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1	Background
Charging ID Exchange in Roaming

According to 3GPP TS 32.255, Charging ID is generate 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] Charging ID generated by V-SMF may contain VPLMN ID. As legacy Charging ID is a uint32 value, to include the VPLMN ID as part of the uint32 value will significantly reduce the range space of Charging ID assignment thus not recommended. A string based Charging ID is to be used to contain the VPLMN ID and also allow enough charging ID range.

NOTE: New string based Charging ID already supported on PCF interface and CHF interface, besides the legacy uint32 charging ID in Rel-17.

[Observation-2] A unique Charging ID is used for the whole PDU session lifecycle, as specified by the TS:
- For a PDU session established as non-roaming, the H-SMF assign the Charging ID
- For a PDU session established as Home Routed PDU session, the first V-SMF assign the Charging ID.

[Observation-3] Charging ID Exchanged between SMFs only for Home Routed Roaming PDU sessions.


Charging ID via N16/N38 in TS 29.502

In Current 3GPP TS 29.502, the Charging ID is exchanged as string via N16/N38 between V-SMF(s) and between V-SMF/H-SMF:

Table 6.1.6.2.9-1: Definition of type PduSessionCreateData
	Attribute name
	Data type
	P
	[bookmark: _MCCTEMPBM_CRPT95390212___4]Cardinality
	Description

	chargingId
	string
	O
	0..1
	Charging ID (see clauses 5.1.9.1 of 3GPP TS 32.255 [25]). 



Table 6.1.6.2.10-1: Definition of type PduSessionCreatedData
	Attribute name
	Data type
	P
	[bookmark: _MCCTEMPBM_CRPT95390224___4]Cardinality
	Description

	homeProvidedChargingId
	string
	O
	0..1
	When present, this IE shall contain the Home provided Charging ID (see 3GPP TS 32.255 [25]).
This IE shall be present during an EPS to 5GS Idle mode mobility or Handover of a HR PDU session. (NOTE 5)



Table 6.1.6.2.39-1: Definition of type SmContext
	Attribute name
	Data type
	P
	[bookmark: _MCCTEMPBM_CRPT95390285___4]Cardinality
	Description

	chargingId
	string
	C
	0..1
	This IE shall be present for a HR PDU session, in scenarios with a V-SMF insertion/change/removal.



[Observation-4] Even it is specified as string type for Charging ID between SMFs, there is no definition on the schema of the string content. The assumption is that a Rel-16 SMF will implement the Charging ID to carry a uint32 value following legacy.

[Observation-5] For Rel-16 SMFs which already implemented the legacy Charging ID, the common schema definition is still lacking. It is unspecified how to use the string, i.e. how to convert the string to uint32 value. E.g. it may be passed as a string with digits in decimal form (0~9), or it may be passed as octets with hexadecimal form (0-9A-F). Without a common encoding, charging ID exchange may fail, e.g. an SMF expecting a decimal encoding cannot accept a hexadecimal string with "A-F" included, or incorrectly convert the Charging ID if the hexadecimal string contains only digits.

2	Analysis
[Observation-5] Legacy Uint32 Charging ID Schema

As discussed at CT4#111e, there are at least two alternatives to encode the uint32 value for Charging ID:

· In decimal representation: e.g. “762736493” (“[0-9]{1,10}”)
· In hexadecimal representation: e.g. “23ABC” (“[0-9a-fA-F]{1,8}”)

Considering there already operator networks with SMF deployed using decimal encoding, suggest 
to define decimal encoding of the IE carrying the Uint32 legacy Charging ID.

[Observation-1] - String based Charging ID Format

A String based Charging ID shall include a based charging ID which is unique in the SMF assigning. To better compatible with legacy uint32 Charging ID for non-roaming scenario, e.g. to reuse the Charging ID generation and management logic in SMF implementations, the string based Charging ID is recommended to contain a uint32 value as the based identifier with extensions.

In EPS, the Charing ID is always assigned by the PGW and CDR is associated with the combination with Charging ID and the PGW ID. As the PGW will not be changed for the PDN connection the combination is persistent for the PDN connection and the combination is globally unique.

In 5GS, the Charging ID can be assigned by the V-SMF (for HR PDU session) and the Uint32 base charging ID can only be secured with uniqueness in the V-SMF, i.e. the same Uint32 base charging ID may be assigned by the H-SMF for another PDU session. Unlike in EPS, V-SMF may be changed due to UE mobility thus lost tracking for PDU session context, to keep globally uniqueness the V-SMF ID (or say the SMF assigned the Uint32 base charging ID) should be included in the string based Charging ID, i.e.

