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Abstract: this paper proposes when a UE handover from 5GS to EPS, the PDN connection in EPS is not considered in quota management of PDU sessions in the network slice 
1. Discussion
During EPS/5GS interworking, it seems there are two methods for the quota management of PDU sessions for a network slice: one is EPS/5GS unified management,i.e.the unified quota management for PDU session and PDN connection; the other one is only 5G PDU session is counted in quota management.For the latter one, when a UE’s PDU session handover from 5GS to EPS, the quota value is decreased by one. And when the UE handover from EPS to 5GS, the quota value is increased by one. When EPS/5GS handover occurs, SMF/PGW-C needs to interact with PCF to increase or decrease the quota number of PDU sessions in a network slice.
MNOs may select different quota management method of PDU sessions for different network slices, which is depending on verticals requirement.
2. Text Proposal
It is proposed to capture the following changes in TR 23.700-40.
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[bookmark: _Toc43483681][bookmark: _Toc43483387][bookmark: _Toc43396990][bookmark: _Toc31274650][bookmark: _Toc30640046]6.6	Solution #6: PCF-based counting of PDU Sessions in a Network Slice
[bookmark: _Toc43483682][bookmark: _Toc43483388][bookmark: _Toc43396991][bookmark: _Toc31274651][bookmark: _Toc30640047]6.6.1	Introduction
This solution addresses KI#2 and may be applicable to KI#1 also with the constraint the UE has a PDU session established at least. It allows an operator to count how many PDU Sessions are in a Network Slice identified by a S-NSSAI in the HPLMN. Then, several actions could be implemented based on this information that is always up to date. For the purposes of this solution, we assume a single global quota exists, i.e. irrespective of roaming. In this Solution description PCF may also refer to PCF set when this is the deployed approach in a PLMN. Also, this solution can be used to count the number of UEs in a Network Slice that have at least one PDU Session established. Finally, in scenarios where restricting the number of PDU Sessions/UEs per S-NSSAI by also counting the UEs that have moved to or are in the EPS, this solution allows that by letting the PGW-C/SMF interact with PCF for this purpose.
[bookmark: _Toc43483683][bookmark: _Toc43483389][bookmark: _Toc43396992][bookmark: _Toc31274652][bookmark: _Toc30640048]6.6.2	High-level Description
When a S-NSSAI of HPLMN is subject to PDU Sessions counting, this is indicated in subscription information. This subscription information may also include a quota (e.g. to avoid configuration of PCF especially in roaming LBO case).
If a S-NSSAI of the HPLMN is marked for counting, then:
1)	the SMF shall always invoke the PCF to perform the counting and indicate the counting is required to the PCF (and a quota if included in subscription data).
2)	The PCF increments a counter if the PDU Session is allowed to be established.  If the PCF counts the number of UEs/slice with one established PDU Session, then the counting of UEs happens at first PDU Session established in the Network Slice
[bookmark: _GoBack]3) The PCF is configured with the indication that whether the EPS and 5GS are under the unified quota management or not. In case both of EPS and 5GS are subject to unified quota management, aA PLMN may be configured to keep the counters also when the PDU Session becomes a PDN connection in EPS upon mobility . In this case the counter can be incremented also when the PDN connection corresponding to a certain S-NSSAI is established in the EPS. In case only 5GS is subject to quota management, the counters will be decremented when the PDU Session becomes a PDN connection and incremented when a PDN connection becomes a PDU session. The counters will keep the same when a PDN connection is established in the EPS.
4)	If the quota is overflown the PCF returns either the PDU Session is allowed but with an indication the quota is overflown, or, if that is the policy, that PDU Session is rejected e.g. with cause indicating "quota overflown". An optional back-off timer may also be provided. The PCF may also report the information to the charging subsystem for Network Slice Customer (NSC)level charging events collection. This information may also be logged in for OAM Performance / SLA monitoring purposes.
5)	When the PDU Session Establishment fails or an ongoing PDU Session is released for a S-NSSAI subject to counting, the SMF indicates that to the PCF which then decrements the PDU Sessions counter for the S-NSSAI. The counter of UEs per Network Slice is decremented at PCF only if this was the last PDU Session in the Network Slice for the UE.
6)	A PLMN may be configured to keep the counters also when the PDU Session becomes a PDN connection in EPS upon mobility. In this
7)	In roaming case, only the PCF of the HPLMN performs the counting (involved via VPLMN PCF in LBO case, or via SMF of HPLMN in Home Routed case).
8)	When an SMF receives an indication from the PCF that the PDU Session is allowed but the quota is overflown, then this may trigger the SMF to report this to the Charging Subsystem.
9)	Subscription information may also include the Maximum Value of the counter that defines the quota for the maximum number of connections for the S-NSSAI. This could avoid the need to configure the quotas in the PCFs. This may help to provide quotas to V-PLMNs in LBO case. If a quota level is provided over the roaming interface, then the VPLMN shall locally enforce the quota for LBO case only, but also contact the HPLMN PCF for global quota enforcement.
10) if more than one PCF is used for a S-NSSAI in a PLMN, then
a)	One PCF in the Network Slice is elected to act as master (either by configuration or other means).
b)	The other PCFs in the Network Slice contact the master PCF to increment or decrement the counters.
c)	In the LBO roaming case the master PCF in the V-PLMN for the handling of the V-PLMN S-NSSAI subject to quota management according the mapping of the V-PLMN S-NSSAI to the H-PLMN S-NSSAI is the one that interacts with the HPLMN PCF for the S-NSSAI.
NOTE:	The per VPLMN quota enforcement may be an operator specific attribute not defined by GSMA NG.116 [3]. For simplicity this is not described in detail in the procedures here below, but it is quite a straightforward extension.
[bookmark: _Toc43483684][bookmark: _Toc43483390][bookmark: _Toc43396993][bookmark: _Toc31274653][bookmark: _Toc30640049]6.6.3	Procedures
[bookmark: _Toc43483685][bookmark: _Toc43483391][bookmark: _Toc43396994][bookmark: _Toc31274654][bookmark: _Toc30640050]6.6.3.1	General
The clauses in this clause provide examples of how PCF based counting can work. It is of course possible some PDU Sessions release is triggered by Network-initiated Deregistration or other RM events, like a S-NSSAI no longer being available. However, the conceptual operation is aligned with what is shown in these example procedures here below in clauses 6.6.3.2 and 6.6.3.3. While this is not in scope of this study, the same procedure could also be used to count the number of PDU Sessions per DNN if an operator wants to do so. The procedures may also be used to count the number of UEs per S-NSSAI subject to the condition these establish at least one PDU Session.
A PLMN may be configured to count PDU Sessions/PDN Connections associated to one S-NSSAI,
The interworking related procedures impacted are not shown but they require some PCF+PCRF interactions at PDN Connection Establishment, Release and at mobility to/from EPS to implement the counting policies of the PLMN. Specifically: if counting applies across EPS and 5GS, there is no need to inform the PCF when a PDU session becomes a PDN connection and vice versa, but there is a need to do so if the PLMN policy is to count only PDU sessions in 5GS. Similarly, if a PDN Connection Established in EPS is not counted, PCF+PCRF interaction for counting is not needed at PDN Connection Establishment.
[bookmark: _Toc43483686][bookmark: _Toc43483392][bookmark: _Toc43396995][bookmark: _Toc31274655][bookmark: _Toc30640051]6.6.3.2	PDU Session Establishment with S-NSSAIs subject to Quota management/capping


