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METHOD AND SYSTEM FOR MULTIPLE WIRELESS CONNECTION OPTIMIZATION

TECHNICAL FIELD

[0001] This application relates generally to wireless communication technologies, and

more specifically, to method and system for managing multiple wireless connections.

BACKGROUND

[0002] In many wireless connection applications, a wireless gateway needs to manage
multiple wireless connections. More specifically, Bluetooth technology is one of the wireless
connection technologies that has been extensively implemented in electronic devices. It allows
wirelessly exchanging of data between electronic devices within a short distance. Wireless
connections through Bluetooth technology are free to use, have low power consumption, and
are robust against interferences from other wireless connections. As a result, Bluetooth
technology has been widely adopted in many products such as headphones, keyboards and
mice, printers, car systems, and surveillance cameras. With rapid adaptation of Bluetooth
technology, in more and more applications, a Bluetooth gateway may need to simultaneously
manage multiple Bluetooth connections.

[0003] For a wireless gateway managing multiple Bluetooth connections, the number of
simultaneous connections, the stability of each individual connection, and the throughput of
each individual connection are key specifications to evaluate its performance. Existing methods
and apparatuses for managing multiple Bluetooth connections have several shortcomings. For
example, in a traditional Bluetooth gateway, the number of connections in actual applications
rarely reaches its claimed capacity. For a gateway that theoretically can manage 20 connections
simultaneously, when the connection number is relatively large (e.g., 10 connections), existing
connections become unstable, and establishing a new connection becomes difficult, if possible
at all. The throughputs of individual connections may vary substantially, and removing some
connections may not ameliorate the imbalance. Additionally, in a traditional gateway, the
throughput of individual connection is difficult to estimate. Therefore, a wireless connection

management method that can address the foregoing limitations is desired.

SUMMARY
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[0004] In view of the aforementioned limitations of existing technologies, this disclosure
presents method and system for managing one or more wireless connections that address these
limitations. Various embodiments of the present disclosure may include systems, methods, and
non-transitory computer readable media for managing one or more wireless connections.
[0005] One aspect of this disclosure is directed to a time division multiplexing method for
managing one or more wireless connections, applicable to a wireless gateway such as a
Bluetooth gateway. The method may include: conducting, by the wireless gateway, a plurality
of scan operations and a plurality of connection operations. Each scan operation may be
conducted within one of a plurality of scan windows each having a scan window size, and each
connection operation may be conducted within one of a plurality of connection windows each
having a connection window size.

[0006] The scan windows and the connection windows may be separated from each other.
Consecutive scan windows may be separated by a scan interval, and consecutive connection
windows may be separated by a connection interval. The scan interval may be a first integer
multiplication of a base interval, and the connection interval may be a second integer
multiplication of the base interval. Each connection window may include a plurality of link
positions each corresponding to one of the one or more wireless connections.

[0007] In some embodiments, in the aforementioned method, the scan operations and the
connection operations may be conducted alternately, and the scan interval may equal to the
connection interval.

[0008] In some embodiments, in the aforementioned method, within each connection
window, each of the plurality of link positions may have a same span size, and consecutive link
positions may be separated by a same link separation. The conducting the connection operation
within the connection window may include: conducting one or more link operations, each
conducted at one of the plurality of link positions, causing the corresponding link position being
occupied. Each link operation may correspond to one of the one or more wireless connections.
[0009] In some embodiments, in the aforementioned method, the conducting the scan
operation within the scan window may include: conducting the scan operation to identify anew
wireless connection. The conducting the connection operation within the connection window
may further include: adding the new wireless connection. The new wireless connection may be
added by: conducting a new link operation corresponding to the new wireless connection at
one of the plurality of link positions that is not occupied; and adjusting the link positions for

the link operations that have been conducted.
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[0010] In some embodiments, in the aforementioned method, the adjusting the link
positions for the link operations that have been conducted may include: adjusting the link
positions so that operation intervals of the connection window are substantially the same. The
operation intervals of the connection window may include intervals between consecutive link
operations and an interval from the last link operation to the end of the connection window.
Relative orders of the link operations may remain unchanged after the adjustment.
[0011] In some embodiments, in the aforementioned method, the adjusting the link
positions for the link operations that have been conducted may further include: determining
whether an adjustment period is greater than a time threshold and an adjustment counter is less
than a counter threshold; and, in response to determining that the adjustment period is greater
than the time threshold and the adjustment counter is less than the counter threshold, adjusting
the link positions. The adjustment period may be a time period since the link positions are last
adjusted, and the adjustment counter may be a number of link positions that have been adjusted.
[0012] In some embodiments, in the aforementioned method, the conducting the
connection operation within the connection window may further include: removing one of the
one or more wireless connections. The one or more wireless connections may be removed by:
removing the link operation corresponding to the removed wireless connection; and
adjusting link positions of the remaining link operations.
[0013] In some embodiments, in the aforementioned method, the adjusting link positions
of the remaining link operations may include: adjusting the link positions so that operation
intervals of the connection window are substantially the same. The operation intervals of the
connection window include intervals between consecutive link operations as well as the
interval from the last link operation to the end of the connection window. Relative orders of
the link operations may remain unchanged after the adjustment.
[0014] In some embodiments, in the aforementioned method, the adjusting the link
positions of the remaining link operations may further include: determining whether the
adjustment period is greater than the time threshold and the adjustment counter is less than the
counter threshold; and in response to determining that the adjustment period is greater than the
time threshold and the adjustment counter is less than the counter threshold, adjusting the link
positions of the remaining link operations.
[0015] Another aspect of this disclosure is directed to a wireless gateway. The wireless
gateway may include a processor and a memory configured to store computer instruction
executable by the processor to cause the processor to perform: conducting a plurality of scan

operations and a plurality of connection operations. Each scan operation may be conducted
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within one of a plurality of scan windows each having a scan window size, and each connection
operation may be conducted within one of a plurality of connection windows each having a
connection window size.

