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METHOD AND DEVICE FOR ENABLING ACCESS TO WIRELESS

COMMUNICATION NETWORK

TECHNICAL FIELD

This disclosure is directed generally to wireless communications and particularly

to enable initial access to a cell-free wireless communication network.

BACKGROUND

To enable a user equipment (UE) to accomplish initial access to traditional cellular
systems, a base station may periodically broadcast a type of signals which is referred to as
downlink synchronize signal. The UE may search such type of signals to accomplish cell

search and synchronization.

To ensure the UE to receive the downlink synchronize signals, the base station
may improve the transmission power of the downlink synchronization signals. A user
equipment at cell edge may receive weak downlink synchronization signals with large path
loss due to the long distance from the base station. However, the system is designed to
warrant that cell-edge UEs can receive the broadcast synchronization signals correctly.
Typical methods are to improve the power of the broadcast signals such that the signals has

sufficient signal strength when they arrive at the cell-edge user equipments.

However, the initial access method in the traditional cellular system is not
applicable to a cell-free wireless communication system. Because of significant architecture
differences between the traditional cellular system and the cell-free system, merely improving
power of the broadcast synchronization signals fails to guarantee that all user equipments

within the coverage of the cell-free system are able to receive the signals.

SUMMARY

This disclosure is directed to methods, systems, and devices related to wireless
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communication, and more specifically, to initially access a cell-free wireless communication

network.

In one embodiment, a method performed by an access point in a cell-free wireless
communication network is disclosed. The cell-free wireless communication network may
comprise a plurality of access points and at least one central processing unit controlling the
access points. The method may include obtaining an access assisting signal in an access
assisting signal set. The access assisting signal set may include a plurality of access assisting
signals that enable a user equipment to initially access to the cell-free wireless
communication network. The method may include broadcasting the access assisting signal.

The plurality of access points broadcast respective access assisting signals at a same time.

In another embodiment, a device for wireless communication may include a
memory storing instructions and a processing circuitry in communication with the memory.
When the processing circuitry executes the instructions, the processing circuitry is configured

to carry out the above methods.

In another embodiment, a computer-readable medium comprising instructions

which, when executed by a computer, cause the computer to carry out the above methods.
The above and other aspects and their implementations are described in greater

detail in the drawings, the descriptions, and the claims below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A-1B illustrate example diagrams of a cell-free wireless communication

network in accordance with various embodiments.

FIG. 2 illustrates a flow diagram of a method for enabling access to the cell-free

wireless communication network in accordance with an embodiment.

FIG. 3A-3B illustrate examples of obtaining access assisting signals for individual

access points in accordance with an embodiment.

FIG. 4A-4B illustrate examples of obtaining access assisting signals for individual
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access points in accordance with an embodiment.

DETAILED DESCRIPTION

The technology and examples of implementations and/or embodiments in this
disclosure can be used to improve performance in wireless communication systems. The term
“exemplary” is used to mean “an example of” and unless otherwise stated, does not imply an
ideal or preferred example, implementation, or embodiment. Section headers are used in the
present disclosure to facilitate understanding and do not limit the disclosed technology in the
sections only to the corresponding section. Please note that the implementations may,
however, be embodied in a variety of different forms and, therefore, the covered or claimed
subject matter is intended to be construed as not being limited to any of the embodiments to
be set forth below. Please also note that the implementations may be embodied as methods,
devices, components, or systems. Accordingly, embodiments of this disclosure may, for

example, take the form of hardware, software, firmware or any combination thereof.

