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METHOD OQF IDENTIFYING ACCESSIBLE NODBES AND SYSTEM FOR
IMPLEMENTING THE SAME

TECHNICAL FIELD
{001} This description relates to a method of identifying accessible nodes for a

wireless network and a system for implementing the method.
BACKGROUND

0021 As technology advances for a wireless network, such as radio access network
{RAN), new generations of network eguipment are developed. In some instances, user
equipment (UE}, such as mobile phones or other mobile devices, is not capable of
interacting with a most recently developed generation of network equipment. In some
instances, a UE is directed to connect to a specific generation of network equipment based
on a subscription level of a user or other criteria. In some instances, network equipment
from multiple generations is utilized in a same base station, data center, or cluster to

provide connectivity for the UE.

[003] In order to provide connectivity for the UE to the wireless network, the base
station, data center, or cluster connects the UH to one or more nodes. The nodes in turn
provide connection to services of the network, While some generations of network
equipment update a status of nodes based on availability to connect the UE to the nodes,
a risk exists that network equipment that does not include automatically update node

status information will experience difficulties in counecting the UE to the network.

BRIEF DESCRIPTION OF THE DRAWINGS

[604] Aspects of the present disclosure are best understood from the following
detailed description when read with the accompanying figures. It is noted that, in
accordance with the standard practice in the industry, various features are not drawn 1o
scale. In fact, the dimeunsions of the various features may be arbitrarily increased or

reduced for clarity of discussion.
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[685] Figure 1 is a schematic diagram of an architecture multi-generation network

equipment in accordance with some embodiments.

[806] Figure 2 is a sequence diagram of communication between components of a

multi-generation network equipment in accordance with some embodiments.

1067} Figure 3 is a sequence diagram of commuunication between components of 2

multi-generation network equipment in accordance with some embodiments.

{008} Figure 4 is a sequence diagram of communication between components of a

multi~-generation network equipment in accordance with sorme embodiments,

{669} Figure 5 is a flowchart of a method of selecting a node for connection to user

equipment (UE) in accordance with some embodiments.

{016} Figure 6 is a block diagram of a system for selecting a node for connection to

UE in accordance with some embodiments.
DETAILED DESCRIPTION

f011] The following disclosure provides many different embodiments, or examples,
for implementing different features of the provided subject matter. Specific examples of
components, values, operations, materials, arrangements, or the like, are described below
to simplify the present disclosure. These are, of course, merely examples and are not
intended to be Hmiting. Other components, values, operations, materials, arrangements,
or the like, are contemplated. For example, the formation of a first feature over or on a
second feature in the description that follows may include embodiments in which the first
and second features are formed in direct contact, and may also include embodiments in
which additional features may be formed between the first and second features, such that
the first and second features may not be in direct contact. In addition, the present
disclosure may repeat reference numerals and/or letters in the various examples. This
repetition is for the purpose of simplicity and clarity and does not in itself dictate a

relationship between the various embodiments and/or configurations discussed.
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[612} The rapid development of radic access networks {(RAN) has resulted in an
increasing number of network equipment being utilized to support different generations
of networks. In order to increase efficient use of structures, such as cell towers, and to
provide access for user equipment (UE) of varying capabilities, network equipment from
different geuveratiouns is often used in combination. In some embodiments, functionality
of network equipment from different generations is integrated into a single device. In
some embodiments, the setwork equiproent is maintained as separate devices haviung

different functionality for different generations of network equipment.

(613} In some instances, a UE, such as a mobile phone or another mobile device, is
able to utilize the functionality of network equipment across multiple generations.
However, in some instances, the UE is limited in the utilization of functionality across
multiple generations. For example, in some instances, hardware of the UE lacks the
capability to communicate with network eqguipment for more recently developed
generations, such as fifth generation (5G) or sixth generation {6G). In some instances, a
service contract associated with the UE liroits the ability of the UE to utilize the
functionality of network equipment for more recent generations. For example, the user
that operates the UE is offered a lower fee for a service contract that utilizes older

generation network equipment.

{014} As the UE seeks to access the network, the UE establishes contact with network
equipment for a specific generation. The network equipment exchanges information with
the UE in order connect the UE to a node that will permit the UE to access services of
the network. Services include data services, voice services, text services and the like, in
accordance with some embodiments. In some instances, a fault occurs in a node which
prevents the UE from properly connecting with the node. However, if the status of the
node is not automatically updated by the vetwork equipment, the network equipment will
continue to attempt to connect the UE to the faulty node, in some instances. In some
embodiments, the node includes one of a registered status, meaning that the node is able
to be discovered and able to connect with UE; a suspended status, meaning that the node
is able to be discovered but is unable to connect with the UE; or an undiscoverable status,

meaning that the node is unable to be discovered. The UE i3 only able to properly connect
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with a node in the registered status, in some embodiments. Therefore, an attempt to
connect the UE to a node in the suspended or undiscoverable status reduces a likelihood
that the UE will be properly connected to the network or that the connection with the
network will be unreliable. A user that operates the UE which is unable to effectively
counect to the network because of a faulty node, is likely to experience an increase in

dissatisfaction with the service of the network.

0154 In addition, some newer generation network equipment is able to automatically
update node status to reduce the risk of attempting to connect the UE to a faulty node. In
such a situation, different UEs that have different connection capabilities have an
increased risk of different service experiences for a same base station, data center, or
cluster. Such a situation is Hikely to exacerbate the dissatisfaction of the user of a UE
that is unable to effectively connect to the network., This description provides a method
for network equipment that provides functionality for different generations to
communicate in order to improve a likelihood of effective connection for a UE to the
network regardless of whether the UE is capable of connecting to more recent generation
network equipment. The ability tc automatically update node status, as described below,
will help to improve user satisfaction with the network because the UE operated by the
user is more likely to efficiently connect to the network., The description below is based
on an example of a combined fourth generation (4G) and 5G architecture. However, one
of ordinary skill in the art would recognize that the current description is not limited to

solely this combination of network equipment.

{016} Figure 1 is a schematic diagram of an architecture multi-generation network
eguiproent 100 io accordance with some embodiments. The wulii-generation network
equipment 100 is configured to permit user equipment {UE) 102 to connect to a node in
order to access services of a wireless network. The multi-generation network equipment
100 includes devices for implementing 4G and 5G functionality. One of ordinary skiil in
the art would recognize that the use of 4G and 5G 13 merely exemplary and this is not a
fimitation on the current description. Ian some embodiments, the UE 102 itaucludes a
mobile phone or another suitable mobile device capable of accessing a wireless network.