[0016] The scan windows and the connection windows may be separated from each other.
Consecutive scan windows may be separated by a scan interval, and consecutive connection
windows may be separated by a connection interval. The scan interval may be a first integer
multiplication of a base interval, and the connection interval may be a second integer
multiplication of the base interval. Each connection window may include a plurality of link
positions each corresponding to one of the one or more wireless connections.

[0017] Another aspect of this disclosure is directed to a non-transitory computer-readable
storage medium storing a computer program. Upon being executed by a processor, the
computer program may cause the processor to perform the time divisional multiplexing method
for managing one or more wireless connections, as described in any one of the aforementioned
embodiments.

[0018] In the method for managing one or more wireless connection disclosed herein, the
scan operations and the connection operations are performed in their respective operation
windows that are separated from each other, and each individual connection is assigned
substantially same time slot resource within the connection window. Thus, the interference
between the scan operation and the connection operation may be minimized, and the
accessibilities of individual connections are maintained substantially consistent. Additionally,
when a new connection is added or an existing connection is removed, the link positions
corresponding to the connections are adjusted to provide substantial balance distribution of the
time slot resource for each individual connection. Thus, the performances of individual
connections are maintained consistent, and the throughput of each individual connection can
be accurately estimated.

[0019] These and other features of the systems, methods, and non-transitory computer-
readable media disclosed herein, as well as the methods of operation and functions of the
related elements of structure and the combination of parts, will become more apparent upon
consideration of the following description and the appended claims with reference to the
accompanying drawings, all of which form a part of this specification, wherein like reference
numerals designate corresponding parts in the various figures. It is to be expressly understood,
however, that the drawings are for purposes of illustration and description only and are not

intended as a definition of the limits of the invention. It is to be understood that the foregoing
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general description and the following detailed description are exemplary and explanatory only,

and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Preferred and non-limiting embodiments of the invention may be more readily
understood by referring to the accompanying drawings.

[0021] FIG. 1 shows a flowchart illustrating a method for managing one or more wireless
connections in accordance with one embodiment of this disclosure.

[0022] FIG. 2 shows a timing diagram illustrating static parameters for a method for
managing one or more wireless connections in accordance with one embodiment of this
disclosure.

[0023] FIGs. 3A and 3B show timing diagrams illustrating working parameters for a
method for managing one or more wireless connections in accordance with one or more
embodiments of this disclosure.

[0024] FIG. 4 shows an exemplary link position map in one connection window in a
method for managing one or more wireless connections in accordance with one embodiment
of this disclosure.

[0025] FIGs. 5A, 5B, 5C, 5D, and 5E show schematic diagrams illustrating adding new
connections without link position adjustment in a method for managing one or more wireless
connections in accordance with one embodiment of this disclosure.

[0026] FIGs. 6A, 6B, 6C, and 6D show schematic diagrams illustrating the link position
adjustment in a method for managing one or more wireless connections in accordance with one
embodiment of this disclosure.

[0027] FIGs. 7A, 7B, 7C, 7D, 7E, and 7F show schematic diagrams illustrating adding new
connections with link position adjustment in a method for managing one or more wireless
connections in accordance with one embodiment of this disclosure.

[0028] FIG. 8 show a schematic diagram illustrating a computer system upon which any

of the embodiments described herein may be implemented.

DETAILED DESCRIPTION

[0029] Specific, non-limiting embodiments of the present invention will now be described

with reference to the drawings. Particular features and aspects of any embodiment disclosed
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herein may be used and/or combined with particular features and aspects of any other
embodiment disclosed herein. It should be understood that such embodiments are by way of
example and are merely illustrative of anumber of embodiments within the scope of the present
invention. Various changes and modifications obvious to one skilled in the art to which the
present invention pertains are deemed to be within the spirit, scope and contemplation of the
present invention as further defined in the appended claims.

[0030] Methods and systems for managing one or more wireless connections will be
described in details below. For ease of description, in this disclosure, examples associated with
wireless technology will be used to illustrate this invention. This invention may be applicable
to wireless connection technologies, including but not limited to, Bluetooth, Wi-Fi connection,
fourth generation (4G) cellular network connection, fifth generation (5G) cellular network
connection.

[0031] FIG. 1 shows a flowchart illustrating a method for managing one or more wireless
connections in accordance with one embodiment of this disclosure. For example, the method
may be a time division multiplexing method and may be applicable to a Bluetooth gateway.
Referring to Fig. 1, the method may include the following steps S101 through S102.

[0032] In step S101, a plurality of scan operations may be conducted. Each scan operation
may be conducted within one of the plurality of scan windows each having a scan window size.
The scan operation may be conducted to search for an available new wireless connection
between the wireless gateway and a wireless device.

[0033] In some examples, the wireless gate way may be a Bluetooth gateway, which may
be a Bluetooth network hardware used for managing connections from one or more Bluetooth
devices. The Bluetooth gateway may manage Bluetooth connections of the Bluetooth devices
within an office or a home. In this disclosure, “Bluetooth device” may refer to a device that is
capable of establishing a Bluetooth connection with a gateway. For example, a Bluetooth
device may include, but not be limited to, a mobile phone, a laptop computer, a headphone, or
anavigation device.

[0034] In step S102, a plurality of connection operations may be conducted. Each
connection operation may be conducted within one of the plurality of connection windows each
having a connection window size. The scan windows and the connection windows may be
separated from each other to ensure that interference between the scan operations and the
connection operations is minimized. In this disclosure, a “window” may refer to a time interval,
and two windows are considered “separated from each other” if the time interval corresponding

to one of the two windows occurs earlier than the time interval corresponding to the other
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window. However, it is possible that the end time of the earlier time interval may coincide with
the start time of the latter interval.

