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Description
Cross Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Application No. 63/342,644, filed on May 17th, 2022. The
content of the application is incorporated herein by reference.

Background

[0002] The present invention is related to communications control, and more particularly, to a method for performing
channel usage management with aid of multi-link operation (MLO) architecture, and associated apparatus such as an
access point (AP) device and a station (STA) device.

[0003] According to the related art, a wireless communications device of a wireless local area network (WLAN) may
operate in a predetermined radio frequency band. Some problems may occur, however. For example, the predetermined
radio frequency band may comprise at least one portion of a radio frequency band used by a radar system. When the
radar system is operating, it may be needed to limit or change the way of using the predetermined radio frequency band,
causing overall performance to be reduced. Although some suggestions may be proposed to try solving the problem,
there may be additional problems such as some side effects. Thus, a novel method and associated architecture are
needed for solving the problems without introducing any side effect or in a way that is less likely to introduce a side effect.

Summary

[0004] Itis an objective of the present invention to provide a method for performing channel usage management with
aid of MLO architecture, and associated apparatus such as an AP device and a STA device, in order to solve the above-
mentioned problems. A method and a wireless transceiver device according to the invention are defined in the independent
claims. The dependent claims define preferred embodiments thereof.

[0005] Atleastone embodimentofthe presentinvention provides a method for performing channel usage management
with aid of MLO architecture, where the method can be applied to a wireless transceiver device within a wireless com-
munications system. For example, the method may comprise: utilizing the wireless transceiver device to communicate
with another device within the wireless communications system through at least one portion of multiple links respectively
corresponding to multiple predetermined radio frequency bands; and at a first time point when radar is detected in a first
channel used by a first link among the multiple links, starting performing a first procedure to make channel management
information be received by the other device via one or more other links among the multiple links at any time point when
the other device is ready to receive the channel management information, wherein the first channel is one of multiple
channels of a first predetermined radio frequency band among the multiple predetermined radio frequency bands, and
the other device is not ready to receive the channel management information at the first time point.

[0006] Atleastone embodiment of the presentinvention provides a wireless transceiver device for performing channel
usage management with aid of MLO architecture, where the wireless transceiver device is one of multiple devices within
a wireless communications system. The wireless transceiver device may comprise a processing circuit that is arranged
to control operations of the wireless transceiver device. The wireless transceiver device may further comprise at least
one communications control circuit that is coupled to the processing circuit and arranged to perform communications
control, wherein the at least one communications control circuit is arranged to perform wireless communications oper-
ations with another device among the multiple devices for the wireless transceiver device. For example, the wireless
transceiver device is arranged to communicate with the other device within the wireless communications system through
at least one portion of multiple links respectively corresponding to multiple predetermined radio frequency bands; and
at a first time point when radar is detected in a first channel used by a first link among the multiple links, the wireless
transceiver device is arranged to start performing a first procedure to make channel managementinformation be received
by the other device via one or more other links among the multiple links at any time point when the other device is ready
to receive the channel management information, wherein the first channel is one of multiple channels of a first prede-
termined radio frequency band among the multiple predetermined radio frequency bands, and the other device is not
ready to receive the channel management information at the first time point.

[0007] Preferably, the apparatus may comprise atleastone portion (e.g., a portion or all) of the wireless communications
system. For example, the apparatus may represent a portion of the wireless communications system, such as the wireless
transceiver device (e.g., an AP device or a STA device). In some examples, the apparatus may represent the whole of
the wireless communications system.

[0008] Itis an advantage of the present invention that, through proper design, the present invention method, as well
as the associated apparatus such as the wireless transceiver device, can prevent failure of a link corresponding to the
5 gigahertz (GHz) band when radar is detected in a channel of the 5 GHz band, and more particularly, make channel
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management information be transmitted and received as soon as possible if no link of the other link(s) in the MLO
architecture is usable at the moment when the radar is detected, and make the channel management information be
transmitted and received in time if any of the other link(s) is usable. In addition, the present invention method and
apparatus can enhance the efficiency of the negotiation between the AP device and the non-AP device(s) to keep
connection alive and to prevent packet loss in channels of the 5 GHz band. Additionally, the present invention method
and apparatus can solve the related art problems without introducing any side effect or in a way that is less likely to
introduce a side effect.

[0009] These and other objectives of the present invention will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the preferred embodiment that is illustrated in the various figures
and drawings.

Brief Description of the Drawings
[0010]

FIG. 1 is a diagram of a wireless communications system according to an embodiment of the present invention.
FIG. 2A is a diagram illustrating a dynamic frequency selection (DFS)-based timing control scheme according to an
embodiment of the present invention.

FIG. 2B is a diagram illustrating some details of the DFS-based timing control scheme shown in FIG. 2A.

FIG. 3 is a diagram illustrating a setup control scheme for AP and non-AP multi-link devices (MLDs) according to
an embodiment of the present invention.

FIG. 4 is a diagram illustrating an effective communications control scheme of a method for performing channel
usage management with aid of MLO architecture according to an embodiment of the present invention.

FIG. 5 illustrates a working flow of the method according to an embodiment of the present invention.

FIG. 6 illustrates a channel switching notification control procedure in the working flow shown in FIG. 5 according
to an embodiment of the present invention.

FIG. 7 illustrates some implementation details involved with the channel switching notification control procedure
shown in FIG. 6 according to an embodiment of the present invention.

FIG. 8 illustrates a traffic identifier (TID) disabling and enabling control procedure in the working flow shown in FIG.
5 according to an embodiment of the present invention.

FIG. 9 illustrates a TID enabling control procedure in the working flow shown in FIG. 5 according to an embodiment
of the present invention.

FIG. 10 illustrates a main working flow of the method according to an embodiment of the present invention.

FIG. 11 illustrates a TID-to-link mapping control scheme of the method according to an embodiment of the present
invention.

Detailed Description

[0011] Certain terms are used throughout the following description and claims, which refer to particular components.
As one skilled in the art will appreciate, electronic equipment manufacturers may refer to a component by different
names. This document does not intend to distinguish between components that differ in name but not in function. In the
following description and in the claims, the terms "include" and "comprise" are used in an open-ended fashion, and thus
should be interpreted to mean "include, but not limited to ...". Also, the term "couple" is intended to mean either an indirect
or direct electrical connection. Accordingly, if one device is coupled to another device, that connection may be through
a direct electrical connection, or through an indirect electrical connection via other devices and connections.

[0012] FIG. 1 is a diagram of a wireless communications system 100 according to an embodiment of the present
invention. For better comprehension, the wireless communications system 100, as well as any wireless transceiver
device therein, may be compatible or back-compatible to one or more versions of the Institute of Electrical and Electronics
Engineers (IEEE) 802.11 standards, but the present invention is not limited thereto. The wireless communications system
100 may comprise multiple wireless transceiver devices. As shown in FIG. 1, the multiple wireless transceiver devices
within the wireless communications system 100 may comprise the AP device 110 and the STA device 120, where the
AP device 110 may comprise a processing circuit 112, at least one communications control circuit (e.g., one or more
communications control circuits), which may be collectively referred to as the communications control circuit 114, and
at least one antenna (e.g., one or more antennas) of the communications control circuit 114, and the STA device 120
may comprise a processing circuit 122, at least one communications control circuit (e.g., one or more communications
control circuits), which may be collectively referred to as the communications control circuit 124, and at least one antenna
(e.g., one or more antennas) of the communications control circuit 124.

[0013] In the architecture shown in FIG. 1, the processing circuit 112 can be arranged to control operations of the AP
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device 110 to make the AP device 110 act as at least one AP in the wireless communications system 100, such as
multiple APs integrated into the AP device 110, and the communications control circuit 114 can be arranged to perform
communications control, and more particularly, perform wireless communications operations with the STA device 120
(or the communications control circuit 124 thereof) for the AP device 110. In addition, the processing circuit 122 can be
arranged to control operations of the STA device 120 to make the STA device 120 act as at least one STA in the wireless
communications system 100, such as multiple STAs integrated into the STA device 120, and the communications control
circuit 124 can be arranged to perform communications control, and more particularly, perform wireless communications
operations with the AP device 110 (or the communications control circuit 114 thereof) for the STA device 120.

