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(57) Abstract: The present disclosure provides a terminal, a base
station and methods for communications between the terminal and
the base station, and for the terminal to access a network. Accord-
ing to one exemplary method, a terminal sends a first message to a
base station via a first channel, the first message being used to re-
quest access to a network. The terminal receives a second message
from a first base station via a second channel, the second message
including channel plan information for determining a first network
connection plan. The terminal determines the first network connec-
tion plan according to the channel plan information and accesses
the network via a second base station according to the first network
connection plan. Channel use plan of the base station can be ob-
tained through signaling interactions in the process of network con-
nection. The terminal can determine whether the network can be
accessed and access the network accordingly.
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TERMINAL, BASE STATION, AND METHOD FOR COMMUNICATIONS
BETWEEN THE TERMINAL AND THE BASE STATION AND FOR ACCESSING A
NETWORK

CROSS-BEFERENCE TO RELATED APPLICATION

{1 This application claims the benefits of priority to Chinese Application No.
201810206061.1, filed on March 13, 2018, and Chinese Application No. 201810246619.9,

filed on March 23, 2018, both of which are incorporated herein by reference in their

entireties.
[2] The present disclosure generally relates to the field of communication

technologies, and in particular, to a terminal, a base station, and methods for communications

between the terminal and the base station and for the terminal to access a network.

BACKGROUND

{31 Internet of Things (10T} technologies represent the third wnformation
technology revolution after computers and the Internet. IoT technologies provide advantages
such as real-time communication and better interactivity and have been extensively applied in
many fields, including urban management, digital home, positioning and navigation, logistics
management, and security systemns. Among the foT related technologies, LoRaWAN (Long
Range Wide Area Network} is a project for long-range transmission based on spread
spectruim technologies. LoRaW AN provides features like long transmission distance, low
power consumption, multiple nodes, and low cost. According to existing data transmission

methods, a LoRaW AN typically comprises a terminal, a base station and a server.
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{41 Generally, channel use plans for connecting terminals and base stations are
uniform. Different manufacturers, however, may adopt different channel use plans, leading to
incounsistency and incompatibility. As a result, a terminal ruay not be able to connect to a base

station.

SUMMARY

[5] In view of in the above problems, embodiments of the present disclosure
provide a terminal, a base station and methods for communications between the terminal and
the base station, and for the terminal to access a network.

{61 According to some embodiments of the present disclosure, methods for
communications between a terminal and a base station are provided. According to one
exemplary method, a terminal can send a first message to at least one base station via a first
channel, the first message being used to request access to a network and the first channel
being within a first channel set. The terminal can receive a second message from a first base
station via a second channel, the second message comprising channel plan information, the
channel plan information being used to determine a first network connection plan, and the
second channel being within the first channel set. The terminal can then determine the first
network connection plan according to the channel plan information and accesses the network
via a second base station according to the first network connection plan.

{71 ln some embodiments, the methods can further include the following
procedures. The terminal can send the first message to the base station sequentially via at
feast one third channel within the first channel set. The terminal can receive the second
message from the first base station via a fourth chanuel, the fourth channel being within the

first channel set.
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{8} According to some embodiments, the terminal can be preset with at least one
network connection plan and channel plan information corresponding to the at least one
network connection plan.

19 in some embodiments, the second message can further include a channel
mask, the channel mask being used to map a first channel subset of the first network
connection plan. The terminal can determine the first channel subset according to the channel
plan information and the channel mask and can access the network via the second base
station according to the first channel subset.

[10] According to some embodiments, the second message can further include at
least one channel plan information mask, the channel plan information mask being used to
map at least one first network connection plan.

[11] According to some embodiments of the present disclosure, methods for
communications befween a terminal and a base station are further provided. According to one
exemplary method, a base station can receive a first message from a terminal via a first
channel, the first message being used to request access to a network and the first channel
being within a first channel set. The base station can send a second message to the terminal
via a second channel, the second message including channel plan information. The channel
plan information can be used to determine a first network connection plan. The second
channel can be within the first channel set.

{12] In some embodiments, the methods can further include the following
procedures. The base station can receive the first message from the terminal sequentially via
at least one third channel within the first channel set. The base station can send the second
message to the terminal via a fourth channel, the fourth channel being within the first channel

set.
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[13] According to some embodiments, the terminal can be preset with at least one
network connection plan and channel plan information corresponding to the at least one
network connection plan.

[14] According to some embodiments, the second message can further include a
channel mask, the channel mask being used to map a first channel subset of the first network
connection plan.

[15] According to some embodiments, the second message can further include at
feast one channel plan information mask, the channel plan information mask being used to
map at least one first network connection plan.

[16] According to some embodiments, a terminal is further provided. One
exemplary terminal comprises a sending module and a receiving module. The sending
module can be configured to send a first message to the base station via a first channel, the
first message being used to request access to a network and the first channel being within a
first channel set. The receiving module can be contigured to receive a second message from a
base station via a second channel, the second message comprising channel plan information,
the channel plan information being used to determine a first network connection plan, and the
second channel being within the first channel set. The sending module can be further
configured to determine the first network connection plan according to the channel plan
information and access the network via a second base station according to the first network
connection plan.

(171 According to some embodiments, the sending module can be further
configured to send the first message to the base station sequentially via at least one third
channel within the first channel set. The receiving module can be further configured to
receive the second message from the first base station via a fourth channel, the fourth channel

being within the first channel set.
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[18] According to some embodiments, the terminal can be preset with at least one
network connection plan and channel plan information corresponding to the at least one
network connection plan.

