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NETWORK CONTROL DEVICES AND METHODS OF PERFORMING
WIRELESS COMMUNICATIONS BETWEEN TWO
COMMUNICATIONS APPARATUSES VIA MULTI-LEVEL
SIGNALING ENTITIES

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 62/097,370, filed

2014/12/29, and entitled “Multi-Level Control Architecture for Wireless Communication

Networks”, and the entire contents of which are hereby incorporated by reference.

FIELD OF INVENTION

The invention relates to methods of performing wireless communications, and more
particularly to methods of performing wireless communications between two communications

apparatuses via multi-level signaling entities.

BACKGROUND OF THE INVENTION

n

The term "wireless" normally refers to an electrical or electronic operation that is
accomplished without the use of a "hard wired" connection. "Wireless communications” is the
transfer of information over a distance without the use of electrical conductors or wires. The
distances involved may be short (a few meters for television remote controls) or very long
(thousands or even millions of kilometers for radio communications). The best known example
of wireless communications is the cellular telephone. Cellular telephones use radio waves to
enable an operator to make phone calls to another party, from many locations worldwide. They
can be used anywhere, as long as there is a cellular telephone site to house equipment that can
transmit and receive signals, which are processed to transfer both voice and data to and from
the cellular telephones.

There are various well-developed and well-defined cellular communications radio access
technologies (RATs). For example, the Global System for Mobile communications (GSM) is a
well-defined and commonly adopted communications system, which uses time division
multiple access (TDMA) technology, which is a multiplex access scheme for digital radio, to

send voice, data, and signalling data (such as a dialed telephone number) between mobile

phones and cell sites. The CDMA2000 is a hybrid mobile communications 2.5G / 3G



10

15

20

25

30

WO 2016/107045 2 PCT/CN2015/078765

(generation) technology standard that uses code division multiple access (CDMA) technology.
The UMTS (Universal Mobile Telecommunications System) is a 3G mobile communications
system, which provides an enhanced range of multimedia services over the GSM system.
Wireless Fidelity (Wi-Fi) is a technology defined by the 802.11 engineering standard and can
be used for home networks, mobile phones, and video games, to provide a high-frequency
wireless local area network. The LTE (Long Term Evolution) and the LTE-Advanced evolved
from the LTE are the 4G mobile communications systems, which provide high-speed data

transmission over 2G and 3G systems.

SUMMARY OF THE INVENTION

Network control devices and methods of performing wireless communications between
two communications apparatuses in a service network via a plurality of signaling entities are
provided. An exemplary embodiment of a network control device comprises a controller and a
wireless communications module. The controller provides a plurality of signaling entities each
belonging to one of a plurality of signaling levels to form multi-level signaling entities, and
configures one or more signaling entities of the multi-level signaling entities to a
communications apparatus to communicate with the communications apparatus based on the
one or more configured signaling entities. The wireless communications module transmits a
plurality of radio frequency signals via the one or more configured signaling entities.

An exemplary embodiment of a method of performing wireless communications between
two communications apparatuses in a service network via a plurality of signaling entities
comprises: providing, by a first communications apparatus, multi-level signaling entities
comprising a plurality of signaling entities each belonging to one of a plurality of signaling
levels; configuring, by the first communications apparatus, one or more signaling entities of the
multi-level signaling entities to a second communications apparatus; and communicating, by
the first communications apparatus, with the second communications apparatus via the one or
more configured signaling entities.

A detailed description is given in the following embodiments with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the subsequent detailed description
and examples with references made to the accompanying drawings, wherein:

FIG. 1 is a block diagram illustrating a wireless communications system according to an
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embodiment of the invention;

FIG. 2 shows a simplified block diagram of a network control device in the service
network according to an embodiment of the invention;

FIG. 3 is a schematic diagram illustrating the concept of performing wireless
communications in a wireless communications system via a plurality of signaling entities
according to an embodiment of the invention;

FIG. 4 is a schematic diagram illustrating a tree-like structure of the proposed multi-level
signaling entities according to an embodiment of the invention;

FIG. 5 shows a flow chart of a method of performing wireless communications between
two communications apparatuses in a service network via a plurality of signaling entities
according to an embodiment of the invention;

FIG. 6 is a schematic diagram showing the states of a communications apparatus and the
corresponding state transition according to an embodiment of the invention;

FIG. 7 shows a flow chart of a procedure for performing wireless communications in a
service network according to an embodiment of the invention; and

FIG. 8 shows exemplary multi-level beams generated by network control devices in the

service network according to an embodiment of the invention.