[0035] Consecutive scan windows may be separated by a scan interval, and consecutive
connection windows may be separated by a connection interval. The scan interval may be a
first integer multiplication of a base interval, and the connection interval may be a second
integer multiplication of the base interval. Each connection window may include a plurality of
link positions each corresponding to one of the one or more wireless connections. In this
disclosure, the “scan interval™ is a time interval between the start times of two consecutive scan
windows, the “connection interval” is a time interval between the start times of two consecutive
connection windows, and a “link position” is referred to a time interval within a connection
window.

[0036] In some embodiments, the method may further include step S103, as shown in FIG.
1. In step S103, when a new connection is added or an existing connection is removed, the link
positions for the connections may be adjusted. Details of this step will be described hereinafter.
[0037] FIG. 2 shows a timing diagram illustrating static parameters for the method for
managing one or more wireless connections. In this disclosure, the static parameters are a basic
set of parameters for connection management. Actual working parameters may derived from
the static parameters but no necessary be the same as static parameters.

[0038] In the example shown in FIG. 2, the scan operations and the connection operations
may be conducted alternately. That is, a scan window, in which a scan operation is conducted
may be followed by a connection window, in which a connection operation is conducted. The
connection window may be further followed by another scan window, which is followed by
yet another connection window, so on and so forth. As shown in FIG. 2, the scan windows and
the connection windows are separated from each other, and the scan interval for consecutive
scan windows (“base scan interval” in FIG. 2) may equal to the connection interval for
consecutive connection windows (“base connection interval” in FIG. 2). The first scan window
may start at a base point (“base instant” shown in FIG. 2), and the first connection window
may be set at a “connection offset” behind the “base instant”, as shown in FIG. 2.

[0039] As shown in FIG. 2, in each connection window, each of the plurality of link
positions may span the same time interval (“link span” shown in FIG. 2), and consecutive link
positions may be separated by the same time interval (“link interval” shown in FIG. 2). In the
example of FIG. 2, it is assumed that wireless gateway can simultaneously manage twenty (20)

wireless connections, therefore a connection window includes twenty link positions.
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Apparently, this disclosure is not limited to this example, a connection window may include
other number of link positions (e.g., 5, 10, 15, etc.) according to actual needs.

[0040] The wireless gateway may support multiple wireless connections simultaneously.
Thus, each of the plurality of link positions in the connection window may correspond to one
connection, and the number of link positions in the connection window may equal to the
maximum number of the connections the wireless gateway can manage. Correspondingly, the
connection operation conducted within a connection window may include one or more link
operations, each conducted at one of the plurality of link positions. Each link operation may
correspond to one of the wireless connections the wireless gateway is managing.

[0041] Each of the link positions may be in one of “occupied” or “unoccupied” status,
depending on whether a link operation is conducted at the link position. That is, a link position
is in an “occupied” status if a link operation is conducted at this link position, and in an
“unoccupied” status if no link operation is conducted at this link position. When a new wireless
connection is established, the link operation corresponding to this new connection will be
performed at an “‘unoccupied” link position, changing the status of that link position to
“occupied”.

[0042] The specific values of the aforementioned static parameters can be determined
based on actual needs, and this disclosure is not limited in this regard. In one example, the
wireless gateway may be a Bluetooth gateway, and a slot time of 625us (a “Slot”) in the
Bluetooth protocol may be used as a time unit, and all the aforementioned static parameters
may be set to be an integer multiplication of the time unit. For example, the specific values of

the static parameters shown in FIG. 2 can be set as those shown in Table 1.

Time (ms) Slot(s)
base scan interval 40 64
scan window 12.5 20
base connection interval 40 64
connection window 25 40
connection offset 15 24
link interval 1.25 2

Table 1. static parameters

[0043] Actual working parameters may be determined by adjusting the static parameters

according to specific needs. FIGs. 3A and 3B show timing diagrams illustrating working
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parameters for a method for managing one or more wireless connections in accordance with
one or more embodiments of this disclosure. The procedure to set working parameters will be
described below in greater details with reference to these drawings.

[0044] In one example, the wireless gateway may be a Bluetooth gateway and may receive
from, for example, an Bluetooth Host Controller Interface (HCI), a control signal which may
include initial parameters for connections, and the working parameters may be determined
based on the control signal and the static parameters. In one example, the working parameters
may be determined according to whether a Bluetooth connection has been established. If no
connection has been established, a scan operation can be performed and no link operation is
performed. The scan operation may be performed according to the initial parameters received
from the HCI. If at least one connection has been established, the working parameters for the
scan operations and the connection operations may be set based on the static parameters. In
one example, among the working parameters, the new scan interval may be set to be a first
integer multiplication of the scan interval in the static parameters, and the new connection
interval may be set to be a second integer multiplication of the connection interval in the static
parameters. The scan interval in the static parameters may be considered a “base interval”. The
first integer and the second integer may be same or different numbers, and this disclosure is
not limited in this regard. The new scan window size and the new connection window size may
remain the same as the scan window size and the connection window size in the static
parameters, respectively.

[0045] FIGs. 3A and 3B each show one example of the timing diagram illustrating the
working parameters. In the example show in FIG. 3A, after at least one connection has been
established, the new scan interval is set to be four times of the base scan interval, and the new
connection interval is set to be same as (one time of) the base connection interval. In the
example shown in FIG. 3B, after at least one connection has been established, the new scan
interval is set to be two times of the base scan interval, and the new connection interval is set
to be four times of the base connection interval. Apparently, the examples shown above are
just two possible sets of working parameters, other settings of the working parameters may be
made according to specific needs, and this disclosure is not limited in this regard.

