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Discussion
In SA2#157 meeting, S2-2307560 was approved, which introduces Network Slice Replacement event report to the AF. However, the CR simply adds Network Slice Replacement event in the PCF event table and details were not discussed. This discussion paper shows missing parts to support Network Slice Replacement event report to the AF. 

1. Changes in S2-2307560
	6.1.3.18	Event reporting from the PCF
The AF may subscribe/unsubscribe to notifications of events from the PCF for the PDU Session to which the AF session is bound. The AF can either subscribe/unsubscribe directly at the PCF or indirectly via an NEF or a TSCTSF.
The PCF for the UE may subscribe/unsubscribe to notifications of events from the PCF for the PDU Session of a UE. Other NFs may subscribe/unsubscribe to notifications of events from the PCF for a PDU Session or for a UE.
The events that can be subscribed by the AF and by other NFs are listed in Table 6.1.3.18-1.
Table 6.1.3.18-1: Events relevant for reporting from the PCF
	Event
	Description
	NF that can subscribe for reporting
	Availability for Rx PDU Session (NOTE 2)
	Availability for N5 per PDU Session 
	Availability for Bulk Subscription
(NOTE 1)
	Availability for N43 per SUPI, DNN, S-NSSAI
	Availability for N5 per UE
(NOTE 6)
	Availability for N24 per UE
(NOTE 6)

	PLMN Identifier Notification
(NOTE 5)
	The PLMN identifier or SNPN identifier where the UE is currently located.
	AF, PCF
	Yes
	Yes
	Yes
	No
	No
	Yes

	Change of Access Type
	The Access Type and, if applicable, the RAT Type of the PDU Session has changed.
	AF
	Yes
	Yes
	Yes
	No
	No
	No

	EPS fallback
	EPS fallback is initiated
	AF
	Yes
	Yes
	No
	No
	No
	No

	Signalling path status
	The status of the resources related to the signalling traffic of the AF session.
	AF
	Yes
	Yes
	No
	No
	No
	No

	Access Network Charging Correlation Information
	The Access Network Charging Correlation Information of the resources allocated for the AF session.
	AF
	Yes
	Yes
	No
	No
	No
	No

	Access Network Information Notification
	The user location and/or timezone when the PDU Session has changed in relation to the AF session.
	AF
	Yes
	Yes
	No
	No
	No
	No

	Reporting Usage for Sponsored Data Connectivity
	The usage threshold provided by the AF has been reached; or the AF session is terminated.
	AF
	Yes
	Yes
	No
	No
	No
	No

	Service Data Flow deactivation
	The resources related to the AF session are released.
	AF
	Yes
	Yes
	No
	No
	No
	No

	Resource allocation outcome
	The outcome of the resource allocation related to the AF session.
	AF
	Yes
	Yes
	No
	No
	No
	No

	QoS targets can no longer (or can again) be fulfilled
	The QoS targets can no longer (or can again) be fulfilled by the network for (a part of) the AF session.
	AF
	No
	Yes
	No
	No
	No
	No

	QoS Monitoring parameters
	The QoS Monitoring parameter(s) (as defined in clause 5.45 of TS 23.501 [2], e.g. UL packet delay, DL packet delay or round trip packet delay) are reported to the AF according to the QoS Monitoring reports received from the SMF.
	AF
	No
	Yes
	No
	No
	No
	No

	Packet Delay Variation monitoring parameters
	The Packet Delay Variation monitoring parameter(s) (the variation of UL/DL packet delay between UE and PSA UPF) reported to the AF.
	AF
	No
	Yes
	
	
	
	

	Out of credit
	Credit is no longer available.
	AF
	Yes
	Yes
	No
	No
	No
	No

	Reallocation of credit
	Credit has been reallocated after the former Out of credit indication.
	AF
	Yes
	Yes
	No
	No
	No
	No

	5GS Bridge/Router information Notification
(NOTE 3)
	5GS Bridge/Router information that the PCF has received from the SMF.
	TSN AF, TSCTSF
	No
	Yes
	No
	No
	No
	No

	Notification on outcome of service area coverage change
	The outcome of the request of service area coverage change.
	AF
	No
	No
	Yes
	No
	Yes
	No

	Notification on outcome of UE Policies delivery
	The outcome of the request for UE policies delivery due to service specific parameter provisioning procedure.
	AF
	No
	No
	No
	No
	No
	Yes

	Start of application traffic detection and
Stop of application traffic detection
	The start or the stop of application traffic has been detected.
	PCF, AF
	No
	No
	Yes
	Yes
(NOTE 4)
	No
	No

	Satellite backhaul category change
	The backhaul has changed between different satellite backhaul categories (e.g. GEO, MEO, LEO, OTHERSAT), or the backhaul has changed between satellite backhaul and non-satellite backhaul.
	AF
	No
	Yes
	Yes
	No
	No
	No

