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METHODS , APPARATUS AND 
COMPUTER - READABLE MEDIUMS 

SUPPORTING SUBSCRIPTIONS TO EVENTS 
IN A CORE NETWORK 

TECHNICAL FIELD 

[ 0001 ] Embodiments of the present disclosure relate to 
core networks ( e.g. , for wireless cellular networks ) , and 
particularly to methods , apparatus and computer - readable 
mediums supporting subscriptions to events in a core net 
work . 

BACKGROUND 

[ 0002 ] Various 3GPP specifications describe how to 
handle subscriptions to receive events from one or more 
network functions in the core network . For example , 3GPP 
TS 23.502 v 15.2.0 ( incorporated herein by reference ) , 
clause 4.15.3.2.4 ' Exposure with bulk subscription ' 
describes how a network exposure function ( NEF ) may 
perform bulk subscription ( that is subscription of multiple 
terminal devices ) with the network functions ( NFs ) that 
provide the necessary services . 
[ 0003 ] The same specification , in clause 5.2.5.3.6 ‘ Npcf_ 
Policy Authorization_Subscribe service operation requires 
that the target of policy control function ( PCF ) event report 
ing may be “ an Internal Group Identifier or an indication that 
any UE is targeted for a specific ( DNN , S - NSSAI ) " . This 
seems to indicate that the Npcf_PolicyAuthorization_Sub 
scribe supports bulk subscription to events . 
[ 0004 ] In clause 4.15.1 , the specification defines the gen 
eral framework for subscription to events . 
[ 0005 ] There is an ongoing discussion in the 3rd Genera 
tion Partnership Project ( 3GPP ) about whether the Npcf_ 
PolicyAuthorization service or a new Npcf_EventExposure 
service is the most adequate service to support event expo 
sure and bulk subscription . The support by the Npcf_ 
Policy Authorization service of the generic framework for 
events subscription is vaguely defined in the current versions 
of the specification . 
[ 0006 ] Regardless of which service is finally chosen , there 
is a lack of definition of the actual requirements for how the 
PCF handles subscription to events and the related notifi 
cations . 

[ 0007 ] The list of events an NF can subscribe to in the PCF 
is described in subclause 5.2.5.3.5 of 3GPP 23.502 ( v 
15.2.0 ) “ Npcf_PolicyAuthorization_Notify service opera 
tion " ( e.g. , signalling path status of application function 
( AF ) session , Access Type and radio access technology 
( RAT ) type , public land mobile network ( PLMN ) identifier , 
access network information , i.e. user location and / or user 
timezone information , usage report , resource allocation out 
come , quality of service ( QoS ) targets unfulfillment ) . How 
ever , by itself , the list of events does not build an event 
exposure and bulk subscription solution . 

[ 0009 ] The events defined at service data flow level for an 
AF session context ( Charging Correlation , Failed / successful 
resources allocation , Out of credit , QoS Notification Con 
trol , Usage Report ) are so far applied to dynamic policy 
charging control ( PCC ) rules ( i.e. , those generated dynami 
cally based on the flow information provided by the AF ) . 

[ 0010 ] Is it expected the bulk subscription to these 
events applies also to predefined PCC rules ? 

[ 0011 ] Is it expected the NEF can provide some filtering 
information about the predefined PCC rules to which 
the subscription applies ? 

[ 0012 ] Is it expected the bulk subscription to these 
events includes the notification when an event is 
matched for a dynamic PCC rule ? 

[ 0013 ] Is it expected the NEF is able to filter the 
subscription to only certain dynamic PCC rules ? 

[ 0014 ] Should the PCF notification include information 
about the PCC rule ( s ) for which the subscribed event is 
matched ? 

[ 0015 ] In a first aspect of the disclosure , to support bulk 
subscription to events , differentiating the applicability to 
predefined and / or dynamic PCC rules , it is proposed to 
include as Event Filter Information a new Event Parameter 
Type ( which may be called “ Subscribed Resource Types ” ) , 
that will cover the possible types of rules / resources for 
which the subscription will apply . E.g. Predefined , Dynamic . 
[ 0016 ] In a second aspect of the disclosure , to support 
filtering information about the services whose predefined 
and / or dynamic rules / resources the subscription applies to , it 
is proposed to include as Event Filter Information a new 
Event Parameter Type called “ Services Information ” . The 
“ Services Information ” Event Parameter Type may contain 
one or more of : 

[ 0017 ] A list of service data flow templates . A service 
data flow template consists of a set of service data flow 
filters or an application identifier referring to an appli 
cation detection service ; and 

[ 0018 ] A list of service identifiers . The service identifier 
is used by the PCF to determine the static or dynamic 
PCC rule ( s ) to which the bulk subscription to notifica 
tion applies . Supported service identifiers are published 
by the PCF in the network repository function ( NRF ) 
during the registration of the event exposure service . A 
service identifier is a string . A PCC rule identifier can 
be a valid service identifier for predefined PCC rules . 

[ 0019 ] In a third aspect of the disclosure , to support the 
notification of the resources identifiers of the rules affected 

when a certain event is being met ( i.e. to allow the identi 
fication of the service affected by a certain matched event ) , 
it is proposed to include : 

[ 0020 ] A new Event Reporting Information parameter , 
indicating that the report requires additional informa 
tion e.g. 5 ) Additional Event Info required . The Addi 
tional Event Info indication , if present , contains the 
additional info required by a service consumer when 
the subscribed events are met . In the case of PCF bulk 
subscription to event exposure , the additional event 
information may be called “ Related Resources Identi 
fication ” and indicate whether service data flow tem 
plate information , and / or service identifier are required 
to identify the affected resource when an event is met . 

