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DESCRIPTION

Technical Field

[0001] The present invention relates to a communication apparatus, a communication method, a computer program, and a
communication system that employ Space Division Multuple Access (SDMA) in which a plurality of users share wireless resources
on a spatial axis and, in particular, to a communication apparatus, a communication method, a computer program, and a
communication system that multiplex frames having a variable length frame format and destined for a plurality of users and
transmit the frames.

Background Art

[0002] Wireless communication has been developed and used as a communication technique for eliminating a wiring operation
required in existing wired communication and further realizing mobile communication. For example, an example of the standard for
a wireless LAN (Local Area Network) is IEEE (The Institute of Electrical and Electronics Engineers) 802.11. |IEEE 802.11a/g has
already been widespread.

[0003] The IEEE 802.11a/g standard supports a modulation method that realizes a maximum communication speed (the physical
layer data rate) of 54 Mbps using Orthogonal Frequency Division Multiplexing (OF DM) in the 2.4 GHz band or the 5 GHz band. In
addition, in the |EEE 802.11n standard, which is an extension of the IEEE 802.11a/g standard, a higher bit rate is realized by
employing the MIMO (Multi-Input Multi-Output) communication scheme. The MIMO communication scheme is a communication
scheme (an existing communication scheme) that realizes a spatially multiplexed stream using a transmitter and a receiver each
including a plurality of antennas. IEEE 802.11n can provide a high throughput that is higher than 100 Mbps. However, with an
increase in the amount of information of transmitted content, a higher bit rate is required.

[0004] For example, by increasing the number of antennas of the MIMO communication devices and increasing the number of
spatially multiplexed streams, the throughput of pier-to-pier communication can be increased while maintaining downward
compatibility. However, in the future, the throughput of communication among a plurality of users needs to be increased in
addition to increasing the throughput per user in communication.

[0005] The working group of IEEE 802.11ac attempts to establish a wireless LAN standard that uses a frequency band lower
than or equal to 6 GHz and that realizes a data transmission speed that is higher than 1 Gbps. In order to realize such a wireless
LAN standard, a space division multiple access scheme in which a plurality of users share wireless resource on the spatial axis,
such as multi-user MIMO (MU-MIMO) or SDMA (Space Division Multuple Access), is a promising scheme.

[0006] Currently, space division multiple access is developed as one of base technologies for a next-generation cell phone
system based on Time Division Multiple Access (TDMA), such as PHS (Personal Handyphone System) or LTE (Long Term
Evolution). In addition, in the wireless LAN technical field, one-to-many communication garners much attention, as described
above. However, few applications are available in this field. One of the reasons for that is that it is difficult to efficiently multiplex a
plurality of users in packet communication.

[0007] Note that a communication system has been developed by using an RTS packet, a CTS packet, and an ACK packet that
have a packet format having downward compatibility with IEEE 802.11 and combining the following two techniques: carrier sense
of the existing IEEE 802.11 standard and space division multiple access using an adaptive array antenna (refer to, for example,
PTL 1).

[0008] When the space division multiple access scheme is applied to a wireless LAN, a variable length frame may be multiplexed
on the same time axis. At that time, if the lengths of data items transmitted to all of the plurality of users are the same, no problem
arises. However, if the lengths of all frames to be multiplexed are not the same due to a difference among the lengths of
transmitted data, the level of frame multiplexing during a transmission interval is decreased or increased and, therefore, the total
transmission power is abruptly changed. If frames having different lengths are directly multiplexed and transmitted, the received
power is abruptly changed on the receiver side due to an increase or a decrease in the level of frame multiplexing. Thus, an
unstable operation occurs in terms of auto gain control (AGC). In this way, a variety of problems may arise (e.g., the power
distribution in a frame in terms of an RCPI (Received Channel Power Indicator) defined in IEEE 802.11 varies). Accordingly, even
when the lengths of data items transmitted to the users are not the same, the frames multiplexed on the same time axis need to
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be finally transmitted while keeping the same frame length.

[0009] For example, in the systems having a fixed frame format (such as an existing cellar system), a frame, for example, can be
padded by inserting diversity data (refer to, for example, PTL 2), scheduling assigned times (refer to, for example, PTL 3), using a
variable data rate (refer to, for example, PTL 4 or 5), or using a variable channel configuration (refer to, for example, PTL 6).
However, since the configuration of such a system radically differs from the configuration of a system using a variable length
frame format, such as a wireless LAN system, it is difficult to apply such existing technologies to the system using a variable length
frame format.

Citation List

Patent Literature

[0010]

PTL 1: Japanese Unexamined Patent Application Publication No. 2004-328570
PTL 2: Japanese Unexamined Patent Application Publication No. 2001-148646
PTL 3: Japanese Unexamined Patent Application Publication No. 2009-506679
PTL 4: Japanese Unexamined Patent Application Publication No. 2008-236065
PTL 5: Japanese Patent No. 2855172

PTL 6: Japanese Unexamined Patent Application Publication No. 2007-89113

EP 1865672 A2 discloses a system in which a host and a plurality of terminals simultaneously communicate with each other under
the SDMA scheme, transmission parameters to be used for generating frames for SDMA transmission to the respective terminals
are adjusted in consideration of the transmission time durations necessary for transmission of other frames to be transmitted
simultaneously with the first-mentioned frames, so that differences between the frame transmission time durations are reduced.

Disclosure of Invention

Technical Problem

[0011] It is an object of the present invention to provide excellent communication apparatus, communication method, computer
program, and communication system capable of appropriately performing a communication operation using the space division
multiple access in which a plurality of users share wireless resources on the spatial axis.

[0012] It is another object of the present invention to provide excellent communication apparatus, communication method,
computer program, and communication system capable of multiplexing frames having a variable length frame format and destined
for a plurality of users and optimally transmitting the frames.

[0013] It is still another object of the present invention to provide excellent communication apparatus, communication method,
computer program, and communication system capable of suitably transmitting frames having a variable-length frame format in a
multiplexed manner while avoiding an abrupt change in the total transmission power on the transmitter side even when the lengths
of transmission data items destined for a plurality of users are not the same. Solution to Problem

[0014] In order to solve the above-described problems, the present invention is provided. According to the invention described in
Claim 1, a communication apparatus includes a frame generating unit configured to generate a plurality of frames to be
transmitted at the same time, a frame integration processing unit configured to integrate at least two of the frames generated by
the frame generating unit into a single aggregated frame, means for performing padding on the aggregated frame if the length of
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the aggregated frame is shorter than the length of another frame that is multiplexed at the same time, and a communication unit
configured to transmit the frames at the same time in a multiplexed manner.

[0015] According to the invention described in Claim 2, the communication apparatus according to Claim 1 further includes a
frame length control unit configured to adjust the lengths of the plurality of frames multiplexed at the same time so that the lengths
are finally made the same.