DETAILED DESCRIPTION

The following description is of the best-contemplated mode of carrying out the invention.
This description is made for the purpose of illustrating the general principles of the invention
and should not be taken in a limiting sense. The scope of the invention is best determined by
reference to the appended claims.

FIG. 1 is a block diagram illustrating a wireless communications system according to an
embodiment of the invention. In the wireless communications system 100, a communications
apparatus 110 is wirelessly connected to a service network, such as the service network 120
shown in FIG. 1, for obtaining wireless communications services. Operations of the service
network 120 are in compliance with a predetermined communications protocol. The service
network 120 may comprise one or more network control devices, such as the network control
device 130, interfacing between one or more communications apparatuses and the core network,
for providing wireless communications services to the communications apparatus 110. The
service network 120 may also comprise one or more intermediate control nodes, such as the
network control entity 150 shown in FIG. 1, for controlling the operation of the one or more

network control devices. In the embodiments of the invention, the network control entity may
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be a Base Station Controller (BSC), or may be realized in a distributed manner without a
centralized controller, or may be a part of a base station’s functionality, or the likes, and may be
responsible of activating/deactivating and configuring signaling entities (which will be further
discussed in the following paragraphs) under its control.

In addition, according to an embodiment of the invention, the network control device may
be an evolved Node B (eNB), a Base Station (BS), a Base Station Controller (BSC), a Radio
Network Controller (RNC), or the like. Note that in some embodiments of the invention, when
the network control device is an eNB or a BS, the network control entity in the service network
may be a BSC which can configure the network control devices.

According to an embodiment of the invention, the communications apparatus 110 may be
a terminal node wirelessly connected to the service network, such as User Equipment (UE). The
communications apparatus 110 may comprise at least a wireless communications module 111
for performing the functionality of wireless transmission and reception to and from the service
network 120. To further clarify, the wireless communications module 111 may comprise at
least a baseband signal processing device (not shown) and a Radio Frequency (RF) signal
processing device (not shown). The baseband signal processing device may contain multiple
hardware devices to perform baseband signal processing, including Analog to Digital
Conversion  (ADC)/Digital to  Analog  Conversion (DAC), gain  adjusting,
modulation/demodulation, encoding/decoding, and so on. The RF signal processing device
may receive RF wireless signals, process the RF wireless signal, and convert the RF wireless
signals to baseband signals, which are to be processed by the baseband signal processing device,
or receive baseband signals from the baseband signal processing device, convert the received
baseband signals to RF wireless signals, which are later transmitted, and process RF wireless
signals. The RF signal processing device may also contain multiple hardware devices to
perform radio frequency conversion and RF signal processing. For example, the RF signal
processing device may comprise a mixer to multiply the baseband signals with a carrier
oscillated in the radio frequency of the wireless communications system, where the radio
frequency depends on the RAT in use. Also, the communications apparatus 110 may comprise a
controller 112 for controlling the operation of the wireless communications module 111 and
functional components (not shown) such as a display unit and/or keypad serving as the MMI
(man-machine interface), a storage unit storing data and program codes of applications or
communications protocols, and other functional components.

FIG. 2 shows a simplified block diagram of a network control device in the service

network according to an embodiment of the invention. According to an embodiment of the
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invention, the network control device may be an evolved Node B (eNB), a Base Station (BS), a
Base Station Controller (BSC), a Radio Network Controller (RNC), or the like, and may also be
regarded as a communications apparatus for providing wireless communications services in the
service network.

The network control device 230 may also comprise at least a wireless communications
module 231 for performing the functionality of wireless transmission and reception between
one or more peer devices, such as the communications apparatus 110 shown in FIG. 1, and the
core network. To further clarify, the wireless communications module 231 may comprise a
baseband signal processing device (not shown) and a Radio Frequency (RF) signal processing
device (not shown). The baseband signal processing device may contain multiple hardware
devices to perform baseband signal processing, including Analog to Digital Conversion
(ADC)/Digital to Analog Conversion (DAC), gain adjusting, modulation/demodulation,
encoding/decoding, and so on. The RF signal processing device may receive RF wireless
signals, process the RF wireless signals, and convert the RF wireless signals to baseband signals,
which are to be processed by the baseband signal processing device, or receive baseband
signals from the baseband signal processing device, convert the received baseband signals to
RF wireless signals, which are later transmitted, and process RF wireless signals. The RF
signal processing device may also contain multiple hardware devices to perform radio
frequency conversion. For example, the RF signal processing device may comprise a mixer to
multiply the baseband signals with a carrier oscillated in the radio frequency of the wireless
communications system, where the radio frequency depends on the RAT in use.  Also, the
network control device 230 may comprise a controller 232 for controlling the operation of the
wireless communications module 231 and other functional components (not shown), such as a
storage unit storing data and program codes of applications or communications protocols, or
others.