Io some embodiments, the functionality components of the multi-generation network
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equipment 100 is implemented using separate devices which are capable of
communicating together. In some embodiments, at least one functionality component is
integrated with another functionality component of the multi-generation network
equipment 100 into a single device which is capable of communicating with other
compounenis of the rmulii-generation network equipment 100, An anchor point for the
multi-generation network equipment 100 includes SMFEF+PGW-C 160, This device
provides connection between the UE 102 and services of the network, such as data
transfer, voice, texting, or other suitable services. While the multi-generation network
equipment 100 in Figure 1 includes a single SMF+PGW-C 160, one of ordinary skill in
the art would recognize that multiple nodes are usable in 2 same architecture in order to

provide connection capabilities for a higher number of UEs 102.

017} The multi-generation network equipment 100 includes a next-generation radio
access network (NG-RAN) 105 configured to facilifate connection between the UE 102
and a node using 5G technology. The NG-RAN 105 helps manage radic resources and

controls radio bearers for establishing communication with the UE 102

{818} The mulii-generation network equipment 100 further includes an access and
mobility management function {AMF) 110. The AMF 110 is configured to establish an
N2 interface with the NG-RAN 105, The AMF 110 is configured to handle a non-access
stratum (NAS}) message from the UE 102 in order to establish, maintain, or release
connection between the UE 102 and the network. Additional functionality of the AMF
110 is discussed below with respect to interfacing with a network repository function

(NRF} 120.

1019} The multi-generation network equipment 100 further includes the NRF 120
The NRF 120 is configured to permit the AMF 110 to discover what nodes, such as
SMFE+PGW-C 160, are available for connecting to the UE 102, The NRF 120 maintains
a list of nodes based ou network function (NF) registration data. In some embodiments,
the NRF 120 is configured to automatically notify the AMF 110 in response to a change

in status of one of the nodes. In some embodiments, the NRF 120 1s configured to
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communicate with the AMF 110 using a third generation partnership project (3GPP)

protocol.

1620} The multi-generation network equipment 100 further includes an evolved
universal terrestrial radio access (E-UTRAN) 125, The E-UTRAN 125 is configured to
facilitate connection between the UE 102 and a node using 4G technology. The E-
UTRAN 125 helps manage radio resources and controls radio bearers for establishing

communication with the UE 102.

(021} The multi-generation network equipment 100 further includes mobility
management entity (MME) 136, The MME 130 15 configured to establish an S1-MME
interface with the E-UTRAN 125, The MME 130 s configured to manage the UE 102 in
order to establish, maintain, or release connection between the UE 102 and the network.
The MME 130 is further configured to establish an N26 with the AMF 110 for exchanging
management services between the 4G network and the 5G network.  Additional
functionality of the MME 125 is discussed below with respect to interfacing with a

domain name system {DNS} 140,

{622} The multi-generation network equipment 100 further includes the DNS 140,
The DNS 140 13 configured to permit the MME 130 io discover what nodes, such as
SMF+PGW-C 160, are available for connecting to the UE 102, Unlike the NRF 120, the
DNS 140 only maintains a list of nodes without including information related to a status
of the nodes. In some embodiments, the DNS 140 is configured to communicate with the

MME 130 using a 3GPP protocol.

{0231 The multi-generation network equipment 100 further includes a severing
gateway (SGW) 145, The SGW 145 helps with routing and forwarding of data packets
between the UE 102 and the network., The SGW 145 is configured to $1-U from the E-
UTRAN 125 for switching the UE 102 between nodes during a handover process. The
SGW 145 15 also configured to establish an S11 interface with the MME 130 to manage

data sesstons of the UE 102 connected to the network,
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(624} The multi-generation network equipment 100 further includes an integrated user
plane function and packet data network gateway-user plane (UPF+PGW-U) 150, The
UPF+PGW-U 150 is configured to connect data over the network to the Internet. The
UPF+PGW-U 150 is configured to establish an S5-U interface with the SGW 145 for
providing Internet Protocol (IP) services to the UE 102, The UPF+PGW-U 150 is
configured to establish an N3 interface with the NG-RAN 105 for switching the UE 102

between nodes during a handover process.

825} The multi-generation network equipment 100 further includes an istegrated
session management function and packet data network gateway-control plane
{SMF+PGW-C) 160, The SMF+PGW-C 160 is configured to relay session related
messages between devices in the network, The SMF+PGW-C 160 1s also configured to
allocate IP addresses and establish, modified and release connections between the UE
102 and the network., The SMF+PGW-C 160 is configured to establish an N4 interface
with the UPF+PGW-U 140 for session management including traffic steering and event
reporting. The SMF+PGW-C 160 is configured to establish an SS-C interface with the
SGW 145 for providing 1P services to the control plane. The SMF+PGW-C 160 is further
configured to establish an N1O interface with the HSS+UDM 180 for managing
connection sessions for the UE 102, The SMF+PGW-C 160 is configured to establish an
N11 interface with the AMF 110 for trigger adding, modifying or deleting data sessions

during a connection between the UE 102 and the network.

{626} The multi-generation network equipment 100 further includes an integrated
policy control function (PCF} 170, The PCF 170 i1s configured to establish and maintain
rules for data flow through the network., The PCF 170 is configured to establish an N7
interface with the SME+PGW.-C 160 for establishing, maintaining and updating policies
for data flow. The PCF 170 is configured to establish an N15 interface with the AMF

1190 for controlling policy of data flow to the UE 102

10271 The multi-generation network equipment 100 further includes an integrated
home subscriber server and unified data management (HSS+UDM) 180, The HSS+UDM

180 is configured to store subscriber related information such as authentication
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information and a list of available services. The HSS+UDM 180 is configured to establish
an S¢a interface with the MME 130 for accessing user authentication, location and
subscription information. The HSS+UDM 180 is configured to establish an N8 interface

with the AMF 110 for accessing user data stered in the HSS+UDM 180.

[628] During operation, the multi-generation network equipment 100 is configured to
capture node status information using the NRF 120 The NFR 120 120 is able to
comimunicate the node status information to the AMFE 110 to allow the AMF 110 to
reliably connect the UE 102 to the node to allow the UE 102 to access the network. The
NS 140 only maintains a list of nodes without corresponding information related to a
status of the node. In a situation where the node is experiencing a fault, the node will
continue to appear in the {ist of nodes in the DNS 146 in other approaches. However, in
some embodiments, in the multi-generation network equipment 100, the NRF 120 ig
capable to communicating with the DNS 140 in order to update the list of nodes in the
DNE 140 to include only nodes that are in an accessible status. In some embodiments,
the WRF 120 is capable of communication with the DNS 140 in order to generate and
npdate a preclusion list that includes a list of faulty nodes. That is, through the
communication between the DNS 140 and the NRF 120, the DNS 140 is able to maintain
one or more lisis that allow the DNS 140 to accurately inform the MME 130 of the nodes
available for connection. As a result, in comparison with other approaches, the multi-
generation network equipment 100 is able to reduce or eliminate the risk that the MME
130 attempts o connect the UE 102 to a faulty node.  As a result, a reliability of
counection between the UE 102 and the network increases resuliing tu improved customer

satisfaction with the network.