[0016] According to the invention described in Claim 3, the frame length control unit of the communication apparatus according
to Claim 2 integrates at least two frames having short lengths into a single frame having a long length.

[0017] According to the invention described in Claim 4, the communication unit of the communication apparatus according to
Claim 3 includes a plurality of antenna elements capable of functioning as an adaptive array antenna by assigning weights to the
antenna elements and can transmit the plurality of frames at the same time in a multiplexed manner. In addition, if the lengths of
the frames are not the same, the frame length control unit determines which communication apparatuses from among the
communication apparatuses defined as destinations of the frames may be combined based on the antenna weights and adjusts
the lengths of the frames by integrating the frames destined for the communication apparatuses in the combination using the
frame integration processing unit.

[0018] According to the invention described in Claim 5, a communication method includes a frame generating step of generating
a plurality of frames to be transmitted at the same time, a frame integration processing step of integrating at least two of the
frames generated in the frame generating step into a single aggregated frame, a step for performing padding on the aggregated
frame if the length of the aggregated frame is shorter than the length of another frame that is multiplexed at the same time, and a
communication step of transmitting the plurality of frames at the same time in a multiplexed manner.

[0019] According to the invention described in Claim 6, a computer program written in a computer-readable format comprising
program code means causing a computer to carry out the steps of the communication method when said computer program is
carried out on a computer.

[0020] The computer program according to Claim 6 defines a computer program written into a computer-readable format so that
a predetermined process is performed by a computer. That is, by installing the computer program according to Claim 6 of the
invention in a computer, cooperative processes are performed in the computer. Thus, the operations and advantages that are the
same as those of the communication apparatus according to Claim 1 of the invention can be obtained.

[0021] In addition, as used herein, the term "system" refers to a logical combination of a plurality of devices (or functional
modules that each realizes a particular function); the plurality of devices or functional modules are not necessarily included in one
body.

[0022] According to the invention described in Claim 7, a communication system includes a first communication apparatus
according to claim 1; and a plurality of second communication apparatuses configured to receive the frames multiplexed at the
same time and transmitted from the first communication apparatus .

Advantageous Effects of Invention

[0023] According to the present invention, excellent communication apparatus, communication method, computer program, and
communication system capable of appropriately performing a communication operation using the space division multiple access in
which a plurality of users share wireless resources on the spatial axis can be provided.

[0024] Furthermore, according to the present invention, excellent communication apparatus, communication method, computer
program, and communication system capable of suitably transmitting frames having a variable-length frame format in a
multiplexed manner while avoiding an abrupt change in the total transmission power on the transmitter side even when the lengths
of transmission data items destined for a plurality of users are not the same can be provided.

[0025] According to the invention described in Claims 1 and Claims 5 to 7, when a communication apparatus multiplexes a
plurality of frames at the same time and transmits the frames, a process for integrating at least two frames among the plurality of
frames into a single frame, that is, Aggregation, can be performed as needed. By employing a frame integration process in the
space division multiple access scheme, the total number of multiplexed frames can be reduced. Accordingly, the transmission
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power per communication station defined as a destination is increased on the transmission side, and an increase in the
communication quality can be expected.

[0026] According to the invention described in Claim 2, even when the lengths of frames destined for the users are not the same
when a transmission request is delivered from a higher layer, the frames multiplexed at the same time can be finally made the
same and can be transmitted. Accordingly, fames having a variable-length frame format can be multiplexed and appropriately
transmitted while avoiding an abrupt change in the total transmission power on the transmission side. As a result, on the reception
side that receives the multiplexed frames, an unstable AGC operation due to an abrupt change in the received power can be
prevented.

[0027] According to the invention described in Claim 3, by integrating at least two frames having short lengths into a frame
having a long length, the frames multiplexed at the same time can finally have the same length and can be transmitted.
Accordingly, frames having a variable-length frame format can be appropriately multiplexed and transmitted while avoiding an
abrupt change in the total transmission power on the transmission side. As a result, on the reception side that receives the
multiplexed frames, an unstable AGC operation due to an abrupt change in the received power can be prevented.

[0028] According to the invention described in Claim 4, in a communication apparatus that performs a space division multiple
access using an adaptive array antenna, by extracting, from among communication apparatuses defined as destinations of a
plurality of frames transmitted in a multiplexed manner, a combination of the communication apparatuses appropriate for
combining the antenna weights, the frame integration processing unit can integrate the frames destined for the communication
apparatuses in the combination and adjust the frame lengths. That is, by combining Aggregation of frames with the space division
multiple access scheme, overhead can be reduced and the throughput of one-to-many communication can be increased at the
same time.

[0029] According to the invention, even when the lengths of the frames cannot be finally made the same through integration of
the frames, the frame lengths can be finally made the same through a padding process performed on the frames having short
lengths as needed. Therefore, the transmission power per frame can be increased by reducing the total number of multiplexed
frames through Aggregation of the frames. In addition, by making the frame lengths the same, an unstable AGC operation on the
receiver side can be prevented.

[0030] Further features and advantages of the present invention will become apparent from the following detailed description of
exemplary embodiments of the present invention with reference to the attached drawings. Brief Description of Drawings

[0031]

[Fig. 1] Fig. 1 is a schematic illustration of the configuration of a communication system according to an embodiment of the
present invention.

[Fig. 2] Fig. 2 illustrates an example of the configuration of a communication apparatus capable of multiplexing a plurality of users
through space division multiple access.

[Fig. 3] Fig. 3 illustrates an example of the configuration of a communication apparatus that complies with an existing standard,
such as |[EEE 802.11a, and that does not use the space division multiple access.

[Fig. 4] Fig. 4 illustrates an example of a processing sequence of the communication system illustrated in Fig. 1 in which the
communication station STAO operating as an access point serves as a data source, communication stations STA1 to STA3
operating as client devices serve as data destinations, and STA0 multiplexes frames to be transmitted to the communication
stations STA1 to STA3 on a spatial axis and transmits the frames at the same time.

[Fig. 5] Fig. 5 illustrates frames A and B that have different lengths and that are multiplexed on the same time axis.

[Fig. 6] Fig. 6 illustrates the case in which when a plurality of frames having different lengths are multiplexed at the same time, the
frames are subjected to a padding process.

[Fig. 7] Fig. 7 illustrates the case in which at least two frames having short lengths are integrated into a single frame by
Aggregation so that the lengths of frames are adjusted with respect to the length of a frame having a long length.