According to an embodiment of the invention, since there are a plurality of signaling
entities (or, radio access paths) in a wireless communications system, how to integrate the
signaling entities and methods of performing wireless communications between two
communications apparatuses via the signaling entities are proposed.

FIG. 3 is a schematic diagram illustrating the concept of performing wireless
communications in a wireless communications system via a plurality of signaling entities
according to an embodiment of the invention. In the wireless communications system 300, a
communications apparatus, such as a UE 310, is wirelessly connected to a service network,

such as the service network 320, for obtaining wireless communications services. The service
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network 320 may comprise one or more network control devices, such as the network control
device 330, interfacing between one or more communications apparatuses and the core network,
for providing wireless communications services to the UE 310.

According to an embodiment of the invention, a controller (such as the controller 232
shown in FIG. 2) of the network control device 330 is capable of providing a plurality of
signaling entities, which are represented by the circles shown in FIG. 3. The signaling entities
are utilized as transmission mediums in the wireless communications system. The signaling
entities provided by the network control device 330 may be regarded as “associated with” the
network control device 330.

According to the embodiment of the invention, each signaling entity may belong to one of
a plurality of signaling levels to form multi-level signaling entities. In addition, according to the
embodiment of the invention, the signaling levels may be hierarchical signaling levels.

The controller of the network control device 330 may further configure one or more
signaling entities of the multi-level signaling entities to a communications apparatus, such as
the UE 310 shown in FIG. 3, to communicate with the communications apparatus based on the
one or more configured signaling entities by transmitting a plurality of radio frequency signals
via the one or more configured signaling entities by the wireless communications module (such
as the wireless communications module 231 shown in FIG. 2) of the network control device
330. As shown in FIG. 3, the control signaling and data are transmitted via the signaling
entities configured to the UE 310.

FIG. 4 is a schematic diagram illustrating a tree-like structure of the proposed multi-level
signaling entities according to an embodiment of the invention. In FIG. 4, each circle represents
a signaling entity. There are three signaling levels shown in FIG. 4, including Level 0, Level 1
and Level 2. According to an embodiment of the invention, an ancestor (lineal ancestor)
signaling entity in one signaling level may comprise one or more descendant signaling entities
in a subsequent signaling level. For example, the signaling entity 401 in Level O may comprise
descendant signaling entities 402, 403, 404 and 405 in Level 1. In such examples, the signaling
level Level O may also be regarded as the ancestor signaling level of the signaling level Level 1,
and the signaling level Level 1 may also be regarded as the descendant signaling level of the
signaling level Level 0. In addition, a signaling entity is a child to at most one parent signaling
entity. For example, the signaling entity 402 is a child to at most one parent signaling entity 401,
and the signaling entity 406 is a child to at most one parent signaling entity 402.

According to an embodiment of the invention, the multi-level signaling entities may be

characterized by one or more of a plurality of physical layer attributes comprising a carrier
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frequency for communications, a time interval for communications, a frequency band for
communications, and a resolution and/or a radio coverage area for communications and
transmission power for communications. According to an embodiment of the invention, the
time interval and the frequency band may be the resources provided for the communications to
take place. In addition, according to an embodiment of the invention, the signaling entities in
different signaling levels may have different resolutions. Each signaling level may have a
corresponding resolution. At least one signaling entity is formed within one signaling level.

In addition, according to an embodiment of the invention, the radio coverage area may be
defined by, for example, the 3dB beamwidth and the orientation of a beam when each signaling
entity is a beam and may result from beamforming originating from the same location or
transmission from a different location.

In addition, in some embodiments of the invention, the physical layer attributes of the
signaling entities at different signaling levels may be further characterized by a radio coverage
area of an ancestor signaling entity encompassing radio coverage area(s) of its descendant
signaling entity\entities. In addition, in some embodiments of the invention, the physical layer
attributes of the signaling entities at different signaling levels may be further characterized by
the transmission gain of one signaling entity being greater than the transmission gain of its
ancestor signaling entity. In addition, in some embodiments of the invention, the physical layer
attributes of the signaling entities at different signaling levels may be further characterized by a
radio coverage area of one signaling entity being more focused than a radio coverage area of its
ancestor signaling entity.

