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(57) ABSTRACT

A cooperative transmission system and a cooperative trans-
mission method used in multiple access points in a wireless
local network are provided. The cooperative transmission
system includes a plurality of access points, a clustering
controller and at least one cluster controller. Each of the
access points serves at least one user device within a serving
range of the access point. The clustering controller clusters
the access points into a plurality of clusters according to
locations of the access points and the serving range. The at
least one cluster controller controls cooperative synchronous
downlink transmissions among all the access points within
a cluster governed by the cluster controller, and the clusters,
when intersecting with one another, employ an interference
suppression mechanism to eliminate interference generated
by the user devices or neighboring access points located in
different clusters. Through the use of the cooperative com-
munication technique and the interference suppression
mechanism, the interference generated by a plurality of
access points in a wireless local network due to overlapped
basic service sets is avoided.

inside-cluster user
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COOPERATIVE TRANSMISSION SYSTEM
AND COOPERATIVE TRANSMISSION
METHOD FOR MULTIPLE ACCESS POINTS
IN A WIRELESS LOCAL AREA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates to cooperative transmission
mechanisms in wireless communication techniques, and,
more particularly, to a cooperative transmission system and
a cooperative transmission method used in multiple access
points in a wireless local network.

[0003] 2. Description of Related Art

[0004] Recently, as the wireless communication technique
develops rapidly, it is more and more popular that access
points (APs) are used to construct a Wi-Fi network, in which
each AP forms a basic service set (BSS). In order for users
to use wireless Internet services quickly and conveniently, a
great amount of Wi-Fi wireless APs are installed. The more
the APs are installed, the distance between a user and the AP
is shorter and thus the less the path loss of wireless signal
energy becomes. As a result, the signal-to-noise ratio (SNR)
of signals received by users within basic service sets con-
structed by the wireless APs is increased, and more people
can use the services at the same time. However, too dense
deployment of the wireless APs forms overlapped BSSs
(OBSS), which results in bandwidth contention and channel
interference among the APs. As a result, the throughput
performance of the wireless network system reduces. To
address the issue, IEEE 802.11ac standard regulates a new
multi-user multiple input multiple output (MU-MIMO)
transmission technique, which, however, is limited to be
applied to a single BSS, and thus cannot solve the problem
generated by the OBSSs.

[0005] Therefore, a cooperative transmission mechanism
for a plurality of APs in a dense Wi-Fi wireless network to
solve the problems of channel contention and interference
among a plurality of adjacent APs and spectrum resource
contention and signal interference among APs in OBSSs is
one of the most urgent issues in the art.

SUMMARY OF THE INVENTION

[0006] In view of the problems in the prior art, it is an
objective of the present invention to provide a cooperative
transmission mechanism among multiple APs, which
employs two cooperative communication techniques in an
environment consisting of a plurality of APs, in order to
solve the problems of severe channel contention and signal
interference of downlink transmissions generated by over-
lapped basic service sets.

[0007] It is another objective of the present invention to
solve the interference problem of overlapped basic service
sets. A plurality of methods are provided to collect user
channel information, in order to provide the application of
access points that collect the user channel information in
different device architectures.

[0008] In order to achieve the aforesaid objectives and
other objectives, the present invention provides a coopera-
tive transmission system used in multiple access points in a
wireless local network, comprising: a plurality of access
points, each of which is configured to serve at least one user
device within a serving range of the access point; a cluster-
ing controller configured to cluster the access points into a
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plurality of clusters according to locations of the access
points and the serving range; and at least one cluster
controller configured to control cooperative synchronous
downlink transmissions among all access points in a cluster
governed by the at least one cluster controller, wherein the
at least one cluster controller employs a cooperative multi-
antenna multi-user technique to execute synchronous down-
link data transmissions of the user devices in the clusters
through selection of the user devices, execution of a probing
process, collection of the user channel information and
calculation of a pre-coding matrix, wherein at least two of
the clusters, when intersecting with each other, exchange
channel information for employing an interference suppres-
sion mechanism to eliminate interference generated by the
user devices that are located in different clusterintersecting
areas.

[0009] In yet another embodiment, each of the access
points determines an order of executing a channel measuring
process by using a channel contention technique, so as to
obtain the user channel information.

[0010] In another embodiment, the clusters execute a
probing process sequentially, and the user devices located in
the different cluster intersecting areas participate in the
probing process of the clusters, so as to obtain the user
channel information.

[0011] In yet another embodiment, the access points
within the same cluster form a multicast group, such that
each of the user devices performs channel estimation in one
time and replies all channel information, so as to obtain the
user channel information.

