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SYSTEMS ARND METHODS FOR CELL SELECTION AND RESELECTION

TECHNICAL FIELD

This disclosure relates generally to wireless communications.

BACKGROUND

As the namber of applications and services for digital data continues to explode, the
demands and challenges placed on network resources and operators will continue to increase.
Being able to deliver a wide variety of network performance characteristics that future services
will demand is one of the primary technical challenges faced by service providers today.

In an idle or inactive mode, before user equipment {UE) accesses a cell, the UE may
try to perform a cell selection procedure or a cell reselection procediwe. Reference to a cell may
refer to more specifically a base station (BS) with a coverage area. Also, for ease of discussion,
reference to both cell selection and cell reselection may be referred to more simply as cell
selection/reselection.  With cell selection/reselection, the UE may search for a suaitable cell in
accordance with the UE’s associated public land mobile network (PLMN). The UE may then a
cell with the UE’s PLMN to provide available services and the UE will then monitor the cell’s
control channel. However, carrent techniques for cell selection/reselection are limited and may
ot have sufficient flexibility to accommodate 5 generation (3G} New Radio {NR) based

communications.

SUMMARY OF THE INVENTION

The exemplary embodiments disclosed herein are directed to solving the issues
relating to one or more of the problems presented in the prior art, as well as providing additional
features that will become readily apparent by reference to the following detailed description
when taken in conjunction with the accompany drawings. In accordance with various
embodiments, exemplary systems, methods, devices and computer program products are
disclosed herein. It is understood, however, that these embodiments are presented by way of

example and not limitation, and it will be apparent to those of ordinary skill in the art who read
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the present disclosure that various modifications to the disclosed embodiments can be made
while remaining within the scope of the invention.

In one embodiment, a method performed by a communication device includes:
receiving information from a first communication node; and decreasing a probability of selecting
a second communication node, in communication node selection or reselection, in response to
the information indicating a condition.

In one embodiment, a method performed by a first comumunication node inclodes:
sending information to a communication device, wherein the communication device 1s
configured to decrease a probability of selecting a second conunumication node, in
communication node selection or reselection, in response to the information indicating a
condition.

In one embodirnent, a communication device inclades; a transceiver configured to:
receive information from a first communication node; and a processor configured to: decrease a
probability of selecting a second communication node, in communication node selection or
reselection, in response to the information indicating a condition.

In one ernbodiment, a first comrounication node includes: a transceiver configured to:
send information to a communication device, wherein the cornmunication device is configured to
decrease a probability of selecting a second comununication node, in communication node

selection or reselection, in response to the information indicating a condition.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments of the invention are described in detail below with
reference to the following Figures. The drawings are provided for purposes of illustration only
and merely depict exemplary embodiments of the invention to facilitate the reader's
understanding of the invention. Therefore, the drawings should not be considered limiting of the
breadth, scope, or applicability of the invention. It should be noted that for clarity and ease of
illustration these drawings are not necessarily drawn to scale.

Figure | illustrates an exemplary wireless communication network in which

techniques disclosed herein may be implemented, in accordance with soroe embodiments.
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Figure 2 illustrates a block diagram of an exemplary wireless communication system
for transmitting and receiving wireless communication signals, in accordance with some
embodiments.

Figure 3 is a block diagram of a cell selection/reselection process in accordance with

some embodiments.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Various exemplary embodiments of the invention are described below with reference
to the accompanying figures to enable a person of ordinary skill in the art to make and use the
invention. As would be apparent to those of ordinary skill in the art, after reading the present
disclosare, various changes or modifications to the exarnples described herein can be made
without departing from the scope of the invention. Thus, the present invention is not limited to
the exeraplary embodiments and applications described and illustrated herein. Additionally, the
specific order or hierarchy of steps in the methods disclosed herein are merely exemplary
approaches. Based upon design preferences, the specific order or hierarchy of steps of the
disclosed methods or processes can be re-arranged while remaining within the scope of the
present invention. Thus, those of ordinary skill in the art will understand that the mwethods and
techniques disclosed herein present various steps or acts in a sample order, and the invention is
not limited to the specific order or hierarchy presented unless expressly stated otherwise.

The discussion below may refer to functional entities or processes which are similar
to those mentioned above with respect to conventional communication systems. As would be
understood by persons of ordinary skill in the art, however, such conventional functional entities
or processes do not perform the functions described below, and therefore, would need to be
medified or specifically configured to perform one or more of the operations described below.
Additionally, persons of skill in the art would be enabled to configure functional entities to
perform the operations described herein after reading the present disclosure.

Figare | illustrates an exemplary wireless communication network 100 in which
technigues disclosed herein may be implemented, in accordance with some embodiments. Such
an exemplary network 100 includes a base station 102 (hereinafter “BS 1027) and multiple user

/

equiptoent devices 104 (hereinafter “UEs 1047) that can comrnunicate with each other via
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respective communication links 110 (e.g., a wireless communication channel), and a cluster of
notional cells 126, 130, 132, 134, 136, 138 and 140 overlaying a geographical area with a
network 101. In Figure 1, the BS 102 and each UE 104 are contained within a respective
geographic boundary of cell 126. Each of the other cells 130, 132, 134, 136, 138 and 140 may
include at least one BS operating at its allocated bandwidth to provide adequate radio coverage
to its intended users. Accordingly, reference to a cell may be a reference to a BS with an
associated coverage area or region. In certain embodiments, a cell may be interchangeably
referred to as a BS or a node as each BS or node inherently has a coverage area.

For examople, the BS 102 may operate at an channel transoussion bandwidth (e.g.,
spectrom) to provide adequate coverage to each UE 104. The spectrum may be regulated to
define a licensed range and/or an unlicensed range. In the present disclosure, the BS 102 and
each UE 104 are described herein as won-limiting examples of “communication nodes,”
generally, which can practice the methods disclosed herein. Such communication nodes may be
capable of wireless and/or wired commumnications, in accordance with various embodiments of
the invention. In certain embodiments, a communication device may refer more specifically to a
UE in relationship to a BS and a communication node may refer more specifically to a BS in
relation to the UE.

Figure 2 llustrates a block diagram of an exemplary wireless communication system
200 for transmitting and receiving wireless communication signals (e.g., OFDM/OFDMA
signals) in accordance with some embodiments. The system 200 may include components and
elements configured to support known or conventional operating features that need not be
described in detail herein. In one exemplary embodiment, system 200 can be used to transmit
and receive data symbols in a wireless communication environment such as the wireless
communication environment or network 100 of Figure |, as described above.