In addition, in some embodiments of the invention, the hierarchical signaling levels may
further be characterized by a transmission utilizing one or more signaling entities in one
signaling level being more robust than a transmission utilizing one or more signaling entities at
its descendant signaling level. In addition, in some embodiments of the invention, the
hierarchical signaling levels may further be characterized in that transmission utilizing one or
more signaling entities in one signaling level may be more efficient than utilizing one or more
signaling entities in its ancestor signaling level. Therefore, in some embodiments of the
invention, when one signaling entity is configured to transmit control signaling, its descendant
signaling entity\entities may be further configured to transmit data.

FIG. 5 shows a flow chart of a method of performing wireless communications between
two communications apparatuses in a service network via a plurality of signaling entities
according to an embodiment of the invention. First of all, a first communications apparatus

(such as the network control device 130, 230 and/or 330) may provide multi-level signaling
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entities for communications (Step S502). As discussed above, the multi-level signaling entities
may comprise a plurality of signaling entities each belonging to one of a plurality of signaling
levels. Next, the first communications apparatus may configure one or more signaling entities
of the multi-level signaling entities to a second communications apparatus (such as the
communications apparatus 110 and/or the UE 310) (Step S504). Note that in the embodiments
of the invention, the configured signaling entities may belong to the same or different signaling
levels. Finally, the first communications apparatus may communicate with the second
communications apparatus via the one or more configured signaling entities (Step S506).

According to an embodiment of the invention, each signaling entity may provide at least
one of the following functions through the resources available to the signaling entity, the
functionalities may comprise: 1). A synchronization service to facilitate a communications
apparatus to affix to one or more signaling entity so as to utilize the services provided by the
signaling entity, 2). Measurement signaling allowing a communications apparatus to determine
the quality of service provided by the signaling entity, 3). A data channel that transports data to
and from a communications apparatus, and 4). Control signaling between two communications
apparatuses facilitating the data transport and the transition of the communications apparatus
from currently affixed signaling entities to another set of affixed signaling entities. A
communications apparatus may communicate with another communications apparatus in the
service network through services and functions provided by one or more signaling entities.

According to an embodiment of the invention, the resources available to the signaling
entity may comprise at least the time interval in the time domain, the frequency band in the
frequency domain, orientation of a beam in the spatial domain, power, and the code utilized for
communications. Allocation of these resources to the various services may be pre-determined
and understood by the communicating apparatuses, blindly detected by the communicating
apparatuses, dynamically configured by a network control device and signaled by control
signaling of the current signaling entity or one or more ancestor signaling entities of the current
signaling entity, or a semi-static configuration signaled by higher-layer protocol (for example,
Radio Resource Control (RRC) in LTE). In addition, the physical layer resources may be
utilized by the various services in a contention manner.

According to an embodiment of the invention, a communications apparatus (such as the
communications apparatus 110 and/or the UE 310) may operate in one of the following states
with respect to a signaling entity, comprising a synchronized state, a monitoring state, an
affixed state and a dissociated state.

FIG. 6 is a schematic diagram showing the states of a communications apparatus and the
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corresponding state transition according to an embodiment of the invention. According to an
embodiment of the invention, the communications apparatus may receive one or more radio
frequency signals transmitted by the network control device (such as the network control device
130, 230 and/or 330) via at least one signaling entity to synchronize time and frequency with
the network control device. After synchronizing time and frequency with the network control
device, the communications apparatus is able to extract the radio resources and read the
contents carried by the resources.

In addition, according to an embodiment of the invention, in the monitoring state, the
communications apparatus may further monitor certain radio characteristics, such as channel
quality, of one or more radio frequency signals transmitted by the network control device via at
least one signaling entity to measure quality of service provided by the signaling entity.

In addition, according to an embodiment of the invention, in the affixed state, the
communications apparatus may affix to at least one signaling entity provided by the network
control device so as to utilize one or more service(s) provided by the signaling entity. After
affixing to the at least one signaling entity, two-way control signaling is established between
the communications apparatus and the network control device. In other words, the
communications apparatus has the ability to establish a two-way communications with the
network control device after affixing to the at least one signaling entity.

In addition, according to an embodiment of the invention, in the dissociated state, the
communications apparatus may experience loss of synchronization or the cessation of an
attempt to synchronize to a previously affixed signaling entity.