[19] According to some embodiments, the second message can further include a
channel mask, the channel mask being used to map a first channel subset of the first network
connection plan. The terminal can determine the first channel subset according to the channel
plan information and the channel mask and access the network via the second base station
according to the first channel subset.

[20] According to some embodiments, the second message can further include at
least one channel plan information mask, the channel plan information mask being used to
map at least one first network connection plan.

[21] According to some embodiments of the present disclosure, a base station is
further provided. One exemplary base station comprises a receiving module and a sending
module. The receiving module can be configured to receive first message from a terminal via
a first channel, the first message being used to request access to a network and the first
channel being within a first channel set. The sending module can be configured to send a
second message to the terminal via a second channel, the second message comprising channel
plan information. The channel plan information can be used to determine a first network
connection plan, and the second channel can be within the first channel set.

[22] According to some embodiments, the receiving module can be further
configured to receive the first message from the terminal sequentially via at least one third
channel within the first channel set. The sending module can be further configured to send the
second message to the terminal via a fourth channel, the fourth channel being within the first

channel set.

W
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[23] According to some embodiments, the second message can further include a
channel mask, the channel mask being used to map a first channel subset of the first network
connection plan.

[24] According to some embodiments, the second message can further include at
ieast one channel plan information mask, the channel plan information mask being used to
map at least one first network connection plan.

[25] According to some embodiments of the present disclosure, methods for
communications between a terminal and a base station are further provided. According to one
exemplary method, a terminal sends a first message to at least one base station via a first
channel, the first message being used to request access to a network, the first channel being
within a first channel set, and the first channel being used to indicate a first network
connection plan. The terminal receives a second message from a first base station via a
second channel, the second message being used to cause the terminal to determine the first
network connection plan according to the first channel, and the second channel being within
the first channel set. The terminal accesses the network via a second base station according to
the first network connection plan.

[20] According to some embodiments of the present disclosure, methods for
communications between a terminal and a base station are further provided. According to one
exemplary method, the base station receives a first message from the terminal via a first
channel, the first message being used to request access to a network, the first channel being
within a first channel set, and the first channel being used to indicate a first network
connection plan. The base station sends a second message to the terminal via a second
channel, the second ruessage being used to enable the terminal to determuine the first network
connection plan according to the first channel, and the second channel being within the first

channel set.
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271 According to some embodiments of the present disclosure, a terminal and a
base station are further provided. An exemplary terminal can include one or more processors
and one or more machine-readable media stored with instructions. The instructions, when
executed by the one or more processors, can cause the terminal to perform one or more
methods as described above. An exemplary base station can also include one or more
processors and one or more machine-readable media stored with instructions. The
instructions, when execuied by the one or more processors, can cause the base station to
perform one or more methods as described above.

[28] According to some embodiments of the present disclosure, machine-readable
media are provided. Exemplary media can store instructions which, when executed by one or
more processors, can cause a terminal or a base station to perform one or more methods as
described above.

[29] With the embodiments of the present disclosure, a channel use plan of a base
station can be obtained by a terminal through signaling interactions in the process of network
connection. The terminal can determine whether the network can be accessed and complete
the process of network access accordingly. The solutions provided herein can improve the

efficiency of interactions between the terminal and the base station.

BRIEF DESCRIPTION OF THE BRAWINGS

[30] FIG. 1 is a flow chart of an exemplary method for communications between
a terminal and a base station, according to some embodiments of the present disclosure.
[31] FI1G. 2 15 a structural block diagram of an exemplary terminal for

communications with a base station, according to some embodiments of the present

disclosure.
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[32] F1G. 3 is a structural block diagran: of an exemplary base station for
communications between a terminal, according to some embodiments of the present
disclosure.

[33] FiG. 4 15 a flow chart of an exemplary method for communications between
a terminal and a base station.

[34] FI1G. 8 15 a structural diagram of an exemplary terminal according to some

embodiments of the present disclosure.

DETAILED DESCRIPTION

[35] In order to facilitate understanding of the features and advantages of the
present disclosure, some exemplary embodiments of the present disclosure will be described
in further detat! below with reference to the accompanying drawings. It is appreciated that the
embodiments described herein are merely some examples. Consistent with the present
disclosure, other embodiments can be obtained without departing from the principles
disclosed herein. Such embodiments shall also fall within the protective scope of the present
disclosure.

[36] A LoRaWAN network generally includes terminal nodes, base station nodes,
and servers. The terminals can connect with and access a LoRaW AN network. According to
different application scenarios, the terminals may include ditferent electronic devices. For
example, when the LoRaW AN network is applied in the field of urban management, the
terminals may include intelligent power meters. When the LoRaWAN network is applied in a
digital home, the terminals may include various smart household appliances.

{371 Also referred to as gateway or concentrator in a LoRaWAN network, a base
station has the capabilities of wireless connection and aggregation. A base station can provide

terminal(s) with an access point to the LoRaW AN network, forward data from a server or the
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terminal, and enable data exchange between the terminal and the server. The base station can
also perform data exchange by transmitting wireless frames with other base stations within
the signal coverage of the base station.

[38] A server may include a server or a server cluster that is configured to
perform service processing according to data obtained from a base station or a terminal. The
server can further control the operating mode and operating status of the base station or the
terminal.