System 200 generally includes a base station 202 (hereinafter “BS 2027) and a user
equipment device 204 (hereinafter “UE 204”). The BS 202 includes a BS (base station)
transceiver moduole 210, a BS antenna 212, a BS processor module 214, a BS memory module
216, and a network comununication module 218, each module being coupled and interconnected
with one another as necessary via a data coromunication bas 220. The UE 204 includes a UE
(user equiproent) transceiver module 230, a UE antenna 232, a UE memory module 234, and a

UE processor module 236, each module being coupled and interconnected with one another as
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necessary via a data communication bus 240. The BS 202 communicates with the UE 204 via a
communication channel 250, which can be any wireless channel or other medium known in the
art suitable for transmission of data as described herein.

As would be undersicod by persons of ordinary skill in the art, systemn 200 may
further include any number of modules other than the modules shown in Figure 2. Those skilled
in the art will understand that the various illustrative blocks, modules, circuits, and processing
jogic described in connection with the embodirnents disclosed herein may be ioplemented in
hardware, computer-readable software, firmoware, or any practical combination thereof. To
clearly illustrate this interchangeability and corapatibility of hardware, firroware, and software,
various illustrative corpounents, blocks, modules, circuits, and steps are described generally in
terms of their functionality. Whether sach functionality is implemented as hardware, firmware,
or software depends upon the particular application and design constraints imposed on the
overall system. Those familiar with the concepts described herein may implement such
functionality in a suitable wanner for each particular application, but such implementation
decisions should not be interpreted as limiting the scope of the present invention.

In accordance with some embodiments, the UE transceiver module 230 may include a
RF transmitter and receiver circuitry that are each coupled to the antenna 232. A duplex switch
(not shown) may alternatively couple the transmitter or veceiver to the antenna 232 in time
duplex fashion. Similarly, in accordance with some embodiments, the BS transceiver module
210 may include RF transmitter and receiver circuity that are each coupled to the antenna 212. A
duplex switch may alternatively couple the transmitter or receiver to the antenna 212 in time
duplex fashion. The operations of the two transceiver modules 210 and 230 are coordinated in
time such that the receiver is coupled to the antenna 232 for reception of transmissions over the
wireless transmission link 250 at the same time that the downlink transmitter is coupled to the
downlink antenna 212. Preferably there is close time synchronization with only a minimal guard
time between changes in duplex direction.

The UE transceiver module 230 and the BS transceiver module 210 are configured to
commanicate via the wircless data communication link 250, and cooperate with a suitably
configunred RF antenna arrangement 212/232 that can support a particular  wireless
communication protocol and modulation scheme. To some exemplary embodiments, the UE

transceiver module 210 and the BS transceiver module 210 are configured to support industry
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standards such as the Long Term Evolution (LTE) and emerging 5G standards, and the like. Itis
understood, however, that the invention is not necessarily limited in application to a particular
standard and associated protocols. Rather, the UE transceiver module 230 and the BS
transceiver module 210 may be configured to support alternate, or additional, wireless data
communication protocols, including future standards or variations thereof.

In accordance with various embodiments, the BS 202 may be a next generation node
B (gNB), a serving gNB, a target gNB a femto station, or a pico station, or a satellite for
example. To some embodiments, the UE 204 may be embodied in various types of user devices
such as a mobile phone, a smart phone, a personal digital assistant (PDA), tablet, laptop
computer, wearable computing device, etc. The processor modules 214 and 236 may be
imoplemented, or realized, with a general purpose processor, a content addressable memory, a
digital signal processor, an application specific integrated circuit, a field programmable gate
array, any suitable programmable logic device, discrete gate or transistor logic, discrete hardware
componenis, or any combination thereof, designed to perform the fanctions described herein. In
this manner, a processor may be realized as a microprocessor, a controller, a2 microcontroller, a
state machine, or the like. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a digital signal processor and a microprocessor, a phurality of
MICIoprocessors, one or more microprocessors in conjunction with a digital signal processor core,
or any other such configuration.

Furthermore, the steps of a method or algorithin described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in firmware, in a software
module executed by processor modules 214 and 236, respectively, or in any practical
combination thereof. The memory modules 216 and 234 may be realized as RAM memory,
flash memory, ROM memory, EPROM memory, EEPROM memory, registers, a hard disk, a
removable disk, a CD-ROM, or any other form of storage and/or computer-readable medium
known in the art. In this regard, memory modules 216 and 234 may be coupled to the transceiver
modules 210 and 230, respectively, such that the transceiver moduales 210 and 230 can read
information from, and write information to, rnemory modaoles 216 and 234, respectively. The
memory modules 216 and 234 may also be integrated into their respective transceiver modules
210 and 230. In some embodiments, the memory modules 216 and 234 may each include a

cache mermory for storing teroporary variables or other istermediate information during
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execution of instructions to be executed by transceiver modules 210 and 230, respectively.
Memory modules 216 and 234 may also each include non-volatile memory for storing
instructions to be executed by the transceiver modules 210 and 230, respectively.

The network conununication module 218 generally represents the hardware, software,
firmware, processing logic, and/or other components of the base station 202 that enable bi-
directional communication between the BS transceiver module 210 and other network
cornponents and comrounication nodes configured to comununication with the base station 202.
For example, network communication module 218 may be configured to support internet or
WIMAX traffic. In a typical deployment, without limitation, network convmunication roodule
218 provides an 802.3 Ethernet interface such that the BS transceiver module 210 can
communicate with a conventional Ethernet based coraputer network. In this manner, the
network communication module 218 may include a physical interface for connection to the
computer network (e.g., Mobile Switching Center (MSC)). The terms “cosfigured for,”
“configured to” and conjugations thereof, as used herein with respect to a specified operation or
function, refer to a device, component, circuit, structure, machine, signal, etc., that is physically
or virually constructed, programmed, formatted and/or arranged to perform the specified
operation or function.

The derpand for spectrum is increasing with the rapid growth of user data. However,
the licensed spectrum is limited. Moreover, the cost of operation for the licensed spectrum is
relatively high in comparison to the unlicensed spectrum. Also, the unlicensed spectrum has
more band options (e.g., bandwidth) than the licensed spectrum.

