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(57) Abstract: An apparatus and method for improved data speeds for
wireless device are discloses. The wireless device locates at a first loca-
tion within a first cell, and detects a failure to acquire SIB of the first
cell. A waiting period is started in response to the failure to prohibit se-
lecting the first cell during the waiting period. After determining that the
wireless device has left a vicinity of the first location in the first cell, the
wireless device connects to the telecommunication network via the first
cell before an expiration of the waiting period. According to the disclo-
sure, the wireless device does not need to wait for the expiration of the
waiting period before reconnecting to the first cell. The wireless device
does not need to connect to a lower data rate cell during the waiting pe-
riod when the first cell is available. The user experience is improved.
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Apparatus and Method for Improved Data Speeds for Wireless Devices

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and benefit of U.S. provisional patent
application Serial No. 62/724,441, filed on August 29, 2018, and entitled “Apparatus and Method
for Improved Data Speeds for Wireless Devices”, which application is hereby incorporated by

reference.

TECHNICAL FIELD
[0002] The present invention relates generally to cell reselection by a wireless device, and,

in particular, to cell reselection for improved data speeds.

BACKGROUND
[0003] System information block (SIB) includes essential parameters for communicating
with Evolved Node B (eNodeB). A user equipment (UE) receives SIB broadcasted from an
eNodeB. Only after obtaining the SIB of the eNodeB, the UE is able to acquire the access
sequences it has to transmit or the transmit power at which the eNodeB is transmitting to
communicate with the eNodeB. Therefore, if the UE is not able to obtain SIB successfully, it
cannot access a cell of the eNodeB. When the UE is located in a weak coverage area of a
Long-Term Evolution (LTE) cell of the eNodeB, the UE may not be able to obtain SIB

successfully. According to the 3rd Generation Partnership Project (3GPP) specification, in this



WO 2020/042623 PCT/CN2019/082455

scenario, the UE will start a barring timer and will not select the LTE cell before the timer expires,
for example, with a period of 5 minutes. The UE may use other RATs (Radio Access Technologies)
(for example, 3G/2G) with lower data rate. However, the user experience with 3G/2G is poor as
compared to 4G LTE since the data throughput for 3G/2G is lower than for 4G LTE.
SUMMARY
[0004] In accordance with an embodiment of the present invention, a method performed
by a wireless device for connecting to a telecommunication network is provided. The wireless
device locates at a first location within a first cell of the telecommunication network, and detects a
failure to acquire SIB of the first cell. A waiting period is started in response to the failure to
prohibit selecting the first cell for connecting to the telecommunication network during the waiting
period. After determining that the wireless device has left a vicinity of the first location in the first
cell, the wireless device connects to the telecommunication network via the first cell before an
expiration of the waiting period.
[0005] The present disclosure allows the wireless device to be back on the first cell as soon
as it detects that the wireless device has left a vicinity of the first location in the first cell. The
wireless device does not need to wait for the waiting period before reconnecting to the first cell.
The wireless device does not need to connect to a lower data rate cell during the waiting period
when the first cell is available. Therefore, the wireless device can obtain much higher data rate
service and the user experience is improved.
[0006] Optionally, in any of the preceding embodiments, the wireless device monitors a
change of location during the waiting period. When the wireless device moves from the first

location to a second location, the wireless device compares a distance between the first location
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and the second location with a threshold, wherein the threshold indicates a boundary of the vicinity
of the first location.

[0007] The distance comprises a vertical distance and a horizontal distance, wherein the
threshold includes a horizontal threshold and a vertical threshold. The horizontal threshold differs
from the vertical threshold.

[0008] Optionally, in any of the preceding embodiments, information of location
comprises a latitude, a longitude, and an altitude. The vertical distance is a measure of the distance
along an altitude dimension of the first location and the second location. The horizontal distance is
a measure of the distance along a latitude dimension or a longitude dimension of the first location
and the second location.

[0009] Optionally, in any of the preceding embodiments, the horizontal threshold is
greater than the vertical threshold.

[0010] The wireless device calculates the distance between the first location and the
second location based on the latitude, the longitude and the altitude of the first location and the
second location, and compares the distance with the threshold, and determines that the second
location where the wireless device locates currently is not in vicinity of the first location in the first
cell.

[0011] Optionally, in any of the preceding embodiments, the wireless device starts a
barring timer for the waiting period. Once determining that the wireless device has left vicinity of
the first location, the wireless device clears the barring timer before connecting to the

telecommunication network via the first cell.
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[0012] Optionally, in any of the preceding embodiments, when the wireless device detects
the failure to acquire SIB of the first cell, the wireless device connects to a second cell at the first
location, and a data transfer speed of the second cell is less than a data transfer speed of the first
cell. Since the data transfer speed is reduced when the wireless device connects to the second cell,
the user experience is worse. Furthermore, if the wireless device cannot reconnect to the first cell
during the waiting period, the user has to put up with the lower data transfer speed until the waiting
period expires.