A cell-free wireless access network provides network connectivity between a user
equipment and an information or data network such as a text, voice or video communication
network, the Internet, and the like. Typically, the cell-free wireless access network may
include a plurality of densely deployed access points (APs) and at least one central processing
unit (CPU) controlling the access points. A UE may access the cell-free wireless access
network via any of the APs. FIG. 1A shows an example system diagram of cell-free wireless
communication network 100 including UEs 102, access points 104, CPUs 124 according to
various embodiments. The APs 104 are densely deployed in the cell-free network 100.The
APs 104 may wired or wirelessly connect with the CPUs 124 to form a chain network as
shown in FIG. 1A. Alternatively or additionally, the APs 104 in the cell-free network 100
may wired or wirelessly connect with the CPUs 124 in other topology ways, for example, to
form a star network as shown in FIG. 1B or mesh network. Each of the CPUs 124 may
control one or more APs 104 and manage the communication of the APs 104 with the UEs
102 and upper level network nodes of the cell-free network 100 such as macro base stations.

In some implementations, the CPU 124 may be deployed in a macro base station.
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The APs 104 may include various wireless network access points capable of
communicating wirelessly over a network with one or more UEs. Each type of these APs
may be configured to perform a corresponding set of wireless network functions. The set of
wireless network functions between different types of access points may not be identical.
The set of wireless network functions between different types of access points, however, may
functionally overlap. The APs 104 may include transceiver circuitry 114 coupled to an
antenna 116, which may include an antenna 118 in various approaches, to effect wireless
communication with the UEs 102. The transceiver circuitry 114 may also be coupled to one
or more processors 120, which may also be coupled to a memory 122 or other storage devices.
The memory 122 may store therein instructions or code that, when read and executed by the
processor 120, cause the processor 120 to implement various ones of the methods described

herein.

The UEs 102 may include but is not limited to a mobile phone, smartphone, tablet,
laptop computer, a vehicle on-board communication equipment, roadside communication
equipment, a smart electronics or appliance including an air conditioner, a television, a
refrigerator, an oven, or other devices that are capable of communicating wirelessly over a
network. The UEs 102 may include transceiver circuitry 106 coupled to an antenna 108 to
effect wireless communication with the access point 104. The transceiver circuitry 106 may
also be coupled to a processor 110, which may also be coupled to a memory 112 or other
storage devices. The memory 112 may store therein instructions or code that, when read
and executed by the processor 110, cause the processor 110 to implement various ones of the

methods described herein.

Besides UEs, APs and CPUs, the network 100 may further comprise any other
network nodes with different functions such as the network nodes in core network of the
wireless communication network 100. In addition, while various embodiments will be
discussed in the context of the particular example wireless communication network 100, the

underlying principle applies to other applicable wireless communication networks.

The cell-free network 100 transmits/receives wireless signal to/from UEs 102

through the APs 104. As illustrated in FIG. 1A, when the cell-free network 100 transmits data
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traffic to a UE 102, i.e., a downlink data transmission, a CPU 124 may transmit the data
traffic to the APs 104 being capable of communicating with the UE 102, for example, the APs
104 surrounding the UE 102, and then the APs 104 may transmit to the UE 102 a wireless
signal carrying the data traffic. These APs 104 may transmit the same data traffic to the UE
102 but using different wireless signals to carry the data traffic. In the data transmission stage,
it is supposed that the APs have knowledge of the condition of channels between the UEs and
the APs. Therefore, the APs may generate wireless signals based on the known channel
conditions. In particular, the APs may adjust the amplitude and phase of a wireless signal s
carrying the data traffic such that the wireless signals transmitted from different APs may be

combined constructively. For example, if AP, knows that the gains of the channel between

the AP, and a UEy is &, , the AP, may transmit a signal s, where s, =h7s. As such, the

2
s, and the superimposed

hnk

signal that the UEj receives from the AP, ish s, =h his=

N-1
signals that the UEx receives from multiple APs (e.g. N APs) will be Z

n=0

2 c L
s . As indicated,

hnk

the superimposed signals are combined constructively, which is also called transmit
beamforming. More accurately, these distributed APs transmit data to the UEs via the

distributed transmit beamforming.