However, since the unlicensed spectrum is a sharing spectrum, UEs generally
compete with each other to gain channel access in the unlicensed spectrum. For example, UEs
may need to preempt the spectrum before sending their user data. If preemption succeeds, the
UE can send the user data. Otherwise, the UE may need to continue efforts at preemption until
success. The 3™ Generation Partnership Project (3GPP) and European Telecommunications
Standards Institute (ETSI) standard organizations have introduced a "Listen Before Talk"” (LBT)
mechanism to regulate preemption. Under LBT, before sending data, the sender listens or senses
whether the chanunel is idle or busy. If the channel is idle, the sender can use the channel to send

data. Otherwise, the sender cannot send data.
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In the unlicensed spectrum, LBT mechanisms may cause contention and unreliable
transmissions. If a UE selects and tries to access a cell with intense contention, difficulties such
as receiving system information and transmitting preambles may block access to such a
contended cell. Accordingly, the probability to access to the contended cell successfully may be
relatively low when there is contention. Also, even if the UE accesses fo the cell successfully,
service quality may not be guaranteed due to the contention. Hence, a UE may generally attempt
to not select the cell with intense contention. Current techniques of cell selection/reselection may
not give special consideration to this kind of cell in cell selection/reselection. Thus, a UE may
atternpt to select to such a cell with intense contention.

Moreover, the unlicensed spectrurn allows the for voplanned developmeuts, such as
multiple operators with different public land mobile network (PLMN) that may share a common
frequency. In other words, in a frequency, there may be multiple cells associated with different
PLMNs. A UE may only select the cell that belongs to the PLMN associated with the UE. The
UE may obtain system information (including the PLMN information) when the UE camps on a
cell. Thus, the UE mway determine when a cell does not belong to the registered PLMN or
equivalent PLMN (E-PLMN) of the UE. When the cell does not belong to the registered PLMN
or equivalent PLMN (E-PLMN) of the UE, the UE may bar such a cell and exclude this cell from
the candidate cells for cell selection/reselection. But, there may be many other cells that share
the frequency of the barred cell. Thus, the UE may expend much time and power to read the
system information of those cell one by one in order o find the cell that belongs to the registered
PLMN or equivalent PLMN (E-PLMN). Hence, new technigues may be introduced to help a UE
find a suitable cell for cell selection or reselection.

The unlicensed spectrum has flexible networking, such as an adhoc network. In an
adhoc network, an operator may use a random physical layer cell identifier (PCL for a cell
However, such usage of the PCI may increase the likelihood of PCI collisions due to the
unregulated usage of PCI among operators. Also, a UE may detect a PCL but may not be able to
distinguish the related cell and the associated public land mobile network (PLMN). Also, in cell
selectionfreselection , reading of system information to obtain the cell identity or PLMN
information may undesirably strain the resources of a UE.

Accordingly, systems and methods in accordance with various embodiments

introduce techniques for cell selectionfreselection.  Figure 3 is a block diagram of a cell
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selection/reselection process 300, in accordance with some embodiments. The process 300 may
be performed by a UE. It is noted that the process 300 is merely an example, and is not intended
to limit the present disclosure. Accordingly, it is understood that additional operations {(e.g.,
blocks) may be provided before, during, and after the process 300 of Figure 3, certain operations
may be omitted, certain operations may be performed concurrently with other operations, and
that some other operations may only be briefly described herein.

At operation 302, a UE operating in an idle mode or an inactive mode may perform
cell selection/reselection. For simplicity of explanation, reference to both the idle mode and the
inactive mode may be referred to as an idle/inactive mode. In the idle/inactive mode, the UE
may perform measurements for cell selection/reselection purposes regularly. For example, the
UE may select a snitable cell based on RRC_IDLE or RRC_INACTIVE state measurements and
cell selection/freselection criteria {e.g., criteria that dictates when a UE will select a suitable cell).

Io certain embodiments, performing cell selection/reselection may refer to the UE
searching for a suitable cell in accordance with the UE’s selected public land mobile network
(PLMN) (e.g., associated with the UE). The UE may then select a cell with the UE’s PLMN to
provide available services and monitor the cell’s control channel. The condition of using a cell
to provide available service as well as monitoring the cell’s contro] channel may also be referred
to as camping on a cell. When camped on a cell, the UE may regularly search for, measure other
cells, and treat them as candidate cells according to the cell selection/reselection criteria. If a
better cell is found, UE may select to it. That better cell may then be selected in turn and camped
on in accordance with the cell selection/reselection criteria.

At operation 304, the UE may determine that a change condition is satisfied for a
candidate cell. Examples of various change conditions are provided below. These change
conditions may be satisfied as based on selection information. Selection information may be
received from the cell that UE camps on while the UE is in the idle/inactive mode. Selection
information may be any information utilized to determine whether the UE should camp on a
candidate cell. The selection information may include system information for the cell and/or
may indicate the PLMN information for the cell {(e.g., as a PLMN ideuntifier) that UE camps on.
As a more specific example, the selection information may inclode system information for the

candidate cell and/or may indicate the PLMN information for the candidate cell {e.g., as a PLMN
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identifier). A selection probability for the candidate cell may be changed when the change
condition is satistied.

In certain embodiments, a change condition may be satisfied for the candidate cells in
the frequency of the cell when the PLMMN information is mismatched between a UE and a cell
that UE camps on. For example, a UE may compare the PLMN information {(e.g., PLMN
identifier value) of the particular cell that UE camps on to the PLMN information (e.g., PLMN
identifier value) of the UE to determine whether the PLMN information matches. The change
condition may be satisfied for the candidate cells in the frequency of this particalar cell when the
PLMN information does not match.

In additional embodiments, when a transmission of either a random access channel
(RACH), scheduling request (SR), physical uplink countrol channel (PUCCH) , or physical uplink
shared channel (PUSCH) fails due to a listen before talk (LBT) failure in a particular cell that UE
connected to, a change condition for the candidate cells in the frequency of this particular cell
may be satisfied. In further embodiments, when a radio link failure (RLF) is triggered due to a
LBT failure in a particular cell that UE connected to, a change condition for the candidate cells
in the frequency of this particular cell may be satisfied. In forther embodiments, when
meastrement results reflecting the interference strength or channel occupancy ratio in 2
particular frequency or a particular cell are high enough (e.g., meets a threshold), a change
condition for the candidate cells in the frequency may be satisfied. In further embodiments,
when intense contention happens in a particular frequency or a particular cell, a change condition
for the candidate cells in the frequency may be satisfied.