According to an embodiment of the invention, the communications apparatus is able to
directly utilize one or more descendant signaling entity\entities of the affixed signaling entity
for communications without affixing to the one or more descendant signaling entity\entities.
For example, the communications apparatus can utilize the data channel provided by a signaling
entity without being affixed to it. Only synchronization is required to establish the data channel
and the control signaling for the data transmission can come from a different signaling entity,
such as an ancestor signaling entity of that signaling entity.

In addition, according to an embodiment of the invention, the communications apparatus
may further monitor signal quality of an ancestor, a descendant or a sibling signaling entity of
the currently affixed signaling entity. Furthermore, the communications apparatus may further
continuously monitor signal quality of the currently affixed signaling entity and signal quality
of relevant detectable signaling entities, such as an ancestor, a descendant or a sibling signaling

entity of the affixed signaling entity, or a signaling entity within proximal radio coverage area
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of a currently affixed signaling entity during a process of communicating with the network
control device. The monitoring of relevant detectable signaling entities may comprise
measuring the quality of service and synchronization of the monitored signaling entities and/or
the establishment of the ability to read control channels in the monitored signaling entities.

In addition, according to an embodiment of the invention, the communications apparatus
may enter the wireless communications protocol by first affixing to one or more of the
signaling entities in an entry signaling level. According to an embodiment of the invention,
there may be a plurality of predefined entry signaling levels and the communications apparatus
may select a preferred entry signaling level from the predefined entry signaling levels before
first affixing to one or more of the signaling entities. The communications apparatus may select
the preferred entry signaling level based on the previous entry experience of the
communications apparatus. By affixing to one or more signaling entities in an entry level, the
communications apparatus may camp on or attach to the network control devices associated
with the affixed one or more signaling entities and thereby establishes the entry into the service
network.

FIG. 7 shows a flow chart of a procedure for performing wireless communications in a
service network according to an embodiment of the invention. First of all, the communications
apparatus (such as the communications apparatus 110 and/or the UE 310) may enter the
protocol of the wireless communications by affixing to at least one signaling entity in at least
one entry signaling level (Step S702). After entering the protocol by affixing to at least one
signaling entity in at least one entry signaling level, the communications apparatus may then
establish at least one data channel in the affixed signaling entity or one of its descendant
signaling entities. The establishment of a data channel is facilitated by the control signaling of
the currently affixed signaling entity. Next, the communicating device may continuously
monitor relevant detectable signaling entities and determine, in conjunction with the network
control device, whether reconfiguring one or more signal entities is needed based on the
monitoring results (Step S704). That is, the communications apparatus may determine, in
conjunction with the network control device, whether to synchronize to, monitor, affix to or
dissociate from a signaling entity. When reconfiguring one or more signal entities is needed, the
network control device may reconfigure one or more signal entities and the communications
apparatus may then synchronize to, monitor and affix to the one or more reconfigured signal
entities.

Next, the communications apparatus may determine whether data transmission is required

(Step S706). For example, whether there is any data packet that needs to be transmitted. When
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data transmission is not required, the procedure returns to step S704 to keep monitoring
relevant detectable signaling entities. When data transmission is required, the network control
device may configure or reconfigure one or more signaling entities for data channels (Step
S708), and the data transmission may begin (Step S710). The communications apparatus may
further determine whether there is more data to be transmitted (Step S712). When there is no
more data to be transmitted, the procedure returns to step S704 to keep monitoring relevant
detectable signaling entities. When there is still some data to be transmitted, the
communications apparatus may keep monitoring the currently utilized signaling entity (Step
S714) to report the monitoring results to the network control device, and the procedure returns
to step S708 for configuration or reconfiguration.

According to an embodiment of the invention, the multi-level signal entities may be the
transmission beams generated by the network control device and utilized for beamforming. An
exemplary scenario of wireless communications utilizing multi-level beams will be illustrated
in the following paragraphs.

FIG. 8 shows exemplary multi-level beams generated by network control devices in the
service network according to an embodiment of the invention. As shown in FIG. 8, there may
be two network control devices in the service network, one is a macro cell 830 and the other
one is a small cell 835. In addition, there may be one network control entity (e.g. a BSC) in the
service network that can configure both the macro cell and small cell and their associated
signaling entities. These signaling entities may belong to the same tree in the hierarchy and may
be readily accessible to the network control device. The macro cell 830 accompanied with the
small cell 835 may generate several beams with different beam widths in different signaling
levels. For example, the hexagon 801 may represent a radio coverage area of the beam(s)
generated by the macro cell 830, the beams 802-1~802-3 and 803-1~803-7 are the beams
generated by the small cell 835. As shown in FIG. 8, the radio coverage areas of the beams
generated by the macro cell 830 and the small cell 835 may be different, where the radio
coverage area may be defined by, for example, the 3dB beam width and the orientation of the
beam.