{391 Based on the embodiments of the present disclosure, a terminal can obtain a
channel use plan of a base station through network access signaling. The terminal can then
determine whether the channel use plan can be used to access the network.

[40] The process of communications between a terminal and a base station will be
described below from the perspective of a terminal, according to some embodiments of the
present disclosure. Referring to FEG. 1, a flow chart of an exemplary method 100 for
communications between a terminal and a base station according to some embodiments of the
present disclosure is provided. The exemplary method 100 can include steps 101-103.

(411 In step 101, a terminal sends a first message to at least one base station via a
first channel, the first message being used to request access to a network and the first channel
being within a first channel set.

{423 The first channel can be an uplink join channel, and the first roessage can
include a join-request message. For example, the terminal can send a join-request to the base
station via a known join channel. The first channel set may include at least one channel in a
preset common join channel set between the terminal and the base station. The join-request
sent by the terminal can be received by one or more base stations and can further be sent by
the one or more base stations to the server. Subsequently, join-accept information can be sent

to the terminal via a first base station. The first base station may be within the one or more
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base stations, or may not be within the one or more base stations. In some embodiments, a
commen join channel set can be provided between the terminal and the base station. The
terminal can send a join-request to the base station via the common join channel set.

[43] For example, with respect to a LoRaW AN spectrum, a join channel can be
any channel selected from channel 3 (470.9 MHz), channel 11 (472.5 MHz}, channel 19
(474.1 MHz), channel 27 (475.1 MHz), channel 71 (484 5 MHz), channel 79 (486.1 MHz),
channel 87 (478 7 MHz), and channel 95 (4893 MHz) Channels 3, 11, 19, and 27 are uplink
join channels, and the other 5 channels are downlink join channels. One uplink join channel
and one corresponding downlink join channel form a group. For example, channel 3 and
channel 71 are a group of uplink and downlink join channels. The terminal can send a join-
request message to the base station via channel 3 and receive a join-accept message from
channel 71.

[44] In the embodiments, step 101 can include sub-steps 1011 and 1012.

[45] In sub-step 1011, the terminal sends the first message to the base station
sequentially via at feast one third channel within the first channel set. The first channel set
may be a common join channel set. As the terminal does not know about the working channel
information of the base station before accessing the network, the terminal can send a join-
request sequentially via uplink join channels in the common join channel set. If no
corresponding join-accept message is received in response to the sent join-request, a join-
request can be sent to the base station via the next uplink join channel. The process can be
repeated until a join-accept message is received.

[46] For example, the terminal can first send a join-request message to the base
station via uplink join channel 19. If it is determined that no corresponding join-accept
message is received within a prescribed time, the terminal can send a join-request message 10

the base station via another uplink join channel, for example, uplink join channel 27. i the

10
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terminal successfully receives a corresponding join-accept message within the prescribed
timme, then the terminal does not send a join-request message to the base station via uplink
join channel 27, The third channel may be the same as the first channel. The third channel
can also be another channel different from the first channel within the first channel set.

[471 In sub-step 1012, the terminal receives a second message from the first base
station via a fourth channel, the fourth channel being within the first channel set. The fourth
channel may be the second channel (as further described below with respect to step 102), or
another downlink join channel other than the second channel in the common join channel set.
The second message can include a join-accept message.

[48] Referring back to FIG. 1, in step 102, the terminal receives the second
message from a first base station via a second channel, the second message comprising
channel plan information, the channel plan information being used to determine a first
network connection plan, and the second channel being within the first channel set.

[49] The second channel may be a known downlink join channel. The second
message may be a join-accept message. The channel plan information may include a channel
plan 1. Channel plan information can represent a network connection plan. A network
connection plan can designate channel use planning within a certain spectral range. Channel
planning can include information regarding division of all channels within a spectral range,
such as information associated with central frequency point, channel width, and the like.
Channel planning can further include rules for channel uplink and downlink uses, rules
regarding use of special channels, and various other agreements regarding the spectral range.

{50] The join channel set and the network connection plan can have overlapping
use portions of can be completely separated. The channel plan information can be in the form
of letters or numbers or can be represented in the form of a mask. Further, the channel plan

information can be carried in a channel frequency list (CFList) in the join-accept information.

11
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The CFList can include information associated with one channel plan or information
associated with multiple channel plans. In some embodiments, the CFList can include one set
of information associated with one channel plan and one corresponding channel mask. In
some embodiments, the CFLIst can also include mubtiple sets of information associated
multiple channel plans and the corresponding channel masks. For example, the CFList can
include channel plan id1, channel mask!, channel plan 1d2, channel mask2, channel plan id3,
and channel mask3.

{541 According to some embodiments of the present disclosure, the terminal can
be preset with at least one network connection plan and one set of channel plan information
corresponding to the at least one network connection plan.

[52] The network connection plan can include information regarding channel use
planning within a spectral range. Channel planning can include division of all channels within
a spectral range, such as information associated with central frequency point, channel width,
and the like. Channel planning can further include rules for channel uplink and downlink
uses, rules regarding use of special channels, and various other agreements regarding the
spectral range. For example, the channel plan information may include a channel plan ID.
Channel plan ID can represent a network connection plan. For example, channel plan ID 1
can indicate a channel allocation plan at 20 MHz, and the channel plan ID 2 can indicate a
channel allocation plan at 30 MHz. It is appreciated that the above channel plan IDs and the
number of channel plan IDs are only exemplary. They are not intended to limit the scope of
the present disclosure.