[0013] Optionally, in any of the preceding embodiments, the wireless device starts an
additional timer in response to the determining that the wireless device has left the vicinity of the
first location, and connects to the telecommunication network via the first cell after the additional
timer expired, wherein the additional timer measures a period of time shorter than the waiting
period. The additional timer is used to avoid ping-ponging and keep the wireless device from
“ping-ponging” back and forth.

[0014] Optionally, in any of the preceding embodiments, the first cell may be 4G cell, and
the second cell maybe 2G/3G cell. When the wireless device fails to connect the first cell at the
first location, the wireless device will connect the second cell if the second cell is available. After
the wireless device left the vicinity of the first location, the wireless device will reconnect to the
first cell when the first cell is available at the second location according to the disclosure. If the
wireless device moves back and forth between the first location and the second location, the
wireless device will be back and forth between the first cell and the second cell. The additional
timer can keep the wireless device from “ping-ponging” back and forth between the 4G and

2G/3G.
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[0015] In accordance with another embodiment, a mobile wireless device includes one or
more processors and a memory storing programming for execution by the one or more processors,
the one or more processors configured to: detect, at a first location within a first cell of the
telecommunication network, a failure to acquire system information block (SIB) of the first cell ,
wherein a waiting period is started in response to the failure to prohibit selecting the first cell for
connecting to the telecommunication network during the waiting period; determine that the
wireless device has left a vicinity of the first location in the first cell; and connect to the

telecommunication network via the first cell before an expiration of the waiting period.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0016] For a more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the
accompanying drawings, in which:
[0017] Fig. 1 illustrates a network for communicating data;
[0018] Fig. 2A is a flowchart illustrating an embodiment of a process in a UE to perform
system reselection back to a preferred system;
[0019] Fig. 2B is another flowchart illustrating an embodiment of a process in a UE to
perform system reselection back to a preferred system;
[0020] Fig. 3 is another flowchart illustrating an embodiment of a process in a UE to
determine whether to perform system reselection back to a preferred system;
[0021] Fig. 4 illustrates a block diagram of an example UE system for performing methods
described herein; and
[0022] Fig. 5 illustrates one example of a data processing system, such as a UE, which can

be used in conjunction with the embodiments described herein.

DETAILED DESCRIPTION
[0023] The making and using of the presently preferred embodiments are discussed in
detail below. It should be appreciated, however, that the present disclosure provides many
applicable inventive concepts that can be embodied in a wide variety of specific contexts. The
specific embodiments discussed are merely illustrative of specific ways to make and use the

invention, and do not limit the scope of the invention.
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[0024] As used herein, a wireless device can be a user equipment (UE), an access terminal
(AT), a mobile station (MS), a mobile wireless device, a mobile wireless communication device, a
smartphone, a wirelessly enabled tablet computer, or any other type of wireless communication
device. The terms wireless communication device, mobile wireless device, mobile wireless
communication device, UE, AT, and MS are used interchangeably throughout this disclosure. In
3GPP LTE and in wideband code division multiple access/ universal mobile telecommunications
system (WCDMA/UMTS), the wireless communication device is typically referred to as a UE. In
Ix Evolution-Data Optimized (EV-DO), the wireless communication device is typically referred
to as an AT and in CDMA 1x and Global System for Mobile communication (GSM), the wireless
communication device is typically referred to as a MS.

[0025] One issue with this barring timer in the prior art is that the UE may leave the failure
location where the UE fails to acquire SIB of the LTE cell prior to the baring timer expires. The
failure location maybe in a weak coverage area of the LTE cell. If the UE enters a good coverage
area of the LTE cell rather quickly during a waiting period defined by the barring timer, the UE
will still be prevented from connecting to the LTE cell. Thus, the user experience of the UE can be
negatively affected because of a longer period of wait time than is necessary.

[0026] Since the waiting period can be as long as 5 minutes, a user may become frustrated
if the user is paying for 4G and becomes aware that he/she is being forbidden to use 4G for several
minutes. The sooner a UE is allowed on 4G LTE, the better the user experience of the UE can be.
For example, inside of an elevator may be in a weak coverage area of the LTE cell. When a user
enters the elevator and the UE of the user may fail to acquire SIB of the LTE cell, then the UE will

be barred from the LTE cell for 5 minutes until the barring timer expires. It is possibly that the user
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may come out of the elevator in one minute and enter a good coverage area of the LTE cell again.
However, the user still needs to wait for another 4 minutes until the barring timer expires. The user
experience can be improved in this situation.

[0027] Disclosed herein are apparatus and method to resolve this issue in the current 3GPP
solution to provide a better user experience. In an embodiment, the barring timer is cleared
immediately upon the UE detecting that it has left a vicinity of the failure location in the LTE cell
or after the UE has left a vicinity of the failure location for a short period (an additional timer
maybe initialized for monitoring the period).

[0028] Many different criterions may be utilized by the UE to determine whether it has left
the vicinity of the failure location. For example, the UE records information of the failure location
where the UE fails to acquire the SIB of the LTE cell, then the UE monitors a change of location
(or movement to a new location) of the UE during the waiting period. The UE calculates distance
between the new location and the failure location. In one embodiment, when the calculated
distance satisfied one or more conditions or criteria, the UE determines that it has left the vicinity
of the failure location.

