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Abstract of the contribution: This paper discusses the new “Operator Group central GGSN” concept that was introduced in the not handled Vodafone paper. It is proposed to discuss the impacts to GGSN, SGSN, DNS and charging GWs, to decide whether this feature needs to be introduced, and in which release. It is proposed to keep the existing principle whereby the UE cannot establish a PDN connection to a GGSN/PGW not in HPLMN or VPLMN in Rel-11, and to allow the UE to establish a PDN connection to any GGSN/PGW in the Operator Group in Rel-12.
Discussion
GERAN has agreed CR0324 to 48.018, which introduces two new IEs to the DL-UNITDATA PDU, one carrying the SCI and the other the GGSN/P-GW location information. The GGSN/P-GW location information can take four values: HPLMN, VPLMN, Operator Group central GGSN, unknown.

However, the term "central" in "Operator Group central GGSN" used in the GERAN CR has never been discussed in SA2 although a Vodafone contribution S2-124586, which has not been handled, was submitted in SA2#94 (New Orleans). 
In this contribution, for the non-roaming case and M2M, an operator group central M2M GGSN is introduced in slide 5:
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It is not clear whether this operator group central M2M GGSN is only in the non-roaming case, or whether it can also apply to the roaming case as described below:
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In non-roaming case, it is only possible for a UE to establish a PDN connection to a GGSN/PGW in its HPLMN in existing specifications. This is specified in TS 23.060 normative annex A: "When the MS is in its HPLMN, if the MS requests an APN that does not correspond to any GGSN or P-GW of its HPLMN, the request shall be rejected by the SGSN.”
In roaming case, it is only possible for a UE to establish a PDN connection to a local GGSN/PGW (LBO) or to a GGSN/PGW in its Home PLMN. In other words, a given GGSN/PGW cannot be accessed by all UEs of an operator group. This is also specified in TS 23.060 normative annex A: "When the MS is in a VPLMN, if the MS requests an APN that does not correspond to any GGSN or P-GW of its HPLMN nor of this VPLMN or any of its associated PLMNs when the VPLMN is a shared network, the request shall be rejected by the SGSN."

Therefore, the concept of “Operator Group Central GGSN” is completely new and would at least require changes in existing specifications. 
But we need to study the “side effects”. For example, regarding charging and lawful interception.
Charging aspects

For the traffic directed to the Operator Group central PLMN, user charging, and Inter-Operator Accounting between the different PLMNs need to be clarified, especially for the roaming case.

In the roaming case the Operator Group central is expected to provide TAP records based on GGSN CDRs to the HPLMN, and the VPLMN is also expected to provide TAP records based on SGSN CDRs to the HPLMN. The HPLMN will therefore need to deal with these two TAP input within its charging system, in order to perform reconciliation with both PLMNs. For end-user offline charging, the HPLMN will need to rely on TAP input from Operator Group Central.
In case Online Charging is to be considered, interworking between Operator Group central PLMN and HPLMN needs to be clarified. 
Per TS 32.251 clause 6.1B, SGSN and GGSN provide different CDR types: SGSN provides S-CDRs and GGSN/PGW provides P-CDRs. 
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Looking at S-CDRs in clause 6.1.1, a few  side effects may be due to the “GGSN Address Used”: it will be the Operator Group GGSN address, not the address of an home PLMN GGSN. But it is assumed that this is not verified by the charging system. 
Table 6.1.1 : SGSN IP CAN bearer data (S-CDR)

	Field
	Category
	Description

	Record Type
	M
	SGSN IP CAN bearer record.

	Network Initiated PDP Context
	OC
	A flag that is present if this is a network initiated IP CAN bearer.

	Served IMSI
	C
	IMSI of the served party, if available.

	IMSI Unauthenticated Flag
	OC
	This field indicates the provided served IMSI is not authenticated (emergency bearer service situation).

	Served IMEI
	OC
	The IMEI of the ME, if available. It is used for identifying the user in case Served IMSI is not present during emergency bearer service.