[53] According to some embodiments, the second message can further include a
channel mask The channel mask can be used to map a first channel subset of the first

network connection plan.
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[54] The channel mask can refer to a string of binary code {or character string}
that can respectively correspond to each channel or channel subset, in a one-to-one
relationship. The channel mask can indicate whether the current channel or channel subset is
available. In some embodiments, the channel mask can be sent, as a part of CFList ficld in the
join-accept message, to the terminal. The terminal can obtain the channel mask from the first
base station, and calculate to obtain uplink and downlink data channels for interaction with
the second base station. That is, uplink and downlink data channels for interaction with the
second base station can be obtained through calculation using the channel mask. The first
base station can deplov a part of or all channels of the first channel set. The second base
station can deploy a part of or all channels in the first network connection plan. The first base
station and the second base station can be located on the same base station entity, or they may
not be on the same base station entity. In some embodiment, the base station may alsobea
gateway.

[55] In some embodiments, the terminal can determine the first channel subset
according to the channel plan information and the channel mask and can access the network
via the second base station according to the first channel subset. For example, the terminal
can obtain a corresponding channel planning plan based on a channel plan D, The terminal
can further obtain uplink and downlink data channels for interacting with the base station
based on the channel mask. An uplink data packet can be sent to the base station via the
uplink channel.

[561 According to some embodiments, the second message can further include at
feast one channel plan information mask. The channel plan information mask can be used to
map at least one network connection plan. As noted above, the channel plan information can
be in the form of a channel plan ID, which can represent a certain network connection plan.

The channel plan ID mask can be used, instead of the channel plan 1D, to represent the
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network connection plan. For example, bitl can represent a network connection plan 1, bit2
can represent a network connection plan 2, and the like. The second message may be join-
accept information. The join-accept information can carry one chanuel plan information
mask. The join-accept information may also carry multiple channel plan information masks.

[57] Referring back to FIG. 1, in step 103, the terminal determines the first
network connection plan according to the channel plan information and accesses the network
via the second base station according to the first network connection plan.

{58] For example, the terminal can obtain the chanunel plan information, such as
the channel plan ID, and the corresponding network connection plan. The terminal can send
uplink data via the uplink channel prescribed in the network connection plan. The terminal
can further receive, according to a receiving window obtained through calculation, a
downlink data packet sent from the base station.

[59] FIG, 2 iltustrates a structural block diagram of an exemplary terminal 200
for communications with a base station according to some embodiments of the present
disclosure. As shown in FIG. 2, the exemplary terminal 200 can include a sending module
201 and a receiving module 203

[60] Sending module 201 can be configured to send a first message to at least one
base station via a first channel, the first message being used to request access to a network
and the first channel being within a first channel set.

[61] Receiving module 203 can be configured to receive a second message from a
first base station via a second channel, the second message including channel plan
information. Channel plan information can be used to determine a first network connection

plan, and the second channel can be within the first channel set.
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[62] In some embodiments, sending module 201 can be further configured to
determine the first network connection plan according to the channel plan information, and
access the network via a second base station according to the first network connection plan.

[63] in some embodiments, sending module 201 can be further configured to send
the first message to the base station sequentially via at least one third channe! within the first
channel set. Receiving module 203 can be further configured to receive the second message
from the first base station via a fourth channel, the fourth channel being within the first
channel set.

[64] According to some embodiments, the terminal can be preset with at least one
network connection plan and one set of channel plan information corresponding to the at least
one network connection plan.

[65] According to some embodiments, the second message can further include a
channel mask. The channel mask can be used to map a first channel subset of the first
network connection plan. The terminal can determine the first channel subset according to the
channel plan information and the channel mask and access the network via the second base
station according to the first channel subset.

[60] According to some embodiments of the present disclosure, the second
message can further include at least one channel plan information mask. The channel plan
information mask can be used to map at least one first network connection plan.

[67] FI1G. 3 is a structural block diagram of an exemplary base station 300 for
communications with a terminal according to some embodiments of the present disclosure.
The exemplary base station 300 can include a receiving module 301 and a sending module

303,



WO 2019/178246 PCT/US2019/022075

[08] Receiving module 301 can be configured to receive a first message from a
terminal via a first channel, the first message being used to request access to a network and
the first channel being within a first channel set.

[69] Sending module 303 can be configured to send a second message to the
terminal via a second channel The second channel can be within the first channel set. The
second message can include channel plan information. Channel plan information can be used
io determine a first network connection plan.

{701 In some embodiments of the present disclosure, receiving module 301 can be
further configured to receive the first message from the terminal sequentially via at least one
third channel within the first channel set. Sending module 303 can be further configured to
send the second message to the terminal via a fourth channel, the fourth channel being within
the first channel set.

{71] In some embodiments, the second message can further include a channel
mask. The channel mask can be used to map a first channel subset of the first network
connection plan.

{721 In some embodiments, the second message can further include at feast one
channel plan information mask. The channel plan information mask can be used to map at
teast one first network connection plan.

[73] FIG. 415 a flow chart of an exemplary method 400 for communications
between a terminal and a base station according to some embodiments of the present
disclosure. As shown in FIG, 4, the exemplary method 400 can include the following steps
401-405.

[74] In step 401, a terminal sends a first message to at least one base station via a

first channel, the first message being used to request access to a network, the first channel
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being within a first channel set. The first cannel can be used to indicate a first network
connection plan.

