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Description

METHOD FOR SUPPORTING COEXISTENCE IN A MOBILE

[1]

[2]

[3]

[4]

[5]

[6]

[7]

STATION
Technical Field

The present invention relates to the support of multi-radio coexistence in a mobile
station using a broadband wireless access system, and more particularly, to a method
for improving throughput of a broadband wireless access system and another wireless

communication system.

Background Art

In a broadband wireless access system based on the IEEE 802.16e system, a sleep
mode for minimizing power consumption of a mobile station is supported.

The mobile station requests a base station to transition to a sleep mode via a sleep
mode request (MOB_SLP-REQ) message if downlink traffic is not transmitted from
the base station to the mobile station during a predetermined time. Accordingly, the
base station allows the sleep mode entry of the mobile station via a sleep mode
response (MOB_SLP-RSP) message.

In the sleep mode, the operation of the mobile station is performed by the repetition
of a sleep interval and a listening interval. A method of utilizing the IEEE 802.16e
system in the listening interval and allowing the use of another wireless commu-
nication system such as Bluetooth or WiFi to provide coexistence of a time sharing
scheme in the sleep interval is suggested.

FIG. 1 shows the support of coexistence of WiMax and Bluetooth if each of the
listening interval and the sleep interval has a length of two frames.

In the related art, the support of multi-radio coexistence of an IEEE 802.16-based M-
WiMAX mobile station with the IEEE 802.15-based Bluetooth or IEEE 802.11-based
WiFi allows the Bluetooth or WiFi to use a portion of the listening interval and the
sleep interval of the 802.16-based M-WiMAX mobile station and allows the M-
WiMAX mobile station to communicate with an M-WiMAX base station in only a
portion of the listening interval.

As shown in FIG. 1, in order to support coexistence with the Bluetooth, the WiMAX
mobile station and the base station do not transmit/receive data to each other such that
data is exchanged via the Bluetooth during the sleep interval after the mode of the
mobile station is triggered to the sleep mode in which each of the listening interval and
the sleep interval has two frames. In addition, even in the listening interval of the sleep
mode, the WiMAX mobile station can transmit/receive data to/from the base station

via a downlink subframe of a first frame and an uplink subframe of a second frame.
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The base station does not schedule an uplink subframe of the first frame and a

downlink subframe of the second frame of the listening interval, for the Bluetooth.
It is possible to prevent Bluetooth data loss and throughput deterioration by allowing

the Bluetooth to use the portion of the listening interval in the sleep mode of the
mobile station.

FIG. 2 is a view showing the support of coexistence if each of a listening interval and
a sleep interval has a length of one frame.

In FIG. 2, a mobile station receives a DL-MAP and a UL-MAP of n*, n+2%, and n+4
 frames. Another communication system such as Bluetooth or WiFi is used in an
interval in which the mobile station does not receive the DL-MAP and the UL-MAP
(Non-802.16 Tx Interval).

The total throughput of a time sharing scheme cannot exceed 1, and throughput dete-
rioration may occur due to the interruption of a transmission or reception operation
which has been performed, that is, fragmentation, in a time boundary.

In addition, in the interference between the Bluetooth and the WiMAX, generally,
the uplink transmission of the WiMAX mobile station has a significant influence on
the data reception of the Bluetooth. In other words, the downlink data reception of the
WiMAX mobile station may be influenced by the data transmission of the Bluetooth.
In detail, if the reception quality of the WiMAX signal having a predetermined level or
more is maintained, the data transmission of the Bluetooth does not have an influence
on the downlink data reception of the WiMAX mobile station.

However, if the WiMAX channel quality falls to less than the predetermined level,
the data transmission of the Bluetooth gives interference to the downlink data reception
of the WiMAX mobile station and thus the WiMAX downlink throughput may de-

teriorate.
Disclosure of Invention

Technical Problem

Accordingly, the present invention is directed to a method for supporting coexistence
in a mobile station that substantially obviates one or more problems due to limitations
and disadvantages of the related art.

An object of the present invention is to provide a method for supporting coexistence
in a mobile station capable of sharing a time by restricting uplink and downlink data
scheduling so as to disallow another communication system such as Bluetooth to use a
predetermined time period of WiMAX according to a WiMAX channel quality
variation.

Technical Solution

Additional advantages, objects, and features of the invention will be set forth in part
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in the description which follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a method for supporting co-
existence in a mobile station includes, at the mobile station, turning on Bluetooth at a
start point of a WiMAX downlink subframe, stopping the operation of the Bluetooth if
WiMAX channel quality of the mobile station becomes less than a threshold value
during the operation of the Bluetooth, and, at the mobile station, turning off the
operation of the Bluetooth at the start point of a WiMAX uplink subframe.