10291 Figure 2 is a sequence diagram of communication 200 between components of
a multi-generation network equipment in accordance with some embodiments. The
communication 200 is between the SMF+POW-LC 160 and the NRF 120 as well as between
the NRF 120 and the AMF 110, While the reference numbers refer to components of the
multi-generation network equipment 100 (Figure 1}, one of ordinary skill in the art would
understand that features of the communication 200 are not limited to solely to the multi-

generation network equipment 100 (Figure 1), The communication 200 includes several



WO 2025/018997 PCT/US2023/028213

scenarios 230, 240 and 250. Each of the scenarios 230 and 240 indicates a situation where
a node is identified as being faulty. The scenario 250 indicates a situation where the
profile of a node is removed from the NRF 120, In the non-limiting example of the
communication 200, the SMF+PGW-C 160 is an anchor point of the network and is
ireated as the node. Iu some embodiments, the messages of the communication 200 are
transmitted via a wired connection. In some embodiments, at least one message of the

communication 200 is transmitted wirelessly.

{638 In mesgage 205, the SME+PGW-C 160 transmits a network function (NF)
registration request to the NRF 120, The NF register request is used to register the node
in the NRF 120 so that the node would be discoverable by the AMF 110 for use in
connecting a UE, eg., UE 102 (Figure 1), to the network. In some embodiments, the
message 205 1includes information about a functionality of the node as well as identifying
information about the node to allow the NRF 120 to provide address and functionality
information to the AME 110 later in communication 200. In some embodiments, the
message 205 is transmitted automatically by the SMFE+PGW-C 160 in respouse 1o the
node heing added to a base station, a data center, or a cluster. In some embodiments, the
message 205 1s transmitted in response to the SMF+PGW-C 160 receiving an instruction

from a network operator.

{031} In message 210, the NRF 120 transmits an NF register response to the
SMF+PGW-C 160, The NF register response informs the SMF+PGW-C 160 regarding
whether the node was properly registered in the NRF 120, In some embodiments, the
message 210 includes acknowledgement of the request as well as an indication of
successful registration. In some embodiments where the registration was unsuccessful,
the message 210 includes information, such as an error code, which indicates a reason

why the regisiration of the node failed.

{032} In message 215, the SMF+PGW-C 160 transmits an NF update request to the
NRF 120. The NF update request provides updated information about the node to the
NRF 120 In some embodiments, the updated information includes wnformation related

to a functionality of the node. In some embodiments, the updated information includes



WO 2025/018997 PCT/US2023/028213

information related to an updated address of the node. In some embodiments, the updated
information includes information related to an updated status of the nede. In some
embodiments, the message 215 is transmitted automatically by the SMF+PGW-C 160 in
response to the node being rebooted, updated, being re-located within a hierarchy of the
network, or other suitable changes to the node. 1o some embodiments, the message 215
is transmitted in response to the SMF+PGW-C 160 receiving an instruction from the

network operator.

(633} In message 220, the NRF 120 transmits an NF update response to the
SMF+PGW-C 160. The NF update response informs the SMFE+PGW-C 160 regarding
whether information about the node was properly updated in the NRF 120, In some
embodiments, the message 220 includes acknowledgement of the request as well as an
indication of successful update. In some embodiments where the update was
nusuccesstul, the message 220 includes information, such as an error code, which

indicates a reason why the update of the node failed.

10341 Inn scenaric 230, the NRF 120 determines that a heartbeat time out (1.0.) 235
of a node has occurred. That is, the node fails to provide a scheduled heartbeat to the
WRF 120. A heartbeat is used to indicate that the node is functioning properly. In some
embodiments, a predetermined interval for the node to provide the heartbeat is determined
based on the message 205 or the message 215, In some embodiments, the predeternmined
interval for the node to provide the heartbeat 15 determined by the NRF 120 and is
assigned to the node at a time of registering or at a time of updating of node information;
and the node is notified of the interval using message 210 or message 220, The heartbeat
T.0. 235 is determined in response to the NRF 120 failing to receive the heartbeat signal
from the node within the predetermined interval. In such a situation, the node is
determined to be faulty and the status of the node 15 updated in the NRF 120 to indicate
that the node should be communicated to the AMF 110 for connection to 2 UE. In some
embodiments, the status of the node is changed to suspended in response to determining
the heartbeat T.0. 235. In some embodiments, the node remains in a faulty status until
the NRF 120 receives a heartbeat from the node. In some embodiments, the node remains

in fauliy status until the NRF 120 receives updated information for the node, e.g., using

10
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message 215, In some embodiments, the node remains in faulty status until the NRF 120

receives a new registration request from the node, e.g., using message 210,

10351 In scenario 240, the NRF 120 receives an update request that indicates that the
node is blocked. In message 242, the SMF+POGW-C 160 transmits an NF update request
to the NRF 120, Similar to the message 215, the NF update request provides updated
information about the node to the NRF 120, In the case of message 242, the updated
status of the node is indicated as being blocked. That is, the node is currently unable to
facilitate connection between the UE, e g, the UE 102 (Figure 1}, and the network. In
some embodiments, the message 242 is transmitted automatically by the SMF+PGW-C
160 in response to the node losing power, having a software failure or other suitable
changes to the node. In some embodiments, the message 242 is transmitted in response

to the SMF+PGW-C 160 receiving an instruction from a network operator.

{036} In response to receiving the message 242, in operation 244, the NRF 120
updates the status of the node to be faulty. In some embodiments, the status of the node

is updated to suspended or undiscoverable.

{637} In message 246, the NRF 120 transmits an NF update response to the
SMF+PGW-C 160, The NF update response informs the SMF+PGW-C 160 regarding
whether information about the node was properly updated in the NMRF 1206, In some
embodiments, the message 246 includes acknowledgement of the request as well as an
indication of successful update.  In some embodiments where the update was
unsuccessful, the message 246 includes information, such as an error code, which
indicates a reason why the update of the node failed. In some embodiments, the message

246 further includes information indicating an updated status of the node in the NRF 120

[638] In scenario 250, the NRF 120 receives a de-register request that indicates that
the node should be removed from the NRF 120 list of available nodes. In message 252,
the SME+PGW-C 160 transmits an NF de-register request to the NRF 120, The NF de-
register request includes information for removing the vode from the NRF 120, In some

embodiments, the message 252 is transmitted in response to replacement of the hardware

11
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associated with the node. In some embodiments, the message 232 is transmitted in

response to assigning the functionality of the node to another purpose.

[839] In response to receiving the message 252, in operation 254, the NRF 120
removes the node from the list of possible nodes for receiving a conuection from a UE,
such as UE 102 (Figure 1}. In contrast to the operation 244, which in the status of the
node 13 updated to prevent attempts to connect to the node, the operation 254 completely
removes the node from the NRF 120 as being an option for connection to the UE. In
some embodiments, the message 252 is transmitted automatically by the SMF+PGW-C
160 in response to the node being removed from the network, re-assigned within the
network or other suitable changes to the node. In some embodiments, the message 252
is transmitted in response to the SMF+PGW-C 160 receiving an instruction from a

network operator.