[ 0021 ] In an embodiment of the third aspect , the Notify 
operation may include , as Event Information , an “ Additional 
Event Information ” data structure . The “ Additional Event 

SUMMARY 

[ 0008 ] There are numerous unanswered questions that 
need a solution to fully define a proper bulk subscription and 
event exposure service in the Policy Control Function 
( PCF ) . The present disclosure provides such a bulk sub 
scription and event exposure service in the PCF , and thus 
comprises solutions to the following technical problems , 
which can be considered separately or together . 
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[ 0030 ] FIGS . 4 and 5 illustrate a network exposure func 
tion apparatus according to embodiments of the disclosure ; 
and 
[ 0031 ] FIGS . 6 and 7 illustrate a policy control function 
apparatus according to embodiments of the disclosure . 

DETAILED DESCRIPTION 

Information ” will include per reported Event ID ( together 
with the specific information per matched event ) the iden 
tifiers of the affected rules / resources in the “ Related 

Resources Identifiers ” parameter . The “ Related Services 
Identifiers ” parameter may include one or more of : a list of 
service data flow templates and a list of service identifiers , 
as requested during the subscription in the " Related 
Resources Identification ” parameter . 
[ 0022 ] A fourth aspect provides a method in a network 
exposure function for a core network of a wireless cellular 
network . The method comprises : providing , to a policy 
control function for the core network , a subscription request 
message indicating a request for a subscription for a plural 
ity of terminal devices to receive notifications of events from 
the policy control function . The subscription request mes 
sage comprises one or more of an indication of one or more 
identifiers of events for which the plurality of terminal 
devices are to receive notifications ; an indication of a type 
of resources to which the subscription relates ; an indication 
of one or more services defined in the policy control function 
to which the subscription relates ; and an indication as to 
whether notifications of events are to comprise an indication 
of one or more rules affected by the event . 
[ 0023 ] A fifth aspect provides a method in a policy control 
function for a core network of a wireless cellular network . 
The method comprises : receiving , from a network exposure 
function for the core network , a subscription request mes 
sage indicating a request for a subscription for a plurality of 
terminal devices to receive notifications of events from the 

policy control function . The subscription request message 
comprises one or more of : an indication of one or more 
identifiers of events for which the plurality of terminal 
devices are to receive notifications ; an indication of a type 
of resources to which the subscription relates ; an indication 
of one or more services defined in the policy control function 
to which the subscription relates ; and an indication as to 
whether notifications of events are to comprise an indication 
of one or more rules affected by the event . 
[ 0024 ] Apparatus and non - transitory computer - readable 
mediums are provided for performing the methods described 
above with respect to the first to fifth aspects of the disclo 

[ 0032 ] The following sets forth specific details , such as 
particular embodiments for purposes of explanation and not 
limitation . But it will be appreciated by one skilled in the art 
that other embodiments may be employed apart from these 
specific details . In some instances , detailed descriptions of 
well - known methods , nodes , interfaces , circuits , and devices 
are omitted so as not to obscure the description with unnec 
essary detail . Those skilled in the art will appreciate that the 
functions described may be implemented in one or more 
nodes using hardware circuitry ( e.g. , analog and / or discrete 
logic gates interconnected to perform a specialized function , 
ASICS , PLAs , etc. ) and / or using software programs and data 
in conjunction with one or more digital microprocessors or 
general purpose computers that are specially adapted to 
carry out the processing disclosed herein , based on the 
execution of such programs . Nodes that communicate using 
the air interface also have suitable radio communications 
circuitry . Moreover , the technology can additionally be 
considered to be embodied entirely within any form of 
computer - readable memory , such as solid - state memory , 
magnetic disk , or optical disk containing an appropriate set 
of computer instructions that would cause a processor to 
carry out the techniques described herein . 
[ 0033 ] Hardware implementation may include or encom 
pass , without limitation , digital signal processor ( DSP ) 
hardware , a reduced instruction set processor , hardware 
( e.g. , digital or analog ) circuitry including but not limited to 
application specific integrated circuit ( s ) ( ASIC ) and / or field 
programmable gate array ( s ) ( FPGA ( S ) ) , and ( where appro 
priate ) state machines capable of performing such functions . 
[ 0034 ] In terms of computer implementation , a computer 
is generally understood to comprise one or more processors , 
one or more processing modules or one or more controllers , 
and the terms computer , processor , processing module and 
controller may be employed interchangeably . When pro 
vided by a computer , processor , or controller , the functions 
may be provided by a single dedicated computer or proces 
sor or controller , by a single shared computer or processor 
or controller , or by a plurality of individual computers or 
processors or controllers , some of which may be shared or 
distributed . Moreover , the term “ processor ” or “ controller " 
also refers to other hardware capable of performing such 
functions and / or executing software , such as the example 
hardware recited above . 
[ 0035 ] FIG . 1 is a signalling diagram in a core network 
100 of a wireless cellular system according to embodiments 
of the disclosure . The core network 100 comprises a network 
exposure function ( NEF ) 102 , a network repository function 
( NRF ) 104 , a policy control function ( PCF ) 106 , and a user 
data repository ( UDR ) 110. The signalling diagram also 
shows an application ( app ) 108 which requires a subscrip 
tion to receive one or more events from the PCF 106. The 

application 108 may be implemented in a terminal device , 
such as a user equipment ( UE ) . As will be clear from the 
discussion below , in embodiments of the disclosure , mul 
tiple such applications and / or terminal devices may seek a 
subscription to receive events from the PCT 106 . 

sure . 