On the other hand, when the UE 102 transmits data to the AP 104, i.e., uplink data
transmission, the AP 104 may estimate the channel between the AP 104 and the UE 102
according to a reference signal transmitted from the UE 102, weigh a received signal from the
UE 102 according to the estimated channel, accumulate the weighed signal with the signal
transferred from a previous AP, and then transfer the accumulated signal to a next AP, and so

on, until the accumulated signal is transferred to the CPU 124. The CPU 124 may demodulate

and decode the accumulated signal. For example, the signal transmitted by the UEy is s,

while the signal that the AP, receives from UEyis y, =h,s,, where h , is the channel gain
from the antenna of UEx to AP,. The AP, may obtain such channel gain by estimating a

reference signal of the UEy. The AP, may weigh the received signal with 7% ,ie., A5y, .
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n-1
and then accumulate with the signal Zhj*.k Vi transferred from a previous APy.; to obtain the
j=0

signal Zhjk ¥ » which will be transferred to a next AP, and so on, finally the signal that
j=0

N-1 N-1
APy, transfers to the CPU 124 is > hyy, :Z|hjk|2sk . In terms of the signal s,
=0 =0

transmitted by the UEy, the accumulation of the AP, through APy are constructive
combination, which is also called receive beamforming. More accurately, the distributed APs

receive the signal from the UE in a distributed received beamforming.

Aforementioned is the data transmission stage in the cell-free network, the
relevant APs respectively have knowledge of the channel gains between a UE and the AP, and
thus the signals received from the UE or transmitted to the UE may be combined
constructively. In contrast, at the initial access stage, the UE does not even know if it is
covered by a cell-free network. The UE can only sense the cell-free network by detecting
signals broadcast by the cell-free network. For example, the cell-free network 100 my
broadcast the signals through the APs 104. These signals are broadcast at specific
time-frequency resources. At the initial access stage, the APs 104 have no idea of the channel
gains between the APs 104 and the UE 102. In this case, when the signals broadcast by the
APs 104 arrive at the UE 102, it is likely that the signals cannot be combined constructively,
and even worse, can be combined destructively, to form a broadcast hole. Consequently,
some UEs may fail to obtain the broadcast signal to achieve initial access even if the UEs are
geographically close to the APs. If a UE is always located in a broadcast hole, the UE cannot
access the cell-free network 100 which is unacceptable. One of the objectives of the present

disclosure is to enable the UEs to initially access to the cell-free network.

FIG. 2 illustrates an exemplary implementation 200 for enabling the UEs 102 to
initially access the cell-free network 100.The AP 104 may obtain an access assisting signal in
an access assisting signal set (210) and broadcast the access assisting signal, for example, to
the UEs covered by the AP 104 (220). The access assisting signal set may include G access

assisting signals, where G is an integer and G > 1. In an implementation, the G access
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assisting signals may be preconfigured, for example, in a wireless communication protocol
between the APs 104 and the UEs 102. Each of the APs 104 may broadcast one or more
access assisting signals to the UE 102 within a specific broadcast. The UE 102 may recognize
the access assisting signals when receiving them from the APs 104.In an implementation, the
AP 104 may coordinate with other APs in the cell-free network 100 to broadcast respective
access assisting signals at the same time. The individual APs may broadcast either identical
or different access assisting signals at the same time. Alternatively or additionally, the
individual APs may broadcast either identical or different number of access assisting signals

at the same time.

In some implementations, the AP 104 may obtain the access assisting signal in the
access assisting signal set based on at least one of an identifier of the AP 104, the number of
times that the AP 104 has broadcast access assisting signals, and a base number generated by
the AP 104. The identifier of the AP 104 may include, for example, a device identifier of the
AP 104,a physical identifier of the AP 104, a network temporary identifier of the AP 104,
and/or the like. The base number may include, for example, a random number,

pseudo-random number, a system clock of the AP 104, and/or the like.