{040} In message 256, the NRF 120 transmits an NF de-register response to the
SMF-+PGW-C 160. The NF de-register respounse informs the SMF+PGW-C 160 regarding
whether the node was properly removed from the NRF 120, ln some embodiments, the
message 256 includes acknowledgement of the requesi as well as an indication of
successtul de-registration. In some embodiments where the de-registration was
unsuccessful, the message 256 includes information, such as an error code, which

indicates a reason why the de-registration of the node failed.

{6411 One of ordinary skill in the art would understand that the scenarios 230, 240
and 250 are not all required to cccur. In some embodiments, none of the scenarios 230,
240 or 250 occur. The various scenarios 230, 240 and 250 are shown in a single
communication 200 for brevity and for ease of understanding of some instances for
changing the status of a node in the NRF 120 and/or removing a registered node from the
NRF 120, Utilizing the registration, update, as well as the possible occurrence of any of
the scenarios 230, 240 and 250, the NRF 120 s able to generate and maintain a hst of
available nodes for connection to a UE, such as UE 102 (Figure 1}, and a status of each

of the nodes for allowing the AMF 110 to attempt to connect the UE to the node.

12
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(642} In message 260, the AMF 110 transmits an NF discover request to the NRF 120,
The NF discover request requests information from the NRF 120 related to which nodes
are within the neiwork and the status of each of the nodes. In some embodiments, the
message 260 is transmitted automatically in response to the AMF 110 receiving a
counection request frorm a UE, such as UE 102 (Figure 1). In some ervbodiments, the
message 260 is transmitted periodically to allow the AMF 110 to maintain an up to date
fisting of available nodes to facilitate faster connection of UEs in a future connection
request. In some embodiments, the message 260 is transmitted in response to the AMF
110 recetving an instruction from the network operator, such as in response to hardware
or software updates to a base station, a data ceater, or a cluster; restoration of power to a

base station, a data center, or & cluster; or other suitable occurrences.

{0431 In message 265, the NRF 120 transmits an NF discover response to the AMF
110, The NF discover response informs the AMF 110 regarding which nodes are available
and the current status of each of the nodes stored in the NRF 120. In some embodiments,
the message 265 includes ackunowledgement of the request as well as the node
information.  In some embodiments where the discover request was unsuccesstul, the
message 265 includes information, such as an error code, which indicates a reason why

the discover request failed.

{044} Utilizing the communication 200, the AMFEF 110 is able to accurately and
precisely determine which nodes are available to be assigned to the UE, such as UE 102
{Figure 1}. This allows the AMF 110 to provide accurate data to the UE for connecting
to the network. The improved accuracy of the data provided to the UE increases the odds
of the UE successfully and reliably connecting to the network; and helps o maintain user

satisfaction with the network.

{045} Figure 3 is a sequence diagram of communication 300 between components of
a multi-generation network eguipment in accordance with some embodiments. The
communication 300 is between the DNS 140 and the NRF 120 as well as between the
DINS 140 and the MME 130 While the reference numbers refer to components of the

multi-generation network equipment 100 (Figure 1), one of ordinary skill in the art would

13
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understand that features of the communication 300 are not Hmited to solely to the multi-
generation network equipment 100 (Figure 1), In some embodiments, the messages of
the communication 300 are transmitted via a wired connection. In some embodimenis, at

feast one message of the communication 300 is transmitted wirelessly.

{646} In message 305, the DNS 140 transmits NF status subscription to the NRF 120
The NF status subscription is used to register the DNS 140 with the NRF 120 so that the
NRF 120 will notify the DNS 140 in response to changes in availability of nodes within
the network. Availability of nodes within the network changes based on registration of
nodes, de-registration of nodes, changes of status of nodes, or other suitable cccurrences,
In some embodiments, the message 305 includes a request for periodic updates regardless
of a change in status of nodes in order to help the DNS 140 maintain an accurate listing
of available nodes. In some embodiments, the message 305 is transmitied automatically
by the DNS 140 in response to the DNS 140 being added to a base station, a data center,
or a cluster. In some embodiments, the message 305 is transmitted in response to the

DNS 1490 receiving an iostruction from the network operator.

1847} In message 310, the NRF 120 transmits an NF subscription response to the DNS
140. The NF subscription response informs the DNS 140 regarding whether the DNS 140
was properly subscribed to the information in the NRF 120, Tn some embodiments, the
message 310 includes acknowledgement of the request as well as an indication of
successful subscription. In some embodiments where the subscription was unsuccesstul,
the message 310 includes information, such as an error code, which indicates a reason

why the subscription of the DNS 140 failed.

10481 In operation 315, an NF status change of at least one node in the list of nodes
in the NRF 120 changes. In some embodiments, the status of at least one node changes
as a result of one or more of the scenarios 230, 240 and 250 (Figure 2} In some
embodiments, the status of at least one node changes as a result of 3 new node being

registered in the NRF 120,

(649} In response to the NF status change 235, a message 320 is transmitted from the

NRF 120 to the DNS 140, The NF status update provides updated information sbout the

14



WO 2025/018997 PCT/US2023/028213

nodes stored in the NRF 120, In some embodiments, the updated information includes
information related to a functionality of the node. In some embodiments, the updated
information includes information related to an updated address of the node. In some
embodiments, the updated information includes information related to an updated status
of the node. In some embodiments, the message 320 is transmitted automatically by the
NRF 120 in response to the operation 315, In some embodiments, the message 320 is
transmitied in response to the NRF 120 receiving an instruction from the network

operator.

1056} In operation 325, the notification from the message 320 is stored in the DNS
140, In some embodiments, the DNS 140 stores a list of accessible nodes; and the list is
updated based on information received in the message 320, Through the updated list of
available nodes, the DNS 140 1s able to accurately inform the MME 130 of the nodes
available for connecting to the UE, e.g, the UE 102 (Figure 1). In some embodiments,
the DNS 140 stores a list of nodes connected to the network; and a preclusion list of nodes
that are in a faulty status is updated in response to the message 320, Through the
combination of the list and the preciusion list, the DNS 140 is able to accurately inform
the MME 130 regarding which nodes are currently available for connecting to the UE,
e.g., the UBE 102 (Figure 1}. As discussed above, unlike the NR¥F 120, the DNS 140 only
stores a list of nodes not a status of the nodes. Therefore, in some embodiments, in the
operation 325, the list of the available nodes in the DNS 140 is updated to remove any
nodes that are faulty, e.g., nodes that have a suspended status or an undiscoverable status.
Alternatively, in some embodiments, in the operation 325, the list of the precluded nodes
in the DNS 140 1s updated to include any nodes that are faulty, e.g., nodes that have a
suspended status or an undiscoverable status. By updating the list of available nodes
and/or the list of preciuded nodes, the DNS 140 has a reduced risk of providing the MME
130 with a potential connection node that is currently incapable of connecting to the UE,

such as UE 102 (Figure 1).