[0046] In FIGs. 3A and 3B, the dashed boxes S1, S2, S3, C1, C2, and C3 represent the
locations of scan operations (scan windows) and connection operations (connection windows)
that would otherwise been conducted had the static parameters been used. These scan

operations and connections operations will be skipped when new scan interval and the new
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connection interval are used, and these dashed boxes are shown in the drawings for illustration
and reference purposes.

[0047] FIG. 4 shows an exemplary link position map in one connection window in a
method for managing one or more wireless connections in accordance with one embodiment
of this disclosure. In the example shown in FIG. 4, the wireless gateway is managing four
wireless connections simultaneously. Correspondingly, a connection operation may include
four link operations (Links 1-4 shown in FIG. 4), which are conducted in link positions 0, 4,
10, and 16, respectively. Each of these link positions are in an “occupied” status, while the rest
of link positions are in an “unoccupied” status. When a new wireless connection is established,
a new link operation corresponding to the new wireless connection may be conducted at one
of “unoccupied” link positions, changing the status of that link position to the “occupied” status.
[0048] The wireless gateway may conduct the scan operation within the scan window to
identify a new wireless connection. Existing operations for scanning wireless connection may
be used as the scan operation, and this disclosure is not limited in this regard. Upon detecting
a new wireless connection during the scan operation, the new wireless connection may be
added to the connection operation. More specifically, a new wireless connection may be added
by conducting a new link operation corresponding to the new connection at one of the plurality
of link positions that is not occupied.

[0049] FIGs. 5A, 5B, 5C, 5D, and 5E are diagrams illustrating adding new connections
without link position adjustment in a method for managing one or more wireless connections
in accordance with one embodiment of this disclosure. The process to add one or more new
connections will be described below with reference to these drawings.

[0050] As shown in FIG. 5A, in one example, a wireless gateway may be capable of
managing up to twenty wireless connections simultaneously, thus, a connection window may
include twenty link positions (positions 0-19 in FIG. 5A) each corresponding to one wireless
connection. As shown in FIG. 5A, the link operation (Link 1) corresponding to the first wireless
connection may be added at first link position (position 0). As more wireless connections are
established, new link operations corresponding to new wireless connections may be added to
the connection operation. Each of the link operations will occupy one of the twenty link
positions. In some embodiments, a new link operation may be added at a link position so that
the intervals of consecutive link operations as well as the interval from the last link operation
to the end of the connection window are substantially same. For ease of description, the
intervals of consecutive link operations as well as the interval from the last link operation to

the end of the connection window will be referred to as “operation intervals™ of the connection
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window in the rest of this disclosure. By setting the operation intervals to be substantially same,
each connection is assigned similar time slot resource. That avoids the unbalance distribution
of the time slot resource where one link operation occupies a disproportionally large time slot
resource, thereby adversely affecting time slot resource of other link operations.

[0051] In the examples shown in FIGs. 5B, 5C, 5D, and 5E, new link operations (Links 2,
3, 4, and 5), each corresponding to one wireless connection, may be added on unoccupied link
positions. More specifically, the second link operation (Link 2) is added on the link position
10, the third link operation (Link 3) is added on the link position 5, the fourth link operation
(Link 4) is added on the link position 15, and the fifth link position (Link 5) is added on the
link position 3.

[0052] In some embodiments, the method for managing one or more wireless connection
may further include adjusting the link positions for the link operations that have been conducted.
More specifically, the link positions may be adjusted so that operation intervals of the
connection window are substantially same, and relative orders of the link operations remain
unchanged. In this disclosure, operation intervals are considered to be “substantially same”
when the difference between any two operation intervals are no greater than the time interval
between neighboring link positions of the connection window (i.e., one link interval shown in
FIG. 2).

[0053] The link position adjustment may include the following steps. In one aspect, an
average operation interval may be determined based on the total number link operations and
the total number link positions within a connection window. The average operation interval
may be an integer and may be expressed in term of the number of link positions between
adjacent link operations. In another aspect, based on the computed average operation interval,
the link positions for the link operations of the connection window may be adjusted.

[0054] FIGs. 6A, 6B, 6C, and 6D are diagrams illustrating the link position adjustment in
a method for managing one or more wireless connections in accordance with one embodiment
of this disclosure. The link position adjustment will be described below in details with reference
to these drawings.

[0055] The average operation interval may first be determined. In this example, the total
link positions is 20, and the total number link operations is 3. Thus, the average operation
interval may be, in term of number of link position, 7 link positions (the nearest integer of 20/3).
Then, the link positions for the link operations (i.e., Links 1, 2 and 3) may be adjusted based
on the average operation interval. More specifically, as shown in FIGs. 6A, 6B, 6C, and 6D,
the first link operation (Link 1) is first adjusted, followed by the third link operation (Link 3),

11
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and the second link operation (Link 2), respectively. Apparently, the link operations may be
adjusted in other orders, and this disclosure is not limited in this regard. After the adjustment,
the first operation (Link 1) may be moved to link position 0, the second link operation (Link 2)
may be moved to link position 6, and the third link operation (Link 3) may be moved to link
position 13. After these adjustments, the interval between the first and the second link
operations (Links 1 and 2) is 6 link positions, the interval between the second and the third link
operations (Links 2 and 3) is 7 link positions, and the interval between the third link operation
(Link 3) and the end of the connection window is 7 link positions. Thus, these intervals are
substantially the same after the adjustment.

[0056] As shown in FIGs. 6A, 6B, 6C, and 6D, relative order of the link operations within
the connection window may remain unchanged after the adjustment. That is, before the
adjustment, the relative order of the link operations is Link 1, followed by Link 2, followed by
Link 3, as shown in FIG. 6A. After the adjustment, the same relative order among these three
link operations are maintained, as shown in FIG. 6D.