In the step of stopping the operation of the Bluetooth, a media access control (MAC)
message indicating the stop of the operation of the Bluetooth may be transmitted from
the mobile station to a base station.

In the step of stopping the operation of the Bluetooth, the operation of the Bluetooth
may be resumed if the channel quality of the mobile station becomes more than a
threshold value. In the step of resuming the operation of the Bluetooth, a media access
control (MAC) message indicating the resuming of the operation of the Bluetooth may
be transmitted from the mobile station to the base station.

The threshold value may vary according to the transmission power level of the
Bluetooth.

In another aspect of the present invention, a method for supporting coexistence in a
mobile station includes, at the mobile station, turning on Bluetooth at a start point of a
WiMAX downlink subframe when a DCD message including coexistence mode trigger
information is received from a base station; stopping the operation of the Bluetooth if
WiMAX channel quality of the mobile station becomes less than a threshold value
during the operation of the Bluetooth; and, at the mobile station, turning off the
operation of the Bluetooth at a start point of a WiMAX uplink subframe.

The DCD message may include the threshold value.

In another aspect of the present invention, a method for supporting coexistence in a
mobile station includes transmitting a throughput request (SBC-REQ) message to a
base station in a network entry process of the mobile station; at the mobile station,
turning on Bluetooth at a start point of a WiMAX downlink subframe when a
throughput response (SBC-RSP) message including coexistence mode trigger in-
formation is received in correspondence with the throughput request (SBC-REQ)
message; stopping the operation of the Bluetooth if WiMAX channel quality of the

mobile station becomes less than a threshold value during the operation of the
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Bluetooth; and, at the mobile station, turning off the operation of the Bluetooth at a

start point of a WiMAX uplink subframe.
The throughput response (SBC-RSP) message may include the threshold value.

In another aspect of the present invention, a method for supporting coexistence in a
mobile station includes transmitting a registration request (REG-REQ) message to a
base station in a network entry process of the mobile station; at the mobile station,
turning on Bluetooth at a start point of WiMAX downlink subframe when a reg-
istration response (REG-RSP) message including coexistence mode trigger information
is received in correspondence with the registration request (REG-REQ) message;
stopping the operation of the Bluetooth if WiMAX channel quality of the mobile
station becomes less than a threshold value during the operation of the Bluetooth; and,
at the mobile station, turning off the operation of the Bluetooth at a start point of a
WiMAX uplink subframe.

The registration response (REG-RSP) message may include the threshold value.

It is to be understood that both the foregoing general description and the following
detailed description of the present invention are exemplary and explanatory and are

intended to provide further explanation of the invention as claimed.

Advantageous Effects

According to the embodiments of the present invention, it is possible to solve frag-
mentation by minimizing the interruption of the WiMAX transmission/reception and to
improve WiMAX downlink throughput by restricting Bluetooth data transmission/
reception according to the WiMAX channel quality.

Brief Description of Drawings

The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application, il-
lustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the drawings:

FIG. 1 is a view showing the support of coexistence of WiMAX and Bluetooth if
each of a listening interval and a sleep interval has a length of two frames;

FIG. 2 is a view showing the support of coexistence if each of a listening interval and
a sleep interval has a length of one frame;

FIG. 3 is a view showing the support of existence according to an embodiment of the
present invention;

FIG. 4 is a flowchart illustrating a method for supporting coexistence according to an
embodiment of the present invention; and

FIG. 5 is a signal flow diagram of a method for supporting coexistence according to

another embodiment of the present invention.
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Mode for the Invention

Reference will now be made in detail to the preferred embodiments of the present
invention, examples of which are illustrated in the accompanying drawings. However,
the embodiments of the present invention may be variously modified and the range of
the present invention is not limited to the following embodiments.

The following embodiments are proposed by combining constituent components and
characteristics of the present invention according to a predetermined format. The in-
dividual constituent components or characteristics should be considered to be optional
factors on the condition that there is no additional remark. If required, the individual
constituent components or characteristics may not be combined with other components
or characteristics. Also, some constituent components and/or characteristics may be
combined to implement the embodiments of the present invention. The order of op-
erations to be disclosed in the embodiments of the present invention may be changed to
another. Some components or characteristics of any embodiment may also be included
in other embodiments, or may be replaced with those of the other embodiments as
necessary.

The specific terms used in the following description are provided for facilitating the
understanding of the present invention, and the use of the specific terms may be
variously changed without departing from the technical scope of the present invention.