	SGSN Address
	OM
	The IP address of the current SGSN.

	MS Network Capability
	OM
	The mobile station Network Capability.

	Routing Area Code (RAC)
	OM
	RAC at the time of "Record Opening Time".

	Location Area Code (LAC)
	OM
	LAC at the time of "Record Opening Time".

	User CSG information
	OC
	This field contains the User CSG information of the UE, if available, including CSG ID, access mode and CSG membership indication.

	Cell Identifier
	OM
	Cell identity for GSM or Service Area Code (SAC) for UMTS at the time of "Record Opening Time".

	Charging ID
	M
	IP CAN bearer identifier used to identify this IP CAN bearer in different records created by PCNs.

	GGSN Address Used
	M
	The control plane IP address of the P-GW currently used. The P-GW address is always the same for an activated IP CAN bearer.

	Access Point Name Network Identifier
	OM
	The logical name of the connected access point to the external packet data network (network identifier part of APN).

	PDP Type
	OM
	PDP type, i.e. IPv4, IPv6, IPv4v6, PPP, IHOSS:OSP.

	Served PDP Address
	OC
	PDP address of the served IMSI, i.e. IPv4 address when PDP Type is IPv4 or IPv6 prefix when PDP Type is IPv6 or IPv4v6. This parameter shall be present except when both the PDP type is PPP and dynamic PDP address assignment is used.

	Served PDP Address prefix length
	OC
	PDP/PDN Address prefix length of an IPv6 typed Served PDP Address. The field needs not available for prefix length of 64 bits. 

	Served PDP/PDN Address extension
	OC
	This field holds IPv4 address of the served IMSI, if available, when PDP type is IPv4v6.

	List of Traffic Data Volumes
	OM
	A list of changes in charging conditions for this IP CAN bearer, each change is time stamped. Charging conditions are used to categorize traffic volumes, such as per tariff period. Initial and subsequently changed QoS and corresponding data volumes are also listed.

	Record Opening Time
	M
	Time stamp when IP CAN bearer is activated in this SGSN or record opening time on subsequent partial records.

	Duration
	M
	Duration of this record in the SGSN.

	SGSN Change
	C
	Present if this is first record after SGSN change.

	Cause for Record Closing
	M
	The reason for closure of the record from this SGSN.

	Diagnostics
	OM
	A more detailed reason for the release of the connection.

	Record Sequence Number
	C
	Partial record sequence number in this SGSN. Only present in case of partial records.

	Node ID
	OM
	Name of the recording entity.

	Record Extensions
	OC
	A set of network operator/manufacturer specific extensions to the record. Conditioned upon the existence of an extension.

	Local Record Sequence Number
	OM
	Consecutive record number created by this node. The number is allocated sequentially including all CDR types.

	APN Selection Mode
	OM
	An index indicating how the APN was selected.

	Access Point Name Operator Identifier
	OM
	The Operator Identifier part of the APN.

	Served MSISDN
	OM
	The primary MSISDN of the subscriber.

	Charging Characteristics
	M
	The Charging Characteristics applied to the IP CAN bearer.

	RAT Type
	OC
	This field indicates the Radio Access Technology (RAT) type currently used by the Mobile Station as defined in TS 29.061 [205], when available.

	CAMEL Information
	OC
	Set of CAMEL information related to IP CAN bearer. For more information see Description of Record Fields. This field is present if CAMEL service is activated.

	RNC Unsent Downlink Volume
	OC
	The downlink data volume, which the RNC has not sent to MS. This field is present when the RNC has provided unsent downlink volume count at RAB release.

	Charging Characteristics Selection Mode
	OM
	Holds information about how Charging Characteristics were selected.

	Dynamic Address Flag
	OC
	Indicates whether served PDP address is dynamic, which is allocated during IP CAN bearer activation. This field is missing if address is static.