[0057] FIGs. 7A, 7B, 7C, 7D, 7E, and 7F show schematic diagrams illustrating adding new
connections with link position adjustment in a method for managing one or more wireless
connections in accordance with one embodiment of this disclosure. Specific procedures of
adding new connection with link position adjustment will be described below with reference
to these drawings.

[0058] When one link (Link 1) is to be established, the link operation can be conducted at
link position 0 as shown in FIG. 7A. Subsequently, when a second link (Link 2) is to be added,
the link operation for Link 2 can be conducted at a position that evenly or substantially evenly
divides the connection window between link position 0 and the end of the connection window.
As shown in FIGs. 7A and 7B, the first link operation (Link 1) may be added at link position
0, and the second link operation (Link 2) may be added at link position 10. No link position
adjustment is needed while adding these two link operations. As shown in FIG. 7C, the third
link operation (Link 3) may be added between Link 1 and Link 2, such as at link position 5.
After the third link operation is added, a link position adjustment may be performed so that the
operation intervals of the connection window become substantially the same. The
aforementioned link position adjustment procedure may be used to adjust the link positions.
After the adjustment, the three link operations may be positioned at link positions 0, 6, and 13,
respectively, as shown in FIG. 7D. Subsequently, a fourth link operation (Link 4) may be added

between Link 2 and Link 3, such as at link position 10, as shown in FIG. 7E, and a link position
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adjustment may be performed. After the adjustment, the four link operations may be positioned
at link positions, 0, 5, 10, and 15, respectively, as shown in FIG. 7F.

[0059] As show in the aforementioned example, after the link position adjustment, the
operation intervals are substantially the same. The adjustment avoids the situation where one
link operation occupies a disproportionally large time slot, which may adversely affect other
link operations. Thus, the interference between the connections may be minimized, and the
performance of each connection may be improved. Additionally, through link position
adjustment, the operation intervals of the connection window maybe estimated based on the
total number of connections, thus the throughput of each connection may be estimated.

[0060] In some embodiments, to avoid frequent adjustment of link positions, one or more
thresholding conditions may be checked before adjusting the link positions for the link
operations in connection windows.

[0061] For example, an adjustment period, which is a time period since the link positions
are last adjusted, may be compared with a time threshold. The adjustment may be conducted
when the adjustment period is longer than the time threshold.

[0062] In another example, an adjustment counter, which is the number of adjustments that
have been conducted, may be set. The adjustment may be conducted when the adjustment
counter is less than a counter threshold. The adjustment counter may be reset every preset
period of time.

[0063] The time threshold and the counter threshold may be set according to specific needs,
and this disclosure is not limited in these regards.

[0064] In yet another example, a total adjustment interval may be determined before the
adjustment is performed. The total adjustment interval may be a total amount of link position
adjustment need to be conducted, and may be expressed in term of the number of link positions.
For example, as shown in FIGs. 6A, 6B, 6C, and 6D, the link positions for three link operations
are adjusted. Link 1 is moved from link position 4 to link position 0, resulting in an adjustment
of 4 link positions. Link 2 is moved from link position 5 to link position 6, resulting in an
adjustment of 1 link position. Link 3 is moved from link position 19 to link position 13,
resulting in an adjustment of 6 link positions. Thus, the total adjustment interval is 11 link
positions.

[0065] The total adjustment interval may be determined before the adjustment is conducted,
and may be compared with an interval threshold. The adjustment may be conducted when the

total adjustment interval is greater than the interval threshold.
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[0066] Apparently, the aforementioned conditions are some exemplary conditions that can
be set to determine whether an adjustment is to be performed, and do not mean to be limiting.
Other conditions may be set according to specific needs, and this disclosure is not limited in
this regard.

[0067] Additionally or alternatively, two or more conditions may be combined to
determine whether an adjustment can be conducted. For example, in one embodiment, the
adjusting the link positions for the link operations that have been conducted may include:
determining whether the adjustment period is greater than the time threshold and the adjustment
counter is less than the counter threshold; and in response to determining that the adjustment
period is greater than the time threshold and the adjustment counter is less than the counter
threshold, adjusting the link positions of the link operations.

[0068] The link position adjustment process described above refers to an example in which
new connections are added. The link position adjustment can also be conducted after one or
more existing connections are removed.

[0069] More specifically, the conducting the connection operation within the connection
window may further comprise: removing one of the one or more wireless connections by
removing the link operation corresponding to the removed wireless connection; and adjusting
link positions of the remaining link operations.

[0070] The adjusting link positions of the remaining link operations may include adjusting
the link positions of the remaining link operations, so that operation intervals of the connection
window are substantially the same. Relative orders of the link operations may remain
unchanged after the adjustment.

[0071] More specifically, the adjusting the link positions of the remaining link operations
may further include: determining whether the adjustment period is greater than the time
threshold and the adjustment counter is less than a counter threshold. The adjustment period
may be a time period since the link positions are last adjusted, and the adjustment counter may
be the number of link positions that have been adjusted. The adjusting the link positions of the
remaining link operations may further include: in response to determining that the adjustment
period is greater than the time threshold and the adjustment counter is less than the counter
threshold, adjusting the link positions of the remaining link operations.