[0014] Preferably, the processing circuit 112 can be implemented by way of at least one processor/microprocessor,
at least one random access memory (RAM), at least one bus, etc., and the communications control circuit 114 can be
implemented by way of at least one wireless network control circuit and at least one wired network control circuit, but
the present invention is not limited thereto. Examples of the AP device 110 may include, but are not limited to: a Wi-Fi
router. In addition, the processing circuit 122 can be implemented by way of at least one processor/microprocessor, at
least one RAM, at least one bus, etc., and the communications control circuit 124 can be implemented by way of at least
one wireless network control circuit, but the present invention is not limited thereto. Examples of the STA device 120
may include, but are not limited to: a multifunctional mobile phone, a laptop computer, an all-in-one computer and a
wearable device.

[0015] FIG. 2A illustrates a DFS-based timing control scheme according to an embodiment of the present invention,
and FIG. 2B illustrates some details of the DF S-based timing control scheme shown in FIG. 2A. For better comprehension,
assume that the AP device 110 may operate according to the DFS-based timing control scheme to switch among multiple
channels CH1, CH2, etc. in a predetermined radio frequency band such as the 5 GHz band, and the timing of the
associated operations may conform to the limitations as defined by the respective predetermined ranges of some pre-
determined parameters such as a channel availability check time T,¢, a channel move time T, a channel closing
transmission time T1, @ non-occupancy period Ty, etc. of DFS related operations, for example, Toor = %(T,) = (T4
+ Ty + ... + Ty) as shown in FIG. 2B, where "N" may be a positive integer, "n" may be an integer in the interval [1, N],
and "X( )" may represent the summation, but present invention is not limited thereto. Preferably, the AP device 110 may
operate according to one or more other control schemes, and the associated operations may vary.

[0016] For example, as shown in FIG. 2A, when selecting the channel CH1 for performing wireless communications
operations, the AP device 110 may wait for channel availability of the channel CH1 until the channel availability check
time Tcpc of the channel CH1 has expired. If the channel availability check time T of the channel CH1 has expired
and no radar is detected (i.e., no radar is detected to have a power level greater than a predetermined power level
threshold) in the channel CH1, the AP device 110 may start communicating with the STA device 120 via the channel
CH1 as illustrated with the shaded portion, but radar transmission may be detected in the channel CH1 (labeled "Radar
Tx" for brevity) at a time point tg(1). The AP device 110 may select a new channel such as the channel CH2 for new
operations, and is configured to end communication in the channel CH1 within the channel move time T,; before ending
the communication in channel CH1, the AP device 110 needs to send a Channel Switch Announcement (CSA) information
element (IE) to the STA device 120 through channel CH1 to inform the channel switching is to be performed. It is to be
noted that, in DFS operations, total transmission duration is required to be less than the channel closing transmission
time Tt

[0017] Afterwards, the AP device 110 may avoid using the channel CH1 for the non-occupancy period Tyg. As aresult,
the total duration that the channel CH1 is not allowed or arranged for transmission may be greater than or equal to (Tcac
+ Tno)- For example, the AP device 110 may end communication in the channel CH1 immediately after the beginning
time point of the channel move time Ty, as shown in FIG. 2A to allow the remaining time T to be greater than zero,
causing the total duration such as (Tgac + Tg + Tno) to be greater than (Teac + Tno)- Similarly, when selecting the
channel CH2 for performing wireless communications operations, the AP device 110 may wait for channel availability
ofthe channel CH2 until the channel availability check time T ¢ of the channel CH2 has expired. If the channel availability
check time T of the channel CH2 has expired and no radar is detected (or no radar is detected to have a power level
greater than the predetermined power level threshold) in the channel CH2, the AP device 110 may start communicating
with the STA device 120 via the channel CH2 as illustrated with the shaded portion, but radar transmission may be
detected in the channel CH2 (labeled "Radar Tx" for brevity) at a time point tg(2). As a result, the AP device 110 may
select a new channel such as the channel CH3 for new operations, stop using the channel CH2 within the channel move
time Ty, and the AP device 110 would avoid using the channel CH2 for the non-occupancy period Ty, where the rest
may be deduced by analogy.

[0018] Preferably, the channels {CH1, CH2, ...} may be re-written as the channels {CH(1), CH(2), ...}, respectively,
and the channel availability check time Tcpc may vary and may be re-written as {Tcac(1), Tcac(2), ...} for the channels
{CH(1), CH(2), ...}, respectively. For example, the channel availability check time Tcpc(n) of the channel CH(n) may be
equal to 60 seconds for the case that the radar belongs to a certain type of radar systems, or equal to 10 minutes for
the case that the radar belongs to another type of radar systems, where the index "n" may be a positive integer. In
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addition, the channel move time T, may be equal to 10 seconds, and the non-occupancy period Ty may be equal to
30 minutes. Once radar is detected in the channel CH(n), the AP device 110 operating according to the DFS-based
timing control scheme may need to stop transmission in the channel CH(n), and more particularly, perform re-transmission
on anew DFS channel CH(n + 1) without radar detected after the channel availability check time Toac(n + 1) has expired.
The AP device 110 may have tried using Npgg channels CH(1), CH(2), ..., and CH(Npgg) among all channels in the 5
GHz band, and the total duration may be greater than the summation (Tcac(1) + Teac(2) + ... + Tcac(Npgs)) of the
respective channel availability check times {Tcac(1), Teac(2), - Tecac(Npes)t of the channels {CH(1), CH(2), ...,
CH(Npgs)}- As the STA device 120 may fail to receive the CSA IE and fail to switch to the new channel because of it is
in a power saving state/mode or a dozing state/mode, the STA device 120 may disconnect and need to re-scan AP(s)
again for reconnection. In addition, on-going uplink (UL) and downlink (DL) traffic may be dropped before the channel
availability check time T has expired in the new DFS channel CH(n + 1). As will be illustrated in the following
embodiments, the AP device 110 may operate efficiently to enhance the overall performance.

[0019] FIG. 3is a diagram illustrating a setup control scheme for AP and non-AP MLDs according to an embodiment
of the present invention. The AP device 110 and the STA device 120 may be configured to set up multiple links such as
the links Link(1), Link(2) and Link(3) respectively corresponding to the 2.4 GHz band, the 5 GHz band and the 6 GHz
band, and perform channel usage management with aid of MI,O architecture. For example, the AP device 110 may
comprise an AP MLD 210 equipped with multiple APs such as the APs AP(1), AP(2) and AP(3) respectively corresponding
to the 2.4 GHz band, the 5 GHz band and the 6 GHz band, and the STA device 120 may comprise a non-AP MLD 220
equipped with multiple non-AP STAs such as the STAs STA(1), STA(2) and STA(3) respectively corresponding to the
2.4 GHz band, the 5 GHz band and the 6 GHz band. The STA device 120 may utilize a STA STA(x) corresponding to
a radio frequency band among the multiple non-AP STAs, such as the STA STA(1), to send an association request to
the AP device 110, and the AP device 110 may utilize an AP AP(x) corresponding to the same radio frequency band
among the multiple APs, such as the AP AP(1), to send an association response to the STA device 120, to complete a
successful multi-link setup. As a result, the AP device 110 and the STA device 120 may establish the links {Link(1),
Link(2), Link(3)} between the APs {AP(1), AP(2), AP(3)} and the STAs {STA(1), STA(2), STA(3)}, respectively.

[0020] Based onthe MLO architecture shown in FIG. 3, the AP device 110 and the STA device 120 may communicate
with each other by using the AP MLD 210 and the non-AP MLD 220. More particularly, the AP device 110 may perform
effective communications control to effectively communicate with the STA device 120 in a situation where at least one
AP (e.g., the AP(1)) among the APs {AP(1), AP(2), AP(3)} and at least one STA (e.g., the STA STA(1)) among the STAs
{STA(1), STA(2), STA(3)} are awake, without performing any ineffective communications in a situation where all of the
STAs {STA(1), STA(2), STA(3)} are in the sleep state (e.g., the power saving state/mode or the dozing state/mode), in
order to perform channel switching of a MLD link such as the link Link(2) efficiently, where the channel switching may
comprise an operation of switching from an original DFS channel to a new channel among all channels {CH1, CH2, ...}
of the 5 GHz band. For example, when radar is detected in the original DFS channel, the channel switching of the MLD
link is needed. The AP device 110 may send the associated information such as channel management information to
the STA device 120 through other MLD link(s) such as the links Link(1) and Link(3), and therefore improve connection
maintenances of the link Link(2) corresponding to the 5 GHz band. In addition, the AP device 110 may dynamically map
or re-map TID-to-Link mapping relationships for both UL and DL to route 5 GHz band traffic over the other MLD link(s),
and therefore improve TID and traffic flow maintenance with the aid of the effective communications control.