In an embodiment, the AP 104 may receive an identification information
identifying the access assisting signal in the access assisting signal set from the CPU 124.
Alternatively or additionally, the AP 104may receive the identification information from a
base station of a cellular system in wired/wireless communication with the cell-free wireless
communication network 100.For example, the identification information may include an
index value of the access assisting signal in the access assisting signal set. The CPU 124/the
base station may determine and transmit the identification information including the index
value to the AP 104.Then, the AP 104 may obtain the access assisting signal in the access

assisting signal set with the index value.

Take the CPU 124 as example, for each of the APs controlled by the CPU 124, the
CPU 124 may respectively designate one access assisting signal for broadcasting, for
example, based on the identifier of the AP. As illustrated in FIG. 3A, the N APs are numbered

with 0, 1, ..., N-2, N-1 as identifiers of the APs. The G access assisting signals in the access
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assisting signal set may be indexed with 0, 1, 2, ..., G-2, G-1. As such, for the nth AP, where
0 <n <N -1, the CPU 124 may designate an access assisting signal with the index value
equal to mod (n, G) to the nth AP. In this way, as illustrated in FIG. 3B, the APs may be
divided into multiple groups. Each of the groups has G APs. The G APs in the same group are
designated with different access assisting signals while the access assisting signals are

repetitive between groups.

The UE 102 may receive multiple different access assisting signals from the NAPs.
When the access assisting signals are broadcast in this way, broadcast hole can be formed
only when all the access assisting signals are destructively combined, which however may
take place with extremely low likelihood. As long as some of the broadcast access assisting
signals arrive at the UE 102 without destructive combination, the UE 102 may successfully
receive the access assisting signals. Then, the UE 102 may obtain information related to

initial access from the access assisting signals and thereby accomplishing the initial access.

Optionally, for a specific AP, the CPU 124 may designate different access
assisting signal in each of broadcast, for example, based on the identifier of the AP and the
number of times that the AP has broadcast access assisting signals. In an implementation, the
N APs are numbered with 0, 1, ..., N-2, N-1.In the Dth broadcast of the nth AP, the CPU 124
may designate an access assisting signal with the index value equal to f(n,D) for the nth AP,
where D is a integer andD > 1. The f(n,D) is a function of n and D and the value of the

function will change with the value changes of the parameters n and D.

For example, f(n,.D)= mod(n + fix(n/G)*D,G), where fix(n/G)*D represents a
cyclic shift. FIG. 4A shows the access assisting signals designated to the N APs in the first
time of broadcasting access assisting signals, i.e., D = 1.FIG. 4B shows the access assisting
signals designated to the N APs in the second time of broadcasting access assisting signals,
i.e., D = 2.Including the cyclic shift may further increase the randomness to broadcast access
assisting signals. Despite that the UE 102 may be located in a broadcast hole in a specific
time of broadcast, the UE 102 may receive access assisting signals in a next time of broadcast
due to changes of access assisting signals broadcast by the APs. Because the individual APs

may broadcast different access assisting signals in each broadcast and different APs may
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broadcast different access assisting signals, the likelihood that a UE is located in broadcast
hole for consecutively multiple times is very low. This may prevent the UE from being

located in broadcast hole for a long time.

Optionally, for a specific AP, the CPU 124 may designate several access assisting
signals for the specific AP to broadcast at the same time. That said, an AP may broadcast
multiple access assisting signals within a broadcast. Additionally, the individual APs may
broadcast different number of access assisting signals within the same time of broadcast. For
example, in a specific broadcast, the CPU 124 may designate W, access assisting signals to
the nth AP, i.e., AP,, where W, is a integer and W,=> 1. In this way, although some of the W,
access assisting signals broadcast by the AP, may be destructively combined with access
assisting signals broadcast by other APs, the other of the W, access assisting signals may
avoid such destructive combination, or even be constructively combined with access assisting
signals broadcast by other APs. This improve the likelihood for the UE to receive the

broadcast access assisting signals.