[ 0025 ] Those skilled in the art will appreciate that , 
although the majority of this disclosure is described in the 
context of core networks for the 5th generation of mobile 
networks ( 5G ) , such as New Radio ( NR ) , the embodiments 
and concepts set out herein are applicable to core networks 
for any wireless cellular network . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0026 ] For a better understanding of examples of the 
present disclosure , and to show more clearly how the 
examples may be carried into effect , reference will now be 
made , by way of example only , to the following drawings in 
which : 
[ 0027 ] FIG . 1 is a signalling diagram in a core network of 
a wireless cellular system according to embodiments of the 
disclosure ; 
[ 0028 ] FIG . 2 is a flowchart of a method in a network 
exposure function according to embodiments of the disclo 
sure ; 

[ 0029 ] FIG . 3 is a flowchart of a method in policy control 
function according to embodiments of the disclosure ; 
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[ 0036 ] Based for example on operator configuration , the 
NEF 102 may perform bulk subscription with the network 
functions ( NFs ) that provide necessary services ( as in this 
case , by the PCF ) . This feature may be controlled by local 
policies of the NEF 102 that control which events ( set of 
Event ID ( s ) ) and UE ( s ) are targets of a bulk subscription . 
[ 0037 ] When the NEF 102 performs bulk subscription 
( subscribes for any UE ( i.e. all UEs ) , or a group of UE ( S ) 
( e.g. identifying a certain type of UEs such as Internet - of 
Things UEs ) ) , it subscribes to all the NFs that provide the 
necessary services . For example , in a given PLMN , NEF 
102 may subscribe to all access management functions 
( AMFs ) that support reachability notification for Internet 
of - Things UEs and to all PCFs that support PCC control for 
certain services ( e.g. PCC rules ) ) . Upon receiving bulk 
subscription from the NEF 102 , the NFs store this informa 
tion . Whenever the corresponding event ( s ) occur for the 
requested UE ( s ) as in the bulk subscription request , the NFs 
notify the NEF 102 with the requested information . 
[ 0038 ] The signalling or call flow diagram in FIG . 1 shows 
how PCF event exposure can happen for one UE , groups of 
UE ( s ) ( e.g. identifying a certain type of UEs such as IoT 
UEs ) or any UE ( e.g. , all UEs ) , and for the PCFs that e.g. 
control usage monitoring related to IoT services such as 
RemoteSWUpgrade , or DeviceBackgroundDataTransfer . 
[ 0039 ] Further detail regarding each step of the signalling 
in FIG . 1 is provided below . 
[ 0040 ] Step 1. NEF 102 registers with the NRF 104 for 
any newly registered NF along with its NF services . 
[ 0041 ] PCF Registration in the NRF 
[ 0042 ] Step 2. When a PCF 106 instantiates , it registers 
itself along with the supported PCF services with the NRF 
104. When the PCF 106 supports the Npcf_Service for event 
exposure and bulk subscription , for example , the PCF 106 
includes in the NF Profile the list of service identifiers for 
which the PCF supports bulk subscription , as e.g. IoT 
services Remote_SW_Upgrade and Device_Background_ 
Data_Transfer . 
[ 0043 ] Step 3. NRF 104 acknowledges the registration . 
[ 0044 ] Step 4. NRF 104 notifies the NEF 102 ( in accor 
dance with the registration in step 1 ) with the newly regis 
tered NF ( .e . , the PCF 106 ) along with the supported NF 
services . 

[ 0045 ] NEF Bulk Subscription to PCF Events 
[ 0046 ] Step 5. NEF 102 evaluates the PCF 106 and the 
PCF services supported against the pre - configured events 
within NEF . Based on the evaluation , NEF 102 subscribes 
with the PCF 106 either for a single UE , group of UE ( s ) ( e.g. 
identifying a certain type of UEs such as IoT UEs ) , any UE . 
[ 0047 ] Thus , the NEF 102 provides or transmits a sub 
scription request message to the PCF 106. The subscription 
request message may comprise one or more of : 

[ 0048 ] a list of subscribed event identifiers ( e.g. , Usage 
Monitoring Report , Service Authorization change ) 

[ 0049 ] An indication as to whether the subscription 
applies to predefined resources , and / or dynamically 
allocated resources by including the parameter “ Sub 
scribed Resources Type ” . In one embodiment , if this 
parameter is omitted , the subscription applies to all 
types of resources ( predefined and dynamic ) 

[ 0050 ] An indication of the set of services to which the 
subscription applies , e.g. , by including the parameter 
“ Services Information ” . In the example of IoT services , 
the “ Services Information ” can be set , e.g. to the 

service identifier " Remote_SW_Updgrade ” to indicate 
that notifications are required only when the events are 
met for the service Remote_SW_Upgrade . 