"<uint32 based charging ID>.smf<NF Instance ID of the SMF assigned the based charging ID>"

NOTE: TS 32.255 currently indicating the VPLMN ID may be included to keep the uniqueness, but actually it cannot secure the uniqueness, e.g. when two V-SMF from the same VPLMN assigned the same base Charging ID.

Question: Should CT4 or SA5 define the format of the String Charging ID?

Recommendation: 
· SA5 should clearly settle the requirement that the string Charging ID shall be globally unique, which is essential to match the CRs between PLMNs. The format of the String Based Charging ID can be defined by CT4 to fulfil the requirement by SA5.
· A common data type in TS 29.571 to be defined (with the schema above) to be used by SMF/PCF/CHF interfaces.

[Observation-2] - Home Network Provided Charging ID and Charging ID

According to TS 32.255, when the V-SMF assigning the Charging ID, the V-SMF ID may be included. When H-SMF assigning the Charging ID, there is no explicitly requirement to include the H-SMF ID. A Home Network Provided Charging ID from H-SMF to V-SMF during EPS to 5GS mobility carrying the H-SMF assigned charging ID may only contain a uint32 base identifier.

However, in a scenario for a HR PDU session first established in 5GS, the V-SMF assign the Charging ID and pass to the H-SMF. The H-SMF store it and use it for charging. When the PDU session is moved to EPS then move back to 5GS, the H-SMF will provided the V-SMF assigned Charging ID (by old V-SMF during establishment) to the new V-SMF during EPS to 5GS mobility. Thus the Home Network Provided Charging ID may carry the V-SMF assigned Charging ID instead of H-SMF assigned Charging ID, where V-SMF ID will be included.

NOTE: How a string based charging ID to be applied in EPS network is out of scope of this discussion paper. Some possible extension on GTP interface can be considered to allow carrying the string based charging ID via GTP-C interface.

Additionally, TS 32.255 is not covering the scenario for V-SMF insertion and removal during inter-PLMN mobility between HPLMN and VPLMN.
· If the PDU session is established as non-roam PDU session, the Charging ID is assigned by H-SMF. If the UE later moves to a VPLMN, a V-SMF is inserted and the H-SMF pass the H-SMF assigned charging ID to the V-SMF; To avoid a H-SMF assigned charging ID (if not include additional information, e.g. SMF ID) may possibly collide with a Charging ID in VPLMN, it is strongly recommended that the H-SMF assigned charging ID also include SMF ID for UE supporting Roaming.
· If the PDU session is established as HR PDU session, the V-SMF assign the Charging ID and pass to H-SMF. When later the UE moves to HPLMN, the V-SMF is removed but the V-SMF assigned Charging ID is still used by for the PDU session. After that, when the UE again move to a VPLMN, a V-SMF will be inserted and in such a scenario the H-SMF will provided the stored Charging ID (assigned by first V-SMF) to the new V-SMF in SM Context Request. 

To summarize, in SMF API specified in TS 29.502, the assigned Charging ID is passed between SMFs during mobility scenarios via N16/N38:

· During HR PDU Session Establishment, Charging ID (V-SMF assigned) passed from V-SMF to H-SMF in PduSessionCreateData;

· During V-SMF Change, Charging ID (V-SMF assigned or H-SMF assigned) passed from old V-SMF to new V-SMF in SmContext;

· During V-SMF Insertion, Charging ID (V-SMF assigned or H-SMF assigned) passed from H-SMF to V-SMF in SmContext or in HsmfUpdatedData for PDU session with I-SMF in HPLMN;

· During EPS to 5GS Mobility for HR PDU session, Charging ID (V-SMF assigned or H-SMF assigned) passed from H-SMF to V-SMF in PduSesionCreatedData;

Above all, a Charging ID passed between H-SMF/V-SMF and between V-SMFs is always possibly be assigned by V-SMF which may contain V-SMF ID. It is also strongly recommended that the H-SMF include the H-SMF ID in the H-SMF assigned Charging ID. Thus the new String based Charging ID shall be supported to be carried bidirectionally between SMFs via N16/N38.