[0021] FIG. 4 is adiagram illustrating an effective communications control scheme of a method for performing channel
usage management with aid of the MLO architecture according to an embodiment of the present invention. In the MLO
architecture shown in FIG. 4, a MLD (e.g., the AP MLD 210 and the non-AP MLD 220) may be a logical entity and may
have more than one affiliated STA and have a single medium access control (MAC) service access point (SAP) to logical
link control (LLC), which may include one MAC data service. For example, the AP MLD 210 may comprise more than
one affiliated STA such as the APs AP(1), AP(2) and AP(3) and the data service SAP 210S, and the non-AP MLD 220
may comprise more than one affiliated STA such as the STAs STA(1), STA(2) and STA(3) and the data service SAP 220S.
[0022] Asshownin FIG. 4, the AP device 110 may communicate with the STA device 120 via the links Link(1), Link(2)
and Link(3) before radar detection at the time point tg(1), and may start performing the effective communications control
at the time point tg(1) and start sending the associated information (Info) such as the channel management information
to the STA device 120 via one or more links (e.g., links Link(1) and Link(3)) among the links Link(1), Link(2) and Link(3)
at the time point ts(1), and the STA device 120 may send acknowledgement (ACK) to the AP device 110 via the one or
more links, where the channel management information may comprise the CSAIE and a Quiet IE. For example, the STA
device 120 may operate according to a legacy power saving control scheme to enter the power saving state/mode. For
another example, the STA device 120 may operate according to a target wake time (TWT) power saving control scheme
to enter the dozing state/mode, and more particularly, may be in a TWT non-service period. No matter whether the STA
device 120 is in the power saving state/mode or the dozing state/mode, the AP device 110 may perform the effective
communications control to make the STA device 120 acquire the new 5 GHz band channel status (e.g., the channel
status of the 5 GHz band) efficiently. At time point tg(1), the STA device 120 in the power saving state/mode or the
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dozing state/mode may be not able to receive the CSA IE through the MLD link such as the link Link(2) and may be not
able to receive the CSAIE through the other MLD link(s) such as the links Link(1) and Link(3), and the STA device 120
may be back to awake state to receive the CSA IE from the AP device 110 through the other MLD link(s) such as the
links Link(1) and Link(3). For example, the AP device 110 may queue a packet (e.g. the packet carrying the CSAIE and
the Quiet IE) to be transmitted with priority. If the STA STA(2) is in the sleep state, transmitting the packet carrying the
CSA IE and the Quiet IE through the link Link(2) will not make the STA device 120 receive the CSAIE and the Quiet IE.
When detecting or determining that the STAs STA(1) and STA(3) are not in the sleep state, the AP device 110 may
transmit the packet carrying the CSAIE and the Quiet |IE through the links Link(1) and Link(3) to make the STA device
120 receive the CSA IE and the Quiet IE. In addition, during the channel availability check time T, the DL and UL
traffic can be transmitted by the other MLD link(s) such as the links Link(1) and Link(3), to allow the on-going applications
(e.g., voice and video streaming applications) to keep transmission. As the AP device 110 can prevent the packet loss,
the upper layer software applications running on the STA device 120 will not stop their services.

[0023] Preferably, the effective communications control scheme can be applied to the AP device 110 and the STA
device 120, and can be implemented by way of driver and/or firmware for both of the AP device 110 and the STA device
120, where no extra hardware component is needed.

[0024] FIG. 5illustrates a working flow of the method according to an embodiment of the present invention. The method
can enhance the efficiency of the negotiation between the AP device 110 and the non-AP STA device(s) such as the
STA device 120 to keep connection alive and to prevent packet loss in channels of the 5 GHz band. For example, the
AP device 110 may execute Steps S11-S16 and S20 as shown in FIG. 5 to perform the effective communications control.
[0025] In Step S11, the AP device 110 operates with a link (e.g., the link Link(2)) working on a DFS channel (e.g., the
channel CH1)) of the 5 GHz band.

[0026] InStep S12,the AP device 110 detects radar on the DFS channel (e.g., the channel CH1) mentioned in Step S11.
[0027] In Step S13, the AP device 110 selects a new channel such as a new DFS channel (e.g., the channel CH2)
for new operations.

[0028] In Step S14, the AP device 110 indicates the new DFS channel (e.g., the channel CH2) by the CSA IE on the
radar detected channel such as the DFS channel (e.g., the channel CH1) mentioned in Step S12.

[0029] In Step S15, the AP device 110 stops transmission on the radar detected channel such as the DFS channel
(e.g., the channel CH1) mentioned in Step S12.

[0030] In Step S16,the AP device 110 switches to the new DFS channel (e.g., the channel CH2), keeps no transmission
and monitors radar for a period of the channel availability check time Tgpc.

[0031] In Step S20, the AP device 110 performs multiple effective communications control procedures, such as re-
spective procedures of Steps S21 and S22, where Step S20 may comprise multiple sub-steps such as Steps S21 and S22.
[0032] In Step S21, the AP device 110 performs a channel switching notification control procedure.

[0033] In Step S22, the AP device 110 performs multiple TID-to-link remapping control procedures, such as respective
procedures of Steps S22Aand S22B, where Step S22 may comprise multiple sub-steps such as Steps S22Aand S22B.
[0034] In Step S22A, the AP device 110 performs a TID disabling and enabling control procedure.

[0035] In Step S22B, the AP device 110 performs a TID enabling control procedure.

[0036] For better comprehension, the method may be illustrated with the working flow shown in FIG. 5, but the present
invention is not limited thereto. Preferably, one or more steps may be added, deleted, or changed in the working flow
shown in FIG. 5. For example, after the completion of the operations of Step S20 (or its sub-steps such as Steps S21
and S22), the AP device 110 may enable the TID(s) on the new channel such as the new DFS channel (e.g., the channel
CH2), and receive and send packets on the new channel. In addition, after performing the operation of Step S13, the
AP device 110 may perform the operations of Steps S14 and S21 as shown in FIG. 5, and more particularly, transmit
different packets carrying the CSA IE and the Quiet IE via different channels in Steps S14 and S21, respectively. For
example, the AP device 110 may transmit a first packet carrying the CSA IE and the Quiet |IE through the link Link(2) in
Step S14, in order to indicate the new DFS channel (e.g., the channel CH2) by the CSAIE on the radar detected channel
such as the DFS channel (e.g., the channel CH1), no matter whether the STA STA(2) corresponding to the link Link(2)
is able to receive the CSA IE for the STA device 120 at this moment. For another example, in Step S21, when detecting
or determining that the STA corresponding another link (e.g., any of the STAs STA(1) and STA(3) respectively corre-
sponding to the links Link(1) and Link(3)) is not in the sleep state, the AP device 110 may transmit a second packet
carrying the CSA |E and the Quiet IE through the other link, to make the STA device 120 receive the CSAIE by using
this STA. For brevity, similar descriptions for these embodiments are not repeated in detail here.

[0037] FIG. 6 illustrates the channel switching notification control procedure in the working flow shown in FIG. 5
according to an embodiment of the present invention, where the nodes A and B may be illustrated for better compre-
hension, but the presentinvention is not limited thereto. In addition, the AP device 110 may perform the channel switching
notification control procedure as shown in FIG. 6 to keep connection alive and to prevent packet loss in the channels of
the 5 GHz band.

[0038] In Step S30, the AP device 110 determines if any STA STA(x) corresponding to other MLD link(s) such as the
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links Link(1) and Link(3) is in an awake state. If Yes (e.g., any of the STAs STA(1) and STA(3) is in the awake state),
Step S31 is entered; if No (e.g., none of the STAs STA(1) and STA(3) is in the awake state), Step S32 is entered.
[0039] In Step S31, the AP device 110 sends beacon frames carrying the CSA IE and the Quiet IE to the STA device
120 through the other MLD link(s) such as Link(1) and Link(3), where Step S31 may comprise multiple sub-steps such
as Steps S31A and S31B.

[0040] In Step S31A, the AP device 110 notifies the STA device 110 of the new channel (e.g., the channel CH2) of
the 5 GHz band by the CSA IE in the beacon frames over the other MLD link(s).

[0041] In Step S31B, the AP device 110 notifies the STA device 110 of the quiet time requirement of the new channel
(e.g., the channel CH2) of the 5 GHz band by the Quiet IE in the beacon frames over the other MLD link(s), to indicate
the STA STA(2) stopping transmission on the new channel for a period of time.