At operation 306, the UE may change a selection probability for candidate cells that
satisfy the conditions in response to change condition satisfaction associated with the candidate
cell. This change in selection probability may decrease a probability of selecting the candidate
cell in response to satisfying a change condition. Or, this change in sclection probability may
increase a probability of selecting the other candidate cells in response to satisfying a change
condition. For exaraple, the change in selection probability may include applying an offset value
to a criteria value associated with the candidate cell that satisfies conditions to produce an offset
criteria value. In various embodiments, the criteria value may be any type of value utihized to
determine whether to camp on a candidate cell. For example, the criteria value may be a prionity

of a frequency associated with the candidate cell, as will be discussed further below. As another
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example, the criteria value may be a cell ranking criteria, an inter-frequency or inter radio access
technology communication node selection criteria, or an inter-frequency or inter radic access
technology communication node measurement criteria. .

In certain embodiments, the offset value may be part of the selection information.
For example, the offset value may be provided by the candidate cell directly to be applied to the
criteria value in a predetermined manner. Application of the offset value may represent any type
of mathematical operation upon the criteria valae, such as the application of a factor (e.g.,
multiplication by the offset value) a scalar (e.g., addition by the offset value) or an equivalence
(e.g., setting the offset criteria value to a particular offset value). Also, the criteria value may
also be part of the selection information. For examaple, the criteria value may be provided
directed by the candidate cell as an absolute priority value.

Accordingly, the offset criteria value may be used by the UE to determine whether to
camp on the candidate cell or not to camp on the candidate cell. For example, the offset criteria
valae may indicate to the UE that another cell is more suitable for the UE than the candidate cell.
Alternatively, the offset criteria value may indicate to the UE that the candidate cell is the most
suitable cell for the UE (e.g., where the offset criteria value for the most suitable candidate cell 15
the most extrerue among a group of candidate cells). Thus, the UE may then camp on the
candidate cell.

Accordingly, the offset criteria value may be performed (e.g., implemented) for a
maximum of a predetermined configured time. For example, the offset may be effective during a
configured time.

In various embodiments the UE may receive an instruction signal from the
communication node to read systern information of a neighboring communication node. This
may be due to, for example, a previously detected physical layer cell identifier collision, and a
previously detected frequency collision among public land mobile networks. In certain
embodiments, the UE may be configured to determine an anchor frequency resource based on a
total pumber of paging frames associated and/or a mumber of paging occasions associated with
the UE. Also, the UE may determine whether a frequency resource is to be used for paging
among a predetermined set of possible frequency resources for paging in a sequential manner

starting with the anchor frequency resource.
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In accordance with first exemplary embodiments, in an idle/inactive mode, a UE may
detect and measure cells at supported frequencies. When the UE detects a cell, the UE may
deem the cell as a candidate cell for cell selection/reselection. During cell selection/reselection,
the UE may rank the candidate cells. The UE may camp on and read the system information of
the highest ranked cell. Also, in certain embodiments, the UE may not consider or bar a
particular cell that UE camps on {(e.g., based on a maximum selection/reselection time of, for
example, 300 seconds) if the PLMN indicated in the systern information of the particular cell
does not belong to the registered PLMN or equivalent PLMN (E-PLMN) of the UE. However,
such handliog by simply not counsidering or barring a cell may be based on the assuroption that
multiple operators rarely share a comrnon frequency. This may not necessarily be the case in
certain network imaplementations. When there are multiple operators in this frequency, although
a UE may bar the particular cell, the UE may still have to read the system information of other
candidate cells one by one in order to find the cell that belongs to the registered PLMN or
equivalent PLMN (E-PLMN) of UE. This may consume much time and power. If the UE bars
candidate cells in a particular frequency, the UE may then have no chance to select a cell that
belongs to the registered PLMN or equivalent PLMN (E-PLMN) of UE in that particular
frequency. Hence, some new techniques may be introduced to help the UE to find the suitable
cell.

In various embodiments, a UE may fail to complete a radio resource control (RRC)
procedure if the UE selects a cell with intense contention. For example, in the particular cell that
the UE selects, the UE may start a timer when triggering a RRC procedure, such as RRC setup
procedure. The RRC procedure may be considered to be a failure if the RRC procedure is not
completed successfully before the timer expires. Then, based on the RRC failure, the UE may
perform cell selection/reselection. Stated another way, RRC failure may occur once, or several
consecutive times in certain embodiments. In this situation, in a cell selection/reselection
procedure, the UE may lower the priority of the particular cell where a RRC procedure is
triggered, in order to avoid the another attempt to access to this cell. However, if the UE only
lowers the priority of the particular cell, the UE may still select a candidate cell in the same
frequency with the particular cell. Thas, a failure may happen again due to the intense
contention and consume much tirne and power. Hence, some new techniques may be introduced

to help a UE to find a suitable cell.
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In various embodiments, a UE may suffer from intense contention if the UE selects a
cell with intense contention. If the UE fails to transmit UL signals in the particular cell that the
UE selects, cell selection/reselection procedure may be initiated. For example, in the particular
cell that the UE selects, when LBT fails for the transmission of UL signals including preamble,
SR, PUCCH, PUSCH, and the like, the quantity of failures may reach a threshold that is
configured by the cell. Then, the UE may receive an indication about of UL transmission failure.
In certain embodiments, the UE may receive this indication in the same cell several times. Thus,
RLF or a cell selectionfreselection procedure may be triggered. In order to avoid another
atterupt to access the candidate cells in the same frequency with the particular cell, some new
technigues may be introduced to help a UE to find a suitable cell.

In various embodiments, a UE may discover intense contention or strong interference.
If the UE discovers a high probability of LBT failure of DL signals or strong interference or
great difficulty to get access to a the particular cell that the UE selects, a cell
selectionfreselection procedure may be imtiated. For example, when the UE measures the
particular cell that UE selects, the measurement resutlts may reflect the LBT failure ratio or
interference strength or channel occupancy ratio in the particular cell or the frequency of the
particalar cell. In certain embodiments, the measurement results may be high enough to reach a
configured threshold (e.g., the measurement results may meet a configured threshold)to trigger
RLF or a cell selectionfreselection procedure. In order to avoid another attempt to access to the
candidate cells in a same freguency, some new techniques may be introduced to help a UE to
find a suitable cell.

In various embodiments, in a cell selection/reselection procedure, the UE may lower
the priority of the candidate cells for selection/reselection. This changing selection/reselection
operation may be performed for a maximum of a predetermined configured time.

In various embodiments, , the UE may ascribe a lowest ranking to the candidate cells
on the same frequency as a particular celk.