[0072] Relevant parts in the descriptions related to the link operation adjustment when new
connection is added may be referred to for details of the link operation adjustment, which will

not be repeated here for the sake of conciseness.
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[0073] In the method for managing one or more wireless connections provided in this
disclosure. The scan interval and the connection interval may each be an integer multiplication
of a base interval, and the scan windows and the connection windows are separated from each
other. Thus, the interference between the scan operations and the connection operations may
be minimized. Each connection window may include a plurality of link positions substantially
equally spaced from each other, each corresponding to one wireless connection. When a new
connection is established, the new connection may be assigned a link position on the basis that
the operation intervals of the connection window are substantially same. Additionally, when a
new connection is established or an existing connection is removed, the link positions
corresponding to the connections may be adjusted so that the operation intervals of the
connection window are substantially the same. Relative orders of the link operations may
remain unchanged after the adjustment. Thus, the interference between the connections may
be minimized, the performance of each connection may be improved, and the throughput of
each connection can be estimated.

[0074] Based on the method of managing one or more wireless connections presented
above, this disclosure further provides a wireless gateway. The wireless gateway may include
a processor and a memory configured to store computer instruction executable by the processor
to cause the processor to perform a method for managing one or more wireless connections.
The method may include: conducting a plurality of scan operations and a plurality of
connection operations. Each scan operation may be conducted within one of a plurality of scan
windows each having a scan window size, and each connection operation may be conducted
within one of a plurality of connection windows each having a connection window size.
[0075] The scan windows and the connection windows may be separated from each other.
Consecutive scan windows may be separated by a scan interval, and consecutive connection
windows may be separated by a connection interval. The scan interval may be a first integer
multiplication of a base interval, and the connection interval may be a second integer
multiplication of the base interval. Each connection window may include a plurality of link
positions each corresponding to one of the one or more wireless connections.

[0076] In some embodiments, the scan operations and the connection operations may be
conducted alternately, and the scan interval equals to the connection interval.

[0077] In some embodiments, within each connection window, each of the plurality of link
positions may have a same span size, and consecutive link positions may be separated by a
same link separation. And the conducting the connection operation within the connection

window may include: conducting one or more link operations, each conducted at one of the
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plurality of link positions, causing the corresponding link position being occupied. Each link
operation may correspond to one of the one or more wireless connections.

[0078] In some embodiments, the conducting the scan operation within the scan window
may include: conducting the scan operation to identify a new wireless connection. And the
conducting the connection operation within the connection window may further include:
adding the new wireless connection. The new wireless connection may be added by:
conducting a new link operation corresponding to the new wireless connection at one of the
plurality of link positions that is not occupied; and adjusting the link positions for the link
operations that have been conducted.

[0079] In some embodiments, the adjusting the link positions for the link operations that
have been conducted may include: adjusting the link positions so that operation intervals of the
connection window are substantially the same. The operation intervals of the connection
window may include intervals between consecutive link operations as well as the interval from
the last link operation to the end of the connection window. Relative orders of the link positions
may remain unchanged after the adjustment.

[0080] In some embodiments, the adjusting the link positions for the link operations that
have been conducted may further include: determining whether an adjustment period is greater
than a time threshold and an adjustment counter smaller than a counter threshold; and in
response to determining that the adjustment period is greater than the time threshold and the
adjustment counter is less than the counter threshold, adjusting the link positions. The
adjustment period may be a time period since the link positions are last adjusted, and the
adjustment counter may be a number of link positions that have been adjusted.

[0081] In some embodiments, the conducting the connection operation within the
connection window may further include: removing one of the one or more wireless connections.
The one or more wireless connections may be removed by: removing the link operation
corresponding to the removed wireless connection; and adjusting link positions the remaining
link operations.

[0082] In some embodiments, the adjusting link positions of the remaining link operations
may include: adjusting the link positions so that operation intervals of the connection window
are substantially the same. Relative orders of the link operations may remain unchanged after
the adjustment.

[0083] In some embodiments, the adjusting the link positions of the remaining link
operations may further include: determining whether the adjustment period is greater than the

time threshold and the adjustment counter is less than the counter threshold; and in response to
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determining that the adjustment period is greater than the time threshold and the adjustment
counter is less than the counter threshold, adjusting the link positions of the remaining link
operations. The adjustment period may be a time period since the link positions are last adjusted,
and the adjustment counter may be the number of link positions that have been adjusted.
[0084] Relevant descriptions in the method embodiments may be referred to for details of
the method, which will not be repeatedly described herein for the sake of conciseness.

[0085] Based on the method of managing one or more wireless connections presented
above, this disclosure further provides a non-transitory computer-readable storage medium
storing a computer program. Upon being executed by a processor, the computer program may
cause the processor to perform a method for managing one or more wireless connections. The
method may be applicable to a wireless gateway and may include: conducting, by the wireless
gateway, a plurality of scan operations and a plurality of connection operations. Each scan
operation may be conducted within one of a plurality of scan windows each having a scan
window size, and each connection operation may be conducted within one of a plurality of
connection windows each having a connection window size.

[0086] The scan windows and the connection windows may be separated from each other.
Consecutive scan windows may be separated by a scan interval, and consecutive connection
windows may be separated by a connection interval. The scan interval may be a first integer
multiplication of a base interval, and the connection interval may be a second integer
multiplication of the base interval. Each connection window may include a plurality of link
positions each corresponding to one of the one or more wireless connections.

[0087] In some embodiments, the scan operations and the connection operations are
conducted alternately, and the scan interval equals to the connection interval.

[0088] Relevant descriptions in the method embodiments may be referred to for details of
the method, which will not be repeatedly described herein for the sake of conciseness.

[0089] FIG. 8 shows a schematic diagram illustrating a computer system upon which any
of the embodiments described herein may be implemented. Various devices described in this
disclosure, such as devices associated with the wireless gateway, may be at least partially
implemented as such a computer system 800. The computer system 800 may include a bus 810
or other communication mechanism for communicating information, one or more hardware
processors 801 coupled with the bus 810 for processing information. Hardware processor(s)
801 may be, for example, one or more general purpose microprocessors.