[0029] For example, the conditions may include a threshold value and whether the
calculated distance is greater than (or exceeding) the threshold value. The distance may include
Euclidian distance or other applicable distance measure. For example, the distance may be
measured based on changes in altitude in the UE device (without being affected by location
changes along longitude or latitude dimensions). Other distance measurements based on location
changes along different combinations of latitude, longitude and/or altitude may be applicable

according to sensitivity in changes of cell coverage.
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[0030] Once the UE determines that it has left a vicinity of the failure location, the UE can
make another attempt to connect (e.g. sending connection requests) the LTE cell regardless (or
independent of) whether the barring timer expires or not. The UE does not attempt to perform cell
reselection (which can take up considerable amount of resources) within a vicinity of a previous
location.

[0031] In an embodiment, the UE obtains or monitors the change of location of the UE
based on a positioning hardware of the UE. The positioning hardware may include a positioning
chipset or a sensor that receives signals from Global Positioning System (GPS) or other applicable
wireless sources (e.g. access points) for identifying the UE’s location. In another embodiment, the
UE includes altitude monitor, which can monitor the altitude changes of the UE. Once the UE find
it has left the vicinity of the failure location, it will include the LTE cell in selection list for
connecting to the telecommunication network. In another embodiment, the UE does not monitor
the location of itself all the time. When the UE fails to acquire the SIB of the LTE cell, it starts to
obtain the location of itself periodically (for example, 10 seconds or other applicable intervals).
[0032] These criterions enumerated above are merely examples and the criterions are not
limited to those described above. Those of ordinary skill in the art will recognize that other criteria
may be utilized for determining whether the UE has left the vicinity of the first location in the first
cell.

[0033] Disclosed herein are method and apparatus to improve user experience after the UE
of the user fails to acquire the SIB of the LTE cell. In an embodiment, when UE receives a
notification that system information of a cell has changed, the UE will performs SIB acquisition of

the LET cell. When the UE locates on a weak coverage area of the LTE cell, it may not be able to
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obtain SIB of the LTE cell successfully. For example, the UE cannot receive SIB from the LTE
cell or the UE just receives a portion of the SIB and some parts of the SIB are lost. In response to
the acquirement failure of the SIB of the LTE cell, the UE will start a barring timer which prevents
the UE from connecting the LTE cell for a waiting period.

[0034] Then the UE will perform intra-RAT cell selection for other suitable L' TE cell. If no
other suitable LTE cell is available, the UE will perform inter-RAT cell selection and will camp on
the 2G or 3G cell when there is a suitable 2G or 3G cell. The UE can clear the barring timer when
it detects that the UE has traveled a predetermined distance from the failure location before the
barring timer expires, and attempts to reselect the LTE cell again. For example, the UE can include
the LTE cell for cell selection list for the reselection. In one embodiment, a predetermined distance
can specify or indicate a boundary of a vicinity of a failure location (or a previous location as
recorded/stored where the UE failed to connect to the LTE cell)

[0035] The UE can perform standard procedure based on the cell selection list to connect
to the LTE cell if the current location is in good coverage area of the LTE cell and the UE is enable
to acquire SIB of the LTE cell at the current location. The UE performs cell selection (in an
embodiment, the cell selection is triggered by the change of location) according to, for example,
standard cell selection procedures/criteria defined in the 3GPP/3GPP2 specification. The UE
selects to the most preferred, available system (for example, LTE) according to the cell reselection
criteria.

[0036] The disclosed mechanism provides an advantage of allowing the UE to be back on
the 4G LTE network as soon as it detects that it has left a vicinity of the first location in the first

cell without waiting for the expiration of the barring timer. Therefore, the UE can obtain much
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higher data rate service and the user experience is improved. In some embodiments, the UE can
obtain high speed LTE service up to 5 minutes earlier than would occur if the UE had to wait until
the expiration of the barring timer. This improvement in data rate service results in a better user
experience. Furthermore, it reduces the likelihood that the user becomes frustrated or angry for
paying for 4G service, by becoming aware that he/she is being forbidden from accessing 4G
service for several minutes or longer.

[0037] Furthermore, a vicinity can be configured to control or reduce the number of
attempts to perform cell reselection. A vicinity may be bounded with varied absolute distance from
a failed location along different directions based on likelihood of changes in cell coverage
strengths. A UE may need to use position tracking resources (e.g. based on GPS, Wi-Fi, or other
applicable physical/location sensing/measurement mechanisms etc.) to monitor or track whether it
is still within a vicinity without a need to perform cell-reselection while remaining within the
vicinity. In UE, position tracking may require much less resources than cell reselection attempts.
Thus, resource usages can be managed without unnecessary reselection attempts.

[0038] It should be noted that the disclosed apparatus and method can be applied to any
RAT and network hierarchical levels (not merely between 3G and 4G, but between any two
systems having a disparity in the quality of the user experience between the two systems, for
example, 4G and 5G), thereby leading to an improvement in user experience.