In various embodiroents, a cell {e.g., a BS or a gNB) may broadcast a factor together
with an absolute priority for a frequency. This factor may be an offset value used for adjusting
the priority of a frequency. Accordingly, the priority of the frequency can be lowered to be a
value determined by the factor (e.g., offset value) and an absolute priority. For example, the UE

may lower the priority of candidate cells for selectionfreselection by the offset value so that their
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priority is adjusted to a new priority due to an applied offset.  Also, the UE may lower the
priority or ranking of the candidate cells on the same frequency as a particular cell based on the
lowered priority of the frequency priority of the particular cell. In various applications, the
application of the value may be obtained by the factor, such that the value may be equivalent to
the offset value multiplied by the absolute priority or the offset value added to the absolute
priority.

o various embodiments, a cell {e.g., a BS or a gNB) may broadcast a second priority
together with an abselate priority for a frequency. This second priority may be value used for
adjusting the priority of a frequency. Accordingly, the priority of the frequency can be lowered
to be a value determined by the second priority. For exarnple, the UE may lower the priority of
the candidate cell for selection/reselection by the second priority so that the priotity of the
candidate cell is adjusted based on the second priotity. Also, the UE may lower the priority or
ranking of the candidate cells on the same frequency as the particular cell based on the second
priority.

In various embodiments, a cell (e.g., a BS or a gNB) may broadcast a offset value.
This offset value may be applied to a cell ranking criteria value, based on which the UE may
determine to select or rank candidate cells. And the cell ranking criteria value may be calculated
based on a measurement guality, hysteresis value, offset and/or temporary offset. In order to
decrease the priority of candidate cells in the same frequency with a particular cell, the UE may
decrease the priority of the candidate cells in the same frequency by an offset value applied to a
cell-ranking criteria value used in cell selectionfreselection. For example, the cell-ranking
criteria value may be related to a cell-ranking criterion and the offset value may be applied to the
cell-ranking criteria value of the candidate cells in a same frequency, so that the cell-ranking
criteria value for the candidate cells in the same frequency may be lowered.

In various embodiments, a cell (e.g., a BS or a gNB) may broadcast an offset value.
This offset value may be applied to a cell ranking criteria value based on which the UE may
determoine to select or rank candidate cells. To order to increase the priority of candidate cells in
a different frequency than that of a particular cell, the UE may increase the priority of the
candidate cells in the different frequency by an offset value applied to a cell-ranking criteria
value used in cell selection/reselection. For example, the cell-ranking criteria value may be

related to a cell-ranking criterion and the offset value may be applied to the cell-ranking criteria
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value of the candidate cells in the different frequency, so that the cell-ranking criteria value for
the candidate cells in the different frequency may be increased.

In various embodiments, a cell (e.g., a BS or a giNB) may broadcast an offset valie.
This offset value may be applied in a measurement rule for intra-frequency measurements that is
a condition to trigger a UE to perform the intra-frequency measurements. In order to decrease
the probability of reselecting to candidate cells in a same frequency as a particular cell, the UE
may decrease the probability fo trigger the intra-frequency measurements for candidate cells in
the same frequency. This may be performed by applying the offset to a value associated with a
measurement rule for intra-frequency measurements, so that it is harder for a UE to satisty the
condition associated with intra-frequency roeasurements for candidate cells in the same
frequency. For example, the measurernent rule may define a threshold of initiating the intra-
frequency measurements. Then, the offset value may be applied to a value associated with the
threshold of initiating the intra-frequency measurements to make it harder to be satisfied.

In certain embodiments, a cell {e.g., a BS or a gNB) may broadcast an offset value.
This offset value may be applied to a cell ranking criteria value based on which the UE may
determine to select or rank candidate cells. These candidate cells may be in other frequencies
with equal priority as a particular cell. In order to increase the priority of the candidate cells in
the other frequencies with equal priority as the particular cell, the UE may increase the ranking
of those candidate cells by an offset applied to a cell-ranking criteria value. For example, the
cel-ranking criteria value may be related to a cell-ranking criterion and the offset value may be
applied to the cell-ranking criteria value of the candidate cells in the other frequencies with equal
priority with the particular cells. Thus, the cell-ranking criteria value for those candidate cells
may be increased.

In certain embodiments, a cell {e.g., a BS or a gNB) may broadcast a offset value.
This offset value may be applied to inter-frequency and/or inter-radio access technology (RAT)
cell reselection criteria. This reselection criteria may dictate the selection of candidate cells in
other frequencies andfor inter-RAT with particular cells. In order to increase the probability of
selecting candidate cells in other frequencies and/or inter-RAT with particalar cells, the UE may
decrease the condition to perform the inter-frequency or RAT reselection by an offset. This
offset roay be applied to an inter-frequency and/or inter-radio access technology (RAT) cell

reselection criteria value. Thus, it is easier to satisfy the condition to perform inter-frequency or
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RAT reselection. For example, the inter-frequency and inter-radio access technology (RAT) cell
reselection criteria value may be related to a condition to perform inter-frequency or RAT
reselection. The offset value may be applied to an inter-freqguency and/or inter-radio access
technology (RAT) cell reselection criteria value of particular cells, so that the inter-frequency
and/or inter-radio access technology (RAT) cell reselection criteria value of particular celis may
be more easily satisfied.

To various embodiments, a cell (e.g., a BS or a gNB) may broadcast an offset value.
This offset value may be applied in accordance with a measurement tule for inter-frequency or
inter-RAT measurements that is a condition to trigger a UE to perform the inter-frequency or
inter-RAT measurements. In order to increase the probability to trigger the inter-frequency or
inter-RAT measurements for the candidate cells in other frequencies or RATS different than that
of the particular cell, the UE may apply the offset value to a value associated with the probability
of reselecting to the candidate cells in the other frequencies or RATs different than that of the
particudar cell. Thus, it may be easier for a UE to satisfy a condition to perform the inter-
frequency or inter-RAT measurements to the candidate cells in the frequencies or RATs different
than that of the particular cell. For example, the measurement rule may define a threshold of
initiating an inter-frequency or inter-RAT measurement. Then, the offset value may be applied
to the measurement rule value of the frequencies or RATs different than that of the particular cell
to make it easier to be satisfied.

In various embodiments, in order to decrease the probability to reselect to the
candidate cells in same frequency with the particular cell, a UE may bar the candidate cells in the
frequency. Thus, UE may not consider the candidate cells in the same frequency as candidate
cell. Thus, a process to find a suitable cell may be easier (e.g., with a savings in UE time and
power).