[ 0051 ] An indication as to whether a report or notifica 
tion of a matched event shall include information of the 
related resources / PCC rules identifiers . In this example 
the “ Related Resources Identification attribute is 
included indicating that SDF template info is required . 

[ 0052 ] In one embodiment , the list of subscribed event 
identifiers is mandatory , while each of the other parameters 
is optional . 
[ 0053 ] The PCF 106 may acknowledge the subscription 
with the NEF 102 , via an acknowledgement message . 
[ 0054 ] The PCF 106 thereafter monitors for events , and 
reports events matching the subscription to the NEF 102 . 
FIG . 1 shows two possible implementations of this func 
tionality : in steps 6-8 ; and in steps 9-11 . The different 
implementations may be carried out according to the type of 
event which is to be notified , for example . 
[ 0055 ] Notification of a Matched Event ( I ) 
[ 0056 ] Steps 6-7 . When the event trigger happens ( e.g. a 
usage monitoring report ) , the PCF 106 notifies the requested 
information towards the NEF 102 along with the time stamp 
and with the affected PCC rules identified by their Service 
Data Flow template in the “ Related Resources Identifiers ” 
attribute . 

[ 0057 ] The NEF 102 may store the information in the 
UDR 110 along with the time stamp . 
[ 0058 ] Step 8. The application 108 registers with the NEF 
102 for a certain event identified by event filters . If the 
registration for the event is authorized by the NEF 102 , the 
NEF 102 records the association of the event and the 
requester identity . 
[ 0059 ] Notification of a Matched Event ( II ) 
[ 0060 ] Steps 9-10 . When the event trigger happens ( e.g. 
service authorization change ) , PCF 106 notifies the 
requested information towards NEF 102 ( e.g. , including 
service identification information ) . NEF 102 may store the 
information in the UDR 110 . 

[ 0061 ] Steps 11a - b . NEF 102 reads from UDR 110 and 
notifies the application 108 along with the time stamp for the 
corresponding subscribed events . 
[ 0062 ] FIG . 2 is a flowchart of a method in a network 
exposure function ( NEF ) according to embodiments of the 
disclosure . The method may correspond to the signalling of 
the NEF 102 shown above with respect to FIG . 1 . 
[ 0063 ] In step 200 , the NEF registers with a network 
repository function ( NRF ) , such as the NRF 104. This step 
may correspond substantially to step 1 described above with 
respect to FIG . 1. The registration may be to receive 
notification of any new network function ( NF ) which reg 
isters with the NRF , as well as the services provided by that 
NF . 
[ 0064 ] In step 202 , the NEF receives a notification from 
the NRF of a newly registered policy control function ( e.g. , 
such as the PCF 106 described above ) . This step may 
correspond substantially to step 4 described above with 
respect to FIG . 1. The notification additionally contains a list 
of the services provided by the PCF . For example , when the 
PCF supports the Npcf_Service for event exposure and bulk 
subscription , the notification may include a list of service 
identifiers for which the PCF supports bulk subscription , 
such as e.g. IoT services Remote_SW_Upgrade and Device_ 
Background_Data_Transfer . 
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[ 0065 ] In step 204 , the NEF provides a subscription 
request message to the PCF ( e.g. through transmitting the 
subscription request message to the PCF ) . This step may 
correspond substantially to step 5 described above with 
respect to FIG . 1. The subscription request message indi 
cates or comprises a request to subscribe a plurality of 
terminal devices or applications to receive notifications of 
events from the policy control function . The subscription 
request message comprises one or more of : an indication of 
one or more identifiers of events for which the plurality of 
terminal devices are to receive notifications ; an indication of 
a type of resources to which the subscription relates ; an 
indication of one or more services defined in the policy 
control function to which the subscription relates ; and an 
indication as to whether notifications of events are to com 
prise an indication of one or more rules affected by the 
corresponding event . 
[ 0066 ] Thus the NEF , acting as NF service consumer of 
the exposure service offered by the PCF , provides the list of 
Event Identifiers to subscribe to . In one embodiment , this list 
of event identifiers is mandatory . 
[ 0067 ] The NEF , acting as NF service consumer , may 
further indicate in the subscription request message ( e.g. , per 
subscription ) one of more of the following : 

[ 0068 ] Whether the subscription applies to predefined 
resources , and / or dynamically allocated resources by 
including the parameter “ Subscribed Resources Type ” . 
In one embodiment , if this parameter is not present , the 
subscription is for all types of resources ( predefined 
and dynamic ) . 

[ 0069 ] The set of services to which the subscription 
applies to by including the parameter “ Services Infor 
mation ” . If this parameter is not present , the subscrip 
tion may be for all services defined in the PCF . If 
present , this parameter may contain a list of service 
data flow templates and / or a list of service identifiers . 

[ 0070 ] Whether the report of the matched event shall 
include information of the related resources / PCC rules 

identifiers by including the “ Related Resources Identi 
fication ” attribute . If omitted , the related report may not 
include information about the affected rules . If 

included , the report shall indicate if the affected 
resources shall be identified with the Service Data Flow 
template information ( if available ) and / or with the 
service identifier . 