[Fig. 8] Fig. 8 is a flowchart of a processing sequence executed by the communication apparatus illustrated in Fig. 2 when, in the
communication sequence illustrated in Fig. 7, the communication apparatus functions as an access point (STAOQ) and transmits
frames destined for a plurality of communication stations at the same time in a multiplexed manner.
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[Fig. 9] Fig. 9 is a flowchart of a processing sequence executed by the communication apparatus illustrated in Fig. 2 when, in the
communication sequence illustrated in Fig. 7, the communication apparatus functions as any one of the client devices (STA1 to
STA3) and receives frames transmitted from an access point at the same time in a multiplexed manner.

Description of Embodiments

[0032] Embodiments of the present invention are described in detail below with reference to the accompanying drawings.

[0033] Fig. 1 is a schematic illustration of the configuration of a communication system according to an embodiment of the
present invention. The communication system illustrated in the drawing includes a communication station STAO operating as an
access point (AP) and a plurality of communication stations STA1, STA2, and STA3 each operating as a client device (MT).

[0034] The communication area of each of the communication stations STA1, STA2, and STA3 includes the communication
station STAO, and each of the communication stations STA1, STA2, and STA3 can directly communicate with the communication
station STAO (that is, the communication stations STA1, STA2, and STA3 are controlled by the communication station STAO
serving as an access point and form a BSS (Basic Service Set)). However, each of the communication stations STA1, STA2, and
STA3 serving as client devices need not be located within the communication areas of the other communication stations.
Hereinafter, direct communication among the client devices is not discussed.

[0035] Here, the communication station STAQ serving as an access point is formed from a communication apparatus that
includes a plurality of antennas and performs the space division multiple access using an adaptive array antenna. The
communication station STAO assigns wireless resources on the spatial axis to the plurality of users and multiplexes frame
communication. That is, the communication station STAQ is a communication apparatus that complies with a new standard such
as |[EEE 802.11ac. The communication station STAQ0 multiplexes two or more frames destined for different communication stations
on the same time axis and separates a frame destined for the communication station STAO and multiplexed for two or more
communication stations into frames for the source communication stations. In this way, the communication station STAO performs
one-to-many frame communication. The communication station STAO can increase the number of client devices capable of
performing the space division multiple access by increasing the number of antennas thereof. Of course, in addition to performing
one-to-many frame communication with the communication stations STA1, STA2, and STA3 using the space division multiple
access, the communication station STAO may perform pier-to-pier communication with each of the communication stations STA1,
STA2, and STAS.

[0036] In contrast, each of the communication stations STA1, STA2, and STA3 serving as a client device is formed from a
communication apparatus that includes a plurality of antennas and performs the space division multiple access using an adaptive
array antenna. However, user separation is performed only when a receiving operation is performed. When a transmitting
operation is performed, user separation, that is, multiplexing of transmission frames is not performed. Accordingly, the number of
antennas may be less than that of the access points. Note that at least some of the client devices under the control of the
communication station STAQ serving as an access point may be communication apparatuses that comply with the existing
standard, such as IEEE 802.11a. That is, the communication system illustrated in Fig. 1 is in an environment in which
communication apparatuses that comply with the new standard coexist with communication apparatuses that comply with an
existing standard.

[0037] Fig. 2 illustrates an example of the configuration of a communication apparatus capable of multiplexing a plurality of users
through space division multiple access. Among the communication stations in the communication system illustrated in Fig. 1, the
communication station STAO serving as an access point and any one of the communication stations STA1 to STA3 that serves as
a client device and that employs the space division multiple access scheme have the configuration illustrated in Fig. 2 and
perform a communication operation in accordance with the new standard.

[0038] The communication apparatus illustrated in the drawing includes N transmitting and receiving branches 20-1, 20-2, ...,
and 20-N having antenna elements 21-1, 21-2, ..., and 21-N, respectively, and a data processing unit 25 connected to the
transmitting and receiving branches 20-1, 20-2, ..., and 20-N (where N is an integer greater than or equal to 2). The data
processing unit 25 processes data to be transmitted and received data. When appropriate weights for an adaptive array antenna
are assigned to the plurality of antenna elements 21-1, 21-2, ..., and 21-N, the antenna elements 21-1, 21-2, ..., and 21-N can
function as an adaptive array antenna. The communication station STAQ serving as the access point performs the space division
multiple access using the adaptive array antenna. By increasing the number of antenna elements included therein, the
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communication station STAQ can increase the number of client devices included in the multiple access.

[0039] In the transmitting and receiving branches 20-1, 20-2, ..., and 20-N, the antenna elements 21-1, 21-2, ..., and 21-N are
connected to transmission processing units 23-1, 23-2, ..., and 23-N and reception processing units 24-1, 24-2, ..., and 24-N via
duplexers 22-1, 22-2, ..., and 22-N, respectively.

[0040] The data processing unit 25 generates data to be transmitted in response to a transmission request received from a
higher-layer application and, thereafter, sorts the data into the transmitting and receiving branches 20-1, 20-2, ..., and 20-N. In
addition, in the communication station STAO serving as an access point, the data processing unit 25 generates a plurality of data
items to be transmitted to the plurality of users, that is, data item to be transmitted to the communication stations STA1, STA2,
and STA3 in response to a transmission request received from a higher-layer application and, thereafter, multiplies the data item
by a transmission weight of the adaptive array antenna for each of the transmitting and receiving branches. In this way, the data
items are spatially separated and sorted into the transmitting and receiving branches 20-1, 20-2, ..., and 20-N. Note that as used
herein, the term "spatial separation" in transmission refers to only user separation in which frames transmitted at the same time
are spatially separated for the users.

[0041] Each of the transmission processing units 23-1, 23-2, ..., and 23-N performs predetermined signal processing, such as
encoding and modulation, on a digital baseband transmission signal supplied from the data processing unit 25 and, thereafter,
performs D/A conversion on the digital baseband transmission signal. Subsequently, each of the transmission processing units
23-1, 23-2, ..., and 23-N upconverts the digital baseband transmission signal into an RF (Radio Frequency) signal. Thus, the
power of the signal is amplified. Subsequently, such transmission RF signals are supplied to the antenna elements 21-1, 21-2, ...,
and 21-Nvia the duplexers 22-1, 22-2, ..., and 22-N. Thus, the transmission RF signals are emitted into the air.

[0042] In contrast, upon receiving the RF reception signals from the antenna elements 21-1, 21-2, ..., and 21-N via the duplexers
22-1, 22-2, ..., and 22-N, the reception processing units 24-1, 24-2, ..., and 24-N low-noise amplify the RF reception signals.
Thereafter, the reception processing units 24-1, 24-2, ..., and 24-N down-convert the RF reception signals into analog baseband
signals and D/A-convert the analog baseband signals. Furthermore, the reception processing units 24-1, 24-2, ..., and 24-N
perform predetermined signal processing, such as decoding and demodulation, on the analog baseband signals.

