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1	Background
According to 3GPP TS 32.255, Charging ID is generated and exchanged for Home Routed PDU sessions:

5.1.9.1	General
Based on roaming agreements between the V-PLMN and the H-PLMN, in Home Routed scenario, for each UE roaming in VPLMN:
-	The SMF in VPLMN (V-SMF) shall be able to collect charging information per QoS Flow within a PDU session when UE is determined as an in-bound roamer, for CDR generation in VPLMN. 
-	The SMF in HPLMN (H-SMF) shall be able to collect charging information per QoS Flow within a PDU session when UE is determined as an out-bound roamer, for CDR generation in HPLMN.
This charging information collection mechanism is achieved under Roaming QoS flow Based Charging (QBC) performed by each PLMN, based on a set of charging parameters exchanged between the V-SMF and the H-SMF on a per PDU session basis.
The main parameters exchanged at PDU session establishment are:
-	The Charging Id which may include the VPLMN PLMN ID, assigned by the V-SMF and transferred to the H-SMF in the HPLMN.
-	Optionally, the "Roaming Charging Profile" negotiated between the VPLMN and the HPLMN. 
The parameters exchanged during the PDU session handover from EPS to 5GS in Home routed roaming scenario:
-	The Home Provided Charging Id which includes the Charging Id assigned by the H-SMF to the original PDU session over EPS and transferred by the H-SMF to the V-SMF. This Home Provided Charging Id shall be used by the V-SMF to replace the existing Charging Id previously generated by V-SMF.
-	Optionally, the "Roaming Charging Profile" negotiated between the VPLMN and the HPLMN on 5GS side.
In roaming Home routed PDU session, upon V-SMF change:
-	intra-PLMN V-SMF change: Charging Id, "Roaming Charging Profile" and CHF address (optional) are transferred from the old V-SMF to the new V-SMF.
NOTE: how the new V-SMF selects the CHF is operator specific.
-	inter-PLMN V-SMF change: The Charging Id is transferred from the old V-SMF to the new V-SMF.
-	The "Roaming Charging Profile" is optionally exchanged between the new V-SMF and the H-SMF as for a PDU session establishment.
[Observation-1] A pre-R17 node (SMF/PCF/CHF) only support Charging ID as Uint32 value

[Observation-2] A string based Charging ID shall be used to secure the globally uniqueness to avoid collision between PLMNs

[Observation-3] Charging ID is assigned during PDU session establishment and used all the time for one PDU session.

[Observation-4] Charging ID Exchanged between SMFs during UE mobility.

[Observation-5] Charging ID handling for certain scenarios seems not specified in TS 32.255, e.g.
· Inter-PLMN mobility form HPLMN to VPLMM, i.e., V-SMF insertion
· Inter-PLMN mobility between R17 VPLMN and pre-R17 VPLMM for a HR PDU Session
· 5GS to EPS Mobility for a HR PDU Session when String based Charging ID assigned by R17 V-SMF
· EPS to 5GS mobility for a HR PDU Session between R17 H-SMF and R17 V-SMF, e.g. when the PDU session was established in 5GS and a Pre-R17 V-SMF assigned a legacy Charging ID.

2	Principles and assumptions
Following the observations, to resolve the Charging ID handling between different PLMNs with mixed R17/Pre-R17 deployments and secure the uniqueness of Charging Id if possible, some principles and assumptions are recommended:

· String based Charging ID support shall be negotiated between SMFs (on behalf of PLMNs)
· A specific feature for String based Charging ID support shall be defined on Nsmf_PDUSession API.
· The SMF shall only advertise the feature support when the whole network support String based Charging ID (CHF/PCF/SMF).
· Supported features exchanged between SMFs during first interaction. For HR PDU session where V-SMF doesn't perform discover of H-SMF, the AMF should pass the supported feature of H-SMF to the V-SMF.