[ 0071 ] In step 206 , the NEF receives a notification of an 
event from the PCF . This step may correspond substantially 
to steps 6-7 and / or steps 9-10 described above with respect 
to FIG . 1. Thus the PCF detects one or more of the events 
to which the NEF has subscribed in step 204 , and transmits 
one or more notification messages to the NEF . 
[ 0072 ] For example , the notification message ( s ) may com 
prise a list of Event Identifiers that have been met for a given 
subscription . Per event met , the notification message may 
include additional information related to the event ( e.g. PCC 
rule status information is included in case of failed resources 
allocation event ) . 
[ 0073 ] Further , according to embodiments of the disclo 
sure , the notification message may comprise , per subscrip 
tion : 

[ 0074 ] the actual service identification of the service ! 
PCC rules that are affected by the matched event by 
including the “ Related Resources Identifiers ” param 
eter . The notification message may include the Service 

Data Flow template ( if available ) and / or the Service 
Identifier of the affected PCC rule , as requested by the 
“ Related Resources Identification ” parameter included 
during the subscription in step 204 . 

[ 0075 ] Thereafter , the NEF may expose the notified events 
to the relevant applications or terminal devices , e.g. , by 
following one or more of steps 6a , 7a , 8 , 9a , 10a , 11a and 
11b described above with respect to FIG . 1 . 
[ 0076 ] FIG . 3 is a flowchart of a method in policy control 
function according to embodiments of the disclosure . The 
method may correspond to the signalling of the PCF 106 
shown above with respect to FIG . 1 . 
[ 0077 ] In step 300 , which may be performed upon the PCF 
instantiating , the PCF registers itself with a network reposi 
tory function ( NRF ) of the core network , e.g. , the NRF 104 . 
The PCF may also register its supported PCF services . This 
step may correspond substantially to step 2 described above 
with respect to FIG . 1 . 
[ 0078 ] According to embodiments of the disclosure , the 
registration in the NRF using the Nnrf_NFManagement 
service is modified to include ( e.g. , in the PCF NF Profile ) 
a new piece of information : the set of services identifiers that 
can be handled by the Npcf service in charge of bulk 
subscription . 
[ 0079 ] For example , when the PCF 106 supports the 
Npcf_Service for event exposure and bulk subscription , the 
PCF 106 includes in the NF Profile the list of service 
identifiers for which the PCF supports bulk subscription , as 
e.g. IoT services Remote_SW_Upgrade and Device_Back 
ground_Data_Transfer . 
[ 0080 ] In step 302 , the PCF receives a subscription request 
message from a NEF , e.g. , the NEF 102. This step may 
correspond substantially to step 5 described above with 
respect to FIG . 1 . 
[ 0081 ] The subscription request message indicates or 
comprises a request to subscribe a plurality of terminal 
devices or applications to receive notifications of events 
from the PCF . The subscription request message comprises 
one or more of : an indication of one or more identifiers of 
events for which the plurality of terminal devices are to 
receive notifications ; an indication of a type of resources to 
which the subscription relates ; an indication of one or more 
services defined in the PCF to which the subscription relates ; 
and an indication as to whether notifications of events are to 
comprise an indication of one or more rules affected by the 
corresponding event . 
[ 0082 ] Thus the NEF , acting as NF service consumer of 
the exposure service offered by the PCF , provides the list of 
Event Identifiers to subscribe to . In one embodiment , this list 
of event identifiers is mandatory . 
[ 0083 ] The NEF , acting as NF service consumer , may 
further indicate in the subscription request message ( e.g. , per 
subscription ) one of more of the following : 

[ 0084 ] Whether the subscription applies to predefined 
resources , and / or dynamically allocated resources by 
including the parameter “ Subscribed Resources Type ” . 
In one embodiment , if this parameter is not present , the 
subscription is for all types of resources ( predefined 
and dynamic ) . 

[ 0085 ] The set of services to which the subscription 
applies to by including the parameter “ Services Infor 
mation ” . If this parameter is not present , the subscrip 
tion may be for all services defined in the PCF . If 



US 2021/0176366 A1 Jun . 10 , 2021 
5 

present , this parameter may contain a list of service 
data flow templates and / or a list of service identifiers . 

[ 0086 ] Whether the report of the matched event shall 
include information of the related resources / PCC rules 
identifiers by including the “ Related Resources Identi 
fication ” attribute . If omitted , the related report may not 
include information about the affected rules . If 
included , the report shall indicate if the affected 
resources shall be identified with the Service Data Flow 
template information ( if available ) and / or with the 
service identifier . 

[ 0087 ] In step 304 , the PCF monitors for events , particu 
larly events of the types specified in the subscription request 
message . If no such events are detected , step 304 is repeated . 
[ 0088 ] Upon detection of one or more events of the types 
specified in the subscription request message , in step 306 the 
PCF transmits a report or notification of the event ( s ) to the 
NEF . This step may correspond substantially to steps 6-7 
and / or steps 9-10 described above with respect to FIG . 1 . 
[ 0089 ] For example , the notification message ( s ) may com 
prise a list of Event Identifiers that have been met for a given 
subscription . Per event met , the notification message may 
include additional information related to the event ( e.g. PCC 
rule status information is included in case of failed resources 
allocation event ) . 
[ 0090 ] Further , according to embodiments of the disclo 
sure , the notification message may comprise , per subscrip 
tion : 

[ 0091 ] the actual service identification of the service ! 
PCC rules that are affected by the matched event by 
including the “ Related Resources Identifiers ” param 
eter . The notification message may include the Service 
Data Flow template ( if available ) and / or the Service 
Identifier of the affected PCC rule , as requested by the 
“ Related Resources Identification ” parameter included 
during the subscription in step 204 . 