[0090] The computer system 800 may also include a main memory 803, such as a random

access memory (RAM), cache and/or other dynamic storage devices, coupled to the bus 810
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for storing information and instructions to be executed by processor(s) 801. Main memory 803
may be used for storing temporary variables or other intermediate information during execution
of instructions to be executed by processor(s) 801. Such instructions, when stored in storage
media accessible to processor(s) 801, may render computer system 800 into a special-purpose
machine that is customized to perform the operations specified in the instructions. For example,
upon being executed by the processor(s) 801, the instructions may cause the processor(s) 801
to perform the method described in any of the aforementioned embodiments.

[0091] Main memory 803 may include non-volatile media and/or volatile media. Non-
volatile media may include, for example, optical or magnetic disks. Volatile media may include
dynamic memory. Common forms of media may include, for example, a floppy disk, a flexible
disk, hard disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a
CD-ROM, any other optical data storage medium, any physical medium with patterns of holes,
a RAM, a DRAM, a PROM, and EPROM, a FLASH-EPROM, NVRAM, any other memory
chip or cartridge, and networked versions of the same.

[0092] The computer system 800 may implement the techniques described herein using
customized hard-wired logic, one or more ASICs or FPGAs, firmware and/or program logic
which in combination with the computer system causes or programs computer system 800 to
be a special-purpose machine. According to one embodiment, the techniques herein are
performed by computer system 800 in response to processor(s) 801 executing one or more
sequences of one or more instructions contained in main memory 803. Such instructions may
be read into main memory 803 from another storage medium, such as a storage medium 805.
Execution of the sequences of instructions contained in main memory 803 causes processor(s)
801 to perform the process steps described herein.

[0093] The computer system 800 also includes a network interface 802 coupled to the bus
810. The network interface 802 may provide a two-way data communication coupling to one
or more network links that are connected to one or more networks. In another example, the
network interface 802 may be a local area network (LAN) card to provide a data
communication connection to a compatible LAN (or WAN component to communicated with
a WAN). Wireless links may also be implemented.

[0094] The method, system, computer-readable storage medium, and computer system for
managing one or more wireless connection are disclosed. In the method for managing one or
more wireless connections, the scan operations and the connection operations are performed in
their respective operation windows that are not overlapped, and each individual connection is

assigned substantially same time slot resource. Thus, the interference between the scan
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operation and the connection operation is minimized, and the accessibilities of individual
connections are maintained substantially consistent. Additionally, when a new connection is
added or an existing connection is removed, the link positions corresponding to the wireless
connections are adjusted to provide substantially balance distribution of the time slot resource
for each individual connection. Thus, the performances of individual connections are
maintained consistent, and the throughput of each individual connection can be accurately
estimated.

[0095] While examples and features of disclosed principles are described herein,
modifications, adaptations, and other implementations are possible without departing from the
spirit and scope of the disclosed embodiments. Also, the words “comprising,” “having,”
“containing,” and “including,” and other similar forms are intended to be equivalent in meaning
and be open ended in that an item or items following any one of these words is not meant to be
an exhaustive listing of such item or items, or meant to be limited to only the listed item or
items. It must also be noted that as used herein and in the appended claims, the singular forms
“a,” “an,” and “the” include plural references unless the context clearly dictates otherwise.
[0096] The embodiments illustrated herein are described in sufficient detail to enable those
skilled in the art to practice the teachings disclosed. Other embodiments may be used and
derived therefrom, such that structural and logical substitutions and changes may be made
without departing from the scope of this disclosure. The Detailed Description, therefore, is not
to be taken in a limiting sense, and the scope of various embodiments is defined by the

appended claims, along with the full range of equivalents to which such claims are entitled.

19



WO 2022/011076 PCT/US2021/040779

CLAIMS

What is claimed is:
1. A time division multiplexing method for managing one or more wireless connections,
applicable to a wireless gateway, the method comprises:

conducting, by the wireless gateway, a plurality of scan operations and a plurality of
connection operations, each scan operation conducted within one of a plurality of scan
windows each having a scan window size, each connection operation conducted within one of
a plurality of connection windows each having a connection window size,

wherein the scan windows and the connection windows are separated from each other,
consecutive scan windows are separated by a scan interval, consecutive connection windows
are separated by a connection interval, and the scan interval is a first integer multiplication of
abase interval, and the connection interval is a second integer multiplication of the base interval,
and

wherein each connection window includes a plurality of link positions each

corresponding to one of the one or more wireless connections.

2. The method of claim 1, wherein the scan operations and the connection operations are

conducted alternately, and the scan interval equals to the connection interval.

3. The method of claim 1, wherein, within each connection window, each of the plurality
of link positions has a same span size, and consecutive link positions are separated by a same
link separation, and

wherein the conducting the connection operation within the connection window
comprises:

conducting one or more link operations, each conducted at one of the plurality of link
positions, causing the corresponding link position being occupied, wherein each link operation

corresponds to one of the one or more wireless connections.

4, The method of claim 3, wherein the conducting the scan operation within the scan
window comprises:

conducting the scan operation to identify a new wireless connection, and

wherein the conducting the connection operation within the connection window further
comprises:

adding the new wireless connection by:
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conducting a new link operation corresponding to the new wireless connection
at one of the plurality of link positions that is not occupied; and

adjusting the link positions for the link operations that have been conducted.

5. The method of claim 4, wherein the adjusting the link positions for the link operations
that have been conducted comprises:

adjusting the link positions so that operation intervals of the connection window are
substantially the same, and relative orders of the link positions remain unchanged, wherein the
operation intervals of the connection window include intervals between consecutive link

operations and an interval from the last link operation to the end of the connection window.