[0043] The data processing unit 25 multiplies the digital reception signal input from each of the reception processing units 24-1,
24-2, ..., and 24-N by a reception weight of the adaptive array antenna and performs spatial separation. In this way, the
transmission data items transmitted from the users, that is, the communication stations STA1, STA2, and STA3, are
reconstructed. Thereafter, the data processing unit 25 delivers the reconstructed transmission data items to a higher-layer
application. Note that as used herein, the term "spatial separation” in reception refers to user separation in which frames
transmitted at the same time are spatially separated for the users and channel separation in which a spatially multiplexed MIMO
channel is separated into the original multiple streams.

[0044] At that time, in order to cause the antenna elements 21-1, 21-2, ..., and 21-N to function as an adaptive array antenna,
the data processing unit 25 controls the transmission processing units 23-1, 23-2, ..., and 23-N and the reception processing
units 24-1, 24-2, ..., and 24-N so that the transmission data items sorted into the transmitting and receiving branches 20-1, 20-2,
..., and 20-N are multiplied by the transmission weights of the adaptive array antenna and the reception data items received from
the transmitting and receiving branches 20-1, 20-2, ..., and 20-N are multiplied by the reception weights of the adaptive array
antenna. In addition, before performing the space division multiple access with the communication stations STA1, STA2, and
STA3, the data processing unit 25 learns the weights of the adaptive array antenna. For example, the data processing unit 25
can learn the weights of the adaptive array antenna using training signals (described in more detail below) received from the
communication partners STA1, STA2, and STA3 in a known sequence and a predetermined adaptive algorithm, such as an RLS
(Recursive Least Square) algorithm.

[0045] For example, the data processing unit 25 performs a process in each of the layers of a communication protocol of a
media access control (MAC) technique implemented in the communication system illustrated in Fig. 1. In addition, for example, the
transmitting and receiving branches 20-1, 20-2, ..., and 20-N perform a process corresponding to a PHY layer. As described
below, frames having different lengths are transmitted from a higher layer. At that time, the lengths of the frames finally
transmitted from the PHY layer are made the same. Note that such control of the lengths of the frames can be performed by either
the data processing unit 25 or the transmitting and receiving branches 20-1, 20-2, ..., and 20-N.

[0046] Note that each of the communication stations STA1, STAZ, and STA3 serving as client devices has a plurality of antennas
and performs space division multiple access using an adaptive array antenna. At that time, each of the communication stations
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STA1, STA2, and STA3 performs user separation in only reception and does not perform user separation in transmission, that is,
transmission frame multiplexing. Accordingly, each of the communication stations STA1, STA2, and STAS3 need not have as many
antennas as the access point.

[0047] In addition, Fig. 3 illustrates an example of the configuration of a communication apparatus that complies with an existing
standard, such as IEEE 802.11a, and that does not use the space division multiple access scheme. Among the client devices
under the control of the communication station STAQ serving as an access point in the communication system illustrated in Fig. 1,
a client device that has the configuration illustrated in Fig. 3 and that performs communication in accordance with only an existing
standard is present.

[0048] The communication apparatus illustrated in the drawing includes a transmitting and receiving branch 30 having an
antenna element 31 and a data processing unit 35 that is connected to the transmitting and receiving branch 30 and that
processes data to be transmitted and received data. In addition, in the transmitting and receiving branch 30, the antenna element
31 is connected to a transmission processing unit 33 and a reception processing unit 34 via a duplexer 32.

[0049] The data processing unit 35 generates data to be transmitted in response to a transmission request received from a
higher-layer application and, thereafter, outputs the data to the transmitting and receiving branch 30. The transmission
processing unit 33 performs predetermined signal processing, such as encoding and modulation, on a digital baseband
transmission signal and, thereafter, performs D/A conversion on the digital baseband transmission signal. Subsequently, the data
processing unit 35 upconverts the digital baseband transmission signal into an RF signal. Thus, the power of the signal is
amplified. Subsequently, such a transmission RF signal is supplied to the antenna element 31 via the duplexer 32. Thereafter, the
transmission RF signal is emitted into the air.

[0050] In contrast, upon receiving the RF reception signal from the antenna element 31 via the duplexer 32, the reception
processing unit 34 low-noise amplifies the RF reception signal. Thereafter, the reception processing unit 34 down-converts the
RF reception signals into an analog baseband signal and D/A-converts the analog baseband signal. Furthermore, the reception
processing unit 34 performs predetermined signal processing, such as predetermined decoding and demodulation, on the analog
baseband signal. The data processing unit 35 reconstructs the original transmission data from the digital reception signal input
from the reception processing unit 34 and delivers the original transmission data to a higher-layer application.

[0051] In the communication system illustrated in Fig. 1, the communication station STAQ serving as an access point multiplies a
plurality of antenna elements 21-1, 21-2, ..., and 21-N by the weights of an adaptive array antenna. Thus, the communication
station STAO causes the antenna elements 21-1, 21-2, ..., and 21-N to function as an adaptive array antenna. In this way, the
directivities for the communication stations STA1 to STA3 can be formed. As a result, the wireless resources on the spatial axis
can be separated for the users, and a plurality of frames destined for the communication stations STA1 to STA3 can be
multiplexed and transmitted at the same time. In addition, by functioning as an adaptive array antenna, the communication station
STAO can separate the frames transmitted from the communication stations STA1 to STA3 at the same time for the users and
perform a reception process.

[0052] At that time, in order for the antenna elements 21-1, 21-2, ..., and 21-N to function as an adaptive array antenna, the
weights of the adaptive array antenna need to be learned in advance. For example, the communication station STAO can learn
the weights of the adaptive array antenna by acquiring a transfer function from training signals received from the communication
stations STA1 to STA3 in a known sequence. Alternatively, the communication station STAO can directly learn the weights of the
adaptive array antenna using training signals received from a plurality of the communication partners in a known sequence and a
predetermined adaptive algorithm, such as an RLS (Recursive Least Square) algorithm.

[0053] In either of the above-described techniques, the communication station STAQ that learns the weights of an adaptive array
antenna needs to receive training signals from the communication stations STA1 to STA3. In addition, in a communication
environment in which a communication apparatus that complies with only an existing standard exists, a normal frame exchange
sequence needs to be executed while avoiding collision of carriers. Similarly, the training signals need to be transmitted while
avoiding interference with the communication apparatus that complies with only an existing standard. That is, the communication
station STAO needs to learn the weights of the adaptive array antenna while maintaining downward compatibility with the existing
standard.

[0054] Fig. 4 illustrates an example of a communication sequence for learning the weights of the adaptive array antenna using
training signals. In the example illustrated in the drawing, a communication station that performs learning transmits a Training
ReQuest (TRQ) frame for requesting transmission of a training signal. Upon receiving the TRQ frame, each of the neighboring
stations returns a training frame including a known sequence used for the learning process. Note that although the
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communication station STA4 in Fig. 4 is not illustrated in Fig. 1, the communication station STA4 is a communication station that
complies with only an existing standard and that is a hidden terminal located in at least one of the communication areas of the
communication stations STAO to STAS.