[0042] In Step S32, the AP device 110 determines if any STA STA(x) corresponding to the other MLD link(s) such as
the links Link(1) and Link(3) is in the power saving mode or the TWT mode of the other MLD link(s). If the STA STA(x)
is in the power saving mode, Step S33 is entered; if the STA STA(x) is in the TWT mode, Step S34 is entered.

[0043] In Step S33, the AP device 110 determines whether a power-saving (PS)-poll frame or a trigger frame of the
STA STA(x) is received by the corresponding AP AP(x). If Yes (e.g., any of the PS-poll frame and the trigger frame of
the STA STA(x) is received by the AP AP(x), which may indicate that the STA STA(x) becomes in the awake state),
Step S35 is entered; if No (e.g., none of the PS-poll frame and the trigger frame of the STA STA(x) is received by the
AP AP(x)), Step S33 is re-entered.

[0044] In Step S34, the AP device 110 determines if the STA STA(x) is in a TWT service period. If Yes (e.g., the STA
STA(x) is in the TWT service period, which means the STA STA(x) becomes in the awake state), Step S35 is entered;
if No, Step S34 is re-entered.

[0045] In Step S35, the AP device 110 sends an action frame carrying the CSAIE and the Quiet IE to the STA STA(x)
to the STA STA(x) to indicate the new DFS channel (e.g., the channel CH2) of the 5 GHz band and the quiet time
requirement.

[0046] For better comprehension, the channel switching notification control procedure may be illustrated with the
working flow shown in FIG. 6, but the present invention is not limited thereto. Preferably, one or more steps may be
added, deleted, or changed in the working flow shown in FIG. 6.

[0047] FIG. 7 illustrates some implementation details involved with the channel switching notification control procedure
shown in FIG. 6 according to an embodiment of the present invention, where the nodes A and B may be illustrated to
correspond to the working flow shown in FIG. 6, but the present invention is not limited thereto.

[0048] In Step S41, the STA device 120 utilizes the STA STA(x) in the STA device 120 to receive the beacon frames
carrying the CSA IE and the Quiet IE through the other MLD link(s) such as the links Link(1) and Link(3), for determining
the new channel (e.g., the channel CH2) of the 5 GHz band and the quiet time requirement of the new channel.
[0049] In Step S42, the STA device 120 utilizes the STA STA(x) in the STA device 120 to receive the action frames
carrying the CSA |E and the Quiet IE through the other MLD link(s) such as the links Link(1) and Link(3), for determining
the new channel (e.g., the channel CH2) of the 5 GHz band and the quiet time requirement of the new channel.
[0050] In Step S43, the STA device 120 processes the CSA |E to switch the 5 GHz band channel to the new channel
(e.g., the channel CH2) for the MLD link such as Link(2).

[0051] In Step S44, after the quiet time indicated by the Quiet IE has expired, the STA device 120 starts transmission
over the new channel (e.g., the channel CH2) of the 5 GHz band.

[0052] For better comprehension, the method may be illustrated with the working flow shown in FIG. 7, but the present
invention is not limited thereto. Preferably, one or more steps may be added, deleted, or changed in the working flow
shown in FIG. 7.

[0053] FIG. 8illustrates the TID disabling and enabling control procedure in the working flow shown in FIG. 5 according
to an embodiment of the present invention.

[0054] In Step S50, the AP device 110 determines if any one of TID-to-Link is enabled in the radar detected channel
(e.g., the channel CH1) of the STA STA(2). If Yes, Step S51 is entered; if No, the working flow shown in FIG. 8 comes
to the end.

[0055] In Step S51, the AP device 110 determines if any STA STA(x) corresponding to other MLD link(s) such as the
links Link(1) and Link(3) is in the awake state. If Yes (e.g., any of the STAs STA(1) and STA(3) is in the awake state),
Step S55 is entered; if No (e.g., none of the STAs STA(1) and STA(3) is in the awake state), Step S52 is entered.
[0056] In Step S52, the AP device 110 determines if any STA STA(x) corresponding to the other MLD link(s) such as
the links Link(1) and Link(3) is in the power saving mode or the TWT mode of the other MLD link(s). If the STA STA(x)
is in the power saving mode, Step S53 is entered; if the STA STA(x) is in the TWT mode, Step S54 is entered.

[0057] In Step S53, the AP device 110 determines whether a PS-poll frame or a trigger frame of the STA STA(x) is
received by the corresponding AP AP(x). If Yes (e.g., any of the PS-poll frame and the trigger frame of the STA STA(x)
is received by the AP AP(x), which may indicate that the STA STA(x) becomes in the awake state), Step S55 is entered;
if No (e.g., none of the PS-poll frame and the trigger frame of the STA STA(x) is received by the AP AP(x)), Step S53
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is re-entered.

[0058] In Step S54, the AP device 110 determines if the STA STA(x) is in a TWT service period. If Yes (e.g., the STA
STA(x) is in the TWT service period, which means the STA STA(x) becomes in the awake state), Step S55 is entered;
if No, Step S54 is re-entered.

[0059] In Step S55, the AP device 110 sends a TID-to-Link mapping request frame over the other MLD link(s) to the
STASTA(x)to disable the TID(s) usedinthe 5 GHzband and enable the TID(s) in the 2.4 GHz band and/or the 6 GHz band.
[0060] In Step S56, the AP device 110 determines whether the operation of Step S16 is completed. If Yes, Step S22B
is entered; if No, Step S56 is re-entered.

[0061] For better comprehension, the TID disabling and enabling control procedure may be illustrated with the working
flow shown in FIG. 8, but the present invention is not limited thereto. Preferably, one or more steps may be added,
deleted, or changed in the working flow shown in FIG. 8.

[0062] FIG. 9 illustrates the TID enabling control procedure in the working flow shown in FIG. 5 according to an
embodiment of the present invention.

[0063] In Step S60, the AP device 110 determines if the channel availability check time T of the new channel (e.g.,
the channel CH2) of the 5 GHz band has expired and no radar is detected in the new channel. If Yes, Step S61 is
entered; if No, Step S13 is re-entered.

[0064] For example, during executing Step S16 in the working flow shown in FIG. 5, if the channel availability check
time T Of the new channel (e.g., the channel CH2) of the 5 GHz band has not expired and no radar is detected in
the new channel, the AP device 110 may continue monitoring the new channel to determine whether no radar is detected
in the new channel, until the channel availability check time Toac of the new channel has expired; and if the channel
availability check time T of the new channel (e.g., the channel CH2) of the 5 GHz band has not expired and radar
is detected in the new channel, the AP device 110 may execute Step S13 immediately to re-select a new channel. As
a result, at the moment when Step S60 is entered, it is true that the channel availability check time Tspc of the new
channel has expired, but the present invention is not limited thereto. Preferably, the AP device 110 may be arranged to
start monitoring the new channel in Step S16 without waiting until the channel availability check time T of the new
channel has expired, and therefore, at the moment when Step S60 is entered, it is unsure that the channel availability
check time T of the new channel has expired, where the working flow shown in FIG. 9 may vary correspondingly.
[0065] In Step S61, the AP device 110 determines if the STA STA(x) corresponding to any MLD link (e.g., any link
among the links Link(1), Link(2) and Link(3)) is in the awake state. If Yes (e.g., any of the STAs STA(1), STA(2) and
STA(3) is in the awake state), Step S65A is entered; if No (e.g., none of the STAs STA(1), STA(2) and STA(3) is in the
awake state), Step S62 is entered.

[0066] In Step S62, the AP device 110 determines if the STA(s) STA(x) corresponding to any MLD link(s) (e.g., one
or more links among the links Link(1), Link(2) and Link(3)) is in the power saving mode or the TWT mode of the afore-
mentioned any MLD link(s). If the STA STA(x) is in the power saving mode, Step S63 is entered; if the STA STA(x) is
in the TWT mode, Step S64 is entered.

[0067] In Step S63, the AP device 110 determines whether a PS-poll frame or a trigger frame of the STA STA(x) is
received by the corresponding AP AP(x). If Yes (e.g., any of the PS-poll frame and the trigger frame of the STA STA(x)
is received by the AP AP(x), which may indicate that the STA STA(x) becomes in the awake state), Step S65B is entered;
if No (e.g., none of the PS-poll frame and the trigger frame of the STA STA(x) is received by the AP AP(x)), Step S63
is re-entered.