· For a HR PDU Session with Pre-R17 HPLMN (not supporting String based Charging ID), then
· legacy Charging ID with Uint32 value is assigned V-SMF or H-SMF (e.g. V-SMF insertion), as per existing requirements
· legacy Charging ID with Uint32 value reported in CDRs in both VPLMN and HPLMN
· legacy Charging ID with Uint32 value transferred between SMFs during mobility

· For a HR PDU Session with R17 HPLMN supporting String based Charging ID, then
· Charging ID assignment:
· If Pre-R17 V-SMF assigned legacy Charging ID during establishment, H-SMF assigns a string based Charging ID by itself (for use when the PDU session would be moved to a R17 VPLMN or HPLMN)
· If a R17 V-SMF assigned a String based Charging ID during establishment, the H-SMF assigns a legacy Charging ID by itself and passes it to V-SMF (for use when the PDU session would be moved to a pre-R17 VPLMN or to EPS)
· If PDU session is established in EPS or established as non-roaming, the H-SMF/PGW assign both Charging IDs

· Charging ID reporting in CDRs
· both legacy Charging ID and String Based Charging ID are reported in CDRs in HPLMN
· String based Charging ID is reported in CDRs in R17 VPLMN
· Legacy Charging ID with Uint32 value is reported in CDRs in Pre-R17 VPLMN
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With such reporting model, different Charging ID can be used to correlate the CDRs between VPLMN and HPLMN based on String based Charging ID support in VPLMN. i.e. String based Charging ID used between R17 HPLMN and R17 VPLMN; Uint32 Charging ID used between R17 HPLMN and Pre-R17 VPLMN.

NOTE:    This will require PCF/CHF interface on H-SMF to support both Charging IDs in the CDRs for one PDU session.

· Charging ID(s) Transfer during mobility
· During V-SMF insertion, Legacy Charging ID passed from H-SMF to V-SMF and String based Charging ID passed from H-SMF to R17 V-SMF
· During V-SMF change, Legacy Charging ID passed between V-SMFs and String based Charging ID passed between R17 V-SMFs. For Pre-R17 V-SMF change to R17 V-SMF, String based Charging ID received from H-SMF

3	Scenarios
Based on the above preconditions and assumptions, the Charging ID Handling for HR PDU session in Different Scenarios can be described as below:

· Uint32 Charging ID assigned by Pre-R17 H-SMF (Pre-R17 HPLMN start as Non-Roaming or start in EPS)

Uint32 Charging ID is assigned by the H-SMF used all the time. (Risk of Charging ID collision between PLMNs in 5GS, No risk of Charging ID collision between PLMNs in EPS)

· Uint32 Charging ID assigned by Pre-R17 or R17 V-SMF (Pre-R17 HPLMN start as HR PDU Session)

Uint32 Charging ID is assigned by the V-SMF used all the time. (Risk of Charging ID collision between PLMNs in both 5GS and EPS)

· Uint32 Charging ID assigned by Pre-R17 V-SMF (R17 HPLMN start as HR PDU Session)
During PDU session establishment, Uint32 Charging ID assigned by Pre-R17 V-SMF. R17 H-SMF stores the Uint32 Charging ID from V-SMF and assign String Based Charging ID by H-SMF. (Risk of Charging ID collision between PLMNs in 5GS)
· During 5GS to EPS mobility, Uint32 Charging ID from V-SMF used. (Risk of Charging ID collision between PLMNs in EPS)
· During inter-PLMN mobility to a Pre-R17 VPLMN, Uint32 Charging ID from V-SMF used. (Risk of Charging ID collision between PLMNs in 5GS)
· During inter-PLMN mobility to a R17 VPLMN, String based Charging ID by H-SMF used. (No risk of Charging ID collision between PLMNs in 5GS)

· String Based Charging ID assigned by R17 V-SMF (R17 HPLMN start as HR PDU Session)
[bookmark: _Hlk119079345]During PDU session establishment, String Based Charging ID assigned by V-SMF. H-SMF stores the String Based Charging ID from V-SMF and assign Uint32 Charging ID by H-SMF. (No risk of Charging ID collision between PLMNs in 5GS)
· During 5GS to EPS mobility, Uint32 Charging ID by H-SMF used. (No risk of Charging ID collision between PLMNs in EPS)
· During Mobility to 5GS in a Pre-R17 VPLMN, Uint32 Charging ID by H-SMF used. (Risk of Charging ID collision between PLMNs in 5GS)
· During Mobility to 5GS in a Rel-17 VPLMN, String based Charging ID from V-SMF used. (No risk of Charging ID collision between PLMNs in 5GS)

With above approach, Charging ID collision between PLMNs may possibly occur only with Pre-R17 PLMNs, or between Pre-R17 PLMN and R17 PLMM.