For example, since the radio coverage area of the beam(s) generated by the macro cell 830
is the widest among the beams, the beam(s) generated by the macro cell 830 may belong to the
first signaling level Level 0. Similarly, the beams 802-1~802-3 generated by the small cell 835
may belong to the second signaling level Level 1, and the beams 803-1~803-7 generated by the
small cell 835 may belong to the third signaling level Level 2. Therefore, each level of beam

has different beam widths. In addition, the focus areas of higher level beams (that is, the beams
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belonging to the signaling level with a relatively greater number) lie within the focus area of a
lower level beam (that is, the beam belonging to the signaling level with a relatively smaller
number).

According to an embodiment of the invention, the network control device(s) are
responsible for activating/deactivating and configuring signaling entities under its control. In
addition, in the embodiments of the invention, the lower level beams provide certain control
signaling functions to facilitate more efficient data communications over higher level beams.
For example, when the first signaling level Level O is an entry signaling level, the beams in the
first signaling level Level O may provide certain control signaling functions and the beams in
the second signaling level Level 1 and/or the beams in the third signaling level Level 2 may
provide data channel(s) for data transmission. For another example, when the second signaling
level Level 1 is an entry signaling level, the beams in the second signaling level Level 1 may
provide certain control signaling functions and the beams in the third signaling level Level 2
may provide data channel(s) for data transmission. The signaling level providing control
signaling functions may comprises multiple control beams as its child signaling entities.

In addition, in the embodiment of the invention, an entry signaling level may function
without its ancestor signaling level. For example, when the second signaling level Level 1 is an
entry signaling level, the second signaling level Level 1 may function without the first signaling
level Level 0. In addition, in the embodiment of the invention, a communications apparatus
(such as the communications apparatus 110 and/or the UE 310) may further affix to the signal
entity in an ancestor signaling level of an entry signaling level after affixing to the signal entity
in the entry signaling level, or may determine not to affix to the signal entity in an ancestor
signaling level of an entry signaling level.

According to the embodiments of the invention, by utilizing the multi-level signaling
entities, generalization and combination of dual connectivity (for example, for a
communications apparatus camping on both a macro cell and a small cell for communications
as shown in FIG. 8) and carrier aggregation may be achieved. In addition, integration of dual
connectivity with multi-level signaling entities into a single framework may also be achieved.
In addition, unlike the prior art system design in which there is only one entry level, in the
embodiments of the invention, there can be multiple entry signal levels. In addition, the number
of hierarchical signaling levels is not limited to any specific number. In addition, in the
embodiments of the invention, level skipping is workable. For example, in the embodiment
shown in FIG. 8, the beams in the first signaling level Level 0 may provide certain control

signaling functions and the beams in the third signaling level Level 2 may provide data
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channel(s) for data transmission. In addition, in the embodiments of the invention, there may be
more than one signaling entity providing data channels, multiple signaling entities configured
for one communications apparatus with only one ancestor signaling entity providing control
signaling or with more than one signaling entity (in the same level or an ancestral level to the
data channel) providing control signaling. In addition, in some embodiments of the invention,
different physical layer attributes can be artificially generated based on the same physical
channel. The signaling entities with different beam-widths may have the same ancestor
signaling entity.

Via the proposed multi-level signaling entities, the signaling entities in the same or
different wireless communications framework may be integrated and wireless communications
can be performed more robustly and more efficiently than before.

The above-described embodiments of the present invention can be implemented in any of
numerous ways. For example, the embodiments may be implemented using hardware, software
or a combination thereof. It should be appreciated that any component or collection of
components that perform the functions described above can be generically considered as one or
more processors that control the discussed above function. The one or more processors can be
implemented in numerous ways, such as with dedicated hardware, or with general purpose
hardware that is programmed using microcode or software to perform the functions recited
above.