[ 0092 ] FIG . 4 is a schematic diagram of an apparatus or 
network node 400 according to embodiments of the disclo 
sure . The apparatus 400 may be configured to carry out the 
method described above with respect to FIG . 2 , for example . 
In one embodiment , the apparatus 400 may implement a 
network exposure function for a core network . 
[ 0093 ] The apparatus 400 comprises processing circuitry 
402 and a machine - readable medium ( such as memory ) 404 . 
The machine - readable medium stores instructions which , 
when executed by the processing circuitry 402 , cause the 
apparatus 400 to : provide ( e.g. , through transmission ) , to a 
policy control function for the core network , a subscription 
request message indicating a request for a su cription for a 
plurality of terminal devices to receive notifications of 
events from the policy control function . The subscription 
request message comprises one or more of : an indication of 
one or more identifiers of events for which the plurality of 
terminal devices are to receive notifications ; an indication of 
a type of resources to which the subscription relates ; an 
indication of one or more services defined in the policy 
control function to which the subscription relates ; and an 
indication as to whether notifications of events are to com 
prise an indication of one or more rules affected by the event . 
[ 0094 ] In the illustrated embodiment , the apparatus 400 
also comprises one or more interfaces 406 , for receiving 
signals from other nodes of the network and / or transmitting 
signals to other nodes of the network . The interfaces 406 

may use any appropriate communication technology , such as 
electronic signalling , optical signalling or wireless ( radio ) 
signalling . 
[ 0095 ] In the illustrated embodiment , the processing cir 
cuitry 402 , the machine - readable medium 404 and the 
interfaces 406 are operatively coupled to each other in 
series . In other embodiments , these components may be 
coupled to each other in a different fashion , either directly or 
indirectly . For example , the components may be coupled to 
each other via a system bus or other communication line . 
[ 0096 ] FIG . 5 is a schematic diagram of an apparatus or 
network node 500 according to embodiments of the disclo 
sure . The apparatus 500 may be configured to carry out the 
method described above with respect to FIG . 2 , for example . 
In one embodiment , the apparatus implements a network 
exposure function for a core network . 
[ 0097 ] The apparatus 500 comprises a providing module 
502. The providing module 502 is configured to provide 
( e.g. , through transmission ) , to a policy control function for 
the core network , a subscription request message indicating 
a request for a subscription for a plurality of terminal devices 
to receive notifications of events from the policy control 
function . The subscription request message comprises one 
or more of : an indication of one or more identifiers of events 
for which the plurality of terminal devices are to receive 
notifications ; an indication of a type of resources to which 
the subscription relates ; an indication of one or more ser 
vices defined in the policy control function to which the 
subscription relates ; and an indication as to whether notifi 
cations of events are to comprise an indication of one or 
more rules affected by the event . 
[ 0098 ] The apparatus 500 may also comprise one or more 
interface modules ( not illustrated ) , for receiving signals 
from other nodes of the network and / or transmitting signals 
to other nodes of the network . The interfaces may use any 
appropriate communication technology , such as electronic 
signalling , optical signalling or wireless ( radio ) signalling . 
[ 0099 ] FIG . 6 is a schematic diagram of an apparatus or 
network node 600 according to embodiments of the disclo 
sure . The apparatus 600 may be configured to carry out the 
method described above with respect to FIG . 3 , for example , 
and may implement a policy control function . 
[ 0100 ] The apparatus 600 comprises processing circuitry 
602 and a machine - readable medium ( such as memory ) 604 . 
The machine - readable medium stores instructions which , 
when executed by the processing circuitry 602 , cause the 
apparatus 600 to : receive , from a network exposure function 
for the core network , a subscription request message indi 
cating a request for a subscription for a plurality of terminal 
devices to receive notifications of events from the policy 
control function . The subscription request message com 
prises one or more of : an indication of one or more identi 
fiers of events for which the plurality of terminal devices are 
to receive notifications ; an indication of a type of resources 
to which the subscription relates ; an indication of one or 
more services defined in the policy control function to which 
the subscription relates ; and an indication as to whether 
notifications of events are to comprise an indication of one 
or more rules affected by the event . 
[ 0101 ] In the illustrated embodiment , the apparatus 600 
also comprises one or more interfaces 606 , for receiving 
signals from other nodes of the network and / or transmitting 
signals to other nodes of the network . The interfaces 606 
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may use any appropriate communication technology , such as 
electronic signalling , optical signalling or wireless ( radio ) 
signalling . 
[ 0102 ] In the illustrated embodiment , the processing cir 
cuitry 602 , the machine - readable medium 604 and the 
interfaces 606 are operatively coupled to each other in 
series . In other embodiments , these components may be 
coupled to each other in a different fashion , either directly or 
indirectly . For example , the components may be coupled to 
each other via a system bus or other communication line . 
[ 0103 ] FIG . 7 is a schematic diagram of an apparatus or 
network node 700 according to embodiments of the disclo 
sure . The apparatus 700 may be configured to carry out the 
method described above with respect to FIG . 3 , for example , 
and may implement a policy control function . 
[ 0104 ] The apparatus 700 comprises a receiving module 
702. The receiving module 702 is configured to receive , 
from a network exposure function for the core network , a 
subscription request message indicating a request for a 
subscription for a plurality of terminal devices to receive 
notifications of events from the policy control function . The 
subscription request message comprises one or more of : an 
indication of one or more identifiers of events for which the 
plurality of terminal devices are to receive notifications ; an 
indication of a type of resources to which the subscription 
relates ; an indication of one or more services defined in the 
policy control function to which the subscription relates ; and 
an indication as to whether notifications of events are to 

comprise an indication of one or more rules affected by the 
event . 