In another embodiment, the identification information received from The CPU
124/the base station may partially identify the target access assisting signal to be broadcast by
the AP 104. For example, a predetermined formula used to calculate the index value of the
target access assisting signal include two parameters, the first parameter and the second
parameter. The identification information may include only the value of the first parameter.
As such, the AP 104 may determine the value of the second parameter and then calculate the
index value with the value of the first parameter and the value of the second parameter using
the predetermined formula. In an example, the AP 104 may determine the value of the
second parameter based on the identifier of the AP 104, the number of times that the AP 104
has broadcast access assisting signals, a base number generated by the AP 104, and/or the

like.

In another embodiment, instead of receiving the identification information from
the CPU 124/the base station, each of the APs may autonomously determine the target access
assisting signal to be broadcast by the AP. For example, the AP 104 may determine the index

value of the target access assisting signal to be broadcast by the AP 104 based on the
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identifier of the AP 104, which may be represented as, for example, a number n where n is an
integer. The G access assisting signals in the access assisting signal set may be indexed with
0,1,2,..,G-2, G-1. As such, the AP 104 may determine that the index value to be equal to,

for example, mod (n, G).

Alternatively or additionally, the AP 104 may autonomously determine the index
value of the target access assisting signal based on the identifier of the AP 104 and the
number of times that the AP 104 has broadcast access assisting signals. For example, the N
APs are numbered with 0, 1, ..., N-2, N-1.Where the identifier of the AP 104 is represented as
the numbering n of the AP 104, where0 < n < N — 1 and D represents the number of times
that the AP 104 has broadcast access assisting signals, the AP 104 may determine the value of
the index value to be equal to f(n,D). The f(n,D) is a function of n and D and the value of the
function will change with the value changes of the parameters n and D. As an example,

f(n,D)= mod(n + fix(n/G)*D,G), where fix(n/G)*D represents a cyclic shift.

Alternatively or additionally, the AP 104 may autonomously determine the index
value of the target access assisting signal based on, for example, a random number r
generated by the AP 104. For example, the G access assisting signals in the access assisting
signal set may be indexed with 0, 1, 2, ..., G-2, G-1. The AP 104 may determine the index

value to be equal to mod (1, G).

Optionally, the AP 104 may autonomously determine the number of the access
assisting signals that the AP 104 may broadcast at the same time in a specific broadcast. The
AP 104 may make this determination independently of other APs within the cell-free wireless
communication network 100. The AP 104 may determine the number of the access assisting
signals based on, for example, the identifier of the AP 104, a base number generated by the
AP 104,the number of times that the AP 104 has broadcast access assisting signals, an
information received from the CPU 124, an information received from the base station of the
cellular system, and/or the like. In an example, the maximum number of access assisting
signal that an AP may broadcast in a single broadcast is set to eight. The AP 104 may
determine that the number of access assisting signals to be broadcast in a single broadcast is

equal to, for example, mod (n, 8)+1 and n may represent the identifier of the AP 104.

10
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Alternatively or additionally, the AP 104 may determine to broadcast different number of

access assisting signals in individual broadcasts broadcasting access assisting signals.

Alternatively or additionally, the AP 104 may select each of the number of the
access assisting signals to be broadcast by the AP 104 independently of each other. For
example, the AP 104 may not select one specific access assisting signal simply because the
AP 104 has selected another specific access assisting signal. In this way, it may increase the
randomness of the access assisting signals to be broadcast by the AP 104 at the same time so
as to avoid as much as possible a full collision between access assisting signals broadcast by

different APs.

Subsequent to identifying the target access assisting signal to be broadcast by the
AP 104 based on, for example, the identifier of the AP 104, a base number generated by the
AP 104, the number of times that the AP 104 has broadcast access assisting signals, an
information received from the CPU 124, an information received from the base station of the
cellular system, and/or the like, as discussed above, the AP 104 may obtain the target access

assisting signal based on the identification.