[0039] Fig. 1 illustrates a network 100 for communicating data. The network 100
comprises a plurality of base stations (BSs) including base station 115 of 2G/3G and eNodeB 125
of 4G, a plurality of user equipment (UEs) 130, 131. The base station of 2G/3G 115 has (or covers)

a coverage area 110, the eNodeB 125 has a coverage area 120. In some embodiment, the coverage
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area 110 and the coverage area 120 may overlap with each other. Optionally, the coverage area 110
may encompass or include the coverage area 120. As used herein, the term BS may also be referred
to as a cell, an E-UTRAN Node B (eNodeB), a base transceiver station (BTS), an access point
(AP), or a transmission point, and these terms may be used interchangeably throughout this
disclosure. The BSs 115, 125, may comprise any component capable of providing wireless access
by, inter alia, establishing uplink and/or downlink connections with the UEs 130, 131. The UEs
130, 131 may comprise any component capable of establishing a wireless connection with the BSs
115, 125. Examples of an UE can include smart phones, laptop computers, and tablet computers or
other applicable user device. In some embodiments, the network 100 may comprise various other
wireless devices, such as relays, femtocells, etc.

[0040] A UE may need to update SIB of the LTE cell in some situations or circumstances.
For example, when a UE is located in a weak coverage area (e.g. location B 122) of the LTE cell.
Alternatively, the UE can update SIB periodically. In one embodiment, a UE located in location B
122 can send a request to acquire SIB of the LTE cell from the eNodeB 125. Since signals received
from eNodeB 125 are weak in the location B 122, the UE may fail to receive the SIB of the LTE
cell from the eNodeB 125 before time out or within a time out period after sending out the SIB
request. The UE should start a barring timer in response to the failure of the SIB acquirement and
be prevented from connecting to the same LTE cell before the barring timer expires. However, if
the UE moves to other good coverage area of the LTE cell 120, such as out of elevator 123, the UE
may clear the barring timer, and select back to the LTE cell which has higher data rate than 2G/3G

cell (e.g., reselect back to 4G LTE from 2G/3G) before the expiration of the timer. This is possible
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since the new location of the UE is in good coverage area of the LTE cell. Therefore, the UE does
not need t to remain waiting in the less preferred system (e.g. 2G/3G cell 110).

[0041] The condition that allows the UE to clear the barring timer and reselect back to the
preferred system (LET cell) before the expiration of the timer is referred to as a detection criteria.
The UE may record or store a failure location where the UE fails to acquire SIB. The UE can
determine whether the UE has traveled (or moved) to a new location which is not in (or outside of)
a vicinity of the failure location based on the detection criteria. If the detection criteria is not met,
the UE 130 may have to remain on the systems it falls back to (e.g. 2G/3G system) until the timer
expires. The detection criteria may be based on a measurement that the UE already performs for
other reasons (e.g. GPS positioning), thereby minimizing the impact of the reselect mechanism on
resource usage, such as battery power consumption. However, it is not necessary that the detection
criteria utilize a measurement already required of the UE. In some embodiments, the UE may be
required to perform a measurement not otherwise needed by the UE in order to determine whether
the detection criteria has been satisfied.

[0042] A vicinity of a location may be configured with a certain distance, L, from the
location. The absolute value of L may or may not be the same along different directions or
dimensions, such altitude, latitude, longitude or a combination thereof. The UE can determine that
the UE is located outside of the vicinity of the location if the UE detects that the UE is currently
located away from the location with a distance greater the L. The distance, L, may be dynamically
or statically configurable. In some embodiments, the UE may be located at a new location
significantly different from an old location if the new location is outside of the vicinity of the old

location.
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[0043] When a UE fails to acquire the SIBs of the LTE cell and starts the barring timer, the
UE may record information of a first location (or the UE’s current location), e.g. location B 122,
where the SIBs acquirement failure occurs. In an embodiment, the information of the first location
can include multiple values indicating latitude, longitude and altitude (or multiple dimension
components) of the location. The UE can keep monitoring location of itself or monitoring location
of itself periodically (e.g. 10s or other proper intervals). The UE calculates the distance that it has
traveled from the recorded location. If the calculated distance is greater than a threshold, such as a
value configured for a boundary of a vicinity of the first location (or a recorded location), the UE
can initiate cell reselection operation to get back to LTE cell. In some embodiments, the UE can
include the LTE cell for cell reselection. For example, the UE 131 may fail to connect to LTE cell
120 at location B 122. The UE 131 moves away from location B 122 to location A 121, the UE 131
can calculate the distance between the location B 122 and the location A 121 to determine whether
the distance is greater than the threshold when the UE 131 determines whether to make an attempt
for cell reselection at location A 121.

[0044] The threshold distance may be predetermined or dynamically configured, for
example, to indicate a boundary of a vicinity of a location. A vicinity of a location may be
configured with a consideration that if a UE fails to acquire SIBs of an LTE cell, it is likely that the
UE may have moved out of the area with weak cell coverage as the experienced failure to acquire
SIBs in the location.