Looking at PGW-CDRs, in clause 6.1.3, a few  side effects may be due to:

· PGW PLMN Identifier: the PLMN-ID will be different than the UE’s home PLMN ID. 

· The charging GW at the Operator Group PLMN will have to relay the PGW-CDR to the UE’s home PLMN charging GW. 

Table 6.1.3: P-GW IP CAN bearer data (PGW-CDR)

	Field
	Category
	Description

	Record Type 
	M
	P-GW IP CAN bearer record.

	Served IMSI
	C
	IMSI of the served party, if available.

	IMSI Unauthenticated Flag
	OC
	This field indicates the provided served IMSI is not authenticated (emergency bearer service situation).

	Served IMEISV
	OC
	IMEISV of the ME, if available. It is used for identifying the user in case Served IMSI is not present during emergency bearer service.

	Served 3GPP2 MEID
	OC
	MEID of the served party’s terminal equipment for 3GPP2 access. 

	Served MN NAI
	OC
	Mobile Node Identifier in NAI format (based on IMSI), if available.

	P-GW Address used
	M
	The control plane IP address of the P-GW used.

	P-GW Address IPv6
	OC
	The control plane IPv6 address, in case of IPv4v6 dual stack, of the P-GW used.

	Charging ID
	M
	IP CAN bearer Charging identifier used to identify this IP CAN bearer in different records created by PCNs

This field holds the unique Charging Id in the PMIP case.

	PDN Connection Charging Id
	OM
	This field holds the Charging Id of the EPS default bearer to identify different records belonging to same PDN connection. This field is present in GTP case only.

	Serving node Address 
	M
	List of SGSN/S-GW control plane IP addresses, or the ePDG address used during this record.

	Serving node IPv6 Address
	OC
	List of SGSN/S-GW control plane IPv6 addresses, in case of IPv4v6 dual stack, used during this record.

	Serving node Type
	M
	List of serving node types in control plane. The serving node types listed here map to the serving node addresses listed in the field "Serving node Address" in sequence.

	PGW PLMN Identifier
	Oc
	PLMN identifier (MCC MNC) of the PGW.

	Access Point Name Network Identifier
	OM
	The logical name of the connected access point to the external packet data network (network identifier part of APN).

	PDP/PDN Type
	OM
	PDP/PDN type, i.e. IPv4, IPv6, IPv4v6 , or PDP type PPP, or IHOSS:OSP.

	Served PDP/PDN Address
	OC
	IP address allocated for the PDP context / PDN connection, i.e. IPv4 address when PDP/PDN Type is IPv4 or IPv6 prefix when PDP/PDN Type is IPv6 or IPv4v6. This parameter shall be present except when both the PDP type is PPP and dynamic IP CAN bearer address assignment is used.

	Served PDP/PDN Address prefix length
	OC
	PDP/PDN Address prefix length of an IPv6 typed Served PDP Address. The field needs not available for prefix length of 64 bits.

	Served PDP/PDN Address extension
	OC
	This field holds IPv4 address of the served IMSI, if available, when PDP/PDN type is IPv4v6.

	Dynamic Address Flag
	OC
	Indicates whether served PDP/PDN address is dynamic, which is allocated during IP CAN bearer activation, initial attach (E-UTRAN or over S2x) and UE requested PDN connectivity. This field is missing if IPv4 address is static when PDN Type is IPv4, or if IPv6 address is static when PDN Type is IPv6 or IPv4v6.

	Dynamic Address Flag extension
	OC
	Indicates whether served IPv4 PDP/PDN address is dynamic, which is allocated during IP CAN bearer activation, initial attach (E-UTRAN or over S2x) and UE requested PDN connectivity with PDP/PDN type IPv4v6. This field is missing if IPv4 address is static.

	List of Service Data 
	OM
	A list of changes in charging conditions for all service data flows within this IP CAN bearer categorized per rating group or per combination of the rating group and service id or per combination of rating group, sponsor identity and application service provider identity. Each change is time stamped. Charging conditions are used to categorize traffic volumes, elapsed time and number of events, such as per tariff period. Initial and subsequently changed QoS and corresponding data values are also listed.