{751 For example, the first channel can be a known uplink join channel. The first
message can be a join-request message. The terminal can send a join-request to the base
station via a known join channel. The first channel set can include one or more channels in a
preset common join channel set between the terminal and the base station. Further, the join-
request sent by the terminal can be received by one or more base stations and can further be
sent by the one or more base stations {o a server. Subsequently, the join-accept information
can be sent to the terminal via a first base station. The first base station may be within the ocne
or more base stations or may not be within the one or more base stations.

[76] The first channel can be used to indicate the first network connection plan, or
its assoctation with the first network connection plan. For example, an uplink join channel 1
can indicate or represent a network connection plan 1, and an uplink join channel 11 can
indicate or represent a network connection plan IL In some embodiments, more than one
uplink join channels can indicate the same network connection plan. For example, uplink join
channels 1-4 can all indicate or represent a network connection plan 1

[77] In step 403, the terminal receives a second message from a tirst base station
via a second channel. The second message can be used by the terminal to determine the first
network connection plan according to the first channel. The second channel can be within the
first channel set;

[78] For example, the second channel may be a known downlink join channel.
The second message may include a join-accept message. The network connection plan can
include information regarding channel use planning within a spectral range. The channel
planning can include division of all channels within a spectral range, such as central

frequency point, channel width, and the like. The channel planning can further include rules
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for channel uplink and downlink uses, rules regarding use of certain special channels, and
various other agreements on the spectrum. The join channel set and the network connection
plan can include overlapping portions. They can be completely separated.

[79] Upon receiving the join-accept message via the downlink join channel, the
terminal can determine its own network connection plan according to the network connection
plan indicated by the corresponding uplink join channel. In some embodiments, if no
corresponding join-accept message is received in the corresponding downlink join channel
after the terminal has sent the first message via an uplink join channel, the terminal can
continue to send the first message via the next uplink join channel. The selection of the next
uplink join channel from the first channel set can be either a random selection or based on a
certain order

[80] Further, the first channel can also be the second channel. That is, the first
channel and the second channel can be the same channel. For example, when the terminal
operates in a time-division duplex mode, one channel can be used to act as an uplink join
channel and a downliok join channel at the same time.

{811 In step 405, the terminal accesses the network via a second base station
according to the first network connection plan.

[82] Upon receiving the join-accept message via a downlink chanuel, the terminal
can determine a network connection plan, according to the network connection plan indicated
by the uplink channel corresponding to the downlink channel. The terminal can send uplink
data via the uplink channel prescribed in the network connection plan. The terminal can
further receive, according to a receiving window obtained through calculation, a downlink

data packet sent from the base station.
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[83] It is appreciated that the exemplary terminal 200 and base station 300 may
perform procedures similar to those described above with the method embodiments.
Reference can be made to the corresponding description provided above.

[84] Fi1G. 5 is a structural diagram of an exemplary terminal 500 according to
some embodiments of the present disclosure. As shown in FIG. §, terminal 500 can include
I/0 interface 501, one or more processors 502, a memory 504, a transmission apparatus 506,
a network interface 508, and an input/output interface 510. The exemplary apparatas 500 may
further include a cursor control device 511, a keyboard 512, and a display 513.

[85] Processor(s) 502 can include, but is not limited to, a CPU, a microprocessor
MCU, a programmable logic device FPGA, an accelerator, or another processing apparatus.
Memory 504 can be used to store data. Transmission apparatus 506 can be used fora
communication function. It is appreciated that the structure shown in FIG, 5 is merely an
example, which does not limit the actual structure of the foregoing electronic apparatus. In
some embodiments, terminal 500 can further include more or fewer components than those
shown in FIG. §, or can have a configuration different from that shown in FIG. 8. For
example, terminal 500 can further include components such as a Universal Serial Bus (USB)
port (which can also be included as a port of the VO interface), a network interface, a power
source, of a camera.

[86] It is appreciated that the one or more processors 302 or other data processing
circuits can be referred to as a data processing circuit. The data processing circuit can be
wholly or partially embodied hardware, firmware, or any other combination thereof and can
involve software. In addition, the data processing circuit can be a single separate processing
module. The data processing circuit can also be wholly or partially integrated into another

element in terminal 500.
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[87] Memory 504 can be used to store software programs and modules of
application software. For example, memory 504 can store program instructions corresponding
to methods for monitoring a network connectivity status of a network device as provided in
the present disclosure. Processor(s) 502 can execute the software program and modules
stored in the memory 504 to implement varicus functional applications and data processing.
For example, processor(s) 502 can execute the instructions for performing methods for
monitoring a network connectivity status of a network device as described above. Memory
504 can include a high speed random access memory and can further include a non-volatile
memory such as one or more magnetic storage apparatuses, a flash memory, or other non-
volatile solid-state memories. In some embodiments, memory 504 can further include
memories remotely disposed with respect to processor(s) 302. The remote memories can be
connected to terminal 500 through a network. Examples of the network include, but are not
limited to, the Internet, an intranet, a local area network, a mobile communications network,
and a combination of the above.

