . In FIG . 8 ( a ) and FIG . 8 ( b ) , MCS denotes a 
modulation and coding scheme . On the other hand , FIG . 8 ( c ) 
shows a frequency division multiplex ( FDM ) scheme . In this 
case , several STAs can concurrently transmit frames through 
different sub - channels . 
[ 0057 ] In the SDMA procedure of VHT WLAN system 
according to an embodiment of the present invention , the 
SDMA scheme is combined to the FDM scheme of FIG . 8 ( c ) 
when performing UL or DL data transmission . However , 
contention - based carrier sense multiple access / collision 
avoidance ( CSMA / CA ) is premised in IEEE 802 . 11 MAC . 
Therefore , the contention - based mechanism has to be con 
sidered to combine SDMA and FDM for use in the WLAN 
system . In addition , in order for a VHT AP to successfully 
receive frames transmitted by a plurality of STAS , UL 
transmission must to be synchronized between STAs which 
use different sub - channels . 
[ 0058 ] . For this , in the SDMA procedure according to the 
embodiment of the present invention in the VHT WLAN 
system , a WLAN operation time can be divided into a 
contention mode and , optionally , a contention - free mode . 
Whether to include the contention - free mode is not particu 
larly restricted in the embodiment of the present invention , 
and thus may differ depending on a protocol of the VHT 
WLAN system . As described below , in the contention - free 
mode , the VHT AP schedules UL transmission and DL 
transmission on the basis of a specific criterion . In a method 
that can be used in the contention - free mode , scheduling 
information on UL transmission and DL transmission can be 
transmitted by the VHT AP by using the same polling as that 
of a power save multi - poll ( PSMP ) sequence . 
[ 0059 ] According to the embodiment of the present inven 
tion , the contention mode is divided into contention periods 
and data transmission periods that follow the contention 
periods . In the contention periods , the VHT AP and one or 
more VHT STAs contend to obtain a channel by using the 
CSMA / CA procedure performed in a full wideband channel 
( e . g . , an 80 MHz channel ) . If the VHT AP wins in this 
competition , a DL phase starts . If the VHT STA wins , a UL 
phase starts . 
[ 0060 ] FIG . 9 is a diagram showing an exemplary proce 
dure in a DL phase during an SDMA procedure according to 
an embodiment of the present invention . Referring to FIG . 
9 , the DL phase includes a channel estimation period and a 
data transmission period . Herein , the channel estimation 
period is an arbitrary period . 
[ 0061 ] In the channel estimation period , the VHT AP 
exchanges an RTS / CTS frame or exchanges a null data / ACK 