[0068] In Step S64, the AP device 110 determines if the STA STA(x) is in a TWT service period. If Yes (e.g., the STA
STA(x) is in the TWT service period, which means the STA STA(x) becomes in the awake state), Step S65B is entered;
if No, Step S64 is re-entered.

[0069] In Step S65A, the AP device 110 sends a TID-to-Link mapping request frame over any MLD link(s) (e.g., the
MLD link as mentioned in Step S61, such as any link among the links Link(1), Link(2) and Link(3)) to the STA STA(x)
to enable the TID(s), which was (or were) previously disabled, used in the 5 GHz band.

[0070] In Step S65B, the AP device 110 sends a TID-to-Link mapping request frame over the MLD link(s) (e.g., the
MLD link(s) as mentioned in Step S62, such as one or more links among the links Link(1), Link(2) and Link(3)) to the
STA STA(x) to enable the TID(s), which was (or were) previously disabled, used in the 5 GHz band.

[0071] For better comprehension, the TID enabling control procedure may be illustrated with the working flow shown
in FIG. 9, but the present invention is not limited thereto. Preferably, one or more steps may be added, deleted, or
changed in the working flow shown in FIG. 9. For example, in a situation where the AP device 110 is arranged to start
monitoring the new channel (e.g., the channel CH2) in Step S16 without waiting until the channel availability check time
Tcac of the new channel has expired, a monitoring and error handling procedure may be inserted between Steps S60
and S13 on the partial working flow corresponding to the determination result "No" of Step S60. In the monitoring and
error handling procedure, if the channel availability check time Ta¢ of the new channel (e.g., the channel CH2) of the
5 GHz band has not expired and no radar is detected in the new channel, the AP device 110 may continue monitoring
the new channel to determine whether no radar is detected in the new channel, where Step S60 is re-entered; and if
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the channel availability check time T, of the new channel (e.g., the channel CH2) of the 5 GHz band has not expired
and radar is detected in the new channel, the AP device 110 may re-select a new channel, where Step S13 is re-entered.
For brevity, similar descriptions for these embodiments are not repeated in detail here.

[0072] FIG. 10 illustrates a main working flow of the method according to an embodiment of the present invention,
where the method may be applied to any wireless transceiver device of the multiple wireless transceiver devices (e.g.,
the AP device 110 and the STA device 120) within the wireless communications system 100, and may comprise the
operations of Steps S70-S73. In addition, the wireless transceiver device may perform multiple procedures regarding
the effective communications channel control, such as the channel switching notification control procedure, the TID
disabling and enabling control procedure and the TID enabling control procedure in the working flow shown in FIG. 5.

[0073] In Step S70, the wireless transceiver device (e.g., the AP device 110) may communicate with another device
(e.g., the STA device 120) within the wireless communications system 100 through at least one portion (e.g., a portion
or all) of multiple links respectively corresponding to multiple predetermined radio frequency bands. For example, the
multiple links may represent multiple MLD links, such as the links Link(1), Link(2) and Link(3) respectively corresponding
to the 2.4 GHz band, the 5 GHz band and the 6 GHz band as illustrated in FIG. 3, where the wireless transceiver device
(e.g., the AP device 110) is configured to be equipped with multiple APs respectively corresponding to the multiple
predetermined radio frequency bands, such as the APs AP(1), AP(2) and AP(3) respectively corresponding to the 2.4
GHz band, the 5 GHz band and the 6 GHz band, and the other device (e.g., the STA device 120) is configured to be
equipped with multiple non-AP STAs respectively corresponding to the multiple predetermined radio frequency bands,
such as the STAs STA(1), STA(2) and STA(3) respectively corresponding to the 2.4 GHz band, the 5 GHz band and
the 6 GHz band.

[0074] In Step S71, at a first time point when radar is detected in a first channel (e.g., the channel CH1 as illustrated
in FIG. 2A, or the channel CH(1) in some embodiments) used by a first link (e.g., a first MLD link among the multiple
MLD links, such as the link Link(2)) among the multiple links, such as the time point tg(1) as illustrated in FIG. 4, the
wireless transceiver device (e.g., the AP device 110) may start performing a first procedure among the multiple proce-
dures, such as the channel switching notification control procedure, to make the channel management information be
received by the other device (e.g., the STA device 120) via one or more other links (e.g., one or more other MLD links
among the multiple MLD links, such as the links Link(1) and Link(3)) among the multiple links at any time point ts(1)
when the other device is ready to receive the channel management information. The first channel mentioned above may
be one of multiple channels (e.g., the channels {CH1, CH2, ...} asIillustrated in FIG. 2A, or the channels {CH(1), CH(2), ...}
in some embodiments) of a first predetermined radio frequency band (e.g., the 5 GHz band) among the multiple prede-
termined radio frequency bands.

[0075] For example, when the other device (e.g., the STA device 120) is in the awake state (e.g., any of the STAs
STA(1) and STA(3) is in the awake state), the other device may be ready to receive the channel management information
at the first time point such as the time point tg(1), and there may be merely a small or negligible gap (ts(1) - tg(1)) between
the time point tg(1) and the time point ts(1) when the other device receives the channel management information via
the one or more other links, which means the channel management information such as the CSA IE and the Quiet IE
may be transmitted via the one or more other links immediately after the time point tg(1), but the present invention is
not limited thereto. For another example, when the other device (e.g., the STA device 120) is in a non-awake state (e.g.,
none of the STAs STA(1), STA(2) and STA(3) is in the awake state), the other device may be not ready to receive the
channel management information at the first time point such as the time point tz(1), and there may be a significant gap
(t5(1)-tr(1)) betweenthe time pointtg(1) and the time pointts(1) when the other device receives the channel management
information via the one or more other links, which means the channel management information such as the CSA IE and
the Quiet IE may be transmitted via the one or more other links later after the other device becomes in the awake state.
[0076] In Step S72, the wireless transceiver device (e.g., the AP device 110) may perform a second procedure among
the multiple procedures, such as the TID disabling and enabling control procedure, to send a TID-to-link mapping request
frame over the one or more other links (e.g., the links Link(1) and Link(3)) to the other device (e.g., the STA device 120)
to disable one or more TIDs used in the first predetermined radio frequency band (e.g., the 5 GHz band) and enable
one or more TIDs in one or more other predetermined radio frequency bands (e.g., the 2.4 GHz band and the 6 GHz
band) among the multiple predetermined radio frequency bands.

[0077] In Step S73, when the other device (e.g., the STA device 120) is in the awake state, the wireless transceiver
device (e.g., the AP device 110) may perform a third procedure among the multiple procedures, such as the TID enabling
control procedure, to send a TID-to-link mapping request frame over at least one link (e.g., the links Link(1), Link(2)
and/or Link(3)) to the other device to enable the one or more TIDs which are previously disabled and used in the first
predetermined radio frequency band (e.g., the 5 GHz band).

[0078] Based on the MLO architecture, the wireless transceiver device may perform the first procedure to prevent any
error of failing to receive the channel management information by the other device due to the other device being in the
non-awake state, and more particularly, perform at least one other procedure such as the second procedure and the
third procedure to achieve the TID-to-link remapping control, in order to enhance the overall performance. For brevity,
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similar descriptions for this embodiment are not repeated in detail here.

[0079] Forbetter comprehension, the method may be illustrated with the working flow shown in FIG. 10, but the present
invention is not limited thereto. Preferably, one or more steps may be added, deleted, or changed in the working flow
shown in FIG. 10. For example, the operations of the first procedure may be the same as or similar to that of the channel
switching notification control procedure as illustrated with the working flow shown in FIG. 6, the operations of the second
procedure may be the same as or similar to that of the TID disabling and enabling control procedure as illustrated with
the working flow shown in FIG. 8, and the operations of the third procedure may be the same as or similar to that of the
TID enabling control procedure as illustrated with the working flow shown in FIG. 9. For brevity, similar descriptions for
these embodiments are not repeated in detail here.

[0080] FIG. 11 illustrates a TID-to-link mapping control scheme of the method according to an embodiment of the
present invention. The AP device 110 and the STA device 120 may perform negotiation of TID-to-link mapping by using
an association request frame Assoc_REQ and an association response frame Assoc_RSP, in order to complete the
TID-to-link mapping setup, but the present invention is not limited thereto. For the case of multi-link re-setup, the asso-
ciation requestframe Assoc_REQ and the association response frame Assoc_RSP may be regarded as the reassociation
request frame Assoc _REQ and the reassociation response frame Assoc_RSP, respectively.