[R8] Transmission apparatus 506 can be configured to receive or send data
through a network. For example, the network can include a wireless network provided by a
communications provider of terminal 500. In some embodiments, fransmission apparatus 506
can include one or more Network Interface Controllers (NICs), which can be connected to
other network devices through a base station, to communicate via the Internet. Further,
transmission apparatus S00 can also be a Radio Frequency (RF) module, which can enable
communication with the Internet in a wireless manner. It is appreciated that each of the NICs
can include the sending moduies and the receiving modules described above,

[89] Display 513 can be, for example, a touch-screen Liquid Crystal Display

(LCD) The LD can enable a user to interact with a user interface of terminal 500.

20



WO 2019/178246 PCT/US2019/022075

[90] It is appreciated that in some embodiments, terminal 500 shown in FIG. 5
can include hardware elements (such as circuits), software elements (such as computer codes
stored in a computer readable medium), or a combination of hardware elements and software
clements. It should be appreciated that FI{G. 5 1s only an example. Components included in
the terminal may vary and is not limited by the description herein.

[o1] It should be appreciated that in some embodiments, terminal 300 shown in
FIG. 3 can include a touch display, also referred to as touch screen or touch display screen.
In some embodiments, terminal 500 can include a Graphical User Interface {GUI) allowing
the user to interact with the GUT through finger touch or gestures on a touch-sensitive
surface. Computer executable instructions for implementing these interactive functions can
be configured/stored in one or more computer program products or computer readable storage
mediums,

[92] In some embodiments, terminal 500 can execute program codes to perform
the following procedures of a methed for communications between a terminal and a base. A
terminal comprises a sending module and a receiving module. The sending module sends a
first message 1o at least one base station via a first channel for requesting access to a network.
The first channel can be within a first channel set. The receiving module receives a second
message from a first base station via a second channel. The second message comprises
channel plan information that 1s used to determine a first network connection plan. The
second channel can also be in the first channel set. The terminal determines the first network
connection plan according to the channel plan information and accesses the network via a
second base station according to the first network connection plan.

193] In some embodiments, processor(sy SO2 can further execute program codes
to perform the following procedures. The sending module sends the first message to the base

station sequentially via at least one third channel within the first channel set. The first channel
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set may be a common join channel set. As the terminal does not know about the working
channel information of the base station before accessing the network, the sending module can
send a join-request sequentially via uplink join channels in the common join channel set. If
1o corresponding join-accept message 1S recetved in response 1o the sent join-request, a join-
request can be sent to the base station via the next uplink join channel. The process can be
repeated until a join-accept message is received. The terminal receives the second message
from the first base station via a fourth channel. The fourth chanunel can be within the first
channel set. The fourth chanuel can be the second channel or ancther downlink join channel
other than the second channel in the common join channel set.

[94] In some embodiments, processor(s)y S02 can further execute program codes
to perform the following procedures. The terminal can be preset with at least one network
connection plan and one set of channel plan information corresponding to the at least one
network connection plan.

[95] In some embodiments, the second message can include a channel mask that
is used to map a first channel subset of the first network convection plan. The channel mask
can refer to a string of binary code (or character string) that can respectively correspond to
each channel or channel subset, in a one-to-one relationship. The channel mask can indicate
whether the current channel or channel subset 1s available. The terminal can determine the
first channel subset according to the channel plan information and the channel mask and cap
access the network via the second base station according to the first channel subset.

[961 In some embodiments, the second message can include at least one channel
plan information mask that is used to map at least one network connection plan.

[97] According to some embodiments of the present disclosure, a terminal and a
base station are provided. OUne exemplary terminal can include one or more processors, and

one or more machine-readable media stored with instructions therein. When executed by the
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processors, the instructions can cause the terminal to perform one or more methods accerding
to the embodiments of the present disclosure. It is appreciated that one exemplary base
station can include components similar to those described above. When executed by the
processors, the instructions can cause the base station to perform one or more methods
according to the embaodiments of the present disclosure.

[98] According to some embodiments of the present disclosure, machine-readable
media stored with instructions are further provided. The storage media can store instructions
corresponding to one or more method embodiments provided in the present disclosure. When
executed, the instructions can cause a device to perform one or more method embodiments
provided in the present disclosure.

[99] It is appreciated that the exemplary embodiments described above may focus
on different aspects. If details of other aspects are not provided in one embodiment, reference
can be made to corresponding or similar disclosure in other embodiments.

[100]  Further, consistent with the above description, it is appreciated that the
embodiments of the present disclosure may be provided as methods, devices, or implemented
in the form of computer program products. For example, the embodiments of the present
disclosure may be implemented as a complete hardware embodiment, a complete software
embodiment, or an embodiment combing software and hardware. Moreover, the present
disclosure may be in the form of a computer program product or computer usable storage
media including computer executable instructions therein. The computer program products or
computer usable storage media may include, but not limited to, a magnetic disk memory, CD-
ROM, an optical memory, and the like.

[101]  Some exemplary emnbodiments of the present disclosure are described above
with reference to the accompanvying flow charts or block diagrams. It should be appreciated

that some or all the procedures or modules described with reference to the flow charts or
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block diagrams can be implemented through computer program instructions. For example,
the computer program instructions can be provided to a computer, an embedded processor, or
a processor of another programmable data processing device, thereby producing a machine
with corresponding functions. When the instructions are executed by the processor of the
computer or another programmable data processing device, the processor or device can
perform corresponding functions or procedures as described above in the present disclosure
or shown in the accompanying flow charis or blocks in the block diagrams.