Figure 6.6.3.2-1: PDU Session Establishment from TS 23.502 [6] with S-NSSAI subject to quota management
In step 4: the SMF can inspect the subscription data and detect the PDU Session belongs to an S-NSSAI subject to quota management/capping.
At step 7b (i.e. during SM policy association establishment only (see clause 4.16.4 of TS 23.502 [6]) which must be executed if the SMF detects the PDU Session is subject to quota management)  the PCF can increment a counter for the PDU Session if it allows the PDU Session (despite the quota is overflown) or the quota is not yet overflown. A counter of UE with active PDU Session in the Network Slice can also be incremented if this is the first PDU Session in the Network Slice.
If the quota is overflown, the PCF then can provide to the SMF actions including back-off timers, limitations of number of PDU Sessions per UE/S-NSSAI, a cause code for rejection, or just indication the quota is overflown. The PCF can log the overflow events for OAM purposes, and also provide a charging event at Network Slice Customer level.
If quota cap is reached and the PDU Session is rejected by PCF, an optional back-off timer can be applied, i.e. the SMF creates a PDU SESSION ESTABLISHMENT REJECT message including a suitable cause code and, if provided, a back-off timer value (optional) and a 5GSM cause value.
The 5GSM cause value may correspond to #69 "insufficient resources for specific slice" (for S-NSSAI only) or a new cause code may be used. Then the PDU SESSION ESTABLISHMENT REJECT message is sent to the AMF. The AMF sends an DL NAS TRNSPORT message carrying the PDU SESSION ESTABLISHMENT REJECT message.
The PCF may indicate to the SMF and the SMF to the UE that a limitation needs to be applied to the number of PDU Sessions per UE in the S-NSSAI to enforce some fairness across UEs in the Network Slice.
NOTE 1:	In LBO roaming case the VPLMN S-NSSAI mapping to HPLMN S-NSSAI is used to decide which VPLMN S-NSSAI to subject to quota management and then the VPLMN PCF needs to interact with the HPLMN PCF as described below in clause 6.6.3.4.
NOTE 2:	if this procedure is applied at DNN level (outside the scope of this Study) or in addition to S-NSSAI level, then cause codes for rejection may correspond to 26 "insufficient resources" (for DNN only), #67 "insufficient resources for specific slice and DNN".
[bookmark: _Toc43483687][bookmark: _Toc43483393][bookmark: _Toc43396996][bookmark: _Toc31274656][bookmark: _Toc30640052]6.6.3.3	PDU Session Release with S-NSSAIs subject to Quota management/capping


