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1.
Discussion

The current EPC-EUTRAN/5GC interworking architecture is captured in the following figure (rendition of IWK architecture from TS 23.501). 
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Figure 1. 4G/5G Interworking Rel-15/Rel-16. 

The key parts here is that the SMF and UPF provided interworking between 4G and 5G, i.e. SMF terminates S5-C, UPF terminates S5-U and PCF and CHF are able to handle RAT type for 4G (E-UTRAN). The key point to note here is that there is no support of 3G/2G in the interworking 5GC. 

There is no GGSN-C in the SMF+PGW-C. RAT type for 2G/3G is not supported in REL-15 to PCF and CHF interfaces.

However, operators who also support 2G/3G UEs have the following architecture shown below.
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Figure 2. Deployment scenario with 2G/3G. 

Here the existing EPC core supports 2G/3G UEs. However, such UEs cannot be anchored on the SMF+S5-C. One of the issues with this architecture is that operators who need to continue to support 2G/3G UEs will need to continue to support PCRF and OCF and OFCS using diameter interfaces.
There was a proposal in SA2-135 [1], which proposed the following updates to the 5GC architecture.
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Figure 3: "Network Architecture after the simplification". Source: S2-1909664 [1]
The proposal in [1] was then just to add RAT type for 2G/3G to PCF and CHF and end of story. The above figure is a simplification and does not cover large number of details. Eg.:
1. Is there any interworking between 2G/3G and SMF?

2. Is SMF supporting Gn/Gp GTP-C v1?

Assuming that handover/interworking with 2G/3G is not required, the following may be a depiction of what S2-1909664 is attempting to propose.  
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Figure 4. One understanding of the proposal in [1]. 

Our (one) understanding of the proposal in [1] is shown above. Here, the main proposal is that PGW of 23.401, annex D (which is the most widely deployed architecture) support N7 and N40 interfaces. However, there is no interworking of 2G/3G with 5G. Whenever the anchor changes between PGW-C and SMF, IP address change, N7 changes, N40 changes. The advantage of the above architecture is that PCF and CHF are able to handle 2G/3G UEs and a separate PCRF and OCS/OfCS are not required. The billing system only interfaces with the CHF. Here, we do not look into the implementation where the PGW-C+Gn/Gp maybe deployed as part of SMF and PGW-U being deployed as part of UPF (are there impacts on N4?).

2.  Policy (N7) and Charging (N40) impacts for supporting 2G/3G 

Assuming that the goal is only to support 2G/3G UEs on PCF and CHF and not look at other aspects (eg N4 and handover/interworking), the following are additional impacts that will need to be captured (the annex is a dump from 23.203 with search on keywork "GERAN"):
1. Support of RAT Type for 2G/3G on N7 and N40. 
2. Credit re-authorization triggers need to include SGSN change and location change triggers need to include RAI (see A.4.3.1.1 Credit management)
3. Event triggers need to include SGSN change and CGI/SGI change (see A.4.3.1.2 Event Triggers)
4. Impacts for bearer-binding on PCRF for UE-only bearer binding mode (see A.4.3.1.3Binding mechanism). Will this be mode be supported or not? If not how are such UE's handled.
5. PRA areas to also include RAI/CGIs (see A.4.3.4 IP-CAN bearer and IP-CAN session related policy information).

In addition to the Policy and Charging impacts, the following also needs to be considered
6. Selection of PGW+GGSN supporting N7/N40 vs those supporting Gx/Gy. How does the SGSN select one vs the other. The UE attaching on 2G/3G does not provide 5G-NAS capability to SGSN. Are there any impacts on subscription via Gr interface to SGSN for enabling access to 5GC for the UE?
7. Creating of PDU Session ID for these UEs by the PGW (can reuse functionality of SMF used for the 4G only UE case).

8. Impacts to UDR to store 2G/3G related policies?
Proposal

A WID or TEI-17 (our preference is for a WID) should be created to clearly state the scope of work to be undertaken. Subsequent or in parallel with that series of CRs to the specs to be created (WID will enable proper tracking of correction CRs both in Stage-2 and Stage-3).