In an embodiment, the access assisting signal set is stored, for example, in a
memory 122 of the AP 104 and the target access assisting signal is identified as an index
value of target access assisting signal in the access assisting signal set. The AP 104 may
directly retrieve the target access assisting signal from the access assisting signal set with the

index value.

In another embodiment, the AP 104 may include a sequence generator, for
example, implemented as a circuitry. The sequence generator may have the capability to
generate each of the access assisting signals in the access assisting signal set. For example,
each of the access assisting signals may correspond to respective initial states. The sequence
generator may generate the access assisting signal based on the initial state corresponding to
the access assisting signal. The initial state may be, for example, a predetermined number or a
bit sequence of a given length. Similar to obtaining the index value of the target access

assisting signal to be broadcast by the AP 104 as discussed above, the AP 104 may obtain the

11
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initial state for the target access assisting signal based on, for example, the identifier of the
AP 104, a base number generated by the AP 104, the number of times that the AP 104 has
broadcast access assisting signals, an identification information, received from the CPU 124,
identifying the target access assisting signal, an identification information, received from the
base station of the cellular system, identifying the target access assisting signal, and/or the

like.

In an example, the identification information received from the CPU 124 may
include the initial state for the target access assisting signal. As such, the AP 104 may input
the initial state to the sequence generator, which may then generate and output the target

access assisting signal to the AP 104.

Referring to FIG. 2, after obtaining the access assisting signal, the AP
104maybroadcast the access assisting signal. Under the control of the CPU 124, the
individual APs may broadcast their respective access assisting signals at a same time. In an
implementation, the individual APs 104 may broadcast different number of access assisting
signals at the same time. Such broadcast at the same time may increase the likelihood that the

UE 102 may receive at least one of the broadcast access assisting signals

Optionally, the access assisting signal set may be preconfigured in the cell-free
wireless communication network. For example, the cell-free wireless communication
wireless may defines that the access assisting signals in the access assisting signal set may
occupy a predetermined time frequency resource. The access assisting signals in the access
assisting signal set may be multiplexed in the predetermined time frequency resource by, for
example, frequency division multiplexing method, time division multiplexing method, and
code division multiplexing method. The frequency division multiplexing method may, for
example, be orthogonal frequency division multiplexing (OFDM).In an implementation, each
of the access assisting signals in the access assisting signal set may occupy one subcarrier of
the OFDM waveform in the time frequency resource. Alternatively, each of the access
assisting signals in the access assisting signal set may occupy two subcarriers or a small
number of subcarriers of the OFDM waveform in the time frequency resource. Alternatively,

each of the access assisting signals in the access assisting signal set may occupy a small

12
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number of evenly distributed subcarriers of the OFDM waveform in the time frequency

resource.

As an example, the access assisting signal set may include G access assisting
signals where G > 1. The predetermined time frequency resource may be divided into G
subchannels or G subcarriers by means of frequency division multiplexing, e.g. orthogonal
frequency division multiplexing (OFDM). Each of the G subchannels/subcarriers may
respectively carry one of the G access assisting signals. For instance, the predetermined time
frequency resource may be divided into eight subchannels/subcarriers by means of
orthogonal frequency division multiplexing. Each of the subchannels/subcarriers may
respectively carry one access assisting signal. That said, one access assisting signal may be
transmitted on an only one subcarrier. As such, the access assisting signal set including eight
access assisting signals are formed and an access assisting signal to be broadcast by an access
point may occupy a subchannel/subcarrier. The access assisting signal to be broadcast by
different access points may occupy the same subchannel/subcarrier or different

subchannels/subcarriers.