{051} In message 330, the DNS 140 trassmits an NF update acknowledgement to the
NRF 120, The NF update acknowledgement informs the NRF 120 regarding whether

information about the node was properly stored in the DNS 140, In some embodiments,
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the message 330 includes acknowledgement of the request as well as an indication of
successful update. In some embodiments where the update was unsuccessful, the message
330 includes information, such as an error code, which indicates a reason why the update

of the list failed.

[652] In message 335, the MME 130 transmits a DNS query to the DNS 140, The
DNS query requests a list of nodes for the MME 130 {o provide to the UE, e.g., UE 102
{Figure 1), for connecting the UE to the network. In some embodiments, the message
335 1s transmitted automatically in response to the MME 130 receiving a connection
request from a UE, such as UE 102 (Figure 1}. In some embodiments, the message 335
is transmitted periodically to allow the MME 130 to maintain an up to date listing of
available nodes to facilitate faster connection of UEs in a future connection request. In
some e¢mbodiments, the message 335 is transmitted in response to the MME 130 receiving
an instruction from the network operator, such as in response to hardware or software
updates to a base station, a data center, or a cluster; restoration of power to a base station,

a data center, or a cluster; or other suitable occurrences.

[8583] In operation 340, the DNS 140 retrieves the preclusion list or the list of
available nodes. As discussed above, in some embodiments, the DNS 140 maintains a
preclusion list indicating which nodes are in a faulty status. This preclusion Hist is usable
to inform the MME 130 which nodes to avoid attempting to connect with the UE, e.g.,
UE 102 (Figure 1). In some embodiments, the DNS 140 maintains a list of connectabie
nodes, which is usable to inform the MME 130 which nodes the MME 130 should attempt
to connect with the UE, e.g., UE 102 (Figure 1). Either type of list helps to improve the
odds of successfully establishing a connection betwegen the UE and the node in

comparison with other approaches.

{054} In message 345, the DNS 140 transmits a DNS response to the MME 130, The
DNS respouse informs the MME 130 regarding which nodes are available for connection.
In some embodiments, the message 345 includes acknowledgement of the request as well

as the node list. In some embodiments where the query was unsuccessful, the message
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345 includes information, such as an error code, which indicates a reason why the query

failed.

10551 Utilizing the communication 300, the MME 130 is able te accurately and
precisely determine which nodes are available to be assigned to the UE, such as UE 102
{Figure 1} This allows the MME 130 to provide accurate data to the UE for connecting
to the network. The improved accuracy of the data provided to the UE increases the odds
of the UE successfully and reliably connecting to the network; and helps to maintain user
satisfaction with the network. Additionally, the ability to automatically transfer node
information between the NRF 120 and the DNS 140 helps avoid situations where manual
invention is relied upon to update the list in the DNS 140, in comparison with other
approaches. Other approaches that include manual updating of the list in the DNS 140
have an increased risk of user dissatisfaction because a risk of inaccurate or outdated
information being in the list in the DNS 140 increases. For example, in a situation where
a node goes off-line or becomes fauliy, e.g., due to a power outage, the network operator
is likely to be tasked with restoration of the node to proper operation. As a result, the
network operator will have an increased risk of delaying updating of the list in the DNS
140, which, in turn, increases the odds of the MME 130 attempting to connect a UE to
that faulty node. Further, a risk of the network operator incorrectly eniering data into the
fist in the DNS 140 is higher than the automatic updating of the list that is accomplished

using the communication 300.

[56] Figure 4 is a sequence diagram of communication 400 between components of
a multi-generation network equipment in accordance with some embodiments. The
communication 400 is between an integrated DNS+NRF 410 and the MME 130, While
the reference numbers refer to components of the multi-generation network equipment
100 (Figure 1), oune of ordinary skill in the art would understand that features of the
communication 400 are not limited to solely to the multi-generation network equipment
100 (Figure 1) In comparison with the communication 300 (Figure 3), the
communication 400 utilizes an integrated DNS and NRF. That is, the DNS 140 and the
NRF 120 of the communication 300 are implemented in a single device. Processing and

storing of information withiv the single DNS+NRF 410 s similar to that discussed above
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with respect to the communication 300 (Figure 3}; however, messages are not transmitted
between separate devices. In some embodiments, the messages of the communication
400 are transmitted via a wired connection. In some embodiments, at least one message

of the communication 400 is transmitted wirelessly.

{6587} In message 435, the MME 130 transmits a DNS query to the BNS+NRF 410
The DNS query requests a list of nodes for the MME 130 to provide to the UE, e.g., UE
102 (Figure 1}, for connecting the UE to the network. In some embodiments, the message
435 i3 transmitted automatically in response to the MME 130 receiving a connection
request from a UE, such as UE 102 (Figure 1}. In some embodiments, the message 435
is transmitted periodically to allow the MME 130 to maintain an up to date listing of
available nodes to facilitate faster connection of UEs in a future connection request. In
some e¢mbodiments, the message 435 is transmitted in response to the MME 130 receiving
an instruction from the network operator, such as in response to hardware or software
updates to a base station, a data center or a cluster; restoration of power to a base station,

a data center, or a cluster; or other suitable occurrences.

[858] In operation 440, the DNS+NRF 410retrieves the preclusion list or the list of
available nodes. In some embodiments, the DNS+NRY 410maintains a preclusion list
indicating which nodes are in a faulty status This preclusion Hist s usable to inform the
MME 130 which nodes to avoid attempting fo connect with the UE, e g, UE 102 (Figure
1). In some embodiments, the DNS+NRF 4 10maintains a list of connectable nodes, which
is usable to inform the MME 130 which nodes the MME 130 should attempt to connect
with the UL, e.g., UE 102 (Figure 1). Either type of list helps to improve the odds of
successfully establishing a connection between the UE and the node in comparison with

other approaches.

{659} In message 445, the DNS+NRF 410transmits a DNS response to the MME 130,
The DNS response informs the MME 130 regarding which nodes are available for
connection. In seme embodiments, the message 445 includes acknowledgement of the

request as well as the node list. In some embodimentis where the query was unsuccessful,
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the message 445 includes information, such as an error code, which indicates a reason

why the query failed.