{102]  Further, these computer program instructions can also be stored in computer
readable storage media capable of guiding a computer or other programmable data processing
devices to work 1n a particular manner. That way, the instructions stored in the computer
readable storage media can cause the computer or device to implement functions described
herein or shown in the accompanying flow charts or blocks in the block diagrams.
Specifically, the computer program instructions can be loaded onto a computer or cther
programmable data processing terminal devices. The instructions can then cause a series of
operating steps to be executed on the computer or other programmable terminal devices.
Accordingly, the instructions can cause the computer or other programmable terminal devices
to implement functions or processes described herein or shown in the flow charts or one or
more blocks in the block diagrams.

[103]  In addition, functional units or modules in the above-described embodiments
of the present disclosure may be integrated into one processing unit, or each of the units may
exist alone physically, or two or more units are integrated into one unit. When the foregoing
integrated units are implemented in a form of a software functional unit, the integrated units
may be stored in a computer-readable storage medium. The software functional unit can be
stored in a storage medium and includes several instructions for instructing a computer

device or a processor to perform some or all of the steps of the method embodiments of the
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present disclosure. The computer device may be a personal computer, a server, or a network
device. The foregoing storage medium can include any medium that can store program codes,
such as a USB tlash drive, a mobile hard disk, a Read-Ounly Memory (ROM), a Random
Access Memory (RAM), a magnetic disk, or an optical disc. The storage medium canbe a
non-transitory computer readable medium. Common forms of non-transitory media 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 PROM, and EPROM, a FLASH-EPROM
or any other flash memory, NVRAM any other memory chip or cartridge, and networked
versions of the same.

[104] Itis appreciated that relational terms used herein, such as first and second,
are only used to differentiate one entity or operation from another entity or operation. Such
terms do not necessarily reqguire or indicate any mandatory sequence, order, or relationship
between the described entities or operations. Moreover, terms such as “including,”
“comprising” or any other variations thereof may encompass non-exclusive inclusion. That
is, a process, method, terminal, or device comprising a series of elements may not only
include these elements, but also other elements that are not specifically listed, or elements
that are inherent to the process, method, terminal, or device. Further, without specific,
manifest restrictions, elements described using the staternent “comprising one ...” may
include one or more similar elements. That is, a process, method, terminal, or device may
include one or more identical or similar elements described therein.

[1051  As used herein, unless specifically stated otherwise, the term “or”
encompasses ali possible combinations, except where infeasible. For example, if it is stated
that a database may include A or B, then, unless specifically stated otherwise or infeasible,

the database may include A, or B, or A and B. As a second example, if it is stated that a
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database may include A, B, or C, then, unless specifically stated otherwise or infeasible, the
database may include A, orB,orC,orAand B,orAand C,or Band C,or Aand B and C.

[106] Exemplary methods and devices for communications between a terminal and
a base station, and for a terminal to access a network, according to some embodiments of the
present disclosure are described in detail above. It is appreciated that the described
embodiments are only examples for the purpose of illustrating the principles and
implementations of the present disclosure. The above description of the exemplary
embodiments is only used to facilitate understanding of the concepts of the present
disclosure. Modifications can be made by a person skilled in the art to the specific
implementation manners described above, consistent with the present disclosure.

[107]  Inview of the foregoing, the content of the above description shall not be
construed as limitations to the present disclosure. Consistent with the present disclosure, a
person skilled in the art can make additional vanations and modifications in other
embodiments. Such variations and modifications shall all fall within the scope of the present

disclosure,
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WHATIS CLAIMED IS:

1. A method for communications between a terminal and a base station, the
method comprising:

sending, by a terminal, a first message to at least one base station via a first channel,
the first message being used to request access to a network;

receiving, by the terminal, a second message from a first base station via a second
channel, the second message including channel plan information indicating a first network
connection plan;

determining, by the terminal, the first network connection plan according to the
channel plan information; and

accessing, by the terminal, the network via a second base station according to the first

network connection plan.

2. The method according to claim 1, further comprising:

sending, by the terminal, the first message to the at least one base station sequentially
via at least one third channel, the at least one third channel being within a same first channel
set as the first channel; and

receiving, by the terminal, the second message from the first base station via a fourth

channel, the fourth channel being within the first channel set.

3. The method according to any one of claims 1 and 2, wherein,
the terminal s preset with at least oune network connection plan and channel plan

information corresponding to the at least one network connection plan.

e
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4. The method according to any one of claims 1 and 2, wherein the second
message further includes a channel mask that is used to map a channel subset of the first
network connection plan, the method further comprising:

determining, by the terminal, a channel subset according to the channel plan
information and the channel mask; and

accessing, by the terminal, the network according to the channel subset.

5 The method according to any one of claims 1 and 2, wherein,
the second message further includes at least one channel plan information mask that is

used to map at least one network connection plan.

6. The method according to any one of clatms 1-5, wherein,

the first channel indicates the first network connection plan.

7. A method for communications between a terminal and a base station, the
method comprising:

receiving, by a base station, a first message from a terminal via a first channel, the
first message being used to request access to a network; and

sending, by the base station, a second message to the terminal via a second channel,
the second message including channel plan information indicating a first network connection

plan.

8. The method according to claim 7, further comprising:
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receiving, by the base station, the first message from the terminal sequentially via at
least one third channel, the at least one third channel being within a same first channel set ag
the first channel; and

sending, by the base station, the second message 1o the terminal via a fourth channel,

the fourth channel being within the first channel set.