[0055] The communication station STAQ serving as an access point senses a physical carrier in advance and confirms that a
medium is clear. Furthermore, the communication station STAO performs back-off and transmits a TRQ frame. At that time, the
communication station STAQO has not yet learned the weights of the adaptive array antenna (i.e., the antenna elements 21-1, 21-
2, ..., and 21-N have not yet function as the adaptive array antenna). Accordingly, the communication station STAQ
omnidirectionally transmits the TRQ frame.

[0056] The TRQ frame includes a field that complies with IEEE 802.11, which is an existing standard. The field contains duration
information that requests the communication apparatus that is not a destination of the TRQ frame (the hidden terminal) to set, in
NAV, a counter value corresponding to a duration until a signal transmitting and receiving sequence is completed.

[0057] Upon receiving a TRQ frame that does not include a destination indicating the communication station STA4, the
communication station STA4 that complies with an existing standard sets a NAV counter value using the duration information
included in the frame. Thus, the communication station STA4 does not perform a transmitting operation.

[0058] In addition, according to the layout of the communication stations illustrated in Fig. 1, the TRQ frame transmitted from the
communication station STAO reaches each of the communication stations STA1 to STA3. In response to the TRQ frame received,
after a predetermined frame interval SIFS (Short Inter Frame Space) has elapsed since the TRQ frame including a destination
indicating the communication station was received, each of the communication stations STA1 to STA3 returns a training frame
including a known sequence usable for training of the adaptive array antenna.

[0059] According to the present embodiment, learning of the weights of the adaptive array antenna is performed while
maintaining downward compatibility with an existing standard. Therefore, the training frame has a front field and a rear field. The
front field complies with IEEE 802.11, which is an existing standard. The rear field contains a known sequence for training and
does not have downward compatibility with the existing standard. In order to stop a transmitting operation until neighboring
stations that comply with the existing standard complete a series of signal transmitting and receiving operation, spoofing
described in the drawing is performed on the front field that complies with the existing standard so that such misinterpretation that
the training frame continues until subsequently performed transmission of ACK is completed occurs. Note that the spoofing
technique is described in more detail in, for example, Japanese Unexamined Patent Application Publication No. 2008-252867
whose patent right has already been assigned to the applicant of the present invention.

[0060] In addition, in the example illustrated in Fig. 4, the communication stations STA1 to STA3 transmit the training frames at
the same time.

[0061] At that time, the training frames may be transmitted in a time multiplexed manner. However, if the training frames are
transmitted in a time multiplexed manner, a period of time needed for transmission of all of the training frames (i.e., a transmission
waiting time needed for each of the neighboring stations) increases with an increase in the number of communication stations that
send back the training frames (i.e., the number of communication stations to be learned). Accordingly, the throughput of the
whole system decreases, and the overhead of the whole system increases. In addition, the neighboring station that can receive
only a training frame transmitted at a later time on the time axis (the hidden terminal) may start a transmitting operation before the
training frame arrives, since the NAV counter value disappears. Thus, collision of the carries cannot be prevented. For these
reasons, according to the present embodiment, the training frames are transmitted at the same time.

[0062] In contrast, after transmission of the TRQ frame has been completed, the communication station STAO enters a ready
mode until the training frames transmitted from the communication stations STA1 to STA3, which are destinations of the TRQ
frame, are received. When the training frame is received, the communication station STAO has not yet learned for the adaptive
array antenna. Accordingly, the communication station STAQO needs to receive the plurality of training frames at the same time
using any one of the antenna elements. At that time, if the following three conditions are satisfied, the communication station
STAO can receive the front field sections of the training fields transmitted at the same time (the front field sections having
backward compatibility with the existing standard) while preventing collision.

[0063]

1. (1) To employ an OFDM modulation technique.
2. (2) To operate the oscillators of the communication stations STA1, STA2, and STA3 so that a frequency error with respect
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to the oscillator used in the communication station STAO is compensated for.
3. (3) To make information items in the fields of the training frames transmitted from the communication stations STA1, STA2,
and STA3 the same.

[0064] It is known that the OF DM modulation technique suggested in the condition (1) has advantages including its robustness to
multipath fading. In addition, the condition (2) can be satisfied if the communication stations STA1, STA2, and STA3 perform
frequency correction upon receiving a TRQ frame from the communication station STAO. By performing frequency correction, it is
assured that the delay times when the training frames transmitted from the communication stations STA1, STA2, and STA3 at the
same time reach the communication station STAQO are within a guard interval. Furthermore, as the condition (3) implies, if the
information items in the fields of the communication stations STA1, STA2, and STA3 are the same, these fields can be handled as
a normal delayed wave. Thus, the training frames can be received at the same time by using a single antenna element.

[0065] In addition, the communication station STAO receives the rear field of the training frame that contains a known sequence
for training and that does not have backward compatibility with the existing standard by using the antenna elements 21-1, 21-2,
..., and 21-N. By assigning a particular code sequence to each of the communication stations STA1, STA2, and STA3 as the
known sequence for training in advance, the communication station STAO can spatially separate the sequences. However, if the
number of communication stations that perform a space division multiple access through space division is increased, the length of
the known sequence inevitably increases since the communication stations need to be distinguished from one another.

[0066] Subsequently, the communication station STAO learns the weights of the adaptive array antenna using the known
sequences and a predetermined adaptive algorithm, such as the RLS algorithm. Thereafter, the antenna elements 21-1, 21-2, ...,
and 21-N of the communication station STAQO can function as an adaptive array antenna, and the communication station STAO
can perform the space division multiple access.

[0067] In contrast, upon receiving the above-described training frame that does not include STA4 as the destination, the
communication station STA4 that complies with only the existing standard misunderstands that the training frame continues until
the subsequent ACK frame is transmitted due to spoofing (as described above). Thus, the communication station STA4 does not
perform a transmitting operation.

[0068] After a predetermined frame interval SIFS has elapsed since the communication station STAQ received the training
frames sent from the communication stations STA1, STA2, and STA3, the communication station STAO transmits data frames
(Fragment0-1, Fragment0-2, and Fragment0-3) to the communication stations STA1, STA2, and STA3, respectively. By using the
above-described learned weights of the adaptive array antenna, the communication station STAO can transmit a plurality of data
frames through space division multiple access at the same time.

[0069] In contrast, upon receiving the data frames (Fragment0-1, Fragment0-2, and Fragment0-3) destined for the
communication stations STA1, STA2, and STA3, the communication stations STA1, STA2, and STA3 send back ACK frames
(ACK1, ACK2, and ACK3), respectively, at the same time after the predetermined frame interval SIFS has elapsed.