Online charging information (PS Furnish Charging Information) may be added per each service data flow container in case it is sent by the OCS.

Failure-Handling: This field shall be present in case P-GW triggers the Failure-Handling procedure. It shall indicate the Failure Handling scenario and the instant the Failure Action is triggered (see annex B). Scenarios: Continue/New Session; Continue/Ongoing Session; Retry&Terminate/Ongoing Session; Terminate/Ongoing Session.

	Record Opening Time
	M
	Time stamp when IP CAN bearer is activated in this P-GW or record opening time on subsequent partial records.

	MS Time Zone 
	OC
	This field contains the MS Time Zone the MS is currently located as defined in TS 29.060 [203], if available.

	Duration
	M
	Duration of this record in the P-GW.

	Cause for Record Closing 
	M
	The reason for the release of record from this P-GW.

	Diagnostics
	OM
	A more detailed reason for the release of the connection.

	Record Sequence Number
	C
	Partial record sequence number, only present in case of partial records.

	Node ID
	OM
	Name of the recording entity.

	Record Extensions
	OC
	A set of network operator/manufacturer specific extensions to the record. Conditioned upon the existence of an extension.

	Local Record Sequence Number
	OM
	Consecutive record number created by this node. The number is allocated sequentially including all CDR types.

	APN Selection Mode
	OM
	An index indicating how the APN was selected.

	Served MSISDN
	OM
	The primary MSISDN of the subscriber.

	User Location Information
	OC
	This field contains the User Location Information of the MS as defined in TS 29.060 [203] for GPRS case, and in TS 29.274 [210] for EPC case, if available.

	User CSG information
	OC
	This field contains the User CSG Information of the UE, if available, including CSG ID, access mode and CSG membership indication.

	3GPP2 User Location information
	OC
	This field contains the User Location Information of the MS as defined in TS 29.212 [71] for 3GPP2 access, if available.

	Charging Characteristics
	M
	The Charging Characteristics applied to the IP CAN bearer.

	Charging Characteristics Selection Mode
	OM
	Holds information about how Charging Characteristics were selected.

	IMS Signalling Context
	OC
	Included if the IP CAN bearer IM-CN Subsystem Signalling Flag is set, see [201]is used for IMS signalling.

	External Charging Identifier
	OC
	A Charging Identifier received from a non-EPC, external network entity e.g ICID.

	Serving node PLMN Identifier
	OM
	Serving node PLMN Identifier (MCC and MNC) used during this record.

	PS Furnish Charging Information
	OC
	Online charging session specific information

	CAMEL Information 
	OC
	Set of CAMEL information related to IP CAN bearer, if available. This field applies only for GPRS. 

	RAT Type
	OC
	This field indicates the Radio Access Technology (RAT) type currently used by the Mobile Station as defined in TS 29.061 [205], when available.

	Start Time
	OC
	This field holds the time when User IP-CAN session starts, available in the CDR for the first bearer in an IP-CAN session. 

	Stop Time
	OC
	This field holds the time when User IP-CAN session is terminated, available in the CDR for the last bearer in an IP-CAN session. 

	Low Priority Indicator
	OC
	This field indicates if this IP-CAN session has a low priority, i.e. for Machine Type Communication.


However, no changes seem needed to S-CDRs nor PGW-CDRs. 

Impacts to SGSN and GGSN

1) At least, because of SGSN verifications mandated in TS 23.060 normative annex A "When the MS is in its HPLMN, if the MS requests an APN that does not correspond to any GGSN or P-GW of its HPLMN, the request shall be rejected by the SGSN.” and “When the MS is in its HPLMN, if the MS requests an APN that does not correspond to any GGSN or P-GW of its HPLMN, the request shall be rejected by the SGSN.”, the SGSN should be modified to not reject the requests to specific PLMNs (i.e. a set of PLMNs of the Operator Group). 
2) TS 23.003 clause 9.1 States:

“NOTE 1:
The APN Operator Identifier is mandatory on certain interfaces, see the relevant stage 3 specifications.”
And TS 24.008 does not mandate the UE to include the APN-OI. 