Reference:

[1] S2-1909864, Discussion on converged interfaces for 2/3/4/5G access, China Mobile, China Unicom, Huawei, CATT, SA2-135 October 2019.
Annex
GERAN/UTRAN related impacts from 23.203

7.7.1.1
Gateway Control Session Establishment during Attach
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Figure 7.7.1.1-1: Gateway Control Session Establishment during Attach

This procedure concerns both roaming and non-roaming scenarios. In the roaming case when a Gateway Control Session is used, the V-PCRF should proxy the Gateway Control Session Establishment between the BBERF in the VPLMN and the H-PCRF over S9 based on PDN-Id and roaming agreements.

In the non-roaming case (Figure 5.1-1) the V-PCRF is not involved.

1.
The GW (BBERF) receives an indication that it must establish a Gateway Control Session.

2.
The GW (BBERF) sends the PCRF a Gateway Control Session Establishment. The BBERF includes the following information: IP‑CAN Type, UE Identity, PDN Identifier (if known), IP address(es) (if known), an indication that leg linking shall be deferred (applicable for case 2b, as defined in clause 7.1), if available, the PDN Connection Identifier and if available, the IP‑CAN bearer establishment modes supported and the indication of BBERF support for the extended TFT filter format. The IP‑CAN Type identifies the type of access used by the UE. The UE's identity and PDN Identifier requested are used to identify the subscriber and in PCRF selection to locate the PCRF function with the corresponding IP‑CAN session established by the PDN GW. The BBERF may also include the Default Bearer QoS and APN-AMBR (applicable for case 2b, as defined in clause 7.1). An indication that leg linking shall be deferred is included to inform the PCRF that linking the Gateway Control Session to a Gx session shall occur when a matching Gx message is received as described clause 6.2.1.0. Further information is supplied on an access specific basis, as described in the IP‑CAN specific Annexes.

NOTE:
The BBERF support is a prerequisite for the PCRF enabling the possibility for usage of the extended TFT filter format in the IP-CAN session(s).

3.
For GERAN/UTRAN accesses, if the PCRF is required to interact with the GW (PCEF), the PCRF waits until it gets informed about the establishment of the corresponding IP‑CAN session (step 7 of the IP‑CAN session establishment procedure) and performs a PCRF initiated IP‑CAN session modification procedure with the GW (PCEF).

4.
The PCRF sends an Acknowledge Gateway Control Session Establishment to the GW (BBERF). The PCRF may include the following information: the chosen IP‑CAN bearer establishment mode, QoS Rules and Event Triggers. In case 2a a charging ID may be provided together with QoS rules. The QoS policy rules are employed by the GW (BBERF) to perform Bearer Binding. The Event Triggers indicate events that require the GW (BBERF) to report to the PCRF.

5.
The QoS Rules and Event Triggers received by the GW (BBERF) are deployed. This will result in bearer binding being performed, according to the rules. This step may trigger IP‑CAN bearer establishment procedures. The details of bearer establishment are IP‑CAN specific.

6.
An indication of Gateway Control Session Established is sent to the entity that triggered the initiation of the session.

=====

A.4.3.1.1
Credit management

For EPS the credit re-authorisation triggers in table A.4.3-1 shall apply in addition to the ones in table 6.1. They are applicable both in case of PCEF and in case of TDF.

Table A.4.3-1: EPS specific credit re-authorization triggers

	Credit re-authorization trigger
	Description

	SGSN change
	The UE has moved to a new SGSN. (Note 2)

	Serving GW change
	The UE has moved to a new Serving GW. (Note 1) (Note 2)

	RAT type change.
	The characteristics of the air interface, communicated as the radio access type, have changed.

	Location change (routeing area)
	The routeing area of the UE has changed. (Note 2)

	Location change (tracking area)
	The tracking area of the UE has changed. (Note 1)

	Location change (ECGI)
	The ECGI of the UE has changed.(Note 1)

	Location change (CGI/SAI)
	The CGI/SAI of the UE has changed.(Note 2)

	Location change (eNodeB ID)
	The eNodeB ID of the UE has changed. (Note 1)

	Change of UE presence in Presence Reporting Area
	The UE is entering/leaving a Presence Reporting Area

	User CSG Information change in CSG cell
	User CSG Information has changed when the UE enters/leaves/accesses via a CSG cell

	User CSG Information change in subscribed hybrid cell
	User CSG Information has changed when the UE enters/leaves/accesses via a hybrid cell in which the subscriber is a CSG member

	User CSG Information change in un-subscribed hybrid cell (see NOTE 3 )
	User CSG Information has changed when the UE enters/leaves/accesses via a hybrid cell in which the subscriber is not a CSG member

	NOTE 1:
These triggers are used for E‑UTRAN access.