10601 Utilizing the communication 400, the MME 130 is able te accurately and
precisely delermine which nodes are available to be assigned to the UE, such as UE 102
{Figure 1} This allows the MME 130 to provide accurate data to the UE for connecting
to the network. The improved accuracy of the data provided to the UE increases the odds
of the UE successfully and reliably connecting to the network; and helps to maintain user
satisfaction with the network. Additionally, the ability to automatically process and siore
the information in the DNS+NRF 410 helps avoid situations where manual invention is
relied upon to update the Hst in the DNS 140, in comparison with other approaches. Qther
approaches that include manual updating of the list in the DNS have an increased risk of
user dissatisfaction because a risk of inaccurate or outdated information being in the list

in the DS increases, as discussed above.

0611 Figure 5 is a flowchart of a method 500 of selecting a node for connection to
user equipment {(UE} in accordance with some embodiments. For the sake of clarity, the
following description refers to reference numbers of the multi-generation network
equipment 100 (Figure 1}, the communication 200 (Figure 2}, the communication 300
{Figure 3}, or the communication 400 (Figure 4). However, one of ordinary skill in the
art would understand that method 500 is not limited to these examples. In some
embodiments, at least a portion of the method 500 is implemented using the multi-
generation network equipment 100 (Figure 1) or the system 600 (Figure 6). In some
embodiments, the method 500 is implemented using one or more devices other than the
multi-generation network equipment 100 (Figure 1} or the system (Figure 6). In some
embodiments, at least a portion of the method 500 is implemented through
communication 200 (Figure 2}, communication 300 (Figure 3) or communication 400
{Figure 4). In some embodiments, the method 500 is implemented using a communication
process other than communication 200 (Figure 2), communtcation 300 (Figure 3} or

communication 400 (Figure 4}
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{662} In operation 505, node accessibility is determined. The node accessibility
includes information related to a status of the node to receive a connection to a UE. In
some embodiments, the node accessibility is determined based on registration of the node,
e.g., using message 205 (Figure 2}. In some embodiments, the node accessibility is
determined based on updated information about the node, e g., using message 215 (Figure
2% In some embodiments, the node accessibility is determined based on one or more of
scenarios 230, 240 or 25¢ (Figure 2). lv some ernbodiments, the node accessibility 13

determined based on an input to the NRF 120 (Figure 1} received from a network operator.

(063} In operation 510, the node accessibility is stored in the NRF 120 (Figure 1}
The NRF 120 (Figure 1) stores the node information along with a status of the node,
which indicates whether the node is accessibility for connection to a UE, e.g., UE 102
(Figure 1). In some embodiments, the status is stored in a memory, such as memory 040
{Figure 6). In some embodiments, the operation 510 includes updating a status of a node
stored in the NRF 120 (Figure 1). In some embodiments, the operation 510 includes

removal of a node stored in the NRF 120 (Figure 1), e g, due to scenario 250 {(Figure 2).

[864] In operation 515, the node accessibility is communicated to DNS 140 (Figure
13. In some embodiments, the node accessibility is communicated to DNS 140 (Figure
1) using messages deseribed with respect to communication 300 (Figure 3). In some
embodiments, the operation 515 1s omitted. In some embodiments, the operation 515 15
omitted when the DNS 140 (Figure 1) and the NRF 120 (Figure 1) are integrated into a
single device, such as DNS+NRF 41¢ (Figure 4).

0651 In operation 520, the node accessibility is used to store information or update
information in a list stored in the DNS 140 (Figure 1), In some embodiments, the storing
or updating of the list in the DNS 140 (Figure 1) is implemented using communication
300 (Figure 3). In some embodiments, the operation 520 is omitted. In some
embodiments, the operation 520 is omitted when the DNS 140 (Figure 1) and the NRF
120 (Figure 1) are integrated into a single device, such as DNS+NRF 410 (Figure 4). In
some embodiments, wherein the DNSHNRF 4190 1s used, the operation 520 is combined

with the operation 510.
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{666} In operation 525, a connection request is received from a UE. The UE, e.g., UE
102 (Figure 1), provides a connection request to either the AMF 110 (Figure 1) or the
MME 130 (Figure 1} based on a technology which the UE uses to communicate with the
network. In some embodiments, the UE uses 535G to communicate with the network and
the convection request is received by the AMF 110 (Figure 13 In response to the
connection request, the AMF 110 utilizes information received from the NRF 120 (Figure
1) to determine which nodes are available for conuection with the UE. In some
embodiments, the AMF 110 determines which nodes are available for connection with

the UE using communication 200 (Figure 2).

{667} In some embodiments, the UE uses 4G to communicate with the network and
the counection reguest is received by the MME 130 (Figure 1}. In respouse to the
connection request, the MME 130 utilizes information received from the DNS 146 (Figure
1y to determine which nodes are available for connection with the UE. In some
embodiments, the MME 130 determines which nodes are available for connection with

the UE using communication 300 (Figure 3} or cornmunication 400 (Figure 4).

[868] In operation 530, convection information is provided to the UE. In some
embodiments, the connection information is provided to the UE, e.g., UE 102 (Figure 1},
by the MME 1340 (Figure 1) or the AMF 110 (Figure 1) In some embodiments, the
connection information is provided to the UE based on information received from the
NRF 120 (Figure 1). In some embodiments, the connection information is provided to

the UE based on information received from the DNS 140 (Figure 1)

6691 One of ordinary skill in the art would understand that modifications to the
method 500 are within the scope of this description. In some embodiments, at least one
operation is added to the method S00. For example, in some embodiments, the method
500 further includes addition of a new node to the network. In some embodiments, at
feast one operation is omitted from the method 500, For example, in some embodiments,
the operation 515 is omitted from the method 500, In some embodiments, an order of
operations of the method SO0 is adjusted. For example, in some embodiments, the

operations 510 and 520 are performed simultaneously.
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[676] Figure 6 is a block diagram of a system 600 for selecting a node for connection
to UE in accordance with some embodiments. System 600 includes a hardware processor
602 and a non-transitory, compuier readable storage medium 604 encoded with, ie.,
storing, the computer program code 606, i.e., a set of executable instructions. Computer
readable storage medium 604 is also encoded with instructions 607 for interfacing with
external devices. The processor 602 is electrically coupled to the computer readable
storage medium 604 via a bus 608, The processor 602 is also electrically coupled to an
input/output {I/0} interface 610 by bus 608, A network interface 612 is also electrically
connected to the processor 602 via bus 608 Network interface 612 is connected to a
network 614, so that processor 602 and computer readable storage medium 0604 are
capable of connecting to external elements via network 614, The processor 602 is
configured to execute the computer program code 606 encoded in the computer readable
storage medium 604 in order to cause system 600 to be usable for performing a portion
or all of the operations as described 1n multi-generation network equipment 100 (Figure
13, communication 200 (Figure 2), communication 300 (Figure 3}, communication 400

{Figure 4), or method S00 (Figure 5}

{071} In some embodiments, the processor 602 is a central processing unit (CPU), &
multi-processor, a distributed processing system, an application specific integrated

circuit (ASIC), and/or a suitable processing unit.