As another example, the access assisting signal set may include G access assisting
signals. By means of frequency division multiplexing and code division multiplexing, the
predetermined time frequency resource may be divided into G1 subchannels and each of the
G1 subchannels carries Q access assisting signals, where G = G1*Q. Here, the Q signals may
be Q sequences. For instance, the predetermined time frequency resource may be divided into
eight subchannels and each of the eight subchannels carries eight sequences by means of
code division multiplexing. In this way, an access assisting set may be formed including 64
access assisting signals. In this case, an access assisting signal to be broadcast by an access
point is a sequence occupying a subchannel. The access assisting signals broadcast by
different access points may be at the same subchannel or different subchannels. In the same
subchannel, the sequences of the broadcast access assisting signals may be the same or

different.

As another example, the access assisting signal set may include G access assisting

signals. By means of frequency division multiplexing and time division multiplexing, the

13
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predetermined time frequency resource may be divided into G1 subchannels and each of the
G1 subchannels carries Q access assisting signals, where G = G1*Q. Here, the Q signals may
be Q sequences. In this case, an access assisting signal to be broadcast by an access point is a
sequence occupying a subchannel. The access assisting signals broadcast by different access
points may be at the same subchannel or different subchannels. In the same subchannel, the

sequences of the broadcast access assisting signals may be the same or different.

As another example, the access assisting signal set may include G access assisting
signals. The predetermined time frequency resource may be divided into G signals by means
of code division multiplexing. In this case, the G signals may be taken as G sequences. As
such, the access assisting signal to be broadcast by an access point may be generated based
on a sequence. The access assisting signals broadcast by different access points may be

generated base on the same sequence or different sequences.

The sequences of the access assisting signals discussed above may include, for
example, Zadoff-Chu sequences, Walsh-Hadamard sequences, Discrete Fourier Transform
sequences, m sequences, pseudo-noise sequences, Maximum Length Shift Register sequence,
and Gold sequences. In an implementation, all access assisting signals in the access assisting
signal set are orthogonal to each other. Alternatively or additionally, at least a portion of

access assisting signals in the access assisting signal set are non-orthogonal to each other.

Throughout the specification and claims, terms may have nuanced meanings
suggested or implied in context beyond an explicitly stated meaning. Likewise, the phrase
“in one embodiment/implementation” as used herein does not necessarily refer to the same
embodiment and the phrase “in another embodiment/implementation” as used herein does not
necessarily refer to a different embodiment. It is intended, for example, that claimed subject

matter includes combinations of example embodiments in whole or in part.

In general, terminology may be understood at least in part from usage in context.
For example, terms, such as “and”, “or”, or “and/or,” as used herein may include a variety of
meanings that may depend at least in part on the context in which such terms are used.

Typically, “or” if used to associate a list, such as A, B or C, is intended to mean A, B, and C,

14
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here used in the inclusive sense, as well as A, B or C, here used in the exclusive sense. In
addition, the term “one or more” as used herein, depending at least in part upon context, may
be used to describe any feature, structure, or characteristic in a singular sense or may be used
to describe combinations of features, structures or characteristics in a plural sense.

EE RT3

Similarly, terms, such as “a,” “an,” or “the,” may be understood to convey a singular usage or
to convey a plural usage, depending at least in part upon context. In addition, the term
“based on” may be understood as not necessarily intended to convey an exclusive set of

factors and may, instead, allow for existence of additional factors not necessarily expressly

described, again, depending at least in part on context.

Reference throughout this specification to features, advantages, or similar
language does not imply that all of the features and advantages that may be realized with the
present solution should be or are included in any single implementation thereof. Rather,
language referring to the features and advantages is understood to mean that a specific feature,
advantage, or characteristic described in connection with an embodiment is included in at
least one embodiment of the present solution. Thus, discussions of the features and
advantages, and similar language, throughout the specification may, but do not necessarily,

refer to the same embodiment.

Furthermore, the described features, advantages and characteristics of the
present solution may be combined in any suitable manner in one or more embodiments.
One of ordinary skill in the relevant art will recognize, in light of the description herein, that
the present solution can be practiced without one or more of the specific features or
advantages of a particular embodiment. In other instances, additional features and
advantages may be recognized in certain embodiments that may not be present in all

embodiments of the present solution.
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