In second exemplary embodiments, a PCI collision between neighboring cells and/or
the coexistence of multiple PLMNs in a frequency may occur. Thus, a UE may read the system
information of those neighboring cells to obtain the cell identity and PLMN information in order
to distinguish the neighboring cells. However, reading the system information of all candidate
cells may require an andesirable amount of time and power. Thus, a UE may rather read the
system information when a PCI collision between veighboring cells and/or the coexistence of

multiple PLMNs in a frequency is known. A serving cell (e.g., a cell that a UE is currently
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camped on) may send an instruction signal to be used by the UE in cell selection/reselection.
More specifically, the UE may receive an instruction signal from the serving cell indicating
whether to read system information of a neighboring cell. For example, in an idle/inactive mode
during cell selection/reselection, the UE may read system information of candidate cells, in order
to find a most suitable cell for the UE.  Accordingly, the serving cell may send an instruction
signal to increase the efficiency of cell selection/reselection and reduce the expenditure of time
and power by the UE among neighboring cells, cells within a frequency, and/or cells across
different frequencies.

To various erobodiments, this iostruction signal may include an indication of whether
the UE may need to read the system information {(e.g., the master information block and/or the
system information block) of the neighboring cells. This instruction signal broadcast in the
serving cell {e.g., a cell that the UE camps on) may include an indication that there has been a
PCI collision between the PCI of the neighbor cells.

In various embodirsents, this instruction signal may include an indication of whether
the UE is to read the system information {(e.g., the master information block and/or the system
information block) of all cells within a particular frequency band. This instruction signal
broadcast in the serving cell (e.g., the cell that UE camps on) may include an indication that
multiple operators share the particular frequency band and/or that there are multiple PLMNs in
this particular frequency band.

Accordingly, the UE may read the system information (e.g., the master information
block and/or the system information block) of the neighboring cells from the serving cell. If the
indication instructs a UE to read the system information of the neighboring cells, the UE may
obtain and read the system information from the indicated neighboring cells. In certain
embodiments, the indication may indicate that the UE may read the system information of a
neighboring cell. This may occur, for example, when the indication indicates that the UE is to
read system information of a PCI to get a cell identity or PLMN information. As another
example, a UE may obtain system information and get the cell identity or PLMN information
based on a detected PCLL

In certain embodiments, the indication may indicate that a UE is to read the system
information of cells in a particular frequency. Stated another way, the indication may indicate

that the UE is to read the system information and to get the cell identity or PLMN information of
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cells in a frequency. Thus, the UE may obtain the system information and get the cell identity or
PLMN information of cells in the frequency.

In various embodiments, the instruction signal may be provided by a serving cell. In
particolar embodiments, the instruction signal may be provided by a serving cell via an RRC
message to the UE entering into an idle/inactive mode.

In third exemplary embodiments, a UE may be configured to determine an anchor
frequency resource based on a nurnber of paging frames and/or a nurnber of paging occasions
associated with the UE. Also, the UE may determine whether a frequency resource is to be used
for paging among a predetermined set of possible frequency resources for paging in a sequential
manner starting with the anchor frequency resource.

For example, UBs may roositor for paging messages while 1o an idle/inactive mode.
In order to increase the paging capacity of various UEs, the UEs may be divided into different
groups to monitor different paging occasions (POs) based oun UE identifiers (D), such as a UE
ID determined by international mobile subscriber identity (IMSI).

In the unlicensed spectrum, more frequency resource can be utilized than in a licensed
spectrum. Farthermore, in order to enhance the effective usage of frequency resources, a UE can
be distributed to different sub-bands or bandwidth parts (BWP). 3Btated another way, in a PO,
UEs may be divided into different groups to monitor different sub-bands and/or BWPs. The
mapping between UEs and their respective groups may be based on UE ID as well as the
respective bandwidth capabilities of each UE.

For example, there may be N frequency resources (such as BWP, subband, and/or
PDCCH resources) used for paging transmission in a PO. Also, the UEs monitoring for paging
in the PO may first determine an anchor frequency resource. Then, the UE may begin to monitor
respective frequencies starting with the anchor frequency resource. For example, the anchor
frequency resource may be determined to be a highest, lowest, and/or middle frequency among
the frequencies that the UE may monitor for paging in in a PO.

In certain ernbodiments, UEs with a UE_ID may monitor for paging in a PO. In this
PO, anchor frequency resources may be associated with an anchor freqoency index value. Each
anchor frequency index value may be represented as the variable “1”, and be determined by the
following equation:

=Floor{UE_ID/(Nn*Ns)) mod N )
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where Nn is the mamber of total paging frames in a directional discontinuous reception (DRX)
cycle of the UE, and Ns is a number of paging occasions for the PO.

In various embodiments, the anchor frequency index value “i” may be determined by
the following equation:

i = floor(UE_ID/(Nn*Ns)) mod W (2)

where W may represent a total weight of all frequency resources (e.g, W =W + W) + ... +
W(N-1), where W <W(0) + W{1) + ... + W(i) and W(n) is a weight for frequency resources n).
Changes in the weight value may be configured or broadcast by a serving cell, or indicated via
downlink control information (DCI) or a MAC control element (CE) in the PO. The serving cell
may determine the value of W based on the contention and load. In further embodiments, W(n)
may be determined by the UE. For example, the UE may perform measurements on each
frequency resource (e.g., within a BWP and/or a subband) based on the sapported bandwidth of
both the UE and the serving cell to and obtain contention information, such as a received signal
strength indicator (RSSI) and channel occupancy. The measurement results may be mapped into
a weight value where heavier contention may mean a lower weight.

In certain embodiments, the supported bandwidth can be represented with M
frequency resources (M<=N) and the anchor frequency resource may be a starting resource to
begin monitoring in a PO. In such embodiments, a UE may begin to monitor for paging in the
following sequence by starting with i, then i+1 {(e.g., then incrementing the index value by 1),
until i+M-1 (e.g., when i+M-1<=N). Alternatively, the UE may begin to monitor for paging in
the following sequence by starting with i, then i+1 {(e.g., then incrementing the index value by 1)
untif N-1 {e.g., when i+M-1>N}. Alterpatively, the UE can try to monitor the paging in ail
supported bandwidths, such as by starting with the frequency resource at i-(N-M), then then
incrementing the index value by 1 until N-1 (e.g., when i+M-1>N).