Figure 6.6.3.3-1: PDU Session Release from TS 23.502 [6] with S-NSSAI subject to quota management
When a PDU Session for which a PDU Session per S-NSSAI limitation applies is released, then SMF shall trigger a policy association termination in step 12: this decrements a counter in PCF for the S-NSSAI. for PCF initiated case, the counter is decreased by the PCF and the PDU session Release is triggered at step 1b. A counter of UE with active PDU Session in the Network Slice can also be decremented if this is the last PDU Session in the Network Slice.
NOTE:	In roaming case the VPLMN S-NSSAI mapping to HPLMN S-NSSAI is used to decide which VPLMN S-NSSAI to subject to quota management and then the VPLMN PCF needs to interact with the HPLMN PCFF as described below in clause 6.6.3.4.
[bookmark: _Toc43483688][bookmark: _Toc43483394][bookmark: _Toc43396997][bookmark: _Toc31274657][bookmark: _Toc30640053]6.6.3.4	V-PCF to H-PCF interaction for S-NSSAIs of HPLMN subject to Quota management/capping


Figure 6.6.3.4-1: V-PCF-H-PCF interactions
[bookmark: _Toc30640054]1.	The V-PCF detects that the S-NSSAI of HPLMN mapping to V-PLMN S-NSSAI of the PDU Session is subject to quota management/capping and so establishment/release of PDU Sessions needs to be reported to the HPLMN PCF for quota management purposes.
2.	The V-PCF reports the establishment/release of PDU Session to H-PCF. The H-PCF for the S-NSSAI is discovered as in the case of SMF discovery and selection.
3.	The H-PCF updates the counters as necessary and detects whether any action is required.
4.	If any action required, then this is communicated to the V-PCF alongside any back-off timer and/or number of PDU Sessions limitation per (UE+S-NSSAI).
5.	The V-PCF reports to the SMF any quota management related action as per step 4.
[bookmark: _Toc43483689][bookmark: _Toc43483395][bookmark: _Toc43396998]6.6.3.5	PCF - Master PCF interactions when multiple PCFs are used in a Network Slice


Figure 6.6.3.4-1: PCF -Master PCF interactions
1.	The PCF detects that the S-NSSAI of HPLMN mapping to V-PLMN S-NSSAI of the PDU Session is subject to quota management/capping and so establishment/release of PDU Sessions needs to be reported to the Master PCF for quota management purposes.
2.	The PCF reports the establishment/release of PDU Session to Master-PCF.
3.	The Master-PCF updates the counters as necessary and detects whether any action is required.
4.	If any action required, then this is communicated to the PCF alongside any back-off timer and/or number of PDU Sessions limitation per (UE+S-NSSAI).
5.	The PCF reports to the SMF any quota management related action as per step 4.
6.6.3.6	Quota management during 5GS to EPS handover