frame or a channel estimation request / response frame with 
one or more VHT STAs of which a channel characteristic 
needs to be estimated and which has data to be transmitted . 
Thus , the VHT AP estimates a channel characteristic of each 
VHT STA on the basis of the aforementioned channel 
estimation procedure ( e . g . , the parallel channel estimation 
procedure and / or the sequential channel estimation proce 
dure ) according to the embodiment of the present invention . 
10062 ] . After the completion of the channel estimation , the 
VHT AP transmits sub - channel information ( e . g . , frequency 
allocation information ) allocated for DL transmission to 
each VHT STA together with information on VHT STAS 
( e . g . , a list of VHT STAS ) for transmitting data in the 
subsequent data transmission period . If the VHT AP trans 
mits data having a group address to the VHT STAs , then 
sub - channel information ( e . g . , frequency allocation infor 
mation ) allocated for DL transmission to the group address 
together with group address information is transmitted to 
VHT STAs subscribed to the group address . Such informa 
tion can be transmitted by using a DL - MAP frame , and the 
term is for exemplary purposes only . 
10063 ] Upon the completion of the channel estimation 
period by transmission of the DL - MAP frame , the data 
transmission period starts . In the data transmission period , 
data ( i . e . , SDMA / FDM data ) starts to be transmitted con 
currently to a plurality of VHT STAs by using the SDMA / 
FDM scheme . According to the SDMA / FDM scheme , the 
VHT AP divides ( in an FDM manner ) a full frequency band 
( e . g . , an 80MHz channel ) into two or more sub - channels . 
The VHT AP transmits data concurrently to the plurality of 
VHT STAs by using the SDMA scheme independently in 
each sub - channel . 
100641 When using unicast transmission other than mul 
ticast transmission or broadcast transmission , an STA which 
receives a data frame needs to transmit an ACK frame to a 
transmitting STA . Therefore , when the VHT AP transmits 
DL data to several VHT STAs by using the SDMA scheme , 
each VHT STA responds to the VHT AP by sending the ACK 
frame . A time required for each VHT STA to transmit the 
ACK frame can be scheduled by the VHT AP . 
[ 0065 ] The VHT AP can allow VHT STAs , which con 
currently receive data , to have the same data transmission 
time . In order to allow a transmission time to be the same for 
all data frames transmitted by the SDMA scheme , the VHT 
AP can use an aggregation technique or a MAC service data 
unit ( MSDU ) fragmentation technique conforming to the 
IEEE 802 . 11 WLAN standard . Alternatively , according to 
data to be transmitted to a VHT STA having a longest data 
transmission time , the VHT AP can allow a data frame , 
which is to be transmitted to another VHT STA , to have the 
same transmission time by inserting zero ( i . e . , zero padding 
technique ) . Upon the completion of data transmission , VHT 
STAs which receive the data transmit the ACK frame 
( indicated by ACKs in the figure ) to the VHT AP through the 
same channel . 
[ 0066 ] The MSDU fragmentation technique / aggregation 
technique or the zero padding technique can be usefully 
utilized when DL traffic to be transmitted to receiving VHT 
STAs is not constant between the VHT STAs . Therefore , 
such techniques enable concurrent data frame transmission 
through different channels by using an aggregate - physical 
layer convergence procedure protocol data unit ( A - PPDU ) 
or A - MPDU . 
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[ 0067 ] FIG . 10 is a diagram showing concurrent data 
transmission to a plurality of VHT STAs on the basis of an 
SDMA / FDM scheme according to an embodiment of the 
present invention . The diagram of FIG . 10 shows an 
example in which a VHT AP transmits 4 SDMA streams 
through one channel while transmitting data concurrently to 
6 VHT STAs . In FIG . 10 , it can be seen that a 40 MHz 
channel is allocated for data transmission to the 4 VHT STAS 
( e . g . , personal digital assistant ( PDA ) ) since they are termi 
nals which have relatively small data traffic to be transmitted 
or which support only 40 MHz , and an 80 MHz channel is 
allocated for data transmission to the remaining 2 VHT 
STAS ( e . g . , a laptop computer ) since data traffic to be 
transmitted is relatively great . 
[ 0068 ] As shown in the example of FIG . 10 , if the SDMA / 
FDM scheme according to the embodiment of the present 
invention is used as a multiple access scheme , the VHT AP 
can effectively allocate a spatial / frequency resource by 
considering an amount of data which is being buffered for 
each VHT STA or QoS delay requirements . Therefore , by 
using the embodiment of the present invention , a channel 
having a wideband ( i . e . , 80 MHz or higher ) can be optimally 
utilized , and the QoS delay requirements can be satisfied . 
[ 0069 ] FIG . 11 is a diagram showing an exemplary pro 
cedure in a UL phase during an SDMA procedure according 
to an embodiment of the present invention . Referring to FIG . 
11 , the UL phase includes a contention period and a data 
transmission period . 
10070 ] In the contention period of the UL phase , a VHT 
AP receives an access request from VHT STAs . There is no 
particular restriction on a message that can be used by the 
VHT STA for the access request for UL transmission . 
However , the message may include information indicating 
an amount ( i . e . , a queue size ) of data being buffered by the 
VHT STA which transmits the message . The amount of 
buffering data is provided for use when a spatial / frequency 
resource is allocated to each VHT STA which transmits the 
access request according to the SDMA / FDM scheme . 
[ 0071 ] For example , the VHT STA may request a UL 
access by transmitting a null data frame or a QoS null frame 
to the VHT AP . Upon receiving the QoS null frame from the 
VHT STA , the VHT AP estimates a channel characteristic 
for the VHT STA by using the received frame , and also 
transmits an ACK frame in response thereto . Although it is 
shown in the procedure of FIG . 11 that the VHT AP 
sequentially exchanges the QoS null frame and the ACK 
frame of a VHT STA1 , a VHT STA2 , a VHT STA4 , and a 
VHT STA3 during a contention period , such an order is for 
exemplary purposes only . 
[ 0072 ] In addition , by considering an amount of buffering 
data , for each VHT STA , included in the QoS null frame 
received from a plurality of VHT STAs , the VHT AP 
allocates a spatial and frequency resource to each VHT STA 
so as to achieve optimal efficiency . Of course , a location of 
the VHT STA needs to be taken into account when allocating 
the spatial resource . Allocation of the spatial and frequency 
resource can start when the received access request is 
enough to reach optimal spatial / frequency allocation or 
reaches a limited UL contention time . 
[ 0073 ] In addition , the VHT AP generates a message 
including information on spatial and frequency resources 
allocated to each VHT STA . The message may be a UL 
MAP , and the term is for exemplary purposes only . In 
addition , after a last ACK frame is transmitted , the VHT AP 