[0081] In a phase PHASE(1), the STA device 120 may send the (re)association request frame Assoc_REQ carrying
a TID-to-link mapping element, where the TID-to-link mapping element may indicate the requested TID-to-link mapping
(labeled "Assoc_REQ(TID-to-link mapping)" for brevity). In response to the (re)association request frame Assoc_REQ,
the AP device 110 may send the (re)association response frame Assoc_RSP to indicate a determination result such as
"Accept" (labeled "Assoc_RSP(Accept)" for brevity), but the present invention is not limited thereto. For example, the
non-AP MLD 220 within the STA device 120 and the AP MLD 210 within the AP device 110 may communicate with each
other by using the (re)association request frame Assoc _REQ and the (re)association response frame Assoc _RSP,
and the associated operations related to TID-to-Link mapping in the process of communicating by using the (re)association
request frame Assoc _REQ and the (re)association response frame Assoc_RSP may comprise:

(1) in Step #1, the non-AP MLD 220 may carry TID-to-Link mapping related information in the (re)association request
frame Assoc_REQ;

(2) in Step #2, after receiving the (re)association request frame Assoc_REQ, no matter what the determination result
is, the AP MLD 210 may carry the TID-to-link mapping element in the (re)association response frame Assoc_RSP;
(3) in Step #3, the AP MLD 210 may perform subsequent operations according to the determination result such as
the TID-to-Link mapping result in the AP MLD 210 as determined in Step #2;

(4) in Step #4, assuming that the above Steps are completed and the non-AP MLD 220 needs to change the TID-
to-Link mapping later, at this moment, the non-AP MLD 220 may use a first Action frame to carry the TID-to-Link
mapping information to communicate with the AP MLD 210; and

(5) in Step #5, after receiving the first Action frames of the non-AP MLD 220, the AP MLD 210 may reply the relevant
Action frame response such as a second Action frame, where the second Action frame may have a status code
(e.g., the Status Code as shown in Tables 1 and 2 below), for replying the status with regard to the request of TID-
to-Link to the non-AP MLD 220, where the status code may be equal to any of the values of 133 and 134;

where the operations of Steps #4 and #5 may be performed in a phase PHASE(2).

Table 1

Order Information

1 Category
Protected EHT Action

Dialog Token

Status Code

TID-To-Link Mapping
e.g., TID-To-Link Mapping element

a|lbh|lwO|DN
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Table 2
Status Code Name Meaning
133 DENIED_TID_TO_LINK_MAPPING Request denied because the requested TID-to-link
mapping is unacceptable.
134 PREFERRED_TID TO_LINK_MAPPING _ Preferred TID-to-link mapping suggested.
SUGGESTED

[0082] Table 1 illustrates an example of a TID-To-Link Mapping Response frame Action field format, and Table 2
illustrates an example of the Status Code shown in Table 1, where the TID-To-Link Mapping Response frame Action
field format may conform to at least one version of the IEEE 802.11 standards, but the present invention is not limited
thereto. Regarding the TID-To-Link Mapping Response frame Action field format such as the format of the Action field
in a TID-to-link mapping response frame, the information such as the Category (e.g., a Category code), the Protected
Extremely High Throughput (EHT) Action (e.g., an Action code), the Dialog Token, the Status Code and the TID-To-
Link Mapping (e.g., a TID-To-Link Mapping element) may be arranged in the order shown in Table 1. In addition, the
Status Code may be equal to DENIED_TID_TO_LINK_MAPPING (e.g., the value of 133), for indicating that the request
is denied because the requested TID-to-link mapping is unacceptable to the AP device 110, or
PREFERRED_TID_TO_LINK_MAPPING_SUGGESTED (e.g., the value of 134), for indicating the preferred TID-to-link
mapping that is suggested by the AP device 110.

[0083] As shown in the lower half of FIG. 11, in the phase PHASE(2), the STA device 120 may send the TID-to-link
mapping request frame (e.g., the first Action frame) to the AP device 110, and the AP device 110 may send the TID-to-
link mapping response frame (e.g., the second Action frame) carrying the status code to the STA device 120. Afterward,
AP device 110 and the STA device 120 may exchange TID-to-link mapping tear down frames, and more particularly,
send TID-to-link mapping tear down frames to each other.

[0084] Those skilled in the art will readily observe that numerous modifications and alterations of the device and
method may be made while retaining the teachings of the invention. Accordingly, the above disclosure should be construed
as limited only by the metes and bounds of the appended claims.

Claims

1. A method for performing channel usage management with aid of multi-link operation, in the following also referred
to as MLO, architecture, the method being applicable to a wireless transceiver device within a wireless communi-
cations system, the method comprising:

utilizing the wireless transceiver device to communicate with another device within the wireless communications
system through at least one portion of multiple links respectively corresponding to multiple predetermined radio
frequency bands (S70); and

at a first time point when radar is detected in a first channel used by a first link among the multiple links, starting
performing a first procedure to make channel management information be received by the other device via one
or more other links among the multiple links at any time point when the other device is ready to receive the
channel management information (S71), wherein the first channel is one of multiple channels of a first prede-
termined radio frequency band among the multiple predetermined radio frequency bands, and the other device
is not ready to receive the channel management information at the first time point.

2. A wireless transceiver device (110), for performing channel usage management with aid of multi-link operation, in
the following also referred to as MLO, architecture, the wireless transceiver device (110) being one of multiple
devices within a wireless communications system, the wireless transceiver device (110) comprising:

a processing circuit (112), arranged to control operations of the wireless transceiver device (110); and

at least one communications control circuit (114), coupled to the processing circuit (112), arranged to perform
communications control, wherein the at least one communications control circuit (114) is arranged to perform
wireless communications operations with another device (120) among the multiple devices for the wireless
transceiver device (110);

wherein:
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the wireless transceiver device (110) is arranged to communicate with the other device (120) within the wireless
communications system through at least one portion of multiple links respectively corresponding to multiple
predetermined radio frequency bands; and

at a first time point when radar is detected in a first channel used by a first link among the multiple links, the
wireless transceiver device (110) is arranged to start performing a first procedure to make channel management
information be received by the other device (120) via one or more other links among the multiple links at any
time point when the other device (120) is ready to receive the channel management information, wherein the
first channel is one of multiple channels of a first predetermined radio frequency band among the multiple
predetermined radio frequency bands, and the other device (120) is notready to receive the channel management
information at the first time point.

The method of claim 1 or the wireless transceiver device (110) of claim 2, wherein the wireless transceiver device
(110) is an access point, in the following also referred to as AP, device, and the other device (120) is a station, in
the following also referred to as STA, device.

The method of claim 1 or 3, or the wireless transceiver device (110) of claim 2 or 3, wherein the wireless transceiver
device (110) is arranged to perform multiple procedures regarding channel control, and the first procedure is one
of the multiple procedures.

The method of claim 1, 3 or 4, or the wireless transceiver device (110) of any one of claims 2 to 4, wherein the
wireless transceiver device (110) is arranged to perform the first procedure to prevent any error of failing to receive
the channel management information by the other device (120) due to the other device (120) being in a non-awake
state, wherein the channel management information comprises a channel switch announcement, in the following
also referred to as CSA, information element, in the following also referred to as IE, and a quiet IE.

The method of any one of claims 1 and 3 to 5, or the wireless transceiver device (110) of any one of claims 2 to 5,
wherein the multiple links represent multiple multi-link device, in the following also referred to as MLD, links, the first
link represents a first MLD link among the multiple MLD links, and the one or more other links represent one or more
other MLD links among the multiple MLD links, wherein the wireless transceiver device (110) is configured to be
equipped with multiple APs respectively corresponding to the multiple predetermined radio frequency bands, and
the other device (120) is configured to be equipped with multiple non-AP STAs respectively corresponding to the
multiple predetermined radio frequency bands; and the first procedure comprises:

among the multiple non-AP STAs, determining if any non-AP STA corresponding to the one or more other MLD
links is in an awake state, wherein none of one or more non-AP STAs corresponding to the one or more other
MLD links is in the awake state; and

after any STA among the one or more non-AP STAs becomes in the awake state, sending an action frame
carrying the channel management information to the any STA to indicate a new channel among the multiple
channels, for performing channel switching.