Figure 6.6.3.6-1: Quota management during 5GS to EPS handover
0. The PCF is configured by e.g.OAM ,with PDU session quota management parameters of a network slice: (1) The maximum PDU session quota allowed for a network slice; (2) The indication of whether the EPS and 5GS are subject to unified PDU session quota management .
1-2a-2c. the same step as 4.11.1.2.1 in TS 23.502 
3. When the SMF determines that the network slice needs to do PDU session quota management, it sends an SM Quota Policy Association Establishment message to the PCF, the parameters of which include the parameters of the SM Policy Association Establishment message and an indication that quota management is required. The PCF executes counting of PDU sessions as follows:
(1) If the quota in EPS and 5GS is subject to unified management:
- When a UE handovers from 5GS (PDU session) to EPS (PDN connection), the number of PDU sessions of the counter in the PCF remains unchanged;
- When the PDN connection is released, then decrements the PDU Sessions counter for the S-NSSAI;
- When there is a new PDN connection establishment request:
a) If the number of PDU sessions in the network slice does not reach the quota, then increments the PDU Sessions counter for the S-NSSAI;
b) If the number of sessions in the network slice has reached the quota, there are two processing methods: allow the PDN connection to be established, then increments the PDU Sessions counter for the S-NSSAI, but with an indication the quota is overflown; or, the PDN connection is rejected with cause indicating "quota overflown".
(2) If the quota in 5GS is managed independently:
- When a UE handovers from 5GS (PDU session) to EPS (PDN connection), then decrements the PDU Sessions counter for the S-NSSAI.
- When the PDN connection which is handover to EPS is released or new PDN connection is established in EPS, the number of PDU sessions in the counter remains unchanged.
4-11. Complete the subsequent session establishment and handover process, refer to section 4.11.1.2.1 of TS23.502.
6.6.3.7	Quota management during EPS to 5GS handover


Figure 6.6.3.7-1: Quota management during EPS to 5GS handover
0. The PCF is configured by e.g. OAM, with PDU session quota management parameters of a network slice: (1) The maximum PDU session quota allowed for a network slice; (2) The indication of whether the quota in EPS and 5GS is subject to unified management .
1-4. Step 1-4 the same as 4.11.1.2.2 in TS 23.502
5. SMF+ PGW-C may initiate SMF initiated SM Policy Modification towards the PCF. When the SMF determines that the network slice needs to do quota management , it sends an SM Quota Policy Association Establishment message to the PCF, the parameters of which include the parameters of the SM Policy Association Establishment message and an indication that quota management is required. The PCF executes counting of PDU sessions as follows:
(1) If the quota in EPS and 5GS is subject to unified management:
- When a UE handovers from EPS (PDN connection ) to 5GS (PDU session), he number of PDU sessions of the counter in the PCF remains unchanged;
- When a PDU session is released, then decrements the PDU Sessions counter for the S-NSSAI;;
- When there is a new PDU session establishment request:
a) If the number of sessions in the network slice does not reach the quota, the session establishment is allowed, then increments the PDU Sessions counter for the S-NSSAI;
b) If the number of sessions in the network slice has reached the quota, there are two processing methods: allow the PDU session establishment, increments the PDU Sessions counter for the S-NSSAI, but with an indication the quota is overflown; or, the PDU session is rejected with cause indicating "quota overflown".
(2) If the quota in 5GS is managed independently: 
- When a UE handovers from EPS (PDN connection) to 5GS (PDU session), 
a) If the number of sessions in the network slice does not reach the quota limitation, the handover is allowed, then increments the PDU Sessions counter for the S-NSSAI;
b) If the number of sessions in the network slice has reached the quota limitation, then the handover request is rejected with cause indicating "quota overflown".
- When the PDU session handovered to 5GS is released, then decrements the PDU Sessions counter for the S-NSSAI; 
6-10. The same step as 4.11.1.2.2 in TS 23.502 

[bookmark: _Toc43483690][bookmark: _Toc43483396][bookmark: _Toc43396999][bookmark: _Toc31274658]6.6.4	Impacts on services, entities and interfaces
UE: Handling of new cause codes.
SMF: Handling of quota management as specified above.
PCF: Handling of quota management as specified above.
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