[Observation-3] Charging ID Exchange between SMFs only for Roaming PDU Session

In general current 5GC deployments based on Rel-16 did not support roaming scenarios in a good way, the String based Charging ID support to resolve the roaming scenarios better be started from Rel-17 along with other inter-PLMN roaming enhancements. This is aligning with agreement in CT3 for PCF and SA5 for CHF, all start from Rel-17.

Deployment wise, it is strongly recommended to enforce usage of new String Based Charging ID between SMFs for roaming scenarios, i.e. the usage of String Based Charging ID shall be used in roaming agreement between operators. This mandate the String Based Charging ID support on all NFs including SMF/PCF/CHF. In such deployments, the SMFs can always provide the String Based Charging ID directly to the PCF/CHF, i.e. No conversion from String Based Charging ID to uint32 Charging ID is required.

Based on roaming agreement, continue using Uint32 legacy Charging ID is technically possible (though not recommended). But both PLMNs must be clearly aware that usage of the uint32 charging ID will have the risk of Charging ID collision between PLMNs. 

Another consequence is how to handle the mix-use of legacy Charging ID and string based charging IDs, e.g., if a PDU session with is already assigned a String based Charging ID, when the UE roaming to a VPLMN that only support Uint32 Charging ID how to handle the Charging ID mismatching between two PLMNs. There could be two options:

· To release the PDU session in such a scenario.

· To send both Charging IDs between SMFs supporting string based charging ID and also report both Charging IDs to CHF/PCF. If the receiver is Rel-17, it shall store both and also report both to CHF/PCF. If the receiver is Rel-16, it will discard the new attribute and will have to use the ambiguous legacy attribute and also report the Uint32 value to the CHF/PCF. Between PLMNs, CDRs will be matched with string based charging ID if supported by both PLMNs; otherwise, the Uint32 Charging ID will be used to match the CDRs.

Option-1 should be the last resort considering the service impacts. LS to SA5/CT3 is expected for option-2 to ask opinion on the requirement to support both Uint32 charging ID and String Charging ID on PCF/CHF interfaces.

Yet another issue about 5GS to EPS mobility. As EPS only support Uint32 Charging ID, when String based charging ID is assigned by V-SMF, which Charging ID will be used in EPS is not specified by SA5. If also use the Uint32 charging ID assigned by V-SMF, Charging ID collision may still occur.

LS to SA5 is expected to clarify the Charging ID handling during 5GS to EPS interworking scenario.

[Observation-4] Extending existing IEs for String based Charging ID vs. New IEs

As described in [Observation-3], String based Charging ID is strongly recommended for international roaming deployments, but it is better to also keep the possibility to continue using the Uint32 Charging ID e.g. if certain PLMNs doesn't support new PCF/CHF at the moment.

To clearly identify these two diffeerent scenarios on protocol level, new IEs should be introduced to carry the new String Based Charging ID and legacy IE to carry the Uint32 Charging ID. Either new IE or Legacy IE should be passed based on roaming agreement.

Feature negotiation may be introduced on the new IEs, to help the peer NF to identify whetehr string based charging ID is suported by the peer SMF or not for further protection. If the feature is to be define, the SMF shall only indicating the support of the String based Charging ID feature when the network suporting String based Charging ID reporting, i.e. String based Charging ID supported by PCF/CHF.

3	Conclusion
Based on the analysis on observations, it is recommended the following in TS 29.502:

To clarify the usage of legacy Uint32 Charging ID schema (Start from Rel-16):
· Decimal encoding of uint32 value to be used for (base) Charging ID


To Introduce new IEs for String based Charging ID (Start from Rel-17):
· Define a common data type for String based Charging ID, which includes the Uint32 base charging ID and the SMF ID
· String based charging ID to be supported for Charging ID passed between V-SMF/H-SMF and between V-SMFs, i.e. chargingID in PduSessionCreateData, SmContext and homeProvidedChargingId in PduSessionCreatedData, HsmfUpdatedDta.
· (TBD) Both legacy charging ID and String Charging ID to be provided between SMFs.
· (TBD) Feature in SMF API indicating the support of String based Charging ID of the network.
· (TBD) PDU session with String based charging ID shall be released when the UE roaming to a VPLMN only support Uint32 Charging ID.

Related CRs (CR0593/0594 to TS 29.502 for Rel-16, CR0595 to TS 29.502 and CR0389 to TS 29.571 for Rel-17, ...) propose the above changes, ask for CT4 discussion and agreement.