[0012] The present invention further provides a coopera-
tive transmission method used in multiple access points in a
wireless local network, comprising: clustering a plurality of
access points into a plurality of clusters, wherein each of the
access points serves at least one user device within a serving
range of the access point; having each of the clusters execute
synchronous downlink data transmissions of the user
devices in each of the clusters through a cooperative multi-
antenna multi-user technique; having the clusters exchange
user channel information thereof, the user channel informa-
tion including user channel information of the user devices
that are located in different cluster intersecting areas; and
having the clusters eliminate interference generated by the
user devices or neighboring access points that are located in
the different clusters through an interference suppression
mechanism.

[0013] The present invention further provides a coopera-
tive transmission system used in multiple access points in a
wireless local network, comprising: a plurality of access
points, each of which is configured to serve at least one user
device within a serving range of the access point; a cluster-
ing controller configured to cluster the access points into a
plurality of clusters according to locations of the access
points and the serving range; and at least one cluster
controller configured to control cooperative synchronous
downlink transmissions among all access points in a cluster
governed by the at least one cluster controller, wherein the
at least one cluster controller employs a cooperative multi-
antenna multi-user technique to execute synchronous down-
link data transmissions of the user devices in the clusters
through selection of the user devices, execution of a probing
process, collection of user channel information and calcu-
lation of a pre-coding matrix, wherein at least two of the
clusters, when intersecting with each other, exchange the
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user channel information for employing an interference
suppression mechanism to eliminate interference generated
by the neighboring access points that are located in different
clusters.

[0014] Compared with the prior art, the cooperative trans-
mission system and the cooperative transmission method
used in multiple access points in a wireless local network
according to the present invention employ a clustering
controller to cluster the access points into a plurality of
clusters in an integral central controlling architecture, in
which each of the clusters has its own cluster controller. A
cooperative multi-antenna multi-user technique is employed
for the access points in an identical cluster, thereby exchang-
ing user channel information and user transmission data and
forming a virtual multi-user multi-input multi-output down-
link transmission system. To address inter-cluster interfer-
ence, the user channel information is exchanged, and an
interference suppression mechanism is used to suppress the
above interference circumstances. Therefore, the coopera-
tive transmission system and the cooperative transmission
method used in multiple access points in a wireless local
network according to the present invention provide a coop-
erative transmission mechanism among multiple access
points in a WiFi wireless local network, especially for those
having overlapped basic service sets. As a result, the spec-
trum resource contention and signal interference among
access points in the overlapped basic service sets are solved.

BRIEF DESCRIPTION OF DRAWINGS

[0015] The invention can be more fully understood by
reading the following detailed descriptions of the preferred
embodiments, with references made to the accompanying
drawings, wherein:

[0016] FIG. 1 is a system architecture diagram of a coop-
erative transmission system used in multiple access points in
a wireless local network according to the present invention;
[0017] FIGS. 2A and 2B are a packet exchanging time
diagram and a data transmission timing diagram in a probing
process in which an IEEE 802.11ac multi-user multi-input
multi-output technique is employed in FIG. 1 according to
the present invention;

[0018] FIG. 3 shows a packet exchanging timing diagram
of an interference suppression mechanism that employs a
multi-user multi-input multi-output technique and a first
probing process in FIG. 1 according to the present invention;
[0019] FIG. 4 shows a packet exchanging timing diagram
of an interference suppression mechanism that employs a
multi-user multi-input multi-output technique and a second
probing process in FIG. 1 according to the present invention;
[0020] FIG. Sillustrates a packet format and MAC address
settings at a transmission end in a second probing process
according to the present invention;

[0021] FIG. 6 shows a packet exchanging timing diagram
of an interference suppression mechanism that employs a
multi-user multi-input multi-output technique and a second
probing process in FIG. 1 according to the present invention;
[0022] FIG. 7 is a data transmission timing diagram of a
cooperative transmission system used in multiple APs with-
out a RTS/CTS mechanism in a wireless local network;
[0023] FIG. 8 is a data transmission timing diagram of a
cooperative transmission system used in multiple APs in a
wireless local network that employs a first RTS/CTS mecha-
nism;
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[0024] FIG. 9 is a data transmission timing diagram of a
cooperative transmission system used in multiple APs in a
wireless local network that employs a second RTS/CTS
mechanism;

[0025] FIG. 10 is a comparison diagram of network
throughput efficiency with and without a RTS/CTS mecha-
nism according to the present invention; and

[0026] FIG. 11 is a flow chart of a cooperative transmis-
sion method used in multiple APs in a wireless local network
according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] The following illustrative embodiments are pro-
vided to illustrate the disclosure of the present invention,
these and other advantages and effects can be apparently
understood by those in the art after reading the disclosure of
this specification. The present invention can also be per-
formed or applied by other different embodiments. The
details of the specification may be on the basis of different
points and applications, and numerous modifications and
variations can be devised without departing from the spirit
of the present invention.