In various embodiments, the supported bandwidth can be represented with M
frequency resources (M<=N), and the anchor frequency resource is deemed as a middle point for
monitoring in a PO. Then, the UE may begin to monitor for paging in the following sequence by
starting with the frequency resource at i-M/2, and then incrementing the index value by | uuntil
H+M2-1 (e.g., when i+M/2-1<=N and i-M/2>0). Alternatively, the UE may begin to monitor for
paging io the following sequence by starting with the frequency resource at i-M/2, and then

incrementing the index value by 1 until N-1 (e.g., when i+M/2-1>N and i-M/2>0). Alternatively,
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the UE may begin to monitor for paging in the following sequence by starting with the frequency
resource at an index value of 0, and then incrementing the index value by 1 until i+M/2-1 (e.g.,
when i+M/2-1<=N and i-M/2<=0). Aliernatively, the UE may begin to monitor for paging in the
following sequence by starting with the frequency resource at an index value of 0, and then
incrementing the index value by 1 until N-1 (e.g., when i+M/2-1>N and i-M/2<0). Alternatively,
the UE may begin to monitor for paging in the following sequence by starting with the frequency
resource at an index value of 0, and then increruenting the index value by 1 votil M-1 (e.g., when
i-M/2<=0). Alternatively, the UE may begin to monitor for paging in the following sequence by
starting with the frequency resource at an index value of 1-(N-M), and then incrementing the
index value by 1 uotil N-1 (e.g., when i+M/2-1>N ).

To fourth exemplary embodiments, the UE may send, to a candidate cell or a serving
cel, a supported band and a supporied bandwidth for the UE in the idle/inactive mode. 1o
further embodiments, the serving cell may forward the supported band and/or supported
bandwidth, via the core network, to a candidate cell in a UE capability transfer procedure. This
candidate cell may be a candidate cell that the UE is about to camp on.

In various embodients, a candidate cell ray not have information concerning a UE
in an idie/inactive mode except for information provided by a core network that the candidate
cell is part of. Accordingly, the UE may report radio capability information while in the
idle/inactive mode to the UE’s serving cell during a UE capability transfer procedure. The radio
capability information may include a supported band and a supported bandwidth of the UE in the
idle/inactive mode. Then, the serving cell may send the radio capability information to the core
network during a UE radio capability information indication or UE radio capability check, and/or
an initial context setup procedure. Thus, in order to support different UEs with different
bandwidths, the core network may send the received radio capability information to all candidate

cells and/or to the candidate cell that the UE is about to camp on.

While various emnbodiments of the invention have heen described above, it should be
understood that they have been presented by way of example only, and not by way of lirnitation.
Likewise, the various diagrams may depict an example architectural or configuration, which are
provided to enable persons of ordinary skill in the art to understand exemplary features and

functions of the invention. Such persons would understand, however, that the invention is not
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restricted to the illustrated example architectures or configurations, but can be implemented
using a variety of alternative architectures and configurations. Additionally, as would be
understood by persons of ordinary skill in the art, one or more features of one embodiment can
be combined with one or more features of another embodiment described herein. Thus, the
breadth and scope of the present disclosure should not be limited by any of the above-described
exemplary embodiments.

It is also understood that any reference to an element or embodiment herein using a

(11

designation such as "first,” "second,” and so forth does not generally limit the guantity or order
of those elements. Rather, these designations can be used herein as a convenient means of
distinguishing between two or more elements or instances of an element. Thus, a reference to
first and second elements does not mean that only two elements can be employed, or that the first
elermnent must precede the second elernent in some manner.

Additionally, a person having ordinary skill in the art would usderstand that
wformation and signals can be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals, bits and symbols,
for example, which may be referenced in the above description can be represented by voltages,
currents, electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

A person of ordinary skill in the art would further appreciate that any of the varicus
illustrative logical blocks, modules, processors, means, circuits, methods and functions described
in connection with the aspects disclosed herein can be implemented by electronic hardware (e.g.,
a digital implementation, an analog implementation, or a combination of the two), firmware,
various forms of program or design code incorporating instructions (which can be referred to
herein, for convenience, as "software” or a "software module), or any combination of these
techniques. To clearly illustrate this interchangeability of hardware, firmware and software,
various illustrative components, blocks, modules, circuits, and steps have been described above
generally io termos of their functionality. Whether such functionality is iraplernented as hardware,
firmware or software, or a combination of these technigues, depends wpou the particular
application and design constraints imposed on the overall system. Skilled artisans can
iroplement the described functionality in various ways for each particular application, but such

implementation decisions do not cause a departure from the scope of the present disclosure.
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Furthermore, a person of ordinary skill in the art would understand that various
illustrative logical blocks, modules, devices, components and circuits described herein can be
implemented within or performed by an integrated circuit (IC) that can inchude a general purpose
processor, a digital signal processor (DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other programmable logic device, or any combination
thereof. The logical blocks, modules, and circuits can further include antennas and/or
transceivers to communicate with various components within the network or within the device.
A general purpose processor can be a microprocessor, but in the alternative, the processor can be
any conventional processor, controller, or state machine. A processor can also be implemented
as a combination of computing devices, e.g., a corabination of a DSP and a microprocessor, a
plurality of microprocessors, one OF MOre MICroprocessors in conjunction with a DSP core, or
any other suitable configuration to perforra the functions described herein.

If implemented in software, the functions can be stored as one or more instructions or
code on a computer-readable medium. Thus, the steps of a method or algorithm disclosed herein
can be implemented as software stored on a computer-readable medium. Computer-readable
media inchides both computer storage media and communication media including any medium
that can be enabled to transfer a computer program or code from one place to another. A storage
media can be any available media that can be accessed by a computer. By way of example, and
pot limitation, such computer-readable media can include RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other magnetic storage devices, or any other
medium that can be used to store desired program code in the form of instructions or data
structures and that can be accessed by a computer.

In this document, the term "module" as used herein, refers to software, firmware,
hardware, and any combination of these elements for performing the associated functions
described herein. Additionally, for purpose of discussion, the various modules are described as
discrete modules; however, as would be apparent {0 one of ordinary skill in the art, two or more
modules may be combined to form a single module that performs the associated functions
according embodiments of the invention.

Additionally, one or more of the functions described in this docurnent may be
performed by means of computer program code that is stored in a “coraputer program product”,

“computer-readable medium”, and the like, which 1s used herein to generally refer to media such



WO 2020/142896 PCT/CN2019/070832

as, memory storage devices, or storage unit. These, and other forms of computer-readable media,
may he involved in storing one or more instructions for use by processor to cause the processor
to perform specified operations. Such instructions, generally referred to as “computer program
code” (which may be grouped in the form of computer programs or other groupings), which
when executed, enable the computing system to perform the desired operations.