[ 0105 ] The apparatus 700 may also comprise one or more 
interface modules ( not illustrated ) , for receiving signals 
from other nodes of the network and / or transmitting signals 
to other nodes of the network . The interfaces may use any 
appropriate communication technology , such as electronic 
signalling , optical signalling or wireless ( radio ) signalling . 
[ 0106 ] The modules described above with respect to 
FIGS . 5 and 7 may comprise any combination of hardware 
and / or software . For example , in one embodiment , the 
modules are implemented entirely in hardware . As noted 
above , hardware implementation may include or encompass , 
without limitation , digital signal processor ( DSP ) hardware , 
a reduced instruction set processor , hardware ( e.g. , digital or 
analog ) circuitry including but not limited to application 
specific integrated circuit ( s ) ( ASIC ) and / or field program 
mable gate array ( s ) ( FPGA ( s ) ) , and ( where appropriate ) 
state machines capable of performing such functions . In 
another embodiment , the modules may be implemented 
entirely in software . In yet further embodiments , the mod 
ules may be implemented in combinations of hardware and 
software . 

[ 0107 ] The present disclosure therefore provides methods , 
apparatus and machine - readable mediums for supporting 
bulk subscriptions in a PCF for a core network . 
[ 0108 ] It should be noted that the above - mentioned 
embodiments illustrate rather than limit the concepts dis 
closed herein , and that those skilled in the art will be able to 
design many alternative embodiments without departing 
from the scope of the appended following claims . The word 
" comprising ” does not exclude the presence of elements or 
steps other than those listed in a statement , " a " or " an " does 
not exclude a plurality , and a single processor or other unit 
may fulfil the functions of several units recited in the 

statements . Any reference signs in the claims shall not be 
construed so as to limit their scope . 

1. A method in a network exposure function for a core 
network of a wireless cellular network , the method com 
prising : 

providing , to a policy control function for the core net 
work , a subscription request message indicating a 
request for a subscription for a plurality of terminal 
devices to receive notifications of events from the 
policy control function , 

wherein the subscription request message comprises one 
or more of : 

a first indication of one or more identifiers of events for 
which the plurality of terminal devices are to receive 
notifications ; 

a second indication of a type of resources to which the 
subscription relates ; 

a third indication of one or more services defined in the 
policy control function to which the subscription 
relates ; or 

a fourth indication as to whether notifications of events 
are to comprise an indication of one or more rules 
affected by the event . 

2. The method of claim 1 , wherein 
the second indication comprises an indication that the 

subscription relates to one or more of : pre - defined 
resources or dynamically allocated resources , 

the third indication comprises one or more of a list of 
service identifiers or a list of service data flow tem 
plates , and 

the fourth indication comprises an indication as to 
whether notifications of events are to comprise one or 
more of : one or more service identifiers affected by the 
event ; or one or more service data flow templates 
affected by the event . 

3. ( canceled ) 
4. ( canceled ) 
5. The method of claim 1 , further comprising : 
receiving , from the policy control function , a notification 

of an event to which the plurality of terminal devices 
are subscribed , the notification comprising an indica 
tion of one or more rules affected by the event . 

6. A method in a policy control function for a core 
network of a wireless cellular network , the method com 
prising : 

receiving , from a network exposure function for the core 
network , a subscription request message indicating a 
request for a subscription for a plurality of terminal 
devices to receive notifications of events from the 
policy control function , 

wherein the subscription request message comprises one 
or more of : 

a first indication of one or more identifiers of events for 
which the plurality of terminal devices are to receive 
notifications ; 

a second indication of a type of resources to which the 
subscription relates ; 

a third indication of one or more services defined in the 
policy control function to which the subscription 
relates ; or 

a fourth indication as to whether notifications of events 
are to comprise an indication of one or more rules 
affected by the event . 



US 2021/0176366 A1 Jun . 10 , 2021 
7 

7. The method of claim 6 , wherein 
the second indication comprises an indication that the 

subscription relates to one or more of : pre - defined 
resources or dynamically allocated resources , 

the third indication comprises one or more of a list of 
service identifiers and a list of service data flow tem 
plates , and 

the fourth indication comprises an indication as to 
whether notifications of events are to comprise one or 
more of : one or more service identifiers affected by the 
event ; or one or more service data flow templates 
affected by the event . 

8. ( canceled ) 
9. ( canceled ) 
10. The method of claim 6 , 
further comprising : 
responsive to detection of an event to which the plurality 

of terminal devices are subscribed , transmitting , to the 
network exposure function , a notification of an event to 
which the plurality of terminal devices are subscribed . 