While the invention has been described by way of example and in terms of preferred
embodiment, it is to be understood that the invention is not limited thereto. Those who are
skilled in this technology can still make various alterations and modifications without departing
from the scope and spirit of this invention. Therefore, the scope of the present invention shall

be defined and protected by the following claims and their equivalents.
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CLAIMS

1. A network control device, comprising:

a controller, providing a plurality of signaling entities each belonging to one of a plurality
of signaling levels to form multi-level signaling entities and configuring one or more signaling
entities of the multi-level signaling entities to a communications apparatus to communicate with
the communications apparatus based on the one or more configured signaling entities; and

a wireless communications module, transmitting a plurality of radio frequency signals via

the one or more configured signaling entities.

2. The network control device as claimed in claim 1, wherein the signaling levels are
hierarchical signaling levels in which an ancestor signaling entity in one signaling level

comprises one or more descendant signaling entities in a subsequent signaling level.

3. The network control device as claimed in claim 1, wherein the signaling entities are
characterized by one or more of a plurality of physical layer attributes comprising a carrier
frequency for communications, a time interval for communications, a frequency band for
communications, a radio coverage area for communications and transmission power for

communications.
4. The network control device as claimed in claim 1, wherein a radio coverage area of an
ancestor signaling entity encompasses radio coverage area(s) of descendant signaling

entity\entities of the ancestor signaling entity.

5. The network control device as claimed in claim 1, wherein the signaling entities in

different signaling levels have different resolutions.

6. The network control device as claimed in claim 1, wherein each signaling level has a

corresponding resolution.

7. The network control device as claimed in claim 1, wherein at least one signaling entity

is formed within one signaling level.

8. The network control device as claimed in claim 1, wherein a transmission gain of a



10

15

20

25

30

WO 2016/107045 15 PCT/CN2015/078765

descendant signaling entity is greater than a transmission gain of an ancestor signaling entity of

the descendant signaling entity.

9. The network control device as claimed in claim 1, wherein when an ancestor signaling
entity is configured to transmit control signaling to the communications apparatus, descendant
signaling entity\entities of the ancestor signaling entity is/are further configured to transmit

data to the communications apparatus.

10. A method of performing wireless communications between two communications
apparatuses in a service network via a plurality of signaling entities comprising:

providing, by a first communications apparatus, multi-level signaling entities comprising a
plurality of signaling entities each belonging to one of a plurality of signaling levels;

configuring, by the first communications apparatus, one or more signaling entities of the
multi-level signaling entities to a second communications apparatus; and

communicating, by the first communications apparatus, with the second communications

apparatus via the one or more configured signaling entities.

11. The method as claimed in claim 10, wherein the signaling levels are hierarchical
signaling levels in which an ancestor signaling entity in one signaling level comprises one or

more descendant signaling entities in a subsequent signaling level.

12. The method as claimed in claim 10, wherein the signaling entities are characterized by
one or more of a plurality of physical layer attributes comprising a carrier frequency for
communications, a time interval for communications, a frequency band for communications, a

radio coverage area for communications and transmission power for communications.
13. The method as claimed in claim 10, wherein a radio coverage area of an ancestor
signaling entity encompasses radio coverage area(s) of descendant signaling entity\entities of

the ancestor signaling entity.

14. The method as claimed in claim 10, wherein the signaling entities in different signaling

levels have different resolutions.

15. The method as claimed in claim 10, wherein each signaling level has a corresponding
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resolution.

16. The method as claimed in claim 10, wherein at least one signaling entity is formed

within one signaling level.

17. The method as claimed in claim 10, wherein a transmission gain of a descendant
signaling entity is greater than a transmission gain of an ancestor signaling entity of the

descendant signaling entity.

18. The method as claimed in claim 10, wherein when an ancestor signaling entity is
configured to transmit control signaling to the second communications apparatus, descendant
signaling entity\entities of the ancestor signaling entity is/are further configured to transmit data

to the second communications apparatus.

19. The method as claimed in claim 10, further comprising:
receiving, by the second communications apparatus, one or more radio frequency signals
transmitted by the first communications apparatus via at least one signaling entity to

synchronize time and frequency with the first communications apparatus.

20. The method as claimed in claim 10, further comprising:
monitoring, by the second communications apparatus, quality of one or more radio
frequency signals transmitted by the first communications apparatus via at least one signaling

entity to measure a quality of service provided by the signaling entity.

21. The method as claimed in claim 10, further comprising:
affixing, by the second communications apparatus, to at least one signaling entity provided
by the first communications apparatus so as to utilize one or more service(s) provided by the

signaling entity.