[0070] The plurality of antenna elements 21-1, 21-2, ..., and 21-N of the communication station STAQC have already functioned as
an adaptive antenna. Accordingly, the communication station STAO can spatially separate the plurality of ACK frames (ACK1,
ACK2, and ACK3) received at the same time for each of the users. For example, by storing, in the ACK frames, the addresses of
the communication stations STA1, STA2, and STA3 as transmitter addresses, the communication station STAO can identify the
sources of the received ACK frames. In addition, if the known sequences for training are stored in even the ACK frames, the
communication station STAO can change the learned weights of the adaptive array antenna in accordance with the known
sequences for training stored in the received ACK frames so that the weights can adaptively follow a change in the environment.

[0071] Upon receiving the data frame that is not destined for the communication station STA4, the communication station STA4
that complies with the existing standard sets a NAV counter value on the basis of the duration information contained in the frame.
In this way, the communication station STA4 stops a transmitting operation. In addition, upon receiving the ACK frame that is not
destined for the communication station STA4, the communication station STA4 that complies with the existing standard sets a NAV
counter value on the basis of the duration information contained in the frame. In this way, the communication station STA4 stops a
transmitting operation.

[0072] As can be seen from an example of the communication sequence illustrated in Fig. 4, the communication station STAO
that performs a space division multiple access can appropriately learn the weights of the adaptive array antenna. Furthermore,
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after the communication station STAO has learned the weights of the adaptive array antenna, the communication station STAO
can share wireless resources on a spatial axis with a plurality of users and multiplex a plurality of data frames destined for the
plurality of users. Thereafter, the communication station STAO can transmit the data frames. In this way, the throughput can be
increased in the case of one-to-many communication, that is, communication among a plurality of users.

[0073] In this case, in general, a wireless LAN employs a packet communication scheme. The amounts of traffic that the users
desire differ from user to user. Therefore, the lengths of packets (frames) differ from each other. For example, in the example of a
communication sequence illustrated in Fig. 4, it is desirable that the lengths of a TRQ frame, a training frame, and an ACK frame
be the same. However, for a plurality of data frames transmitted from the communication station STAQ, the lengths of the frames
transmitted from the MAC layer to the PHY layer may not be the same due to a difference in a transmitted amount of data from
destination to destination.

[0074] However, when frames destined for a plurality of users are multiplexed and simultaneously transmitted through the space
division multiple access scheme and if the total transmission power is abruptly changed due to a difference among the frame
lengths, an unstable AGC operation may disadvantageously occur at the receiver side due to an abrupt change in the received
power (as described above).

[0075] In addition, if some of the frames to be multiplexed are terminated and the other frames continue to be transmitted, the
communication bandwidth is not efficiently used. Thus, the effect of the space division multiple access is decreased. Fig. 5
illustrates frames A and B that have different lengths and that are multiplexed on the same time axis. As can be seen in the
example illustrated in the drawing, the length of the frame B is shorter than the length of the frame A, and after transmission of the
frame B has been completed, the communication bandwidth is wasted.

[0076] Therefore, even when the lengths of the frames multiplexed at the same time differ from one another, all the transmitted
frames need to finally have the same frame length.

[0077] For example, among the spatially multiplexed frames, the frames having short lengths may be padded in the PHY layer so
that the frame lengths are made the same. Fig. 6 illustrates the case in which, in the example of the communication sequence
illustrated in Fig. 4, when data to be transmitted to STA1 to STA3 at the same time are delivered from a higher layer (e.g., the
MAC layer) and if the amount of each of data items to be transmitted to STA2 and STA3 (DATA2 and DATA3) is smaller than that
of a data item to be transmitted to STA1 (DATA1), the data items to be transmitted to STA2 and STA3 (DATA2 and DATA3) are
padded so that each of the lengths of the DATA2 and DATAS is the same as the length of the data item having a longer length
(DATA1). Thus, the lengths of the frames finally transmitted from the PHY layer are made the same.

[0078] However, the padding operation causes overhead since actual data are not included. Therefore, it is desirable that the
lengths of frames be adjusted without using a padding operation.

[0079] Accordingly, the present inventors have developed a technique for adjusting the lengths of two or more frames having
short lengths so that the lengths match the length of a frame having a long length by integrating the frames into a single frame
through Aggregation. In IEEE 802.11n for high-speed communication, the term "Aggregation” is known as a frame format that
reduces overhead by configuring a single physical layer section from a plurality of frames.

[0080] Fig. 7 illustrates the case in which, in the example of the communication sequence illustrated in Fig. 6, when data to be
transmitted to STA1 to STA3 on the same time are delivered from a higher layer (e.g., the MAC layer) and if the amount of each
of data items to be transmitted to STA2 and STA3 (DATAZ and DATA3) is smaller than that of a data item to be transmitted to

STA1 (DATA1), the data items to be transmitted to STA2 and STA3 (DATA2 and DATAS3) are integrated into a single frame by

Aggregation so that the length of the DATA2 and DATAS is the same as the length of the data item having a longer length
(DATA1). Thus, the lengths of the frames finally transmitted from the PHY layer are made the same.

[0081] Upon receiving an Aggregation frame, each of the communication stations may refer to the destination information
contained in the top portion of the frame and extract the data portion destined for the communication station. For example, upon
receiving the Aggregation frames including data items destined for STA2 and STA3, each of the communication stations STA2
and STA3 recognizes that the frame includes a data item destined for itself using the destination information in the top portion of
the frame and determines which data item in the frame is destined for itself using the header information attached to each of the
data items. In this way, each of the communication stations STA2 and STAS retrieves the desired data item.

[0082] The access point STAO may employ a scheme in which the MIMO antenna weight used when an Aggregated frame is
transmitted is determined as the sum of the MIMO antenna weights used when the access point STAQ individually transmits a
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frame to all of the communication stations. In the example of the communication sequence illustrated in Fig. 6, since the
transmission power used for the communication stations is divided for the communication stations STA1, STA2, and STA3, each
transmission power is one third of the total power. In contrast, in the example of the communication sequence illustrated in Fig. 7,
the data items destined for STA2 and STA3 are subjected to Aggregation, the power needed for the two communication stations
need not be separated. That is, by using Aggregation in a space division multiple access scheme, the transmission power used
for each of the communication stations is reduced to one half the total power. Thus, the quality of communication can be
increased.

[0083] In addition, as illustrated in Fig. 7, after the communication stations STA1 to STA3 that receive the Aggregation frames
complete reception of all of the Aggregation frames, the communication stations STA1 to STA3 send back ACK frames (ACK1,
ACK2, and ACK3) destined for STAO, which is the source of the Aggregation frames, at the same time. For the returned ACK
frames, the antenna elements 21-1, 21-2, ..., and 21-N of the communication station STAO have already functioned as an
adaptive antenna. Accordingly, the antenna elements 21-1, 21-2, ..., and 21-N can spatially separate the plurality of ACK frames
(ACK1, ACK2, and ACK3) received at the same time for each of the users (as described above).