NOTE 2:
These triggers are used for GERAN/UTRAN accesses.

NOTE 3:
Due to the increased signalling load, such reporting should be applied to a limited number of subscribers only.


If the Location change trigger for GERAN/UTRAN or E‑UTRAN is armed, the PDN GW should request the Serving Nodes (then SGSN or MME specifically) to report any changes in location to the level indicated by the trigger according to the procedures described in TS 23.060 [12] or TS 23.401 [17].

====

A.4.3.1.2
Event Triggers

For EPS the event triggers in table A.4.3-2 shall apply in addition to the ones in table 6.2 at the PCEF upon the request of the PCRF.

NOTE:
The request from the PCRF can be triggered by configured policy, or a request received from the TDF. In case of TDF, this may be a result of credit re-authorization trigger received by the TDF from the OCS.

Table A.4.3-2: EPS specific event triggers

	Event trigger
	Description
	Reported from
	Condition for reporting

	SGSN change
	The UE has moved to a new SGSN. (Note 2)
	PCEF
	PCRF

	Serving GW change
	The UE has moved to a new Serving GW. (Note 1) (Note 2)
	PCEF
	PCRF

	RAT type change.
	The characteristics of the air interface, communicated as the radio access type, have changed.
	PCEF
	PCRF

	Location change (routeing area)
	The routeing area of the UE has changed.
	PCEF
	PCRF

	Location change (tracking area)
	The tracking area of the UE has changed. (Note 1)
	PCEF
	PCRF

	Location change (ECGI)
	The ECGI of the UE has changed.(Note 1)
	PCEF
	PCRF

	Location change (CGI/SAI)
	The CGI/SAI of the UE has changed.(Note 2)
	PCEF
	PCRF

	Location change (eNodeB ID)
	The eNodeB ID of the UE has changed. (Note 1)
	PCEF
	PCRF

	Change of UE presence in Presence Reporting Area
	The UE is entering/leaving a Presence Reporting Area
	PCEF
	PCRF

	Subscribed APN-AMBR change
	The subscribed APN-AMBR has changed
	PCEF
	Always set

	EPS Subscribed QoS change
	The QoS of the default EPS bearer has changed.
	PCEF
	Always set

	User CSG Information change in CSG cell
	User CSG Information has changed when the UE enters/leaves/accesses via a CSG cell. (Note 3)
	PCEF
	PCRF

	User CSG Information change in subscribed hybrid cell
	User CSG Information has changed when the UE enters/leaves/accesses via a hybrid cell in which the subscriber is a CSG member. (Note 3)
	PCEF
	PCRF

	User CSG Information change in un-subscribed hybrid cell (see note)
	User CSG Information has changed when the UE enters/leaves/accesses via a hybrid cell in which the subscriber is not a CSG member. (Note 3)
	PCEF
	PCRF

	3GPP PS Data Off status change
	The PCEF reports when the 3GPP PS Data Off status changes
	PCEF
	Always set

	NOTE 1:
These triggers are used for E‑UTRAN access.

NOTE 2:
These triggers are used for GERAN/UTRAN accesses.

NOTE 3:
Due to the increased signalling load, such reporting should be applied to a limited number of subscribers only.


===

A.4.3.1.3
Binding mechanism

As explained in clause 6.1.1, the binding mechanism is performed in three steps: Session Binding, PCC Rule authorization and Bearer Binding.

Session Binding has no 3GPP Access (GTP-based) specifics.

For the authorization of a PCC rule with a GBR QCI the PCRF shall assign a GBR value within the limit supported by the serving network.

NOTE 1:
For the authorization of PCC Rules with the same QCI the PCRF may also check that aggregated GBR is within the limits supported by the serving network to minimize the risk of rejection of the bearer by the serving network.