The above-mentioned embodiments of the present invention are disclosed on the
basis of a data communication relationship between a base station and a mobile station.
In this case, the base station is used as a terminal node of a network via which the base
station can directly communicate with the mobile station. Specific operations to be
conducted by the base station in the present invention may also be conducted by an
upper node of the base station as necessary.

In other words, it will be obvious to those skilled in the art that various operations for
enabling the base station to communicate with the mobile station in a network
composed of several network nodes including the base station will be conducted by the
base station or other network nodes other than the base station. The term “Base
Station” may be replaced with a fixed station, Node-B, eNode-B (eNB), or an access
point as necessary. The term “mobile station” may also be replaced with an user
equipment (UE), a mobile station (MS) or a mobile subscriber station (MSS) as
necessary.

The following embodiments of the present invention can be implemented by a
variety of means, for example, hardware, firmware, software, or a combination of
them.

In the case of implementing the present invention by hardware, the present invention
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can be implemented with application specific integrated circuits (ASICs), Digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), a processor, a
controller, a microcontroller, a microprocessor, etc.

If operations or functions of the present invention are implemented by firmware or
software, the present invention can be implemented in the form of a variety of formats,
for example, modules, procedures, functions, etc. The software codes may be stored in
a memory unit so that it can be driven by a processor. The memory unit is located
inside or outside of the processor, so that it can communicate with the aforementioned
processor via a variety of well-known parts.

The embodiments of the present invention are applicable to the support of existence
of primary communication such as WiMAX with secondary communication such as
WPAN (Wireless Personal Area Network) radio based on the IEEE 802.15 standard,
such as Bluetooth, and WLAN radio based on the IEEE 802.11 standard, such as WiFi.

FIG. 3 is a view showing the support of existence according to an embodiment of the
present invention.

FIG. 3 shows an example in which data transmission/reception of WiMAX and
Bluetooth is simultaneously allowed during a WiMAX downlink subframe.

As shown in FIG. 3, if a WiMAX mobile station maintains the channel quality of a
WiMAX radio link having a predetermined level or more, WiMAX downlink reception
and Bluetooth data transmission/reception is possible during the WiMAX downlink
subframe. If the Bluetooth data transmission/reception is allowed during the WiMAX
downlink subframe and the Bluetooth is turned off during a WiMAX uplink subframe
such that only the WiMAX data transmission is possible, coexistence is possible
without throughput deterioration due to interference between the WiMAX and the
Bluetooth.

Accordingly, in the present invention, an operation for supporting coexistence is dif-
ferently defined when the channel quality of the WiMAX radio link is maintained at
the predetermined level or more and when the channel quality of the WiMAX radio
link falls to less than the predetermined level, in order to minimize the throughput de-
terioration of the WiMAX and the Bluetooth.

FIG. 4 is a flowchart illustrating a method for supporting coexistence according to an
embodiment of the present invention.

A mobile station turns on Bluetooth at a start point of a WiMAX downlink subframe
(S410). This step S410 is repeated at the start point of the downlink subframe of every
frame.

Hereinafter, a coexistence operational mode 1 indicates a time sharing scheme of the

WiMAX and the Bluetooth using a sleep mode. In addition, a coexistence operational
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mode 2 indicates a method for transmitting/receiving data via both the WiMAX and
the Bluetooth during the WiMAX downlink subframe. In embodiments of the present
invention, the coexistence operation mode 1 and the coexistence operation mode 2 are
also called as a co-located coexistence mode 1 and a co-located coexistence mode 2
thereof.

Next, if the WiMAX channel quality of the mobile station becomes less than a
threshold value during the operation of the Bluetooth (S420), the mobile station is
operated in the coexistence operational mode 1 (S432). That is, the operation of the
Bluetooth is stopped. In contrast, if the WiMAX channel quality of the mobile station
becomes more than the threshold value while the operation of Bluetooth is stopped
(S420), the mobile station is operated in the coexistence operational mode 2 (S431).
That is, the operation of the Bluetooth is resumed.

Next, if the Bluetooth is arbitrarily turned off or the operation of the Bluetooth is
turned off at the start point of the WiMAX uplink subframe (S440), the method is
finished. In contrast, if the Bluetooth is not turned off, the steps S420 to S440 are
repeated.