6. The method of claim 5, wherein the adjusting the link positions for the link operations
that have been conducted further comprises:

determining whether an adjustment period is greater than a time threshold and an
adjustment counter is less than a counter threshold, wherein the adjustment period is a time
period since the link positions are last adjusted, and the adjustment counter is a number of link
positions that have been adjusted; and

in response to determining that the adjustment period is greater than the time threshold

and the adjustment counter is less than the counter threshold, adjusting the link positions.

7. The method of claim 3, wherein the conducting the connection operation within the
connection window further comprises:
removing one of the one or more wireless connections by:
removing the link operation corresponding to the removed wireless connection;
and

adjusting link positions of the remaining link operations.

8. The method of claim 7, wherein the adjusting link positions of the remaining link
operations comprises:

adjusting the link positions so that operation intervals of the connection window are
substantially the same, and relative orders of the link positions remain unchanged, wherein the
operation intervals of the connection window include intervals between consecutive link
operations as well as the interval from the last link operation to the end of the connection

window.
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9. The method of claim 8, wherein the adjusting the link positions of the remaining link
operations further comprises:

determining whether an adjustment period is greater than a time threshold and an
adjustment counter is less than a counter threshold, wherein the adjustment period is a time
period since the link positions are last adjusted, and the adjustment counter is the number of
link positions that have been adjusted; and

in response to determining that the adjustment period is greater than the time threshold
and the adjustment counter is less than the counter threshold, adjusting the link positions of the

remaining link operations.

10. A wireless gateway, comprising:

a processor; and

amemory configured to store computer instruction executable by the processor to cause
the processor to perform:

conducting a plurality of scan operations and a plurality of connection operations, each
scan operation conducted within one of a plurality of scan windows each having a scan window
size, each connection operation conducted within one of a plurality of connection windows
each having a connection window size,

wherein the scan windows and the connection windows are separated from each other,
consecutive scan windows are separated by a scan interval, consecutive connection windows
are separated by a connection interval, and the scan interval is a first integer multiplication of
abase interval, and the connection interval is a second integer multiplication of the base interval,
and

wherein each connection window includes a plurality of link positions each

corresponding to one of the one or more wireless connections.

11.  The wireless gateway of claim 10, wherein the scan operations and the connection

operations are conducted alternately, and the scan interval equals to the connection interval.
12.  The wireless gateway of claim 10, wherein within each connection window, each of the

plurality of link positions has a same span size, and consecutive link positions are separated by

a same link separation, and
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wherein the conducting the connection operation within the connection window
comprises:

conducting one or more link operations, each conducted at one of the plurality of link
positions, causing the corresponding link position being occupied, wherein each link operation

corresponds to one of the one or more wireless connections.

13.  The wireless gateway of claim 12, wherein the conducting the scan operation within
the scan window comprises:

conducting the scan operation to identify a new wireless connection, and

wherein the conducting the connection operation within the connection window further
comprises:

adding the new wireless connection by:

conducting a new link operation corresponding to the new wireless connection

at one of the plurality of link positions that is not occupied; and

adjusting the link positions for the link operations that have been conducted.

14.  The wireless gateway of claim 13, wherein the adjusting the link positions for the link
operations that have been conducted comprises:

adjusting the link positions so that operation intervals of the connection window are
substantially the same, and relative orders of the link positions remain unchanged, wherein the
operation intervals of the connection window include intervals between consecutive link
operations as well as the interval from the last link operation to the end of the connection

window.

15.  The wireless gateway of claim 14, wherein the adjusting the link positions for the link
operations that have been conducted further comprises:

determining whether an adjustment period is greater than a time threshold and an
adjustment counter smaller than a counter threshold, wherein the adjustment period is a time
period since the link positions are last adjusted, and the adjustment counter is a number of link
positions that have been adjusted; and

in response to determining that the adjustment period is greater than the time threshold

and the adjustment counter is less than the counter threshold, adjusting the link positions.
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16.  The wireless gateway of claim 12, wherein the conducting the connection operation
within the connection window further comprises:
removing one of the one or more wireless connections by:
removing the link operation corresponding to the removed wireless connection;
and

adjusting link positions the remaining link operations.

17.  The wireless gateway of claim 16, wherein the adjusting link positions of the remaining
link operations comprises:

adjusting the link positions so that operation intervals of the connection window are
substantially the same, and relative orders of the link positions remain unchanged, wherein the
operation intervals of the connection window include intervals between consecutive link
operations as well as the interval from the last link operation to the end of the connection

window.

18. The wireless gateway of claim 17, wherein the adjusting the link positions of the
remaining link operations further comprises:

determining whether an adjustment period is greater than a time threshold and an
adjustment counter is less than a counter threshold, wherein the adjustment period is a time
period since the link positions are last adjusted, and the adjustment counter is the number of
link positions that have been adjusted; and

in response to determining that the adjustment period is greater than the time threshold
and the adjustment counter is less than the counter threshold, adjusting the link positions of the

remaining link operations.

19. A non-transitory computer-readable storage medium storing a computer program,
wherein, upon being executed by a processor, the computer program causes the processor to
perform:

conducting, by the wireless gateway, a plurality of scan operations and a plurality of
connection operations, each scan operation conducted within one of a plurality of scan
windows each having a scan window size, each connection operation conducted within one of
a plurality of connection windows each having a connection window size,

wherein the scan windows and the connection windows are separated from each other,

consecutive scan windows are separated by a scan interval, consecutive connection windows
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are separated by a connection interval, and the scan interval is a first integer multiplication of
a base interval, and the connection interval is a second integer multiplication of the base interval,

and

wherein each connection window includes a plurality of link positions each

corresponding to one of the one or more wireless connections.
20.  The non-transitory computer-readable storage medium of claim 19, wherein the scan

operations and the connection operations are conducted alternately, and the scan interval equals

to the connection interval.
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