[0028] FIG. 1 illustrates a system architecture diagram of
a cooperative transmission system used in multiple access
points (APs) in a wireless local network according to the
present invention. Each wireless APs constructs a basic
service set (BSS). For APs AP1, AP2, AP3 and AP4 have
their own respective service area and served users thereby.
Each of the APs AP1-AP4 has two antennas. The access
point AP1 may use the MU-MIMO technique to transmit
data to a user device Userl and a user device User2.
Similarly, the access points AP2, AP3 and AP4 use the
MU-MIMO technique to transmit data to a user device
User3 and a user device Userd, a user device User5 and a
user device User6, and a user device User7 and a user device
User8, respectively. In the case that each of the user devices
has only one antenna, under the IEEE 802.11ac standard
each of the access points has its serving area that has a
regulated MU-MIMO transmission mechanism. In the four
access points AP1-AP4 in FIG. 1, it is a contention channel
technique that is used to determine an order of executing a
channel measuring process (i.e., a probing process).

[0029] FIGS. 2A and 2B illustrate a probing process
packet exchanging timing diagram and a data transmission
timing diagram of the present invention of FIG. 1 that
employs IEEE 802.11ac multi-user multi-input multi-output
technique. In a perfect channel contention (i.e., no collision
occurs) and perfect synchronous environment, if it is
assumed that the access point AP1 gains a channel use right
to execute a probing process, the access point AP4 can also
execute the probing process at the same time since the access
points AP1 and AP4 will not interfere with each other.
According to the procedures regulated by the standard, the
access point AP1 and the access point AP4 send null data
packet (NDP) announcement and NDP sequentially. After a
short inter frame space (IFS) when a first receiving device
(that is assumed to be the user device User 1 and the user
device User7) receives the NDP, the first receiving device
replies measured channel conditions (i.e., the compressed
beamforming in FIG. 2A). The access point AP1 and the
access point AP4 further send a report poll, and a second
receiving device (i.e., that is assumed to be the user device
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User2 and the user device User8) replies measured channel
conditions (i.e., the compressed beamforming).

[0030] Since the user devices served by the access point
AP2 and the access point AP3, respectively, interfere with
each other, the access point AP2 and the access point AP3
have to execute their probing processes separately. Under a
case that no collision occurs, the whole probing process has
a total of four NDP announcements and NDP packets to
complete the probing process, as shown in FIG. 2A. After
the execution of a probing process, the four access points
transmit data in a channel contending manner. Therefore, it
is the best condition that the access point AP1 and the access
point AP4 transmit data at the same time. Based on the fact
that the access point AP2 and the access point AP3 will
interfere with each other, the access point AP2 and the
access point AP3 transmit data sequentially (as shown in
FIG. 2B).

[0031] It is thus known that the IEEE 802.11ac standard,
though regulating the MU-MIMO transmission technique,
can be applied to an environment in which only one single
basic service set is considered. As the deposition of basic
service sets becomes dense, a plurality of overlapped basic
service sets (OBSS) occur, which result in the channel
contention and signal interference among access points.
Therefore, IEEE 802.11ac standard cannot solve the prob-
lem caused by the overlapping basic service sets effectively.

[0032] In compliance with the 802.11ac standard, in order
to solve the contention and interference problems of the
overlapping basic service sets the present invention provides
a cooperative transmission method used for multiple access
points in a downlink channel within a wireless local net-
work. In a network in which a plurality of access points
exist, if the access points can exchange user channel infor-
mation and user transmission data through a backhaul net-
work or the Internet network, the network MIMO technical
and MU-MIMO downlink transmission technique can be
used, such that the contention and interference among basic
service sets are reduced.

[0033] Theoretically, the application of the network
MIMO can deem channels among the cooperative access
points and user devices as a single virtual MIMO, such that
the system transmission rate is increased. However, the
execution of the network MIMO technique needs exchang-
ing transmission data of the user devices among the access
points through the backhaul network. If the number of the
access points increases, the amount of exchanged informa-
tion increases accordingly. As a result, the signal processing
becomes complex, the transmission delay becomes long, the
load of the backhaul network becomes heavy, and the
expected system performance cannot be achieved.

[0034] To address the issued, the present invention pro-
vides a technique concept that uses a console system to
manage the access points of the whole system. As shown in
FIG. 1, a cooperative transmission system 1 used in multiple
access points in a wireless local network includes a plurality
of access points 11, a clustering controller 12, and at least
one cluster controller 13.

[0035] Each of'the access points 11 serves at least one user
device within a serving range of the access point 11. In an
embodiment, the access points 11 include an access point
AP1, an access point AP2, an access point AP3 and an access
point AP4, and each of the access points 11 serves the user
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devices within its respective serving range of its respective
serving range. As shown, the user devices include user
devices Userl-User8.