	Change of PDUID
	The PDUID assigned to a UE has changed.
	5G DDNMF
	No
	No
	No
	No
	Yes
	No

	SM Policy Association established or terminated
	The establishment or termination of a SM Policy Association is reported
	PCF
	No
	No
	No
	Yes
(NOTE 7)
	No
	No

	Reporting of extra UE addresses
	Reporting of the extra IP addresses or address ranges allocated for the given PDU Session resulting from framed routes or IPv6 prefix delegation.
	TSCTSF
	No
	Yes
	No
	No
	No
	

	Notification on BAT offset
	The PCF reports the BAT offset and optionally the adjusted periodicity that has been received from the SMF
	TSCTSF
	No
	Yes
	No
	No
	No
	

	Network Slice Replacement
	The PCF reports the Alternative S-NSSAI when the PDU Session is transferred from S-NSSAI to Alternative S-NSSAI.
	PCF
	No
	Yes
	No
	Yes
	No
	No

	NOTE 1:	Additional parameters for the subscription as well as reporting related to these events are described in TS 23.502 [3].
NOTE 2:	Applicability of Rx is described in Annex C.
NOTE 3:	5GS Bridge/Router information is described in clause 6.1.3.5.
NOTE 4:	Bulk subscription is implicit. NOTE 1 does not apply.
NOTE 5:	For a PDU Session established over a SNPN, the combination of the PLMN id and the NID identifies the SNPN.
NOTE 6:	This column contains also UE context related events that are reported to other consumers such as 5G DDNMF via other reference points than N5. The Conditions for reporting column indicates the respective consumer.
NOTE 7:	This PCF for the UE subscribes to this Event via AMF and SMF.


……
A request to report Network Slice Replacement triggers the reporting when the PCF receives Network Slice Replacement from SMF. The reception of a subscription to this event triggers the setting of the corresponding Policy Control Request Trigger to SMF, if not already subscribed.




2. Analysis
When the AF provides input (e.g. QoS requirements) or subscribes event, the AF may provide S-NSSAI, which can be configured in the AF. If slice is replaced in the network and the AF provides original S-NSSAI, the 5GC may not handle the AF request properly since the AF request will not be sent to the correct NFs. That is the main motivation of reporting Alternative S-NSSAI to the AF and the AF should provide Alternative S-NSSAI based on when the AF provides request to the 5GC. In order words, the AF should provide original S-NSSAI in normal case while the AF should provide Alternative S-NSSAI if the network performed Network Slice Replacement. Therefore, the AF needs to be notified when the network started using the Alternative S-NSSAI and as well as when the network stopped using the Alternative S-NSSAI.
However, according to the current description of the Network Slice Replace report (see text below box), the PCF reports Alternative S-NSSAI when the PDU Session is transferred from S-NSSAI to Alternative S-NSSAI. It means that the PCF will not report the event when the Alternative S-NSSAI is changed to the original S-NSSAI. So, the description should be updated to cover all cases, i.e., from the original S-NSSAI to the Alternative S-NSSAI and from the Alternative S-NSSAI to the original S-NSSAI.
	From 6.1.3.5	Policy Control Request Triggers relevant for SMF
Network Slice Replacement trigger shall trigger a SMF interaction with the PCF to update the S-NSSAI of the PDU Session with Alternative S-NSSAI if the PDU Session is transferred from S-NSSAI to Alternative S-NSSAI and the SMF determines that the existing PDU Session and existing SM Policy Association can be retained, as described in clause 4.15.19 of TS 23.501 [2].

From Table 6.1.3.5-1: Access independent Policy Control Request Triggers relevant for SMF
The SMF reports the Alternative S-NSSAI to PCF when the PDU Session is transferred from S-NSSAI to Alternative S-NSSAI and the SMF determines that the PDU Session and SM Policy Association can be retained.

Table 6.1.3.18-1: Events relevant for reporting from the PCF 
The PCF reports the Alternative S-NSSAI when the PDU Session is transferred from S-NSSAI to Alternative S-NSSAI