Additionally, memory or other storage, as well as communication components, may
be employed in embodiments of the invention. It will be appreciated that, for clarity purposes,
the above description has described embodiments of the invention with reference to different
functional units and processors. However, it will be apparent that any suitable distribution of
functionality between different functional units, processing logic elements or domains may be
used without detracting from the iovention. For example, functionality illustrated to be
performed by separate processing logic elements, or controllers, may be performed by the same
processing logic element, or controller. Hence, references to specific functional units are only
references to a suitable roeans for providing the described functionality, rather than indicative of
a strict logical or physical structure or organization.

Various modifications to the mplementations described in this disclosure will be
readily apparent to those skilled in the art, and the general principles defined herein can be
applied to other implementations without departing from the scope of this disclosure. Thas, the
disclosure is not intended to be limited to the implementations shown herein, but is to be
accorded the widest scope consistent with the novel features and principles disclosed herein, as

recited in the claims below.
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CLAIMS

1. A method performed by a communication device, comprising:
receiving information from a first communication node; and
decreasing a probability of selecting a second communication node, in communication

node selection or reselection, in response to the information indicating a condition.

2. The method of claim 1, wherein the condition in the first comnmunication node is one of;
when the first communication node 1s associated with a different associated public land
mobile network identifier than that of the comununication device,
when a radio resource control procedure fails due to a listen before talk failure,
when a transmission of either a random access channel, scheduling request, physical
uplink control channel, or physical uplink shared channel fails due to a listen before talk faiture,
when a radio link failure is triggered due to a listen before talk failare, and
when measurement resuits reflecting the listen before talk failure ratio or interference

strength or channel occupancy ratio reach a threshold.

3. The method of claim 1, further comprising:

associating a lowest possible priority value to the second communication node .

4. The method of claim 1, further comprising:
associating a new priority value to the second comnmnication node, wherein the new
priority value is determined by applying a factor to an original priority value previously

associated with the second communication node.
5. The method of claim 1, further comprising:

associating a new priority value to the second communication node by applying an offset
value to an original priority value previously associated with the second communication node,

wherein the new priority value is lower than the original priority value.

6. The moethod of claim 1, further comprising:
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associating a new priority value to a third communication node by applying an offset
value to an original priority value associated with the third conumunication node, wherein the

new priority value is greater than the original priority value.

7. The method of claim 6, wherein the third communication node is in a same frequency

with the first communication node.

8. The method of claim 6, wherein the third comyounication node is in a different frequency

that that of the first communication node.

9. The method of claim 1, further comprising:

applying an offset value to a criteria vahue to produce an offset criteria value used for the
selecting, wherein the criteria value is associated with one of: a communication node ranking
criteria, an infer-frequency communication node selection criteria, an inter radio access
technology communication node selection criteria, an inter-frequency communication node
measurement criteria, and an inter radio access technology coromanication node measurement

criteria.

10.  The method of claim 1, further comprising:

associating a new priority value to the second communication node by applying an offset
value to a communication node ranking criterion based on which the communication device
ranks the second conununication node, wherein the new priority value is lower than an original

priority value previously associated with the second conununication node.

11. The method of claim 1, further comprising:

associating a new priority value to a third communication node by applying an offset
value to a comununication node ranking criteria based on which the comyounication device ranks
the third communication node, wherein the new priority value is greater than an original priority
value previously associated with the third communication node.

12, The method of claim 1, further comprising:
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associating a new value to the first communication node by applying an offset value to a
measurement rule, wherein a condition to trigger an intra-frequency measurement is more

difficult to satisfy.

13, The method of claim 1, further comprising:

associating a new value to a third communication node by applying an offset value to an
inter-frequency conuounication node selection criteria value based on which the communication
device selects the third cormmunication node, whereln a condition for selection of the third

comrunication node is more easily satisfied.

14. The method of claim 1, further comprising:

associating a new value to a third conununication node 1o radio access technologies
different than that of the first communication node by applying an offset value to an inter-radio
access technology commumpication node selection criteria value based on which the
conmnupnication device selects the third comymunication node, wherein a condition for selection

of the third communication node is more easily satisfied .

15, The method of claim 1, further comprising:

associating a new value to the first communication node by applying an offset value to an
inter-frequency measurement criteria value based on which the communication device initiates
an inter-frequency measurement, wherein a condition to trigger the inter-frequency measurement

is more easily satisfied.

16. The method of claim 1, further comprising:

associating a new value to the first communication node by applying an offset value to an
inter-radio access technology measurement criteria value based on which the communication
device initiates an inter-radio access technology measurement, wherein a condition to trigger the

inter-radio access technology measurement is more easily satisfied.

17.  The method of claim 1, further comprising:
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barring the second commmnication node, from communication node selection or

reselection.

18. The method of claim 1, wherein the second communication node is in a same frequency

with the first communication node.

19. The method of claim 1, wherein the second communication node is in a different

frequency that that of the first communication node.

20. The method of claim 1, further comprising:
receiving an instruction signal from the first communication node to read system
information of a neighboring compunication node, wherein the system information comyprises a

cell identity or a public land mobile network identity.

21, The method of claim 1, further comprising:

determining an anchor frequency resource based on a total number of paging frames
associated with the communication device and a number of paging occasions associated with the
communication device;

determining, sequentially starting with the anchor frequency resource, whether a
frequency resource is to be used for paging among a predetermined set of possible frequency

resources for paging.

22, The method of claim 1, further comprising:
sending, to the first communication node, a supported band and a supported bandwidth

for the communication device.

23. A method performed by a first comynunication node, comprising:

sending information to a comnmnication device, wherein the communication device is
configured to decrease a probability of selecting a second commanication node, in
communication node selection or comumumnication node reselection, i response to the

information indicating a condition.
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24, The method of claim 23, wherein the communication device is further configured to:
apply an offset value, based on the information, to a criteria value associated with the
second comnunication node to produce an offset criteria value used for the selecting the second

communication node.

25. The method of claim 24, wherein the criteria value is a priority of a frequency associated

with the second communication node.

26. The method of claim 24, wherein the criteria value is part of the information.
27. The method of claim 24, wherein the offset value is part of the information.
28. A nou-transitory computer-readable medium having stored thereon computer-executable

wstructions for carrying out any one of the methods of claims 1 through 27.

29, A communication device, comprising:
a transceiver configured to:
receive information from a first comrnunication node; and
a processor configured to:
decrease a probability of selecting a second communication node, in
communication node selection or reselection, in response to the information indicating a

condition.

30. A first comumunication node, comprising:
a transceiver configured to:
send information to a communication device, wherein the communication device
is counfigured to decrease a probability of selecting a second comunupication node, in
commanication node selection or reselection, in response to the information ndicating a

condition.