[0036] The clustering controller 12 clusters the access
points 11 into a plurality of clusters according to the loca-
tions of the access points 11 and their serving ranges. As
shown, the clustering controller 12 clusters the access points
11 into two clusters, including a cluster 1 (indicated by a
dotted line) and a cluster 2 (indicated by a broken line).
[0037] The at least one cluster controller 13 controls the
cooperative synchronous downlink transmission among all
access points within a cluster governed thereby. The cluster
controller 13 employs a cooperative multi-antenna multi-
user technique to execute synchronous downlink data trans-
mission for multiple user devices within each cluster
through the selection of the user devices, execution of a
probing process, collection of user channel data and calcu-
lation of a pre-coding matrix. Channel information and user
transmission data can be exchanged within the same cluster.
In an embodiment, the cooperative multi-antenna multi-user
technique is, but not limited to a Network MIMO technique.
[0038] In an area where clusters intersect, an interference
suppression mechanism is employed to exchange user chan-
nel information, in order to eliminate the interference gen-
erated by the user devices that are located in different cluster
intersecting areas or to eliminate the interference generated
by the neighboring access points that are located in different
clusters. The inter-cluster interference can be eliminated by
exchanging user channel information among different clus-
ters. In an embodiment, the interference suppression mecha-
nism uses, but is not limited to a coordination multi-point
(CoMP) joint beamforming (IB) technique. Therefore, there
is no need to exchange a great amount of user data among
different clusters.

[0039] According to the cooperative transmission mecha-
nism used for multiple access points in a WiFi wireless
network, since the network MIMO and the coordination
multi-point joint beamforming techniques are used, it is
required to obtain the user channel information between the
user devices and the access points. The present invention
provides three methods for collecting the user channel
information. FIG. 1 illustrates the three methods for collect-
ing the channel state information.

[0040] It is assumed that the clustering controller 12 has
clustered the four access points

[0041] AP1-AP4 into two clusters, which are referred to as
a cluster 1 and a cluster 2. Each circle with an access point
as its center is a range at which the power of the access point
can reach. The user devices Userl-Userd belong to the
cluster 1, and the user devices User5-User8 belong to the
cluster 2. It is assumed that each of the access points has two
wireless antennas, one of which is used to receive signals,
and the other of which is used to transmit signals. Each of
the user devices Userl-User8 has only one antenna. The
access points within the cluster 1 may employ the network
MIMO technique, and support the downlink transmission of
four user devices (e.g., the user devices Userl-User4) at the
same time, under an assumption that the inter-cluster inter-
ference is avoided. Similarly, the cluster 2 also employs the
network MIMO technique, and supports the downlink trans-
mission of four user devices (e.g., the user devices User5-
User8).

[0042] However, the network MIMO technique, though
avoiding the interference among user devices within a single



US 2017/0163315 Al

cluster, still suffers from different inter-cluster interferences,
e.g., the interference generated by the access point AP3
within the cluster 2 onto the user device Userd. Therefore,
in order to further avoid the inter-cluster interference the
present invention employs a coordination multi-point joint
beamforming technique, to exchange the elimination of
interference among clusters with the antenna degree of
freedom.

[0043] In FIG. 1, the cluster 2, in order not to interfere the
user device Userd4, only serves during this transmission three
user devices, e.g., the user device User6, the user device
[0044] User7 and the user device User8, and uses one
antenna to suppress the interference onto the user device
Userd. Before executing the aforementioned downlink coop-
erative transmission, the cluster controller 13 has to first
obtain the channel coefficients between the access points and
the user devices, in order to calculate a suitable pre-coding
matrix.

[0045] In an embodiment, the cooperative transmission
system 1 used for multiple access points in a wireless local
network determines a single user device within different
cluster intersecting areas at one time. The user device User4
is exemplified for the following embodiments.

[0046] In order to obtain corresponding channel coeffi-
cients, the present invention provides three methods for
collecting channel data of access points. Therefore, the
access points can execute the collection of channel data, and
estimate the wireless channels to the nearby user devices
within their service ranges.

[0047] According to the first method for collecting the
channel data of access points, each of the access points
employs a contention channel technique to determine an
order in which the channel measuring processes are
executed, so as to obtain the user channel state information.
In other words, each of the access points employs the
contention channel technique to determine the order in
which the channel measuring processes are executed. The
first method differs from the conventional method of FIG.
2A in that each of the access points in the first method needs
to obtain the channels between the access point itself and all
selected users within the cluster, and adjacent affected users
that are located in the periphery of the cluster.