{6723 In some embodiments, the computer readable storage medium 604 is an
electronic, magnetic, optical, electromagnetic, infrared, and/or a semiconductor system
{or apparatus or device). For example, the computer readable storage medium 504
includes a semiconductor or solid-state memory, 2 magnetic tape, a removable computer
diskette, a random access memory (RAM)}, a read-only memory (ROM), a rigid magnetic
disk, and/or an optical disk. In some embodiments using optical disks, the computer
readable storage medium 604 includes a compact disk-read only memory (CD-ROM), a

compact disk-read/write (CD-R/W), and/or a digital video disc (BVD),

1673} In some embodimenis, the storage wedivm 604 stores the computer program

code 606 configured to cause system 600 to perform a portion or all of the operations as
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described in multi-generation network equipment 100 (Figure 1), communication 200
{Figure 2}, communication 300 (Figure 3), communication 400 (Figure 4), or method 500
{Figure 5). In some embodiments, the storage medium 604 also stores information used
for performing a portion or all of the operations as described in multi-generation network
equipment 100 (Figure 1), communication 200 (Figure 2}, commmuunication 300 (Figure
3), communication 400 (Figure 4), or method 500 (Figure 5) as well as information
generated during performing the a portion or all of the operations as deseribed in multi-
generation network equipment (00 (Figure 1}, communication 200 {(Figure 2},
communication 300 {(Figure 3), communication 400 (Figure 4), or method S00 {Figure 5),
such as a NF status parameter 016, and a preclusion list parameter 618 and/or a set of
executable instructions to perform the operation of a portion or all of the operations as
described tn multi-generation network equipment 100 (Figure 1), communication 200
(Figure 2), communication 300 (Figure 3), communication 400 (Figure 4}, or method 500

{Figure 3).

]
7
/

[074] In some embodiments, the storage mediom 604 stores instructions 607 for

interfacing with external devices. The instructions 607 enable processor 602 to generate
instructions readable by the external devices to effectively implement a portion or all of
the operations as described in multi-generation network equipment 100 (Figure 1},
communication 200 (Figure 2), communication 300 (Figure 3), communication 400

(Figure 4), or method 500 (Figure 5).

[675] System 000 includes VO interface 610, VO interface 610 is coupled to external
circuitry. In some embodiments, I/O interface 610 includes a keyboard, keypad, mouse,
trackball, trackpad, and/or cursor direction keys for communicating information and

commands to processor 602,

{676} System 600 also includes network interface 012 coupled to the processor
602, Network interface 612 allows system 600 to communicate with network 614, to
which one or more other computer systems are connected. Network interface 612
includes wireless network interfaces such as BLUETOOTH, WIFL WIMAX, GPRS, or
WEDMA; or wired network inferface such as EFTHERNET, USB, or IEEE-1394. In some
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embodiments, a portion or all of the operations as described in multi-generation network
equipment 100 (Figure 1), communication 200 (Figure 2), communication 300 (Figure
3), communication 400 (Figure 4), or method 500 (Figure 5) is implemented in two or
more systems 600, and information such as NF status parameter 616 or preclusion list

618 are exchanged between different systems 600 via network 614,

{0771 The above description treats the SMF+PGW-C 160 (Figure 1) as the node.
However, one of ordinary skill in the art would recognize that this description is not
limited to only using the SMF+PGW-C 160 as the node. In some embodiments, the AMF
110 1s usable as a node. For example, in a 4G to 5G handover process, the communication
200 (Figure 2), the communication 300 (Figure 3} and/or the communication 400 (Figure
4} are usable to update the MME 130 (Figure 1) about available AMF 11¢ (Figure 1) for
establishing the connection between the UE, e g, UE 102 (Figure 1) and the AMF 110
One of ordinary skill in the art would voderstand that modifying the above description to
include the AMF 110 (Figure 1} as the node would include registering the AMF 110 with
the NRF 120 (Figure 2) and commuuicating status information about one or more AMF
110 to the NS 140 (Figure 1) in a manner similar to that described in communication

300 (Figure 3) and/or communication 400 (Figure 4).
1678} Supplemental Note |

16791 A method of identifying accessible nodes for a wireless network includes
storing a first list of nodes in a first device, wherein the first list includes a corresponding
status of cach of the nodes in the first list, and the first device usable in a first technology
generation of the wireless network. The method further includes updating a second list
of nodes in a second device based on the first list of nodes, wherein the second list is free
of a status of each of the nodes of the second list, and the second device is usable in a
second technology generation of the wireless network different from the first technology
generation. The method further includes providing connection information for a node of
the second list of nodes to user equipment in response to receiving a connection request

from the user equipment.

680} Supplemental Note 2
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{681} The method of Supplemental Note 1, wherein the first technology generation
includes fifth generation (3G}, and the second technology generation includes fourth

generation (4G).
{682} Supplemental Note 3

0831 The method of Supplemental Note 1, wherein updating the second list includes
removing a node from the second list in response to the first list indicating a status of the

node is faulty.
[084] Supplemenial Note 4

[885] The method of Supplemental MNote 1, wherein updating the second list includes
adding a node to the second list in response to the first list indicating a status of the node

i3 accessible and the node being absent from the second list.
086} Supplemental Note §

[687] The method of Supplemental Note 1, wherein the first device is separate from

the second device.
[088] Supplemental Note 6

{083} The method of Supplemental Note I, wherein the first device is integrated with

the second device.
(096} Supplemental Note 7

1091} The method of Supplemental Note 1, wherein the first device includes a network

repository function {NRF), and the second device includes a domain name system (BDNS}),
692} Supplemental Note §

(093] A system for identifving accessible nodes for a wireless network tncludes a von-
transitory computer readable medium configured to store instructions thereon. The
system further includes a processor connected to the non-trassitory computer readable

medium. The processor is configured to execute the instructions for instructing the non-
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transitory computer readable medium to store a first fist of nodes in a first device, wherein
the first list includes a corresponding status of each of the nodes in the first list, and the
first device usable in a first technology generation of the wireless network. The processor
is further configured to execute the instructions for updating a second list of nedes in a
second device based on the first Hist of nodes, wherein the second list is free of g status
of each of the nodes of the second list, and the second device is usable in a second
technology generation of the wireless network different from the first techuology
generation. The processor is further configured to execute the instructions for providing
connection information for a node of the second list of nodes to user equipment in

response to receiving a connection request from the user equipment.
{094} Supplemental Note 9

[095] The system of Supplemental Note 8, wherein the first technology generation
includes fifth generation {(5G), and the second technology generation includes fourth

generation (4G).
{096} Supplemental Note 10

(0971 The system of Supplemental Note §, wherein the processor is configured to
execute the instructions for updating the second list by removing a node from the second

fist in response to the first list indicating a status of the vode (s fauity.
{6938} Suppiemental Note 11