For the case APN-OI is not provided by the UE, TS 23.003 clause 9.1.2 specifies: 

“For each operator, there is a default APN Operator Identifier (i.e. domain name). This default APN Operator Identifier is derived from the IMSI as follows:

"mnc<MNC>.mcc<MCC>.gprs"

where: "mnc" and "mcc" serve as invariable identifiers for the following digits.

<MNC> and <MCC> are derived from the components of the IMSI defined in subclause 2.2.

This default APN Operator Identifier is used for home routed inter-PLMN roaming situations when attempting to translate an APN consisting only of a Network Identifier into the IP address of the GGSN/PGW in the HPLMN.”

If the UE only include the APN-NI in the PDP Activation Request, the SGSN in a VPLMN belonging to an Operator Group PLMN and the DNS should behave as follows: 
· The SGSN constructs the default APN-OI with the UE’s MCC+MNC and sends DNS query with the default APN-OI as specified in TS 23.003: the SGSN then does not need to be modified as it considers the PDN connection as home routed. 
· For that MCC+MNC, the DNS is configured with addresses/FQDNs of corresponding Operator Group central GGSNs.
Values exchanged with the BSS

The conditions under which the SGSN indicates these values will then be as follows:

a) the value "Operator Group GGSN" is used to indicate that the GGSN/PGW is in the SGSN’s Operator Group, and for which all or part of the SCI values are coordinated between the operators of the Operator Group.   

b) the value "HPLMN" is used to indicate non-roaming or home routed scenario where the GGSN/PGW is not in a PLMN of the SGSN’s Operator Group; the BSC derives a roaming scenario by comparing the MCC/MNC of the IMSI to the supported PLMNs.

c) the value "VPLMN" is used to indicate local breakout roamingh scenario where the GGSN/PGW is not in a PLMN of the SGSN’s Operator Group.

The SGSN can know that the GGSN/PGW belongs to the Operator Group by configuring the APNs local: the configuration will just consist in a list of specific APN-NI and associated PLMN-IDs corresponding to "Operator Group GGSN", assuming that the CDR (TAP) charging reconciliations will be between the VPLMN and the HPLMN, and between the Operator Group and the HPLMN, but not between the VPLMN and the Operator Group.

Conclusion
First, it is proposed to discuss whether this new feature needs to be introduced or not. 

Second, it seems that the “Operator Group GGSN” concept (where the GGSN is in a PLMN different from UE’s HPLMN or local VPLMN) is feasible with a few modifications to the stage 2 TS 23.060 and TS 23.003. 

In particular:

· Operator Group GGSN needs to be clearly defined in TS 23.060;

· TS 23.060 Annex A needs to be modified to change the situation when the SGSN is mandated to reject the UE PDN connectivity requests to specific APNs when the corresponding GGSNs are not in the UE’s Registered PLMN nor in the UE’s HPLMN; 
· TS 23.003 clause 9.1.2 also needs to be modified (CT4).

It is also questionable whether there should be modifications to GSMA specifications since the TAP exchange model is expected to be different to what exists today.
The impacts on correlation mechanisms for reconciliation between PLMNs needs to be clarified  

Thus, we propose two CRs:

· One in Rel-11 where we keep 3GPP Architectural principles i.e. a UE can only connect to a GGSN in its HPLMN or in the VPLMN as local breakout, 
· One in Rel-12 allowing a UE to establish a PDN connection to any GGSN in the SGSN’s Operator Group. Note that the Operator Group GGSNs can be in one particular PLMN or distributed in several PLMNs of the Operator Group. Also note that since there might be charging issues, the proposed Rel-12 CR is conditional to SA5 advice.
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