[0048] As the cluster 1 is concerned, as shown in FIG. 1,
the access point AP1 will collect the channel state informa-
tion of the user device Userl, the user device User2 and the
user device User3. However, the access point AP1 will not
collect the channel information of the user device User4,
since the user device Userd4 is located outside the transmis-
sion power range of the access point AP1. Similarly, the
access points AP2 will collect the channel state information
of the user device Userl, the user device User2, the user
device User3 and the user device Userd. As the cluster 2 is
concerned, the access points AP3 will collect the channel
state information of the user device Userd, the user device
User6 and the user device User7. Please be noted that the
user device Userd4 is a user device within the cluster 1, and
the access point AP4 will collect the channel state informa-
tion of the user device User6, the user device User7 and the
user device User8. Under a circumstance that the channel
contention is perfect, it is assumed that the access point AP1
obtains the channel access right to execute a probing pro-
cess, the access point AP4 can also execute the probing
process at the same time, since the access point AP4 does not
interfere with the access point AP1.
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[0049] The access point AP1 and the access point AP4
collect channel state information in accordance with the
channel probing process regulated by the IEEE 802.11ac
standard. In the end of the collection, the access point AP2
and the access point AP3 start to contend channels. It is
assumed that the access point AP2 obtains the channel
priority first and executes its channel probing process,. Since
the access point AP 3 will be interfered by the replies to the
user device by the access point AP2, the access point AP3
cannot execute its probing process unless the probing pro-
cess of the access point AP2 is completed.

[0050] In a case that no collision occurs, the whole prob-
ing process is shown in FIG. 3. In the method, a total of four
NDPs announcements and NDP packets are sent, in order to
collect the needed channel state information. Since the four
access points obtain the channel access right and send the
NDP announcements and the NDPs according to the channel
contention mechanism regulated by the IEEE 802.11ac
standard, the fields of the packets are regulated in accor-
dance with the IEEE 802.11ac standard, without the need to
be amended.

[0051] In the second method for collecting the channel
state information, the clusters execute a probing process
sequentially, and user devices located in different cluster
intersecting areas participate in the probing process of a
plurality of clusters, so as to obtain the user channel infor-
mation. With a cluster as a unit, the clusters execute a
probing process sequentially, and user devices that are
located in different cluster intersecting areas will participate
in the probing process of a plurality of clusters.

[0052] As refer to FIG. 1. The clustering controller 12 sets
multicast addresses for the cluster 1 and the cluster 2. The
access point AP1 and the access point AP2 of the cluster 1
send the NDP announcements and the NDP packets at the
same time, and collect the channel information of the user
devices Userl-Userd. Then, the access point AP3 and the
access point AP4 of the cluster 2 send the NDP announce-
ments and the NDP packets, and collect the chancel infor-
mation of the user devices Userd and User6-User8. The
second method sends two NDP announcements and NDP
packets, so as to collect the channel information that is
needed. The whole probing process is shown in FIG. 4.
[0053] The packet format of the NDP announcements of
the IEEE 802.11ac standard is shown in the upper half of
FIG. 5. When the packet is loaded, since supporting the
multi-user multi-input multi-output technique, the receiver
MAC address of six bytes is a broadcast address (i.e.,
AL A A, and the transmitter MAC address of the six
bytes can be obtained through converting the multicast IP
address into the multicast MAC address.

[0054] The conversion method is shown in the lower half
of FIG.5, including placing the least significant 23 bits of the
multicast IP address to the least significant 23 bits of the
multicast MAC address, fixing the most significant 24 bits of
the multicast MAC address to be 0x01005E, and assigning
the twenty-fifth bit to be 0. For example, the MAC multicast
address of the IP multicast address 224.192.16.1 is 01 00 SE
40 10 01.

[0055] In the third method for collecting channel state
information, a multicast group is formed by access points of
a plurality of clusters, such that each of the user devices can
estimate and reply all user channel information at one time.
Since the IEEE 802.11ac standard can support the pre-
coding matrix calculation of at most eight antennas, the third
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method for collecting channel data can only be applied to a
multicast group in which all access points has a total number
of antennas that does not exceed eight, and the user device
can thus estimate and reply all channel information at one
time.

[0056] Also referring to FIG. 1, since the four access
points have a total of eight antennas, each of the user
devices, when receiving a report poll, can send the estimated
channel state information to the access points group at one
time. Compared with the first and second methods, the third
method can receive the needed channel state information by
sending the NDP announcements and the NDP packets one
time. The whole probing process is shown in FIG. 6. The
conversion method of the IP multicast address and the MAC
multicast address is the same as that described for the second
method.