For the 3GPP Access (GTP-based) the Bearer Binding is performed by the PCEF. For GERAN/UTRAN in UE-only mode the Bearer Binding mechanism is restricted by the UE provided binding between a SDF and a bearer for UE initiated resource requests.

A PCEF supporting the Bind to Default Bearer PCC rule attribute shall bind a dynamic PCC rule with this attribute to the default bearer instead of using the bearer binding mechanism defined in clause 6.1.1.4 and keep the binding as long as this attribute remains set. When the PCRF removes the Bind to Default Bearer PCC rule attribute, the bearer binding mechanism as defined in clause 6.1.1.4 shall be applied by using the QoS Class Identifier and ARP values of the dynamic PCC rule. The PCEF support for the Bind to Default Bearer PCC rule attribute is optional, and shall be indicated to the PCRF.

The bearer binding mechanism associates the PCC Rule with the EPS bearer to carry the service data flow. The association shall:

-
cause the downlink part of the service data flow to be directed to the EPS bearer in the association; and

-
assume that the UE directs the uplink part of the service data flow to the EPS bearer in the association.

Thus, the detection of the uplink part of a service data flow shall be performed on the EPS bearer over which the downlink packets of the same service data flow is directed to.

NOTE 2:
For GERAN/UTRAN in UE-only mode the detection of the uplink part of the service data flow may be active, in parallel, on any number of EPS bearers.

When the PDN GW is connected to an SGSN via Gn/Gp (and thus a handover from UTRAN/GERAN to E-UTRAN is possible), the bearer binding in the PCEF shall not combine PCC rules with different ARP values onto the same PDP context. For the UE-only mode (which is based on a UE provided binding) PCC rules with different ARP values shall not be authorized for the same PDP context.

NOTE 3:
If Evolved ARP is not supported by the SGSN then this enables a modification of the EPS bearer ARP without impacting the service assignment after a handover to E-UTRAN or after relocation to a S4‑SGSN or a Gn/Gp SGSN that supports Evolved ARP.

===

A.4.3.2.2
Policy and Charging Enforcement Function (PCEF)

In the 3GPP Access (GTP-based) architecture the PCEF enforce QoS Policies as indicated by the PCRF in accordance to what is stated in clause 6.2.2.1 with the following additions:

-
Authorized APN-AMBR enforcement. The PCEF shall enforce the authorized APN-AMBR received via the Gx interface for the total bandwidth usage of non-GBR QCI for the APN.

-
Authorized Default EPS Bearer QoS Enforcement. The PCEF receives the authorized QoS for the default bearer over Gx interface. The PCEF enforces it which may lead to the upgrade or downgrade of the default EPS Bearer QoS. The PCEF shall re-evaluate the bearer binding (as defined in clause 6.1.1.4) taking into account the default bearer QoS change and any PCC Rule operation requested by the PCRF.

When the PDN GW is connected via Gn/Gp (and thus handover from UTRAN/GERAN to E‑UTRAN is possible), the PDN-GW shall map QoS parameters of EPS bearers and APN-AMBR (if not received via Gn/Gp) to/from Release 99 and Release 97/Release 98 QoS parameter values of PDP-contexts as specified in Annex E of TS 23.401 [17]
. The PDN GW shall mediate Gn/Gp procedures so that PCRF experiences no difference compared to S5/S8 procedures.

Only the GBR per bearer is used for resource reservation (e.g. admission control in the RAN).

The MBR (per PCC rule / per bearer) and the authorized APN-AMBR are used for rate policing.
====

A.4.3.4
IP-CAN bearer and IP-CAN session related policy information

For EPS the IP‑CAN bearer and IP‑CAN session related policy information in table A.4.3.4-1 shall apply in addition to the ones in table 6.4 and table A.4.

A Presence Reporting Area may be defined as a short list of TAs or eNBs and/or ECGI for E-UTRAN, a short list of RAs or SAIs or CGIs for UTRAN, and a short list of RAs or CGIs for GERAN.
�This is not applicable since PMIP based S5 is not supported


�This is a PGW only impact and does not impact PCF or CHF. Supported by PGW+GGSN (23.401 PGW)
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