Hereinafter, a condition 2 is a condition for triggering the mode of the mobile station
to the co-located coexistence mode 2. For example, if the channel quality of the
WiMAX radio link of the mobile station is more than a given threshold value, the co-
located coexistence mode 2 is used. A condition 1 is a condition for triggering the
mode of the mobile station to the co-located coexistence mode 1. For example, if the
channel quality of the WiMAX radio link is less than the threshold value, the co-
located coexistence mode 1 is used. The channel quality used herein is unrelated to a
value which quantitatively represents the channel quality between the base station and
the mobile station, such as a carrier-to-interference-plus-noise-ratio (CINR) or a
receive signal strength indicator (RSSI). If the channel quality exceeds the threshold
value as the result of continuously monitoring the quality of the WiMAX reception
signal while the mobile station is operated in a specific coexistence operational mode,
the coexistence operational mode may be newly changed. For example, it may be de-
termined whether or not the mode is triggered, according to the result of monitoring
the channel quality during a predetermined time period.

The threshold value may vary according to the Bluetooth transmission power level of
the mobile station. Accordingly, the threshold value may be stored in the form of a
vector. The threshold value vector may be stored as a constant or a variable of the
mobile station without communication with the base station. Alternatively, the base
station may inform the mobile station of the threshold value vector via a specific
message. For example, new sleep mode trigger information (threshold limit value
(TLV)) may be defined, and the threshold value vector may be added to the defined
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threshold limit value (TLV).

When the WiMAX downlink subframe is started, a WiMAX chip may transmit a
signal to a Blutooth chip via a wire and inform that a transmission/reception (Tx/Rx)
operation can be performed by the Bluetooth. If it is determined that the interference
between the WiMAX transmission operation and the Bluetooth reception operation
occurs when the WiMAX uplink subframe is started, then the WiMAX chip may
transmit a signal to the Bluetooth chip via a wire so as to stop the operation of the
Bluetooth chip. This process is repeated whenever the subframe is changed.

FIG. 5 is a signal flow diagram of a method for supporting coexistence according to
another embodiment of the present invention.

A base station may send coexistence mode trigger information to a mobile station via
a downlink channel descriptor (DCD) transmitted in the form of a broadcasting
message (510). The coexistence mode trigger information may be configured in the
form of a type, a length and a value, that is, the form of a TLV. The coexistence mode
trigger information may comprises a co-located Coexistence Enable TLV and/or a
sleep mode functions enabled in H-FDD TLV.

The coexistence mode trigger information provides a threshold value of channel
quality for triggering the mode of the mobile station to a coexistence mode. Alter-
natively, the coexistence mode trigger information may be sent to the mobile station
via basic throughput messages (SBC-REQ/RSP) transmitted/received to/from the base
station as a throughput parameter in a network entry process in which the mobile
station is first registered in the base station (520).

Alternatively, the coexistence mode trigger information may be sent to the mobile
station via registration messages (REG-REQ/RSP) transmitted/received to/from the
base station in a process in which the WiMAX mobile station first requests registration
to the base station (520).

If the mobile station stores the threshold value as the variable of the mobile station,
the above-described message exchange process is not required. In addition, a co-
existence capability field may be transmitted via the basic throughput messages
(SBC-REQ/RSP) or the registration messages (REG-REQ/RSP). The coexistence ca-
pability field allows the base station to inform the mobile station that the base station
can support a coexistence mode or allows the mobile station to inform the base station
that the mobile station can support a coexistence mode.

If the WiMAX mobile station completes a network registration process and the
Bluetooth is turned on, the mobile station checks a channel status and sets the co-
existence operational mode.

By transmitting/receiving a sleep mode request (MOB_SLP-REQ) message and a
slip mode response (MOB_SLP-RSP) message including the parameter indicating the
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set coexistence operational mode between the WiMAX mobile station and the base
station, a sleep mode operation for supporting coexistence may be started (530 and
540).

If the channel status is bad by referring to the sleep mode trigger parameter, the
mobile station sends a sleep mode request (MOB_SLP-REQ) message to the base
station in order to enter the coexistence operational mode 1. The base station which
receives this message sends a sleep mode response (MOB_SLP-RSP) message to the
mobile station, and the mobile station triggers the mode thereof to the sleep mode for
supporting the coexistence mode and performs the WiMAX and Bluetooth operation
(550).

When the channel status of the mobile station which is being operated in the co-
existence operational mode 1 (550) is improved and the condition 2 is satisfied, the
mobile station and the base station perform MAC signaling, for triggering the mode to
the coexistence operational mode 2 (560). The MAC signaling indicates the exchange
of the sleep mode request/response message or the other signaling headers between the
mobile station and the base station.

If the channel status of the mobile station which is being operated in the coexistence
operational mode 2 becomes bad and the trigger condition of the condition 1 is
satisfied, the mobile station and the base station perform MAC signaling, for triggering
the mode to the coexistence operational mode 1 (570). The MAC signaling indicates
the exchange of the sleep mode request/response message or the other signaling
headers between the mobile station and the base station.