Observation 1: According to the current description of Network Slice Replacement event, PCF does not report S-NSSAI of PDU Session when the network replaced the Alternative S-NSSAI to the original S-NSSAI.
Proposal 1: Update Network Slice Replacement event description so that original S-NSSAI is reported to the AF when the Alternative S-NSSAI is replaced to original S-NSSAI.
Similarly, according to the description of Network Slice Replacement PCRT, the SMF reports the Alternative S-NSSAI to the PCF when the PDU Session is transferred from S-NSSAI to Alternative S-NSSAI and the SMF determines that the PDU Session and SM Policy Association can be retained, i.e., the SMF will not report S-NSSAI when the Alternative S-NSSAI is changed to original S-NSSAI.
Observation 2: According to the current PCRT description of Network Slice Replacement event, the SMF does not report S-NSSAI of the PDU Session when the network replaced Alternative S-NSSAI to original S-NSSAI.
Proposal 2: Update Network Slice Replacement PCRT so that the SMF reports the original S-NSSAI to the PCF when the Alternative S-NSSAI is replaced to the original S-NSSAI.
In addition, the SMF reports the Alternative S-NSSAI only when the existing PDU Session is retained, i.e., the Alternative S-NSSAI will not be reported to the PCF if the SMF determines to use a new PDU Session and as a results, the PCF will not notify the Alternative S-NSSAI to the AF. Then, AF request will not be handled in the network until Alternative S-NSSAI is changed to original S-NSSAI.
Observation 3: When the SMF determines to use a new PDU Session for Network Slice Replacement, the Network Slice Replacement event is not reported to the AF.
This can be solved by reporting the Network Slice Replacement event during the SM Policy Association Termination procedure.
Proposal 3: The SMF reports the Network Slice Replacement event during the SM Policy Association Termination procedure.
The AF may or may not support event subscription of Network Slice Replacement. If the AF does not support Network Slice Replacement, the AF would provide input based on original S-NSSAI. In this case, 5GC should be able to handle the AF request internally. Otherwise, the AF request will only be applied to the PDU Sessions with the original S-NSSAI and will not be applied to the PDU Sessions with the Alternative S-NSSAI.
Observation 4: The 5GC needs to support legacy AF that does not aware of Network Slice Replacement.
The similar issue happens when Network Slice Replacement is done before PDU Session Establishment, i.e., when the UE receives mapping of the S-NSSAI to the Alternative S-NSSAI before PDU Session Establishment using the S-NSSAI. In this case, since PDU Session is not established yet, the AF does not subscribe Network Slice Replacement event and does not receive event report on Network Slice Replacement. After the UE establishes PDU Session, the AF will provide request to the 5GC by using the original S-NSSAI. Then the NEF should be able to handle the AF request using the Alternative S-NSSAI.
Observation 5: In case Network Slice Replacement is done before PDU Session Establishment, the AF cannot receive event on Network Slice Replacement.
In order to support these cases (legacy AF and Network Slice Replacement before PDU Session Establishment), the NEF should know mapping information between the original S-NSSAI and Alternative S-NSSAI. Since Network Slice Replacement can be done per UE basis, the NEF also need to store which UE is using the Alternative S-NSSAI. When the PCF receives PCRF on Network Slice Replacement, the PCF can store the Alternative S-NSSAI information in the UDR. The stored information can be used by the NEF to handle AF request, i.e., if there is stored Alternative S-NSSAI information, the NEF use the Alternative S-NSSAI instead of the S-NSSAI received from the AF.
Proposal 4: In order to support legacy AF as well as to support Network Slice Replacement before PDU Session establishment, the PCF stores Alternative S-NSSAI information in the UDR and the NEF use the stored information in the UDR to handle request from the AF.

Summary
Observation 1: According to the current description of Network Slice Replacement event, PCF does not report S-NSSAI of PDU Session when 5GS replaced the Alternative S-NSSAI to the original S-NSSAI.
Proposal 1: Update Network Slice Replacement event description so that original S-NSSAI is reported to the AF when the Alternative S-NSSAI is replaced to original S-NSSAI.
Observation 2: According to the current PCRT description of Network Slice Replacement event, SMF does not report S-NSSAI of the PDU Session when the network replaced Alternative S-NSSAI to original S-NSSAI.
Proposal 2: Update Network Slice Replacement PCRT so that the SMF reports the original S-NSSAI to the PCF when the Alternative S-NSSAI is replaced to the original S-NSSAI.
Observation 3: According to the current description, when a new PDU Session is established using the Alternative S-NSSAI, reporting of Network Slice Replacement event is not supported.
Proposal 3: Update description so that reporting Network Slice Replacement is supported when a PDU Session is established using the Alternative S-NSSAI.
Observation 4: The 5GC needs to support legacy AF that does not aware of Network Slice Replacement.
Observation 5: In case Network Slice Replacement is done before PDU Session Establishment, the AF cannot receive event on Network Slice Replacement.
Proposal 4: In order to support legacy AF as well as to support Network Slice Replacement before PDU Session establishment, the PCF stores Alternative S-NSSAI information in the UDR and the NEF use the stored information in the UDR to handle request from the AF.

Proposal
It is proposed to approve corresponding CRs S2-2308846 (TS 23.502 CR) and S2-2308847 (TS 23.503 CR).
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