[0045] A UE can connect to the LTE cell again by including or inserting an identifier of the
LTE cell into cell selection list, and start the procedure for connecting the telecommunication

network via the LTE cell. If the UE fails to connect to the LTE cell at the current location, the UE
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will take the current location as a failure location, records the location information of the current
location and monitors whether the UE moves away from a vicinity of the newly recorded location
for reconnection attempt. In some embodiments, the UE may restart the baring timer substantially
when detecting the failure to connect to the LTE cell at the current location regardless whether the
barring timer has expired or not.

[0046] The distance between a failure location and a current location may be determined
according to Euclidian distance measure or other applicable distance measures based on recorded
location parameters. For example, a UE may detect failure in acquiring SIB at a first location. The
UE can record the information of the first location including latitude, longitude and altitude of the
first location. The UE keeps monitoring the current location of itself or obtain location of itself
periodically. The current location of UE can be monitored along multiple dimensions, such as a
longitude, a latitude and an altitude. The UE calculates the distance it has traveled from the first
location based on the information of the first location and the current location. The UE determines
that it has left the vicinity of the first location when its traveled distance is greater than a
predetermined threshold. Then the UE can try to reconnect to the LTE cell again, e.g. by including
or appending identifiers of the LTE cell in cell selection/reselection list. The UE is allowed to
connect the LTE cell when the second location is in a good coverage area of the LTE cell.

[0047] In one embodiment, a traveled distance of the UE may comprise multiple values or
components, such as a vertical distance and a horizontal distance. The vertical distance is a
measure of the distance along an altitude dimension of the first location and the second location.
The horizontal distance can be a measure of the distance between the first location and the second

location along a surface of with both longitude and latitude dimension. A distance threshold for a
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vicinity of a previous location (as recorded) may include a single threshold value. Alternatively or
optionally, a distance threshold may include multiple values including, for example a horizontal
threshold and a vertical threshold. Whether the traveled distance exceeds the threshold may be
determined based on a comparison between the traveled distance and the distance threshold. The
comparison may be based on a combination of the horizontal threshold and the vertical threshold.
In some embodiments, the value of the horizontal threshold may differ from the value of the
vertical threshold. For example, the traveled distance may be determined to be outside of the
vicinity if either the vertical distance is greater than the vertical threshold, or the horizontal
distance is greater than the horizontal threshold, The horizontal threshold may be configured to be
greater than the vertical threshold according to difference in sensitivity in changes of LTE cell
signal coverage (or other targeted cell signal coverage) along different directions.

[0048] In a possible scenario, signal strength of a cell coverage may strengthen with a short
vertical movement (location changes) without horizontal movements (or changes along longitude
and latitude dimensions. For example, a UE may fail to acquire SIBs of LTE cell when entering an
elevator on the 1st floor. When the UE (e.g. carried by a user) in the elevator moving from 1st floor
to Sth floor, and out of the elevator on the 5th floor, the UE may enter a good coverage area of the
LTE cell. The distance between the failure location and the current location should be the height
difference between the 1st floor and the 5th floor. When the height difference between the 1st floor
and the 5th floor is greater than the vertical threshold, the UE will include the LTE cell in selection
list and connect to the LTE cell since the UE has left the vicinity of the 1st floor.

[0049] In one possible implementation, the UE does not attempt to reconnect to the LTE

cell or a target cell (e.g. including the LTE cell in selection list) as soon as the UE left the vicinity
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of the failure location. The UE may wait for an additional period of time (e.g. by starting an
additional timer) in response to the determination that the UE has left the vicinity of the failure
location in the LTE cell. The UE may reconnect to the LTE cell after the additional timer expired.
The additional period of time may be substantially shorter than the waiting period.

[0050] When the UE moves between the failure location and the new location (which is
out of the vicinity of the failure location) back and forth, the UE may switch cell between LTE cell
and 2G/3G cell continuously. The additional timer can keep the UE from “ping-ponging” back and
forth between LTE cell and 2G/3G cell. The UE will reselect the LTE cell only when it is
determined that the UE is still out of the vicinity of the failure location when the additional timer
expired.

[0051] The examples of detection criteria provided above are merely examples and those
of ordinary skill in the art will recognize that the detection criteria is not limited to these examples,
but that other conditions and criteria may be utilized for the detection criteria.

[0052] Fig. 2A is a flowchart illustrating a method 200A to perform system reselection
back to a preferred system. Process 200A may be performed by a wireless device, such as a UE.
The method 200A begins at block 201 where the wireless device detects a failure to acquire system
information block (SIB) of the first cell at a first location within a first cell of the
telecommunication network, wherein a waiting period is started in response to the failure to
prohibit selecting the first cell for connecting to the telecommunication network during the waiting
period. At block 203, the wireless device determines that it has left a vicinity of the first location in
the first cell. The method 200A goes to block 205. At block 205, the wireless device connects to

the telecommunication network via the first cell before an expiration of the waiting period. The
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method 200A allows the wireless device to be back on the first cell as soon as it detects that the
wireless device has left a vicinity of the first location in the first cell. The wireless device does not
need to wait for the waiting period before reconnecting to the first cell. The user experience is
improved.

[0053] Fig. 2B is another flow chart illustrating a method 200B in a UE for improving data
speed when UE fails to acquire SIB of the LTE cell.