[699] The system of Supplemental Note B, wherein the processor i3 counfigured to
execute the tnstructions for updating the second list by adding a node to the second list
in respounse to the first list indicating a status of the node is accessible and the vode being

absent from the second list.
{106} Supplemental Note 12

[161 The system of Supplemental Note 8, wherein the first device is separate from

the second device.
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{162} Supplemental Note 13

(1631 The system of Supplemental Note 8, wherein the first device is integrated with

the second device.
(104} Suppliemental Note 14

{165} The system of Supplemental Note 8, wherein the first device includes a network

repository tunction {NRF), and the second device includes a domain name system (BDNS),
(166} Supplemental Note 15

{167} A noun-transitory computer readable medium configured to store instructions
thereon for causing a processor to instruct the non-transitory computer readable medium
to store a first st of nodes tn a first device, wherein the first list includes a corresponding
status of each of the nodes in the first list, and the first device usable in a first technology
generation of the wireless network. The instructions are further configured to cause the
processor to update a second list of nodes in a second device based on the first list of
nodes, wherein the second list is free of a status of each of the nodes of the second list,
and the second device is usable in a second technology generation of the wireless network
different from the first technology generation. The instructions are further configured to
cause the processor to provide connection information for a node of the second list of
nodes to user equipment in response {o receiving a connection request from the user

equipraent.
(108} Supplemental Note 16

[109] The non-transitory computer readable medium of Supplemental Note 15,
wherein the first technology generation includes fifth generation {3G), and the second

technology generation includes fourth generation (4G).
[116} Suppiemental Note 17

111} The non-transitory computer readable medium of Supplemental Note 1S,

wherein the instructions are further configured to cause the processor to update the second
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fist by removing a node from the second list in response to the first list indicating a status

of the node is faulty.
112} Supplemental Note 18

{113} The non-transitory computer readable medium of Supplemental Note 15,
wherein the instructions are further configured to cause the processor to update the second
fist by adding a node to the second list in response to the first list indicating a status of

the node 1s accessible and the node being absent from the second list.
{114} Supplemental Note 19

118 The non-transitory computer readable mediumm of Supplemental Note 185
y P ;

wherein the first device is separate {rom the second device.
{116} Supplemental Note 20

(117} The non-transitory computer readable medium of Supplemental Note 15,

wherein the first device 13 integrated with the second device.

118} The foregoing outlines features of several embodiments so that those skilled in
the art may better understand the aspects of the present disclosure. Those skilled in the
art should appreciate that thev may readily use the present disclosure as a basis for
designing or modifying other processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments introduced herein. Those
skilled in the art should also realize that such equivalent constiructions do not depart frow
the spirit and scope of the present disclosure, and that they may make various changes,
substitutions, and alterations herein without departing frow the spirit and scope of the

present disclosure.
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WHAT IS CLAIMED IS:

1. A method of identifying accessible nodes for a wireless network, the method
comprising:

storing a first list of nodes in a first device, wherein the first Hist comprises a
corresponding status of each of the nodes in the first list, and the first device usable in a
first technology generation of the wireless network;

updating a second list of nodes in a second device based on the first list of nodes,
wherein the second list is free of a status of each of the nodes of the second list, and the
second device is usable in a second technology generation of the wireless network
different from the first technology generation; and

providing connection information for a node of the second list of nodes to user

equipment in response 1o receiving a connection request from the user equipment.

2. The method of claim 1, wherein the first technology generation comprises fifth
generation (5G), and the second technology generation comprises fourth generation
{4G).

3 The method of claim 1, wherein updating the second list comprises removing a
node from the second list in response to the first list indicating a status of the node 15

faulty.
4. The method of claim 1, wherein updating the second list comprises adding a
node to the second list in response to the first list indicating a status of the node is

accessible and the node being abgsent from the second list.

5. The method of claim 1, wherein the first device is separate from the second

device.

6. The method of claim 1, wherein the first device is integrated with the second

device.
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7. The method of claim 1, wherein the first device comprises a network repository

function {NRF}, and the second device comprises a domain name system (DNS).

g A system for identifying accessible nodes for a wireless networtk, the system
comprising:
a non-transitory computer readable medium configured to store tnstructions
thereon; and
a processor connected to the non-transitory computer readable medium, wherein
the processor is configured to execute the iastructions for:
instructing the non-transitory computer readable medium to store a first
fist of nodes in a first device, wherein the first list comprises a corresponding status of
each of the nodes in the first list, and the first device usable in a first technology
generation of the wireless network;
updating a sccond list of nodes in a second device based on the first list of
nodes, wherein the second list is free of a status of each of the nodes of the second list,
and the second device is usable in a second technology generation of the wireless
network different from the first technology generation; and
providing connection information for a node of the second list of nodes to

user equipment in response to receiving a connection request from the user eguipment.

9. The system of claim 8, wherein the first technology generation comprises fifth
generation (5G), and the secound techuology generation comprises fourth generation

{4G).
10, The system of claim 8, wherein the processor is configured to execute the
instructions for updating the second list by removing a node from the second list in

response to the first list indicating a status of the node is faulty.

11, The system of claim 8, wherein the processor is contigured to execute the

instructions for updating the second list by adding a node to the second list in response

30



WO 2025/018997 PCT/US2023/028213

to the first list indicating a status of the node is accessible and the node being absent

from the second list.

12, The system of claim 8, wherein the first device is separate from the second

device.

13, The system of claim 8, wherein the first device is integrated with the second

device.

14, The system of claim 8, wherein the first device comprises a network repository

function (NRF), and the second device comprises a domain name system (DNS).

15. A non-transitory computer readable medium configured to store instructions
thereon for causing a processor to!

instruct the non-transitory computer readable medium to store a first list of nodes
in a first device, wherein the first list comprises a corresponding status of each of the
nodes in the first list, and the first device usable in a first technology generation of the
wireless network;

update a second list of nodes in a second device based on the first list of nodes,
wherein the second list is free of a status of each of the nodes of the second list, and the
second device is usable in a second technology generation of the wireless network
different from the first technology generation; and

provide convection wformation for a node of the second list of nodes to user

equipment in response 10 receiving a connection request from the user equipment.
16.  The non-transitory computer readable medium of claim 15, wherein the first
technology generation comprises fifth generation (5G}, and the second technology

generation comprises fourth generation (4G).

17,  The non-traansitory computer readable medium of claim 15, wherein the

instructions are further configured to cause the processor to update the second list by
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removing a node from the second Hist in response to the first list indicating a status of

the node is faulty.

18.  The non-transitory computer readable medium of claim 15, wherein the
instructions are further configured to cause the processor to update the second list by
adding a node to the second list in response to the first list indicating a status of the

node 15 accessible and the node being absent from the second list.

19, The non-transitory computer readable medium of claim 15, wherein the first

device is separate from the second device.

20, The non-transitory computer readable medium of claim 15, wherein the first

device is integrated with the second device.
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