If the Bluetooth is turned off in the mobile station which is being operated in the co-
existence operational mode 1 (580), the mobile station completes the coexistence op-
erational mode (590). When the mobile station is operated in the coexistence op-
erational mode 1, the mobile station and the base station perform MAC signaling in
order to complete the sleep mode for coexistence (590). The MAC signaling indicates
the exchange of the sleep mode request/response message or the other signaling
headers between the mobile station and the base station.

The above-described operation should be changed if the WiMAX mobile station
performs handover or the sleep mode should be completed in order to update system
information of channel identifiers broadcasted from the base station. For example, the
mobile station which is operated in the coexistence operational mode 1 needs to be
updated due to the change of the channel identifier of the base station, the coexistence
operational mode 1 is interrupted, the channel identifier is received and updated from
the base station, and the coexistence operational mode 1 is resumed. The mobile
station and the base station may perform the MAC signaling for resuming the co-

existence operational mode 1. The MAC signaling indicates the exchange of the sleep
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mode request/response message or the other signaling headers between the mobile
station and the base station.
The present invention relates to a method for improving the throughput of a

broadband wireless access system and another wireless communication system, and is
applicable to the support of coexistence of main communication such as WiMAX with
WPAN radio communication based on the IEEE 802.15 standard and WLAN radio
communication based on the IEEE 802.11 standard.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention covers the modifications and
variations of this invention provided they come within the scope of the appended
claims and their equivalents.

Industrial Applicability

As apparent from the above description, the embodiments of the present invention
can be applied to various wireless access systems, for example, a 3rd Generation
Partnership Project (3GPP), a 3GPP2 and/or an Institute of Electrical and Electronic
Engineers 802 (IEEE 802.xx) system. Embodiments of the present invention can be
applied to not only the above various wireless access system, but also all the technical
fields formed by the application of the various wireless access systems. Also, em-
bodiments of the present invention are relat to methods for improving throughput of a
broadband wireless access system and another wireless communication system, the
embodiments of the present invention are applicable to WPAN wireless commu-
nication system based on IEEE 802.15 standard, WLAN wireless communication
system based on IEEE 802.11 standard (e.g. WiFi etc.) and WIMAX wireless commu-
nication system based on IEEE 802.16.
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Claims

A method for supporting coexistence in a mobile station which supports a
WiMAX and Bluetooth coexistence mode, the method comprising:

at the mobile station, turning on Bluetooth at a downlink subframe; and
triggering the coexistence mode for supporting the coexistence with the
Bluetooth according to channel quality of the mobile station during the operation
of the Bluetooth.

The method according to claim 1, wherein the triggering of the coexistence mode
includes transmitting a media access control (MAC) message indicating the stop
of the operation of the Bluetooth from the mobile station to a base station.

The method according to claim 1, wherein the triggering of the coexistence mode
includes triggering the mode to a mode for resuming the operation of the
Bluetooth if the channel quality of the mobile station becomes more than a
threshold value.

The method according to claim 3, wherein the triggering of the mode to the mode
for resuming the operation of the Bluetooth includes transmitting a media access
control (MAC) message indicating the resuming of the operation of the
Bluetooth from the mobile station to a base station.

The method according to claim 3, wherein the threshold value varies according
to the transmission power level of the Bluetooth.

A method for supporting coexistence in a mobile station which supports a
WiMAX and Bluetooth coexistence mode, the method comprising:

at the mobile station, turning on Bluetooth at a downlink subframe, when a
message including coexistence mode trigger information is received from a base
station; and

triggering the coexistence mode for supporting the coexistence with the
Bluetooth according to channel quality of the mobile station during the operation
of the Bluetooth.

The method according to claim 6, wherein the triggering of the coexistence mode
includes triggering the mode to a mode for resuming the operation of the
Bluetooth if the channel quality of the mobile station is more than a threshold
value.

A method for supporting coexistence in a mobile station which supports a
WiMAX and Bluetooth coexistence mode, the method comprising:

at the mobile station, transmitting a message including a coexistence capability
field to a base station;

at the mobile station, turning on Bluetooth at a downlink subframe, when a
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message including coexistence mode trigger information is received from the
base station; and

triggering the coexistence mode for supporting the coexistence with the
Bluetooth according to channel quality of the mobile station during the operation
of the Bluetooth.

The method according to claim 8, wherein the triggering of the coexistence mode
includes triggering the mode to a mode for resuming the operation of the
Bluetooth if the channel quality of the mobile station is more than a threshold

value.
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]
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[Fig. 4]
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[Fig. 5]
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