22. The method as claimed in claim 21, wherein the second communications apparatus is
able to directly utilize one or more descendant signaling entity\entities of the affixed signaling
entity for communications without affixing to the one or more descendant signaling

entity\entities.
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23. The method as claimed in claim 21, wherein after affixing to the at least one signaling
entity, two-way control signaling is established between the first communications apparatus and

the second communications apparatus.

24. The method as claimed in claim 21, further comprising:
monitoring, by the second communications apparatus, signal quality of an ancestor, a

descendant or a sibling signaling entity of the affixed signaling entity.

25. The method as claimed in claim 21, further comprising:

continuously monitoring, by the second communications apparatus, signal quality of the
affixed signaling entity and signal quality of an ancestor, a descendant or a sibling signaling
entity of the affixed signaling entity during a process of communicating with the first

communications apparatus.

26. The method as claimed in claim 10, further comprising:
selecting, by the second communications apparatus, a preferred entry signaling level from

a plurality of predefined entry signaling levels before first affixing to a signaling entity.

27. The method as claimed in claim 26, wherein the preferred entry signaling level is
selected by the second communications apparatus based on previous entry experience of the

second communications apparatus.



WO 2016/107045 PCT/CN2015/078765
1/8

Core
. network

~130 ~150

Network Network
control control
device entity

&7 I 1 {}

Communications
Apparatus
111
Wireless commumgcations
module

~112

Controller




WO 2016/107045 PCT/CN2015/078765
2/8

~230

Network control device
~231

Wireless communications
module

~232

Controller

FIG. 2



WO 2016/107045
3/8

300

Control

PCT/CN2015/078765

£320

~330

Network
control
device

FIG. 3




PCT/CN2015/078765

WO 2016/107045

4/8

T 19897




WO 2016/107045

5/8

PCT/CN2015/078765

Providing multi-level signaling
entities for communications

8502

&

Configuring one or more signaling
entities of the multi-level
signaling entities to a
communications apparatus

- 85504

R

¥

Commumcating with the
communications apparatus via the
one or more configured signaling

entities

- S5506

. End

FIG. 5



WO 2016/107045 PCT/CN2015/078765
6/8

{ Synchronized Y-

Monitoring Dissociated

FIG. 6



WO 2016/107045

PCT/CN2015/078765
7/8

Affixing to st least one signaling entity in at
lcast one entry signaling level and - 8702
establishing at least one data channel

i

¥

Monitoring relevant detectable signaling
gntities and reconfiguring one or more signal - 5704
entities when needed

Whether data
_ transmission is required?

Yes b

Configuring or reconliguring one ormore | 5708
signaling entities for data channels =
¥
Beginning data transmission 8710

Whether there .
-8 more data to be transmitted?

|

Monitoring the mm*eﬂy utilized signaling $714
entity A
L

FI1G. 7



WO 2016/107045 PCT/CN2015/078765
8/8




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2015/078765

A, CLASSIFICATION OF SUBJECT MATTER

HO04W 74/02(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI, EPODOC, IEEE, CNKI, CNPAT: level, rat, multi,
aggregation

wireless, control+, signaling, configure, ancestor, entry, carrier,

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2013329665 A1 (QUALCOMM INC.) 12 December 2013 (2013-12-12) 1-27
paragraphs [0059]-[0079] and figures 8-12

A US 2013040683 A1l (ERICSSON TELEFON. L. M.) 14 February 2013 (2013-02-14) 1-27
the whole document

A US 2012309397 A1 (APPLE INC.) 06 December 2012 (2012-12-06) 1-27
the whole document

I:l Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

) document defining the general state of the art which is not considered
to be of particular relevance

“gr earlier application or patent but published on or after the international
filing date

“ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“«o” document referring to an oral disclosure, use, exhibition or other
means

«p document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

“

“x»

“y»

“ &

Date of the actual completion of the international search

Date of mailing of the international search report

18 September 2015 24 September 2015
Name and mailing address of the [SA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P-R.CHINA ZHAO,Jingjing

6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing
100088, China

Facsimile No. (86-10)62019451

Telephone No. (86-10)62413334

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2015/078765
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
[N 2013329665 Al 12 December 2013 KR 20150032694 A 27 March 2015
EP 2859665 Al 15 April 2015
WO 2013188561 Al 19 December 2013
CN 104365031 A 18 February 2015
[N 2013040683 Al 14 February 2013 WO 2013024408 Al 21 February 2013
EP 2742719 Al 18 June 2014
[N 2012309397 Al 06 December 2012 None

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