[0054] Exemplary methods (or processes) 200A and 200B may be performed by a
processing logic that may comprise hardware (circuitry, dedicated logic, etc.), software (such as is
run on a dedicated machine), or a combination of both. For example, method 200A and 200B may
be performed by some components of system 100 of Figures 1 and/or 4. Method 200A may be
performed according to some steps or operations included in method 200B.

[0055] The method 200B begins at block 202 where the UE camps on (or connects with)
the LTE cell normally. The UE may initiate SIB acquisition procedure in some conditions. For
example, SIB acquisition procedure may be triggered when the UE comes out of a coverage area of
the LTE cell, or, when the UE receives a notification that system information of the LTE cell has
changed. At block 204, the UE performs SIB acquisition from the eNodeB of the LTE cell. At
block 206, the UE determines whether it acquires the SIB successfully. If, at the block 206, the UE
successfully acquires SIB, then the method 200B proceeds to block 226 where the UE connects to
the telecommunication network via the LTE cell, after which, the method 200B goes to standard
procedure. If, at block 206, the UE fails to acquire SIB, then the method proceeds to block 208
where the UE will be barred from the LTE cell for a waiting period (e.g. 5 minutes), and the

method 200B goes to block 210.

- 18-



WO 2020/042623 PCT/CN2019/082455

[0056] At the block 208, the LTE cell is barred from cell selection list (or from sending
selection requests to the LTE cell) for 5 minutes. The UE may start a barring timer for monitoring
the waiting period. The UE is prevented from selecting the LTE cell before the barring timer
expires. At block 210, the UE performs intra-cell selection to determine whether there is another
suitable LTE cell, if the UE finds another suitable LTE cell, then the method 200B proceeds to
block 226. If there is no suitable LTE cell, the method 200B proceeds to block 212 where the UE
performs inter-RAT cell selection to determine whether a suitable 2G/3G cell can be found
successfully. If the UE finds a suitable 2G/3G cell, the method 200B proceeds to block 214 where
the UE camps on the 2G/3G cell, then the method 200B proceeds to block 216. If the UE does not
find a suitable 2G/3G cell, the UE starts a standard procedure defined by the 3GPP/3GPP2. In one
embodiment, blocks 212 and 214 maybe optional. When the UE fails to find another suitable LTE
cell at block 210, the method 200B can goes to block 216 directly.

[0057] At block 216, the UE records the information of its current location as the failure
location where the UE fails to acquire the SIB. Alternatively or optionally, the UE can record
information of the failure location when it determines that there is no suitable LTE cell at block
210. At block 218, the UE determines whether the waiting period has passed. In one embodiment,
the UE starts a barring timer for monitoring the waiting period. If the waiting period has passed,
the method 200B proceeds to block 222 where the UE makes an attempt to reselect the LTE cell.
The UE can connect to the telecommunication network via the LTE cell when the current location
of the UE is in good coverage area of the LTE cell. If the waiting period has not passed, the method

200B proceeds to block 220.
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[0058] At block 220, the UE can determine (e.g. periodically and/or dynamically in
response to sensor data indicating location changes) whether the UE is ready to perform cell
reselection. For example, if the UE has left the vicinity of the failure location, the method 200B
may proceed to reselect the LTE cell (e.g. by including identifiers of the LTE cell into cell
selection list) at block 222. If the UE cannot complete the cell reselection, the method 200B can
record a new failure location at block 216. If the UE completes the cell reselection, the method
200B proceeds to block 224 where standard procedure is performed. When the LTE cell is
included in the cell selection list, the UE performs standard procedure for connecting to
telecommunication via the LTE cell when the current location is in good coverage area by the LTE
cell and completes other requirements in the standard procedure. In one embodiment, the UE
clears the barring timer after the UE determines to proceed with cell reselection operation (e.g.
when detecting that it has left the vicinity of the failure location) in block 220. In one embodiment,
blocks 212 and 214 maybe optional. When the UE fails to find another suitable LTE cell at block
210, the method 200B can goes to block 216 directly.

[0059] There are a number of methods by which the UE may determine that the current
location is not located in the vicinity of the failure location. For example, the UE can monitor the
location of itself based commonly used technology (e.g. via GPS sensors or other applicable
location sensors), and the UE may calculate or track the distance between the current location of
the UE and the failure location periodically (e.g. every 10 seconds or other applicable time period).
Once the traveled distance is greater than a predetermined threshold, the UE determines that it has

left the vicinity of the failure location.

-20-



WO 2020/042623 PCT/CN2019/082455

[0060] In one possible implementation, the UE can start cell reselecting procedure to
connect to the LTE cell immediately without waiting for a barring timer to expire when the UE
detects that a detection criteria of UE having left the vicinity of a failure location is met. In another
possible implementation, the UE may start an additional timer when the UE detects that it has left
the vicinity of the failure location. The additional timer measures a period of time shorter than the
waiting period. The UE reselect the LTE cell after the additional timer is expired. The additional
timer is used to prevent the UE from ping-ponging between the LTE cell and 2G/3G cell. Only
after the additional timer expires, the UE will includes the identifiers of the LTE cell into cell
selection list.