[0057] Referring to FIG. 6, the NDP signals in the method
can be simplified by using the geographic relation among the
access points and the power ranges of the access points. FIG.
1 is taken as an example. This NDP signal is constituted by
four unit orthonormal vectors, denoted by V,, V,, V; and
V., respectively. The access point AP1 can use antennas to
send V, and V, vectors, respectively, and the access point
AP2 can use antennas to send V; and V, vectors, respec-
tively, to be NDP signals. Since having a transmission power
range not overlapped with the transmission range of the
access point AP1, the access point AP3 can adopt V, and V,
to be the NDP signals repetitively. Based on the same
reasons, the access points AP4 can adopt V; and V,,. There-
fore, each of the user devices can estimate the wireless
channels form all the neighboring access points whose
transmission power can reach itself. For example, the user
device Userd can hear the NDP signals sent from the access
point AP2 and the access point AP3, and estimate corre-
spondlng channel coefficients. In mathematlcs a symbol hj k(
5 is used to represent the channel coefficients of the i”
antenna of the access point APj estimated by the user device
Userk to itself. For example, the user deVice Userd can
estimate channel coefficients, such as h2 4 ﬁ2,4(2), ﬁ3,4(1)
and b, ,@.

[0058] When the transmission of NDP is completed, the
user device Userl will report the estimated channel state
information in accordance with the IEEE 802.11ac standard.
Then, the access points in the network will investigate the
channel state information of the remaining user devices
sequentially. For example, the access point AP1 will inquire
the user device User2 and the user device User3, the access
point AP2 will inquire the user device Userd, the access
point AP3 will inquire the user device User6 and the user
device User7, and the access point AP4 will inquire the user
device User8.

[0059] When reporting information, the user device User4
sends the four estimated channel coefficients to the access
point AP2 in the cluster 1. Meanwhile, in order to obtain the
channel state information of the user device Userd , the
cluster 2 may use the access point AP3 to overhear the
channel coefficient report of the user device Userd, or obtain
its channel state information through the backhaul network
or the Internet network from the access point AP2 of the
cluster 1.

[0060] Through the three different methods for collecting
channel state information of access points, the collection of
channel data can be completed. After the access points
complete the channel probing process, the access points will
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report the collected channel state information to the cluster
controller in its cluster. Then, the cluster controller
exchanges channel state information for the scheduled user
devices located in the overlapped area of the clusters
through the clustering controller, or the backhaul network or
Internet network among the clusters.

[0061] When the cluster controller in each of the clusters
receive the channel information reported from its neighbor-
ing clusters sequentially, a virtual multi-input multi-output
channel coefficient matrix can thus be formed. By using this
matrix, corresponding pre-coding can be calculated by a
zero-forcing pre-coder method, for example.

[0062] Take the cluster 2 as an example, where the cluster
controller forms, in accordance with the received channel
state information, a virtual multi-input multi-output channel
matrix H as follows:

A () A
h3,4 h3,6 h3,7 0

A2 @) @)
h3,4 h3,6 h3,7 0

A1) A(0) A1)

2(2) A(2)  A(2)

, where the columns represent different user devices, and the
rows represent antennas from the user devices to some
access point. The user device User4 is located outside the
transmission range of the access point AP4. Therefore, it is
assumed that h4 4( =0 and h, ,»'=0. Similarly, it is assumed
that h, ;=0 and h, ;®=0. Although the user device 4 is not
a user deVlce of the cluster 2, the user device 4 is still taken
into consideration, in order to avoid the inter-cluster inter-
ference. Therefore, its interference can be avoided or sup-
pressed in downlink transmission.

[0063] The user devices 4 and 6-8 will receive from the
access points signals as follows.

Y =[yaysy7ys] = XH+n

= [xixox3x41H + 1
=[d|dyd3d4]GH +n

= [d\dadsds)(H* xH) " H*xH + n
= [d) dyd3ds] + (nangnzng)

= [0y dzda] + (nanening)

, wherein d,, d,, d, and d, represent the data to be sent to the
user devices Userd4 and User6-User8, respectively. Since the
cluster 2 does not send data to the user device 4, the value
of'd, here is set as zero. Further, using the channel coefficient
matrix H, the cluster controller of the cluster 2 can adopt the
zero-forcing pre-coder method to calculate its pre-coding
matrix as G=(H*xH) 'H*, where * represents a conjugate
transpose operation symbol. The pre-coding matrix G is
represented as [g,, 8, 25, 24", Where g5, g; and g, represent
the pre-coding vectors of the user devices User6-UserS8,
respectively. Using this result, the multi-input multi-output
system pre-loads these three pre-coding vectors before trans-
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mission, and can be avoided from interfering the user device
Userd when downlink transmission is performed on the user
devices User6-User8.

[0064] After the channel information is obtained, the syn-
chronous downlink data transmission, i.e., data stream trans-
mission, of the users in each of the clusters can be performed
either with or without a request-to-send and clear-to-send
(RTS/CTS) mechanism.