transmits a generated UL - MAP frame to the VHT STAs . A 
specific frame interval ( e . g . , a short inter frame space ( SIFS ) 
or a point inter frame space ( PIFS ) ) may exist between 
transmissions of the last ACK frame and the UL - MAP 
frame . The UL - MAP frame can be transmitted in a broadcast 
manner . When the UL - MAP frame is broadcast , the conten 
tion period of the UL phase ends . 
[ 0074 ] The UL - MAP frame may include the following 
information . First , the UL - MAP frame may include infor 
mation indicating a duration of a data transmission period . 
The UL - MAP frame may include information ( e . g . , a VHT 
STA list ) on a VHT STA for which UL transmission is 
allowed in the data transmission period , and may include 
information on frequency allocated to each VHT STA . In 
addition , according to an embodiment , the UL - MAP frame 
may also include information on data transmission in a 
waiting status . The data transmission in the waiting status 
indicates a transmission opportunity in the subsequent data 
transmission period even if the QoS null frame and the ACK 
frame are exchanged in the contention period , that is , 
indicates UL transmission for a VHT STA to which no 
frequency is allocated . The data transmission in the waiting 
status may include information on frequency allocated in a 
data transmission period of a next UL phase . In this case , the 
VHT STA may not need to transmit the QoS null frame again 
to the VHT AP in order to obtain a UL transmission 
opportunity . 
[ 0075 ] If the contention period ends by transmission of the 
UL - MAP frame , a UL data transmission period starts . As 
soon as the UL - MAP frame is received , VHT STAs for 
which UL transmission is allocated transmit data concur 
rently through a channel of an allocated frequency by using 
the MSDU aggregation technique or the fragmentation tech 
nique or the zero padding technique . That is , the VHT STAs 
concurrently transmit data frames to the VHT AP by using 
the SDMA / FDM scheme . Herein , the VHT STA uses the 
MSDU aggregation technique so that a frame to be trans 
mitted satisfies QoS requirements or can be completely 
transmitted within a duration of UL transmission indicated 
by the UL - MAP frame . In addition , after receiving data from 
the VHT STAs , the VHT AP transmits the ACK frame to the 
VHT STAs by using the same spatial / frequency resource . 
10076 ) . Meanwhile , according to an aspect of the embodi 
ment of the present invention , after the end of a DL phase 
and a UL phase , the VHT AP can switch to a contention - free 
mode , that is , a multi - channel power save multi - poll ( PSMP ) 
mode . The switching to the contention - free mode can be 
achieved by considering QoS requirements or an amount of 
data which is being buffered for VHT STAs . That is , if it is 
determined that the spatial / frequency resource is more effec 
tively allocated in the contention - free mode in comparison 
with the contention mode according to the QoS requirements 
or the amount of data being buffered , then the spatial / 
frequency resource for DL / UL transmission of VHT STAS 
can be allocated in the contention - free mode rather than the 
contention mode according to the aforementioned embodi 
ment of the present invention during a specific time period . 
[ 0077 ] FIG . 12 is a block diagram showing a wireless 
communication system for implementing an embodiment of 
the present invention . A UE 910 includes a processor 912 , a 
display unit 913 , and a radio frequency ( RF ) unit 915 . In the 
aforementioned embodiment , an operation of an MS can be 
implemented by the processor 912 . The display unit 913 is 
coupled to the processor 912 , and displays a variety of 
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information to a user . The display unit 193 can use well 
known elements such as a liquid crystal display ( LCD ) , an 
organic light emitting diode ( OLED ) , etc . The RF unit 915 
is coupled to the processor 912 , and transmits and receives 
a radio signal . 
[ 0078 ] ABS 930 includes a processor 932 and an RF unit 
935 . The RF unit 935 transmits and receives a radio signal . 
In the aforementioned embodiment , an operation of the BS 
or a femto cell can be implemented by the processor 932 . 
[ 0079 ] The processors 912 and 932 may include an appli 
cation - specific integrated circuit ( ASIC ) , a separate chipset , 
a logic circuit , and / or a data processing unit . The memories 
915 and 935 may include a base - band circuit for processing 
a radio signal . When the embodiment of the present inven 
tion is implemented in software , the aforementioned meth 
ods can be implemented with a module ( i . e . , process , 
function , etc . ) for performing the aforementioned functions . 
The module can be executed by the processors 912 and 932 . 
[ 0080 ] Although a series of steps or blocks of a flowchart 
are described in a particular order when performing methods 
in the aforementioned exemplary system , the steps of the 
present invention are not limited thereto . Thus , some of 
these steps may be performed in a different order or may be 
concurrently performed . Those skilled in the art will under 
stand that these steps of the flowchart are not exclusive , and 
that another step can be included therein or one or more 
steps can be omitted without having an effect on the scope 
of the present invention . 
[ 0081 ] Various modifications may be made in the afore 
mentioned embodiments . Although all possible combina 
tions of the various modifications of the embodiments 
cannot be described , those ordinary skilled in that art will 
understand possibility of other combinations . Therefore , the 
present invention is not intended to be limited to the embodi 
ments shown herein but is to be accorded the widest scope 
consistent with the principles and novel features disclosed 
herein . 