[0061] FIG.3 illustrates an example process for a UE to determine whether to perform
system reselection back to a preferred system, e.g. before an expiration of a barring timer,
according to one embodiment of the present disclosure. Method 300 may be performed as a part of
method 200B, such as block 220 of Figure 2B. At block 320, if it is determined that the UE has left
the vicinity of the failure location, the UE can start an additional timer to wait for a short period at
block 321. When the additional time expires, the UE can determine, again, whether a current
location of the UE is still located out of the vicinity of the failure location at block 322. If the UE
determines that the UE moves back into the vicinity of the failure location when the additional
timer expires, the UE may not be ready to perform the cell reselection. If, at block 322, the UE
determines that the location of the UE is still located out of the vicinity of the failure location when
the additional timer expires, then can proceed to perform cell reselection, for example, as in block

222 of Figure 2B. Alternatively or optionally, operations performed at blocks 321, 322 may be
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optional for the UE to determine whether it is ready for making cell reselection attempts or
requests.

[0062] Fig. 4 is a block diagram illustrating an exemplary system for cell reselection. In
one embodiment, system 400 may be based on a client device, e.g. including UE 130, 131 of
Figure 1. The memory 406 (e.g. a runtime memory) can include an acquisition unit 4061, a
detecting unit 4062, a monitoring unit 4063, and a connecting unit 4064. The units 4061-4064
store instructions for performing functions described in the related part of FIG.1-FIG.3. The
acquisition unit 4061 is configured to perform SIB acquisition procedure of block 204. The
detecting unit 4062 is configured to monitor the SIB acquisition procedure and detect whether the
SIB acquisition procedure is successful as described in block 206. The acquisition unit 4061 is
further configured to perform the steps described in blocks 208-214. The monitoring unit 4063 is
configured to record information of the failure location of block 216 and monitor the barring timer
of block 218. The monitoring unit 4063 further configured to determine whether the UE has left a

vicinity of the failure location. The connecting unit 4064 is configured to perform steps of block

222 and block 224.
[0063] More specifically, the UE can be a wireless device.
[0064] The detecting unit 4062 is configured to detect, at a first location within a first cell

of the telecommunication network, a failure to acquire system information block (SIB) of the first
cell , wherein a waiting period is started in response to the failure to prohibit selecting the first cell
for connecting to the telecommunication network during the waiting period;

[0065] The monitoring unit 4063 is configured to determine that the wireless device has

left a vicinity of the first location in the first cell;
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[0066] The connecting unit 4064 is configured to connect to the telecommunication
network via the first cell before an expiration of the waiting period.

[0067] The monitoring unit 4063 is specifically configured to monitor a change of location
of the wireless device during the waiting period, wherein the location of the wireless device has
changed from the first location to a second location; and compare a distance between the first
location and the second location with a threshold, wherein the threshold indicates a boundary of
the vicinity of the first location.

[0068] The connecting unit 4064 is specifically configured to connect to the
telecommunication network via a second cell at the first location in response to the failure, wherein
a data transfer speed of the second cell is less than a data transfer speed of the first cell.

[0069] The monitoring unit 4063 is further configured to start an additional timer in
response to the determining that the wireless device has left a vicinity of the first location in the
first cell, and instruct the connecting unit 4064 to connect to the telecommunication network via
the first cell after the additional timer is expired, wherein the additional timer measures a period of
time shorter than the waiting period; and the connecting unit 4064 is further configured to receive
instruction from the monitoring unit 4063 and connect to the telecommunication network via the
first cell.

[0070] Figure 5 shows one example of a data processing system such as mobile user device
or a computer system, which may be used with one embodiment described in the disclosure. For
example, the system 500 may be implemented as a part of the system shown in Figures 1 or 4. Note
that while Figure 5 illustrates various components of a computer system, it is not intended to

represent any particular architecture or manner of interconnecting the components as such details
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are not germane to the present invention. It will also be appreciated that network computers and
other data processing systems which have fewer components or perhaps more components may
also be used with the present disclosure.

[0071] For example, Fig. 5 illustrates a block diagram of a UE. As shown, the UE 500
includes a processor 504, a memory 506, and interfaces 510-514, which may (or may not) be
arranged as shown in Fig. 4. The processor 504 may be any component or collection of
components adapted to perform computations and/or other processing related tasks, and the
memory 506 may be any component or collection of components adapted to store programming
and/or instructions for execution by the processor 504. In an embodiment, the memory 506
includes a non-transitory computer readable medium. The interfaces 510, 512, 514 may be any
component or collection of components that allow the UE 500 to communicate with other
devices/components. For example, one or more of the interfaces 510, 512, 514 may be adapted to
communicate data, control, or management messages from the processor 504 to network device
(e.g. base station). As another example, one or more of the interfaces 510, 512, 514 may be
adapted to allow a user to interact/communicate with the UE 500. The UE 500 may include
additional components not depicted in FIG. 4, such as long-term storage (e.g., non-volatile
memory, etc.).