[0065] If the RTS/CTS mechanism is not used, this differs
from the multi-user device multi-input multi-output tech-
nique of the IEEE 802.11ac standard in that the mechanism
of the present invention includes two clusters, four access
points, and seven data streams can be transmitted at the same
frequency, the data transmission timing diagram of which is
shown in FIG. 7.

[0066] On the contrary, if the access point, when executing
the downlink data transmission, has to execute the RTS/CTS
mechanism, there are two transmission ways for RTS and
CTS control packets, as shown in FIGS. 8 and 9, respec-
tively. FIG. 8 shows four access points transmitting RTS
sequentially, each of the user devices replying CTS sequen-
tially, the pre-coding matrix obtained through calculation,
the four access points transmitting data streams simultane-
ously, and each of the user devices replying acknowledge
packets (ACKs).

[0067] FIG. 9 shows that, under a condition that the
pre-coding matrix is known, four access points calculate the
RTS packets and the pre-coding matrix, transmit the RTS
packets simultaneously, and achieve the interference inhi-
bition effect. Since the present invention belongs to down-
link multi-point coordination transmission, the user devices
reply the CTS packets sequentially.

[0068] Taking the network topology of FIG. 1 as an
example, the performances of the three probing processes
are evaluated by conducting simulation. FIGS. 10(a), (b)
and (¢) show the network throughputs for the scenarios of
with and without RTS/CTS and RTS/CTS mechanisms,
respectively. As shown, the third probing process utilizes the
least channel time, and thus has a greatest network through-
put. On the contrary, the first probing process consumes the
most channel time, and thus has a network throughput that
is about 90% of that of the third probing process.

[0069] Similarly, the first RTS packet exchanging mecha-
nism occupies more channel time, and the second RTS/CTS
packet exchanging mechanism has a network throughput
greater than that of the first RTS/CTS packet exchanging
mechanism by 6%, when the first and second RTS/CTS
packet exchanging mechanisms use the same probing pro-
cess. For each probing process, two different RTS/CTS
packet exchanging mechanisms generate a 6% network
throughput difference.

[0070] Refer to FIG. 11, which is a flow chart of a
cooperative transmission method used for multiple access
points in a wireless local network according to the present
invention. In step S100, a plurality of access points are
clustered into a plurality of clusters, wherein each of the
access points serves at least one user device within a serving
range of the access point. In an embodiment, the access
points are clustered according to the locations of the access
points and the serving range. Each of the access points has
its own user device to be served thereby.

[0071] In step S101, each of the clusters employs the
cooperative multi-antenna multi-user technique to execute
the synchronous downlink data transmission of user devices
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in the cluster. In step S101, each of the clusters employs the
cooperative multi-antenna multi-user technique, which is,
but not limited to a network MIMO technique. Through the
selection of user devices, execution of a probing process,
collection of the channel information and calculation of a
pre-coding matrix in each of the clusters, the synchronous
downlink data transmission for the user devices in each of
the clusters can be achieved.

[0072] In step S102, the clusters exchange their user
channel information. In an embodiment, the user channel
information includes the user channel information of the
user devices that are located in different cluster intersecting
areas. Before the abovementioned downlink cooperative
transmission is executed, the cluster controller 13 has to
obtain the channel coeflicients between the access points to
the user devices, such that a suitable pre-coding matrix can
be calculated. In order to obtain the corresponding channel
coeflicients, in step S102 the collection of channel data of
access points is executed.

[0073] The present invention also provides three method
for collecting channel data of access points, including: a first
method in which the access points employ a contention
channel technique to determine an order in which the
channel measuring processes are executed, so as to obtain
the user channel information; a second method in which the
clusters execute a probing process sequentially, and user
devices located in different cluster intersecting areas partici-
pate in a probing process of a plurality of clusters, to obtain
the user channel information; and a third method in which
the access points in a plurality of clusters form a multicast
group, such that each of the user devices can estimate and
reply all channel information at one time, so as to obtain the
user channel information.

[0074] In step S103, the clusters employ an interference
suppression mechanism to eliminate the interference gener-
ated by user devices or neighboring access points that are
located in different clusters. In step S103, the interference
among clusters can be eliminated by exchanging their user
channel information. In an embodiment, the interference
suppression mechanism is, but not limited to coordinated
multi-point (CoMP) joint beamforming technique (IB) tech-
nique.

[0075] The present invention also provides that the syn-
chronous downink data transmissions of user devices in each
of the clusters with or without a RTS/CTS mechanism. The
technical resolutions relating the above steps have been
disclosed in detailed in the previous paragraphs, further
description hereby omitted.