[0084] Fig. 8 illustrates a processing sequence in the form of a flowchart in which, in the communication sequence illustrated in
Fig. 7, the communication apparatus illustrated in Fig. 2 functions as the access point (STAQ) and transmits frames destined for a
plurality of communication stations at the same time in a multiplexed manner. The access point starts the processing sequence
illustrated in Fig. 8 in response to, for example, the occurrence of a data transmission request or a data reception request from a
higher-layer application.

[0085] The access point examines that the medium is clear by performing a physical carrier sense in advance and further
performs back-off. In this way, if the access point enters a communicable mode, the access point transmits a training request
(TRQ) frame to one or more communication stations (STA1 to STA3) to which the access point wants to transmit data in a
multiplexed manner (step S1).

[0086] Subsequently, after a predetermined frame interval SIFS (Short Inter Frame Space) has elapsed since the TRQ frame
was transmitted, the access point waits until it receives training frames sent back from the receivers of the training request (STA1
to STA3) (step S2).

[0087] At that time, if the access point has not received a training frame from any one of the receivers of the training request
(STA1 to STA3) (No in step S3), the processing proceeds to a re-transmitting process of the TRQ frame. However, the details of
the frame re-transmitting process are not provided here.

[0088] However, if the access point can receive a training frame from at least one of the receivers of the training request (STA1
to STA3) (Yes in step S3), the access point learns the weights of the adaptive array antenna using a known sequence for training
included in each of the received training frames.

[0089] Thereafter, the access point determines whether the lengths of the multiplexed frames destined for the communication
stations from which the access point was able to receive the training frames are the same (step $4).

[0090] Here, if the lengths of the frames to be multiplexed are the same (Yes in step S4), the access point directly multiplexes the
data frames destined for the communication stations from which the access point was able to receive the training frames and
transmits the data frames after a predetermined frame interval SIFS has elapsed since the training frames were received.
Thereafter, this processing routine is completed.

[0091] At that time, by using the learned weights of the adaptive array antenna, the access point can transmit the data frames
destined for the plurality of client devices at the same time through space division multiplexing. However, the access point does
not transmit the data frames to the client device from which the access point has not received a training frame, since learning is
not performed for the client device and it is uncertain as to whether or not the client device is present within the communication
area.

[0092] However, if the lengths of the frames to be multiplexed are not the same (No in step $4), the access point determines
whether among the plurality of communication stations that are destinations of the multiplexed frames (STA1 to STA3), a
combination appropriate for combining the antenna weights is present (e.g., a combination of communication stations located in
the vicinity is present) (step S5).

11



DK/EP 2429109 T3

[0093] At that time, one of techniques for determining whether a combination of communication stations located in the vicinity is
present is to compare the values of the antenna weights of the communication stations with one another. That is, the access point
can determine whether the values of the antenna weights of one of the communication stations are close to those of another
communication station as a predetermined reference. If the values of the antenna weights of the communication stations are close
to each other, the access point can determine that a combination of the communication stations is appropriate. For example, let
STAQ have three antennas. In addition, a combination of the antenna weights of the communication station STA1 indicates that
the weight of an antenna 1 is large, the weight of an antenna 2 is medium, and the weight of an antenna 3 is small. Acombination
of the antenna weights of the communication station STA2 indicates that the weight of the antenna 1 is large, the weight of the
antenna 2 is small, and the weight of the antenna 3 is medium. A combination of the antenna weights of the communication
station STA3 indicates that the weight of the antenna 1 is large, the weight of the antenna 2 is small, and the weight of the
antenna 2 is medium. Then, since the values of the weights of STA2 are close to the values of the weights of STA3, it can be
determined that STA2 is appropriately combined with STA3. In addition, another technique for determining whether a combination
of communication stations is a combination of communication stations located in the vicinity is to determine whether the locations
of communication stations are in the vicinity on the basis of information provided by GPSs (Global Positioning Systems) mounted
in the communication stations and determine that a combination of the communication stations located within a distance that
satisfies a predetermined reference is appropriate.

[0094] If a combination of the communication stations appropriate for combining the antenna weights is found (Yes in step S5), it
is determined whether the lengths of all of the frames destined for the communication stations in the combination and multiplexed
at the same time can be made the same by performing Aggregation (step S6).

[0095] Thereafter, if the lengths of all of the frames multiplexed at the same time can be made the same by performing
Aggregation (Yes in step S6), an Aggregation process is performed on the frames of a plurality of users (step S7). More
specifically, the MIMO antenna weights that are the sums of the MIMO antenna weights used when the access point individually
transmits a frame to all of the communication stations that are the destinations of the aggregated frames are employed.

[0096] Thereafter, if the length of the Aggregated frame is not completely the same as the length of another frame that is
multiplexed at the same time, one of the frames is appropriately padded so that the lengths of all of the frames are made the
same (step S8).

[0097] However, if a combination of the communication stations appropriate for combining the antenna weights is not found (No
in step S5) or if the lengths of all of the frames cannot be made the same even when Aggregation is performed (No in step S6),
Aggregation of the frames for multiple users is stopped, and the lengths of all of the frames are made the same by using only a
padding process (step S8).

[0098] Subsequently, after the predetermined frame interval SIFS has elapsed since training frames were received, the frames
subjected to adjustment of the frame lengths are transmitted in a multiplexed manner. Thereafter, this processing routine is
completed.

[0099] Fig. 9 illustrates a processing sequence in the form of a flowchart in which in the communication sequence illustrated in
Fig. 7, the communication apparatus illustrated in Fig. 2 operates as any one of the client devices (STA1 to STA3) and receives
the frames multiplexed at the same time from the access point. At that time, upon receiving a TRQ frame from the access point
(STAQ), each of the client devices (STA1 to STA3) starts the processing sequence illustrated in Fig. 9. Note that at that time,
each of the client devices corrects a frequency error using, for example, L-LTF of the header portion of the received TRQ frame,
and it is assured that clock errors among the client devices are within a guard interval.

[0100] After a predetermined frame interval SIFS has elapsed since the client device received the TRQ frame from the access
point (Yes in step S11), the client device sends back a training frame to the access point (step S12).

[0101] At that time, the client device corrects a frequency error using the received TRQ frame. Accordingly, when a plurality of
the client devices that send back training frames are present, it is assured that the times at which the training frames arrive at the
access point are within the guard interval. Thus, the access point can receive the plurality of training frames at the same time
using a single antenna element.