What is claimed is : 
1 . A method of transmitting data in a wireless local access 

network , the method comprising : 
transmitting , by an access point ( AP ) , a request - to - send 

( RTS ) frame to a plurality of receiving stations , the 
RTS frame including recipient information and channel 
information , the recipient information indicating the 
plurality of receiving stations , the channel information 
indicating a plurality of subchannels allocated to the 
plurality of receiving stations ; 

receiving , by the AP , a plurality of clear - to - send ( CTS ) 
frames from the plurality of receiving stations as a 
response to the RTS frame , each CTS frame being 
received through at least one subchannel allocated to a 
corresponding one of the plurality of receiving stations ; 
and 

transmitting , by the AP , a physical layer protocol data unit 
( PPDU ) to the plurality of receiving stations , the PPDU 
including address information indicating the plurality 

of receiving stations and a plurality of Aggregate 
Medium Access Control ( MAC ) Protocol Data Units 
( A - MPDUs ) for the plurality of receiving stations , 

wherein each of the plurality of A - MPDUs includes at 
least one MPDU for a corresponding one of the plu 
rality of receiving stations , and 

wherein each of the plurality of A - MPDUs further 
includes zero or more padding bits so that all of the 
plurality of A - MPDUs have the same transmission time 
corresponding to a transmission time of a longest 
A - MPDU among the plurality of A - MPDUS . 

2 . The method of claim 1 , wherein each subchannel has a 
bandwidth of 20 MHz . 

3 . The method of claim 1 , wherein the plurality of 
A - MPDUs within the PPDU are transmitted in different 
subchannels . 

4 . The method of claim 1 , further comprising : 
receiving , by the AP , acknowledgements for the PPDU 

from the plurality of receiving stations . 
5 . A device for transmitting data in a wireless local access 

network , the device comprising : 
a radio frequency unit configured to receive and transmit 

radio signals ; and 
a processor coupled with the radio frequency unit and 

configured to : 
control the radio frequency unit to transmit a downlink 
management frame to a plurality of recipients , the 
downlink management frame including information 
about a group address indicating a station group to 
which the plurality of recipients belongs ; 

control the radio frequency unit to transmit a data frame 
to the plurality of recipients , the data frame including 
the group address and a plurality of Aggregate 
Medium Access Control ( MAC ) Protocol Data Units 
( A - MPDUs ) for the plurality of recipients , 

wherein each of the plurality of A - MPDUs includes at 
least one MPDU for a corresponding one of the plu 
rality of recipients , and 

wherein each of the plurality of A - MPDUs further 
includes zero or more padding bits so that all of the 
plurality of A - MPDUs have the same transmission time 
corresponding to a transmission time of a longest 
A - MPDU among the plurality of A - MPDUs . 

6 . The device of claim 5 , wherein the downlink manage 
ment frame further includes allocation information indicat 
ing a position for a corresponding one of the plurality of 
recipients within the station group . 

7 . The device of claim 5 , wherein the data frame is a 
Physical layer Protocol Data Unit ( PPDU ) . 

8 . The device of claim 5 , wherein the processor is 
configured to : 

control the radio frequency unit to receive an acknowl 
edgement for at least one of the plurality of A - MPDUS 
from at least one of the plurality of recipients . 

* * * * * 