11. ( canceled ) 
12. ( canceled ) 
13. A non - transitory computer - readable medium storing 

instructions which , when executed by processing circuitry of 
a network exposure function apparatus for a core network , 
causes the network exposure function apparatus to perform 
the method of claim 1 . 

14. A non - transitory computer - readable medium storing 
instructions which , when executed by processing circuitry of 
a policy control function apparatus for a core network , 
causes the policy control function apparatus to perform the 
method of claim 1 . 

15. A network exposure function apparatus for a core 
network of a wireless cellular network , the network expo 
sure function apparatus comprising processing circuitry and 
a non - transitory computer - readable medium storing instruc 
tions which , when executed by the processing circuitry , 
cause the network exposure function apparatus to : 

provide , to a policy control function for the core network , 
a subscription request message indicating a request for 
a subscription for a plurality of terminal devices to 
receive notifications of events from the policy control 
function , 

wherein the subscription request message comprises one 
or more of : 

a first indication of one or more identifiers of events for 
which the plurality of terminal devices are to receive 
notifications ; 

a second indication of a type of resources to which the 
subscription relates ; 

a third indication of one or more services defined in the 
policy control function to which the subscription 
relates ; or 

a fourth indication as to whether notifications of events 
are to comprise an indication of one or more rules 
affected by the event . 

16. The apparatus of claim 15 , wherein 
the second indication comprises an indication that the 

subscription relates to one or more of : pre - defined 
resources or dynamically allocated resources , 

the third indication comprises a first parameter within the 
subscription request message , and wherein an absence 
of the first parameter in the subscription request mes 

sage conveys an indication that the subscription relates 
to both pre - defined resources and dynamically allo 
cated resources , and 

the fourth indication comprises an indication as to 
whether notifications of events are to comprise one or 
more of : one or more service identifiers affected by the 
event ; or one or more service data flow templates 
affected by the event . 

17. ( canceled ) 
18. The apparatus of claim 15 , wherein the third indica 

tion comprises one or more of a list of service identifiers and 
a list of service data flow templates . 

19. The apparatus of claim 18 , wherein each service 
identifier enables the policy control function to determine 
one or more policy and charging control rules to which the 
subscription relates . 

20. The apparatus of claim 18 , wherein each service data 
flow template comprises one or more of : a set of one or more 
service data flow filters ; and an application identifier refer 
ring to an application detection service . 

21. The apparatus of claim 18 , wherein the third indica 
tion comprises a second parameter within the subscription 
request message , and wherein an absence of the second 
parameter in the subscription request message conveys an 
indication that the subscription relates to all services defined 
in the policy control function . 

22. ( canceled ) 
23. The apparatus of claim 15 , wherein the apparatus is 

further caused to : 
receive , from the policy control function , a notification of 

an event to which the plurality of terminal devices are 
subscribed , the notification comprising an indication of 
one or more rules affected by the event 

24. A policy control function apparatus for a core network 
of a wireless cellular network , the policy control function 
apparatus comprising processing circuitry and a non - transi 
tory computer - readable medium storing instructions which , 
when executed by the processing circuitry , cause the policy 
control function apparatus to : 

receive , from a network exposure function for the core 
network , a subscription request message indicating a 
request for a subscription for a plurality of terminal 
devices to receive notifications of events from the 
policy control function , 

wherein the subscription request message comprises one 
or more of : 

a first indication of one or more identifiers of events for 
which the plurality of terminal devices are to receive 
notifications ; 

a second indication of a type of resources to which the 
subscription relates ; 

a third indication of one or more services defined in the 
policy control function to which the subscription 
relates ; or 

a fourth indication as to whether notifications of events 
are to comprise an indication of one or more rules 
affected by the event . 

25. The apparatus of claim 24 , wherein 
the second indication comprises an indication that the 

subscription relates to one or more of : pre - defined 
resources or dynamically allocated resources , 

the third indication comprises a first parameter within the 
subscription request message , and wherein an absence 
of the first parameter in the subscription request mes 
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sage conveys an indication that the subscription relates 
to both pre - defined resources and dynamically allo 
cated resources , and 

the fourth indication comprises an indication as to 
whether notifications of events are to comprise one or 
more of : one or more service identifiers affected by the 
event ; and one or more service data flow templates 
affected by the event . 

26. ( canceled ) 
27. The apparatus of claim 24 , wherein the third indica 

tion comprises one or more of a list of service identifiers and 
a list of service data flow templates . 

28. The apparatus according to claim 27 , wherein each 
service identifier enables the policy control function to 
determine one or more policy charging rules to which the 
subscription relates . 

29. The apparatus of claim 27 , wherein each service data 
flow template comprises one or more of : a set of one or more 

service data flow filters ; and an application identifier refer 
ring to an application detection service . 

30. The apparatus of claim 27 , wherein the third indica 
tion comprises a second parameter within the subscription 
request message , and wherein an absence of the second 
parameter in the subscription request message conveys an 
indication that the subscription relates to all services defined 
in the policy control function . 

31. ( canceled ) 
32. The apparatus of claim 24 , wherein the apparatus is 

further caused to : responsive to detection of an event to 
which the plurality of terminal devices are subscribed , 
transmit , to the network exposure function , a notification of 
an event to which the plurality of terminal devices are 
subscribed . 

33. The apparatus of claim 32 , wherein the notification 
comprises an indication of one or more rules affected by the 
event . 