The method or the wireless transceiver device (110) of claim 6, wherein at least one possible mode of the any STA
among the one or more non-AP STAs comprises a power saving mode; and the first procedure further comprises:

in response to none of one or more non-AP STAs corresponding to the one or more other MLD links being in
the awake state, determining if the any STA is in the power saving mode; and

inresponse to the any STA being in the power saving mode, determining whether a power-saving, in the following
also referred to as PS, -poll frame or a trigger frame of the any STA is received by a corresponding AP among
the multiple APs;

wherein in response to any of the PS-poll frame and the trigger frame of the any STA being received by the
corresponding AP, an operation of sending the action frame carrying the channel management information to
the any STA is performed.

8. The method or the wireless transceiver device (110) of claim 6 or 7, wherein at least one possible mode of the any

STA among the one or more non-AP STAs comprises a target wake time, in the following also referred to as TWT,
mode; and the first procedure further comprises:

in response to none of one or more non-AP STAs corresponding to the one or more other MLD links being in
the awake state, determining if the any STA is in the TWT mode; and
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in response to the any STA being in the TWT mode, determining if the any STA is in a TWT service period;
wherein in response to the any STA being in the TWT service period, an operation of sending the action frame
carrying the channel management information to the any STA is performed.

The method of any one of claims 1 and 3 to 8, or the wireless transceiver device (110) of any one of claims 2 to 8,
wherein the multiple links represent multiple MLD links, the first link represents a first MLD link among the multiple
MLD links, and the one or more other links represent one or more other MLD links among the multiple MLD links,
wherein the wireless transceiver device (110) is configured to be equipped with multiple APs respectively corre-
sponding to the multiple predetermined radio frequency bands, and the other device (120) is configured to be
equipped with multiple non-AP STAs respectively corresponding to the multiple predetermined radio frequency
bands; and the wireless transceiver device (110) is arranged to perform a second procedure (S72), wherein the
second procedure comprises:

among the multiple non-AP STAs, determining if a first STA corresponding to the first predetermined radio
frequency band is set with a traffic identifier, in the following also referred to as TID, -to-link mapping relationship
in the first channel;

in response to the first STA corresponding to the first predetermined radio frequency band being set with the
TID-to-link mapping relationship in the first channel, among the multiple non-AP STAs, determining if any non-
AP STA corresponding to the one or more other MLD links is in an awake state, wherein none of one or more
non-AP STAs corresponding to the one or more other MLD links is in the awake state; and

after any STA among the one or more non-AP STAs becomes in the awake state, sending a TID-to-link mapping
request frame over the one or more other MLD links to the any STA to disable one or more TIDs used in the
first predetermined radio frequency band and enable one or more TIDs in one or more other predetermined
radio frequency bands among the multiple predetermined radio frequency bands.

The method of any one of claims 1 and 3 to 9, or the wireless transceiver device (110) of any one of claims 2 to 9,
wherein the multiple links represent multiple MLD links, the first link represents a first MLD link among the multiple
MLD links, and the one or more other links represent one or more other MLD links among the multiple MLD links,
wherein the wireless transceiver device (110) is configured to be equipped with multiple APs respectively corre-
sponding to the multiple predetermined radio frequency bands, and the other device (120) is configured to be
equipped with multiple non-AP STAs respectively corresponding to the multiple predetermined radio frequency
bands; and the wireless transceiver device (110) is arranged to perform at least one other procedure (S73), wherein
the at least one other procedure comprises:

determining if a channel availability check time of a new channel among the multiple channels has expired and
no radar is detected in the new channel;

in response to the channel availability check time of the new channel among the multiple channels having
expired and no radar being detected in the new channel, among the multiple non-AP STAs, determining if any
non-AP STA corresponding to any MLD link is in an awake state; and

if the any non-AP STA corresponding to the any MLD link is in the awake state, sending a TID-to-link mapping
request frame over the any MLD link to the any non-AP STA corresponding to the any MLD link to enable one
or more TIDs which are previously disabled and used in the first predetermined radio frequency band, otherwise,
after at least one non-AP STA corresponding to at least one MLD link becomes in the awake state, sending a
TID-to-link mapping request frame over the at least one MLD link to the at least one STA to enable the one or
more TIDs which are previously disabled and used in the first predetermined radio frequency band.

13



EP 4 280 764 A1

1INOITD [ONU0D
SUOTIROTUNUITIO))

vl e

1INOIIO
SUISSA00I]

-’
S0IASD VIS

4!

ooﬁ\\

[ DI

1INOIID [ONU0D
SUOTIROTUNUITIO))

e NPT

1INOII0
3UISSA00IJ

N7l
AP IV

011

14



@ Radar Tx

=
Time

TNO

Tey
T

LN
NN

TCAC

CHI

NN I

EP 4 280 764 A1

TCM

@Radar Tx

TCAC

15

ANNRNNNN
Vonog
Ny

— AN

CH2

>
Time

(2

|
tr(D)

FIG. 2A



EP 4 280 764 A1

d¢ DId

oL mw m T2 o
Lm |l ::M::: R AR ::mew (H

Eurﬁ

16



EP 4 280 764 A1

N 0TASD VS \ AMAD VIS

{'TIN dV-UON I'TIN dV-UON
T reizzezz NSO 7777 777777] F ///// N
L~ - e v o AN N Vs e P .
OVIST P @QVIS] [ (DVISS >Qu<&m - (OVIS 2v<&m/
Y 70702770 POSONNN Y 0000000 OO\
r= 771 077 7)) T
vm \\\w\m_ _w\\m\wmmwwwy _// ////m// ///// 1
e _w&\&\\\\\ RN NN N asuodsay 15anbay
\Amvxgﬂq (O Aﬁvmgqu
b WA 0 UoneIoossy UONPRISOSSY
_\W g / \W\Ww_ W\m\mw\\mww& 7///// /////N/_ Q.H‘D‘Om o S
L2 W Lo
Sur-nnt
[NJS$00NG
s \\ S \\ e // NN s S Wi/ SO
/ \ \. S/
O 7 - @dv | [ (Ddv Qv | | @dv 8%« N
s \\\\\\\\x\\\\\ o OO 0 N o OOV
d TN dV dTNdV
\ QITAJD JV \ 2JIAID dV
i

01¢ oLt 01¢

pueq ZHD 9 PURq ZHD § pueq ZHO 7
0) SUIPUOASLI0d YIVIS/dV [ | o1 Surpuodsanioo Yy IS/dy || o1 Supuodsanion YUy IS/dV

011

17



7 DId

EP 4 280 764 A1

_ (M% (D%
1 || v L (VLS
/ @ﬁm : — || | ©dv
L . BD\ mH Ho\ﬂDO m: <WU s .QHQQ \\\ AmVﬁH< ey

T
\\ oSS YIS
SIIA A /] W\\\ o
Vo

(2

Zerd | (Ddy x\\xo@s /

. o
\\\\\ 7 5

P o \\ L/ \ S S P
> o >
O ©7 2 o 2
S\ p ) o QVIS 777 | &
m.le ANV<HLm\ E— O \\\\\\\\\ \\ \\\\\ \\\ \\\ ‘\\ (L] ANVMHH‘H\H ANVAM< \\ M.IbA
9] S w2
= =
< <
A -

T SOV _ (DVLS SN
~ Sém/ —_t (Oyurg|| | 6% =
S0¢T OREIPIMO HIVSD | [ PR [(DAV ANANRAN 01T
| AINdV-UON || ) AINdY [
02¢ v 017
Q01AP VIS Q01A9p IV

18

J f
071 [OIIUOS SUOTIRITUNUIIOS 9ATI33]TH 0Lt

Pueq Z2HD ¥°¢

PUBQ ZHD) 9 PUBq ZHO &
Q] mgﬂﬁcogwoﬁoo OIU/V1.S/dV .