[0102] Subsequently, after the predetermined frame interval SIFS has elapsed since the client device transmitted the TRQ frame

(Yes in step S13), the client device enters a ready mode until a data frame transmitted from the access point is received. (step
S14).
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[0103] At that time, if the client device cannoct receive a data frame or if the client device cannot decode a received data frame
due to a frame error (No in step 815), the client device determines that reception of a data frame is failed. Thus, this processing
routine is completed. Alternatively, the client device may transmit NACK to the access point in order to ask the access point to re-
transmit the data frame.

[0104] However, when the client device can receive a data frame from the access point (Yes in step S15) and if the
predetermined frame interval SIFS has elapsed since the data frame was received (Yes in step S16), the client device sends back
an ACK frame to the access point (step S17). In this way, this processing routine is successfully completed.

[0105] As can be seen from Figs. 7 and 8, in the communication system according to the present embodiment, even when the
lengths of frames for users are not the same at a point in time when the communication apparatus receives a transmission
request from a higher-layer application, the communication apparatus can integrate at least two frames having short lengths into
a frame having a long length through Aggregation and finally transmit the frames having the same frame length after multiplexing
the frames at the same time.

[0106] The term "Aggregation” refers to a frame format for reducing overhead by configuring a single physical-layer data portion
from a plurality of frames in IEEE 802.11n regarding high-speed communication. According to the present embodiment, by
integrating frame aggregation into a space division multiple access scheme, overhead can be reduced and a high throughput can
be obtained in one-to-many communication.

[0107] In addition, when the communication apparatus multiplexes a plurality of frames having a variable-length format at the
same time, the communication apparatus adjusts the frame lengths so that the frame lengths are the same. In this way, an abrupt
change in the total transmission power can be prevented. On the receiver side of the multiplexed frames, an unstable AGC
operation caused by an abrupt change in the received power can be prevented. Furthermore, since, in terms of an Aggregation
frame, the number of frames to be multiplexed can be reduced, the fransmission power used per destination communication
apparatus on the transmitter side can be increased. Therefore, an increase in the communication quality can be expected.

Industrial Applicability

[0108] While the present invention has been described in detail with reference to particular embodiments, various modifications
and alterations of this invention will become apparent to those skilled in the art without departing from the scope and principles of
this invention.

[0109] While the present specification has been described with reference to embodiments employing a new wireless LAN
standard, such as IEEE 802.11ac aiming at ultra-high throughput (1 Gbps), the scope of the invention is not limited thereto. For
example, the present invention is similarly applicable to another wireless LAN system in which wireless resources on a spatial axis
are shared by a plurality of users and a variety of wireless systems other than a LAN.

[0110] That is, it is understood that the embodiments described herein are for illustrative purposes only and the above
disclosure is not intended to be limiting. The scope of the invention should be determined by the appended claims. Reference
Signs List

[0111]

20-1, 20-2,

transmitting and receiving branch
21-1, 21-2,

antenna element
22-1,22-2,

duplexer
23-1, 23-2,

transmission processing unit
24-1,24-2,

reception processing unit
25

data processing unit
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_1_
PATENTKRAV
1. Kommunikationsapparat, der omfatter:
en enhed (20-1, 20-2, ..., 20-N, 25) til at generere rammer,

som er konfigureret til at generere et antal rammer, der skal
transmitteres samtidigt;

en processorenhed (20-1, 20-2, ..., 20-N, 25) til integration
af rammer, der er konfigureret til at integrere mindst to af
rammerne, som er genereret af enheden til at generere rammer,
til en enkelt aggregeret ramme; og

kendetegnet ved, at det yderligere omfatter:

en styreenhed (20-1, 20-2, ..., 20-N, 25) til at styre l&ngden
af rammen for at efterfylde den aggregerede ramme, hvis
lengden af den aggregerede ramme er kortere end langden af en
anden ramme, der er multiplekset pa samme tid, og

en kommunikationsenhed (21-1, 21-2, ey 21-N), der er
konfigureret til at transmitterer rammerne pa den samme tid pa

en multiplekset made.

2. Kommunikationsapparat ifglge krav 1, hvor styreenheden
(20-1, 20-2, ..., 20-N, 25) til at styre lengden af rammen er
konfigureret til at Jjustere la&ngden af antallet af rammer, der
er multiplekset pa den samme tid, saledes at la&ngderne til

slut er gjort ens.

3. Kommunikationsapparat ifelge krav 2, hvor procesenheden
(20-1, 20-2, ..., 20-N, 25) er konfigureret til at integrerer
mindst to rammer, der har kortere lengder, i en enkelt ramme,

som har en lang la&ngde.

4, Kommunikationsapparat ifglge krav 3, hvor
kommunikationsenheden (21-1, 21-2, ..., 21-N) indbefatter et
antal antenneelementer, der er i stand til at fungere som et
adaptivt antennearray ved at tildele vagte til
antenneelementerne, og kommunikationsenheden (21-1, 21-2, ...,
21-N) er i stand til at transmittere antallet af rammer pa den
samme tid pa en multiplekset mé&de, og hvor, hvis lengderne af

rammerne ikke de samme, styreenheden (20-1, 20-2, ..., 20-N,
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25) til at styre lengden af rammen bestemmer hvilke
kommunikationsapparater blandt kommunikationsapparaterne, som
er defineret som destinationer for rammerne, kan kombineres
baseret pad antennevagtene og Jjusterer langderne af rammerne
ved at integrere rammerne, der er bestemt for
kommunikationsapparaterne i kombinationen ved brug af

processorenheden til integration af rammer.

5. Fremgangsmade til kommunikation, der omfatter:

et trin til at generere rammer, der genererer et antal rammer,
som skal transmitteres pa den samme tid;

et processeringstrin til integration af rammer, der integrerer
mindst to af rammerne, som er genereret 1 trinnet til at
generere rammer, til en enkelt aggregeret ramme; og
kendetegnet ved, at den yderligere omfatter:

et trin til efterfyldning af den aggregerede ramme, hvis
lengden af den aggregerede ramme er kortere end langden af en
anden ramme, der er multiplekset pa samme tid, og

et kommunikationstrin til at transmittere antallet af rammer

pa den samme tid pa en multiplekset made.

6. Computerprogram, der er skrevet 1 et maskinlesbart
format, som omfatter midler til programkode, som g@r en
computer i stand til at udfgre trinnene i
kommunikationsfremgangsmaden, ifzlge krav 5, nar

computerprogrammet udfgres pa en computer.

7. Kommunikationssystem, der omfatter:

et forste kommunikationsapparat som defineret i krav 1; og

et antal andre kommunikationsapparater, der er konfigureret
til at modtage rammerne, som er multiplekset pad den samme tid

0g transmitteret fra det fgrste kommunikationsapparat.
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