[0076] According to a cooperative transmission system
and a cooperative transmission method used for multiple
access points in a wireless local network, a clustering
controller clusters a plurality of access points governed
thereby into a plurality of clusters, each of which has its own
cluster controller; and the access points in each of the
clusters employ a cooperative multi-antenna multi-user
technique to exchange the channel information and user
transmission data, to form a virtual multi-user multi-input
multi-output downlink transmission system. For the inter-
cluster interference, the exchanges of channel information
can inhibit the possible interference among the user devices
within different cluster intersecting areas. Therefore, the
cooperative downlink transmission mechanism provided by
the present invention provides cooperative transmission
among a plurality of access points in a WiFi wireless local
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network, especially provided for overlapped basic service
sets. Accordingly, the spectrum resource contention and
signal interference among access points in overlapped basic
service sets can be solved effectively.

[0077] The foregoing descriptions of the detailed embodi-
ments are only illustrated to disclose the features and
functions of the present invention and not restrictive of the
scope of the present invention. It should be understood to
those in the art that all modifications and variations accord-
ing to the spirit and principle in the disclosure of the present
invention should fall within the scope of the appended
claims.

What is claimed is:

1. A cooperative transmission system used in multiple
access points in a wireless local network, comprising:

a plurality of access points, each of which being config-
ured to serve at least one user device within a serving
range of the access point;

a clustering controller configured to cluster the access
points into a plurality of clusters according to locations
of the access points and the serving range; and

at least one cluster controller configured to control coop-
erative synchronous downlink transmissions among all
of'the access points in a cluster governed by the at least
one cluster controller, wherein the at least one cluster
controller employs a cooperative multi-antenna multi-
user technique to execute synchronous downlink data
transmissions of the user devices in the clusters through
selection of the user devices, execution of a probing
process, collection of user channel information and
calculation of a pre-coding matrix,

wherein at least two of the clusters, when intersecting
with each other, exchange the user channel information
for employing an interference suppression mechanism,
so as to eliminate interference generated by the user
devices that are located in different cluster intersecting
areas.

2. The cooperative transmission system of claim 1,
wherein each of the access points determines an order of
executing a channel measuring process by using a channel
contention technique, so as to obtain the user channel
information.

3. The cooperative transmission system of claim 1,
wherein the clusters execute the probing process sequen-
tially, and the user devices located in the different cluster
intersecting areas participate in the probing process of the
clusters, so as to obtain the user channel information.

4. The cooperative transmission system of claim 1,
wherein the access points within the same cluster form a
multicast group, such that each of the user devices performs
channel estimation in one time and replies all channel
information, so as to obtain the user channel information.

5. The cooperative transmission system of claim 1,
wherein the interference suppression mechanism is a joint
beamforming technique in a coordinated multi-point pro-
cess.
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6. A cooperative transmission method used in multiple
access points in a wireless local network, comprising:

clustering a plurality of access points into a plurality of
clusters, wherein each of the access points serves at
least one user device within a serving range of the
access point;

each of the clusters executing synchronous downlink data
transmissions of the user devices in each of the clusters
through a cooperative multi-antenna multi-user tech-
nique;

having the clusters exchange user channel information
thereof with each other, the user channel information
including those of the user devices that are located in
different cluster intersecting areas; and

having the clusters eliminate interference generated by the
user devices or the neighboring access points that are
located in the different clusters through an interference
suppression mechanism.

7. The cooperative transmission method of claim 6,
wherein each of the access points determines an order of
executing a channel measuring process by using a channel
contention technique, so as to obtain the user channel
information.

8. The cooperative transmission method of claim 6,
wherein the clusters execute a probing process sequentially,
and the user devices located in the different cluster inter-
secting area participate in the probing process of the clusters,
so as to obtain the user channel information.

9. The cooperative transmission method of claim 6,
wherein the access points within the cluster form a multicast
group, such that each of the user devices estimates in one
time and replies all channel information, so as to obtain the
user channel information.

10. The cooperative transmission method of claim 6,
wherein the interference suppression mechanism is a joint
beamforming technique in a coordinated multi-point pro-
cess.

11. A cooperative transmission system used in multiple
access points in a wireless local network, comprising:

a plurality of access points, each of which is configured to
serve at least one user device within a serving range of
the access point;

a clustering controller configured to cluster the access
points into a plurality of clusters according to locations
of the access points and the serving range; and

at least one cluster controller configured to control coop-
erative synchronous downlink transmissions among all
access points in a cluster governed by the at least one
cluster controller, wherein the at least one cluster
controller employs a cooperative multi-antenna multi-
user technique to execute synchronous downlink data
transmissions of theuser devices in the clusters through
selection of the user devices, execution of a probing
process, collection of user channel information and
calculation of a pre-coding matrix,

wherein at least two of the clusters, when intersecting
with each other, exchange the user channel information
for employing an interference suppression mechanism,
so as to eliminate interference generated by neighbor-
ing access points that are located in different clusters.
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