0] 3UTpUOdsaIIod OIU]/VI.S/dV . 01 FUIpuOdsaLIod OJU]/VIS/dV [




EP 4 280 764 A1

2Ipa001d [01U0d

¢ "DId

Surqeue (11
q7zs i

aInpadold

[onuod SuIqruo
pue suIqesip (11,

Vs

$aIMPad01d [01U0D
gurddewar JuIp-03-(I1.1,

aInpadold
[OTIUOD UONRINoU
SUTIIMS [oUURy)

~CCS

- 1S

QU Y092 J[QR[IRAR [QUURYD
JO potrad JOJ Jepel SIONUOW PUR UOTSSTWSURI]
ou sdaoy ‘Touuryd S (] MU 01 SAUINIMS TAD JV

— 91§

[oUURYD
Pa12910p IepRI U0 UOISSTWSUR] SdOIs 901Adp JV

~— SIS

[QUURLYD Pa1da1ap Jepel Uo
41 VSO AQ [PUURYD S MU SIJeIpUL 014D I

— VIS

UONRISdO MU JO] [UURYD MU 19[S QTAD JV

~— IS

$SINPad0Id [ONUOD
SUOTIROTUNWIWIOD SATIORIIH

0CS

[oUURYD S(J UO Jeprl $10919p Q143D JV

~—CIS

pueq ZHO § JO [QUURYD
SH(T UO SUn{Iom YUI[ B TIIM So18Iad0 201A0p JV

~— LIS

19



EP 4 280 764 A1

® 9 DI

JuduIIIMbar awir)
Jomb pue pueq Z4o ¢ JO
[PUURYD SA(T AU JBIPUT
0l (VLS 01 g1 1o1Q
pue g1 Y SUIALIRD Juwel]
UOTOR SPUAs AI1AP JV

$ES

porrad
QOTAIOS T ML
ur st COVIS JI

SOX

¢ POATQOAT ST
Y)YV IS JO owel] 103311
Jo auweJ] 10d-Sq

7es

COMUT TN

o Jo polad © 10 [QUURYD mau U0
gorsstsuen 3urddols (7)Y I.S Qied1pul
0} ‘(S)YUT] (TTIN ToUIO JOAO SoueI]
uodeaq ur 4 1m¢) £q pueq ZHL) ¢ Jo
[UURYD MAU JO JUSWIIINDAT awT) Jamnb
JO 901A9D VLS SATIOU 01AD JV

d1es

(S)YUT] (TN TOYI0 J9AO SAWRI] U0JBq

ur g1 vSO Aq pueq ZHD § JO [euteid
MU JO AOTAID V.S SOUIOU DIAD JV

ToU)0 Jo apowr T AL
apowr 10 9pOW UTARS Tomod UT

LML STOOVILS Aue IT

opowt
SUTABS TomOd
ces

ON

\\ 0¢S
18

VIS

(O pue (DUIT St yons ($)ull QTN
1730 Y3noIy} 20149p VIS 01 ] 1om) pue g1
VS SUIALIRD SoWIRI UOJBA] SPUSS Q0TAD JV

(,91L1S

e UL ST (S)UL QTN
IO 0] SuIpuodsalriod

COVIS Aue JT

1eS

cIS Q“Bm Wolq

20



EP 4 280 764 A1

L DI

pueq ZHDO ¢ JO [UURYD
MAU JTOAO UOISSTUWISURT] S1IRIS QJTAJP
VIS ‘pardxa sey owrn JoImb 1011y

7S

($)UIL QTN JoTO YSnoxy)
I 190 pue 4] ¥S) SUTALIRD Sowel]
UOTIOR QATIAI QJTASP VIS UI (VVIS

s

D

(U se gons uIy (TN oY)
10 JOUURTD MAU O] [QUURYD PURq ZHO) §

UOIMS 01 T VS $9852001d Q01A3P VIS

AN

($YUIT QTN 19410 ysnoIy)
A 1°1m0) pue A VS SUIALIRD SOWRI]
U0JBA(J QATQIAT QITAIP VIS UI (Y)VIS

I¥S

21



EP 4 280 764 A1

8 DId

pueq ZHD 9 10/pue pueq ZHD ¢ UT (S)LL 9[qeU pue
pueq ZHH § Ur pasu ()L, S1qBsTp 03 (MU QTN 13010
JOAO QW] 15anbar Jurddewl YUrT-01-(J1L, SPUSS A01AD JV

¢¢S

potrad
QOTAIOS T AL
urst(OVISII

S9X

(. POATOORT ST
(OVLS Jo sy 195311
J0 dury] [[od-Sq

7SS

(O TN

TI0 JO apoul TAAL
opow 10 9pOwW 3UTALS Tamod

apout

qees dais o],

(POIRIAWOD ST 9T S
dai< Jo uonerad()

9GS

mgg.mm BTN

S UL ST (S)YUIT A TN
JoUIC 0] SUIpUOdsarIod

ON

\\ 0SS
VTS

O [UURYD PalIlap Jepel
Ur pe[qeta St JurT-0l-LL Jo

HDVIS

U0 Aup 11

71S daig wolq

22



EP 4 280 764 A1

6 DId

pueq ZHD ¢ UL pasn “pajqesip
ATsno1A1d Sem YITUM “(S)(JLL, 9[qRUS
01 (S)YUI] (T'TIA 21 TOAO dWRI] 1Sanbal

Surddew JurT-01-(JLL, SPUSS 01AP JV
ds9S

porrad
QITAISS ML
Urst (VIS JI

¢ DOATOOQI ST
(OVLS Jo owel] 103311
10 QW] [[od-Sd

pueq ZHD ¢ UL pasn “pajqesip
ATsno1aa1d sem gotym “(S)(JLL, 9[qeua
0] (S)YUI] (TN AUR ISAO QUIRI] 1Sanbal

Furddew JurT-01-(JL, SPUSS Q014D JV

79S

TN AU JO apour T,
apowr I0 opour 3urAes Jomod oapowr
LML ur st QOVIS I SUIARS Jom0od
N@@ «.L@Hmpm
aeme UT STUI QT
ON Aue 0] SuIpuodsalInd
COVIS I ers s ol
19S (,P=10919p
SI.Tepel OU pue paIrdxa
Sey pueq ZHD) § JO [ouuLyd

mau Jo QYOI 1T

\\ 09
q7es

91§ Qopm oI

23



EP 4 280 764 A1

( Start )

Communicate with other device through at least one
portion of multiple links respectively corresponding
to multiple predetermined radio frequency bands

—~S70

At first time point when radar 1s detected 1n first
channel used by first link among multiple links,
start performing first procedure to make channel
management information be received by other
device via one or more other links at any time point
when other device 1s ready to receive channel
management information

~S71

Perform second procedure to send TID-to-link
mapping request frame over one or more other
links to other device to disable TIDs used 1n first
predetermined radio frequency band and enable
TIDs 1n other predetermined radio frequency bands

~S72

Perform third procedure to send TID-to-link
mapping request frame over at least one link to
other device to enable TIDs which are previously
disabled and used 1n first predetermined radio
frequency band

~S73

FIG. 10

24



EP 4 280 764 A1

110 120
/
AP device STA device
_ Assoc. REQ(TID-to-link mapping)
~ PHASE(])
Assoc. RSP(Accept)
=
_ TID-to-link mapping request frame
TID-to-link mapping response frame(status code)> " PHASE()
TID-to-link mapping tear down frame

FIG. 11

25




10

15

20

25

30

35

40

45

50

55

EP 4 280 764 A1

9

des

Europdisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 23 17 2559

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE

of relevant passages to claim APPLICATION (IPC)

Y US 2021/274500 Al (CARIOU LAURENT [US] ET |1-10 INV.

AL) 2 September 2021 (2021-09-02) H04W72/0453
* paragraph [0104]; figure 8 * H04W88/10
* paragraph [0107] * H04wW48/08
* paragraph [0114] - paragraph [0115] * HO4W76/15
* paragraph [0124] *

————— ADD.

Y "IEEE Standard for Information 1-10 HO4wW84/12
Technology——-Telecommunications and HO04W52/02
Information Exchange between Systems - HO04W16/14
Local and Metropolitan Area
Networks——Specific Requirements - Part 11:

Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) Specifications ;
IEEE Std 802.11-2020 (Revision of IEEE
std",
IEEE STANDARD, IEEE, PISCATAWAY, NJ USA
I
25 February 2021 (2021-02-25), pages
1-4379, XP068178653,
DOI: 10.1109/IEEESTD.2021.9363693 ;E‘,igﬁ',?g% F'E'-(ﬁ,%)
ISBN: 978-1-5044-7283-8
Retrieved from the Internet: HO4W
URL:https://ieeexplore.ieee.org/document /9
363693
[retrieved on 2021-03-01]
* section 11.8.8.2;
page 2182, line 1 - line 7 *
* section 11.2.3;
page 2078, line 42 - line 43 *
* section 10.47;
page 1985 - page 1993 *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 4 October 2023 Schmidbauer, Philipp
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A technological background s
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

26




EP 4 280 764 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 23 17 2559

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

04-10-2023
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2021274500 Al 02-09-2021 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

27



EP 4 280 764 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 63342644 [0001]

28



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