[0072] In some embodiments, one or more of the interfaces 510, 512, 514 connects the UE
500 to a transceiver adapted to transmit and receive signaling over the telecommunications
network.

[0073] While this invention has been described with reference to illustrative embodiments,
this description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as other embodiments of the invention, will

be apparent to persons skilled in the art upon reference to the description. It is therefore intended
that the appended claims encompass any such modifications or embodiments.
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WHAT IS CLAIMED IS:

1. A method performed by a wireless device for connecting to a telecommunication network,

comprising;

detecting, at a first location within a first cell of the telecommunication network, a failure
to acquire system information block (SIB) of the first cell , wherein a waiting period is started in
response to the failure to prohibit selecting the first cell for connecting to the telecommunication

network during the waiting period;

determining that the wireless device has left a vicinity of the first location in the first cell;

and

connecting to the telecommunication network via the first cell before an expiration of the

waiting period.

2. The method of the claim 1, wherein the determining that the wireless device has left the

vicinity of the first location comprises:

monitoring a change of location of the wireless device during the waiting period, wherein

the location of the device has changed from the first location to a second location; and

comparing a distance between the first location and the second location with a threshold,

wherein the threshold indicates a boundary of the vicinity of the first location.

3. The method of the claim 2, wherein the distance comprises a vertical distance and a
horizontal distance, wherein the threshold includes a horizontal threshold and a vertical threshold,

and wherein the horizontal threshold differs from the vertical threshold.
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4. The method of claim 3, wherein the vertical distance is a measure of the distance along an

altitude dimension of the first location and the second location.

5. The method of claim 3 or 2, wherein the horizontal distance is a measure of the distance

along a latitude dimension or a longitude dimension of the first location and the second location.

6. The method of any one of claims 3-5, wherein the horizontal threshold is greater than the

vertical threshold.

1. The method of any one of the claims 1-6, wherein a barring timer is started for the waiting

period.

8. The method of the claim 7, further comprising:

clearing the barring timer before connecting to the telecommunication network via the first

cell.

9. The method of any one of the claims 1-8, further comprising:

connecting to the telecommunication network via a second cell at the first location in
response to the failure, wherein a data transfer speed of the second cell is less than a data transfer

speed of the first cell.

10. The method of any one of the claims 1-9, further comprising:

starting an additional timer in response to the determining that the wireless device has left a

vicinity of the first location in the first cell; and

connecting to the telecommunication network via the first cell after the additional timer is

expired, wherein the additional timer measures a period of time shorter than the waiting period.
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I1. A wireless device, comprising:

one or more processors; and

a memory storing programming for execution by the one or more processors, the one or

more processors configured to:

detect, at a first location within a first cell of the telecommunication network, a
failure to acquire system information block (SIB) of the first cell , wherein a waiting period
is started in response to the failure to prohibit selecting the first cell for connecting to the

telecommunication network during the waiting period;

determine that the wireless device has left a vicinity of the first location in the first

cell; and

connect to the telecommunication network via the first cell before an expiration of

the waiting period.

12. The wireless device of the claim 11, the one or more processors further configured to:

monitor a change of location of the wireless device during the waiting period, wherein the

location of the device has changed from the first location to a second location; and

compare a distance between the first location and the second location with a threshold,

wherein the threshold indicates a boundary of the vicinity of the first location.

13. The wireless device of the claim 12, wherein the distance comprises a vertical distance and
a horizontal distance, wherein the threshold includes a horizontal threshold and a vertical threshold,

and wherein the horizontal threshold differs from the vertical threshold.
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14. The wireless device of the claim 13, wherein the vertical distance is a measure of the

distance along an altitude dimension of the first location and the second location.

15. The wireless device of the claim 13 or 14, wherein the horizontal distance is a measure of
the distance along a latitude dimension or a longitude dimension of the first location and the

second location.

16. The wireless device of any one of the claims 13-15, wherein the horizontal threshold is

greater than the vertical threshold.

17. The wireless device of any one of the claims 11-16, wherein a barring timer is started for

the waiting period,

the one or more processors further configured to clear the barring timer before connecting

to the telecommunication network via the first cell.

18. The wireless device of any one of the claims 11-17, the one or more processors further

configured to:

connect to the telecommunication network via a second cell at the first location in response
to the failure, wherein a data transfer speed of the second cell is less than a data transfer speed of

the first cell.

19. The wireless device of any one of the claims 11-18, the one or more processors further

configured to:

start an additional timer in response to the determining that the wireless device is at the

second location significantly different from the first location; and
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connect to the telecommunication network via the first cell after the additional timer is

expired, wherein the additional timer measures a period of time shorter than the waiting period.

20. A non-transitory computer-readable medium storing instructions, which when executed by

one or more processors, perform a method comprising:

detecting, at a first location within a first cell of the telecommunication network, a failure
to acquire system information block (SIB) of the first cell , wherein a waiting period is started in
response to the failure to prohibit selecting the first cell for connecting to the telecommunication

network during the waiting period;

determining that the wireless device has left a vicinity of the first location in the first cell;

and

connecting to the telecommunication network via the first cell before an expiration of the

waiting period.
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