9. The method according to any one of claims 7 and &, wherein the terminal is
preset with at least one network connection plan and channel plan information corresponding

to the at least one network connection plan.

10.  The method according to any one of claims 7 and 8, wherein the second
message further includes a channel mask that is used to map a channel subset of the first

network connection plan.

11, The method according to any one of claims 7 and 8, wherein the second
message further includes at least one channel plan information mask that is used to map at

feast one network connection plan.

12, A terminal for communications with a base station, the terminal comprising:

a sending module including cireuitry to send a first message to at least one base
station via a first channel, wherein the first message is used to request access to a network;

a receiving module including circuitry to receive a second message from a first base
station of the at least one base station via a second channel, the second message comprising

channel plan information indicating a first network connection plan; and
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a processor configured to determine the first network connection plan according to the
channel plan information, wherein the first network connection plan is used by the terminal to

access the network via a second base station.

i3, The terminal according to claim 12, wherein:

the sending module includes circuitry to send the first message to the at least one base
station sequentially via at least one third channel that is within a same first channel set as the
first channel; and

the receiving module inciudes circuitry fo receive the second message from the

second base station via a fourth channel that is within the first channel set.

i4. The terminal according to any one of claims 12 and 13, wherein
the terminal 1s preset with at least one network connection plan and channel plan

information corresponding to the at feast one network connection plan.

15, The terminal according to any one of claims 12 and 13 | wherein the second
message further inchudes a channel mask that 1s used to map a channel subset of the first
network connection plan, wherein the terminal uses the channel plan information and the
channel mask to determine a chanuoel subset and accesses the network using the channel

subset.

16. The terminal according to any one of claims 12 and 13, wherein the second
message further includes at least one channel plan information mask that is used to map at

least one network connection plan.
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i7. The terminal according to any one of claims 12-16, wherein,

the first channel indicates the first network connection plan.

18. A base station for communications with a terminal, the base station
comprising:

a recetving module including circuitry to receive first message from a terminal via a
first channel, the first message being used to request access to a network; and

a sending module including circuitry to send second message to the terminal via a
second channel, the second message comprising channel plan information indicating a first

network connection plan.

19. The base station according to claim 18, wherein

the recetving module includes circuitry to receive the first message from the terminal
sequentially via at feast one third chanunel, the at least one third channel being within a same
first channel set as the first channel; and

the sending module includes circuitry to send the second message to the terminal via a

fourth channel, the fourth channel being within the first channel set.

20.  The base station according to any one of claims 18 and 19, wherein the second
message further includes a channel mask that is used to map a channel subset of the first

network connection plan,

21. The base station according to any one of claims 18 and 19, wherein the second
message further includes at least one channel plan information mask that is used to map at

feast one network connection plan.
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22. A non-transitory computer readable medium that stores a set of instructions that is
executable by at least one processor of a computer to cause the computer to perform a method
for communications between a terminal and a base station, the method comprising;

sending a first message to at least one base station via a first channel, the first
message being used to request access to a network;

receiving a second message from a first base station via a second channel, the second
message including channel plan information indicating a first network connection plan;

determining the first network connection plan according to the channel plan
information; and

accessing the network via a second base station according to the first network

connection plan.

23, The non-transitory computer medium according to claim 22, wherein the set of
instructions that is executable by the at least one processor of the computer causes the
computer to further perform:

sending the first message to the at least one base station sequentially via at [east one
third channel, the at least one third channel being within a same first channel set as the first
channel; and

receiving the second message from the first base station via a fourth channel, the
fourth channel being within the first channel set.

24. The non-transitory corputer medium according to any one of claims 22 and

23, wherein,
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the terminal is preset with at least one network connection plan and channel plan

information corresponding to the at least one network connection plan.

25, The non-transttory computer medium according to any one of claims 22 and
23, wherein the second message further includes a channel mask that is used tomap a
channel subset of the first network connection plan, and the set of instructions that 18
executable by the at least one processor of the computer causes the computer to further
perform:

determining a channel subset according to the channel plan information and the
channel mask; and

accessing the network according to the channel subset.

26. The non-transitory computer medium according to any one of claims 22 and
23, wherein,
the second message further includes at least one channel plan information mask that is

used to map at least one network connection plan.

27.  The non-transitory computer medium according to any one of claims 22-26,
wherein,

the first channel indicates the first network connection plan.

28. A non-transitory computer readable medium that stores a set of instructions that is
executable by at least one processor of a computer to cause the computer to perform a method

for communications between a base station and a terminal, the method comprising;
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receiving a first message from a terminal via a first channel, the first message being
used to request access to a network; and
sending a second message to a terminal via a second channel, the second message

including channel plan information indicating a first network connection plan.

29. The non-transitory computer medium according to claim 28, wherein the set of
instructions that is executable by the at least one processor of the computer causes the
computer to further perform:

receiving the first message from the terminal sequentially via at least one third
channel, the at least one third channel being within a same first channel set as the first
channel; and

sending the second message to the terminal via a fourth channel, the fourth channel

being within the first channel set.

30. The non-transitory computer medium according to any one of claims 28 and
29, wherein the second message further includes a channel mask that is used to map a

channel subset of the first network connection plan.

31 The non-transitory computer medium according to any one of claims 28 and
29 wherein,
the second message further includes at least one channel plan information mask that is

used to map at least one network connection plan.

32, The non-transitory computer medium according to any one of claims 28 - 31,

wherein,
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the first channel indicates the first network connection plan.
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