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Abstract of the contribution: This is a discussion paper and proposes a few considerations for the stage 3 work of N9HR LI and S8HR LI .  
Background
The TS 33.127 defines the stage 2 details of home-routed roaming architecture with N9HR (5GC) and S8HR (EPC) as the two variants. Recently, more informative details were added to the TR 33.929.  Of those informative details, this paper uses the following process flow diagrams used for N9HR: 
<rest of the contents of this background are cut and paste and hence, not for discussion>

Taken from TR 33.929 V007: 

4.8.4.1.1
Initial configuration - applicable to all inbound roamers
The N9HR LI process applicable to all inbound roamers with home-routed roaming is illustrated in figure 4.8.4-1.
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Figure 4.8.4-1: N9HR LI process – initial configuration (applicable to all inbound roamers)

The following describe the steps shown in figure 4.8.4-1:

1. LIPF initiates the N9HR LI process by provisioning the LMISF-IRI (over the LI_X1 reference point) with NSSAI + N9HR DNN as the target identity. However, there is no DID specified in the Activate Task as the LMISF-IRI is not supposed to forward of any of the received notifications.

2. LIPF provisions the BBIFF-C present in the SMF (over the LI_X1 reference point) with the NSSAI + N9HR DNN as the target identity and IRI+CC as the intercept type, however, the CC being limited to IMS signaling. The LMISF-IRI is the DID for both.

3. The BBIFF-C present in the SMF detects that PDU sessions are being established for the inbound roaming UEs with home-routed roaming (i.e. for N9HR DNN).

4. The BBIFF-C notifies the LMISF-IRI about the PDU session establishments over the LI_LITE reference point. The notifications include the PDU session ID and the UE location information. LMISF stores the PDU session ID and the UE location information.

5. Based on the 5QI value of 5, the BBIFF-C present in the SMF determines that the QoS flow is for IMS signaling. The BBIFF-C sends a trigger over LI_T3 to the BBIFF-U present in the UPF to capture and deliver the UP packets associated with the QoS flow. The trigger includes the PDU session ID and the QFI. The DID is the LMISF-IRI.

6. The BBIFF-U present in the UPF captures and delivers the UP packets from the PDU session that have the indicated QFI to the LMISF-IRI over the LI_LITE_S reference point. The LMISF-IRI examines the received UP packets and examines the SIP message included within those packets for any target match. When there is no target match, the LMISF-IRI extracts and stores the SIP message.

7. The BBIFF-C present in the SMF detects that PDU sessions are modified for inbound roaming UEs with home-routed roaming.

8. The BBIFF-C present in the SMF notifies the LMISF-IRI about the PDU session modifications over the LI_LITE reference point. The notifications include the PDU session ID and the UE location information. LMISF stores the PDU session ID and the UE location information.

NOTE 1: 
The UP packets for IMS media will have a different QFI than the one received in step 5 and hence, the BBIFF-U won’t deliver those packets to the LMISF-IRI.

NOTE 2:
The BBIFF-C would notify the LMISF-IRI whenever a PDU session is established, modified or deleted independent of the associated QoS flows.

4.8.4.1.2
Intercept activation - applicable to target UE with IRI + CC
The N9HR LI process applicable to target UE with home-routed roaming is illustrated in figure 4.8.4-2.
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Figure 4.8.4-2: N9HR LI process – intercept activation (applicable to target UE with IRI + CC)

The following describe the steps shown in figure 4.8.4-2:

1. LIPF provisions the LMISF-IRI, MDF2 and MDF3 for IMS based voice interception with IRI + CC. The target identity is IMPU, IMPI or the PEI as they are the identities supported with the IMS LI.

2. As per the procedures illustrated in flow of figure 4.8.4-1, the BBIFF-U present in the UPF captures and delivers the UP packets from the PDU session to the LMISF-IRI over LI_LITE_S reference point according to the trigger previously received from the LMISF-IRI. The UP packets are associated with the IMS signaling related QoS flow.

3. The LMISF-IRI examines the received UP packets and examines the SIP message included within those packets for any target match. With a target match, the LMISF-IRI in the role of IRI-POI for IMS signaling related messages, generates the xIRI that contains the encapsulated SIP message and delivers the same to MDF2.

4. MDF2 delivers the IRI containing the encapsulated SIP message to the LEMF.

5. This interception requires CC interception and therefore, the LMISF-IRI sends a trigger to the BBIFF-C (over LI_T1) present in the SMF for the interception of IMS voice media (see NOTE 1). The trigger includes the PDU session ID previously received from the BBIFF-C. The DID included in the trigger is LMISF-CC.

6. The BBIFF-C present in the SMF detects that PDU session is modified.

7. The BBIFF-C present in the SMF notifies the LMISF-IRI about the PDU session modification over the LI_LITE reference point. The notification includes the PDU session ID and the UE location information. LMISF stores the PDU session ID and the UE location information.

8. The BBIFF-C present in the SMF determines that the PDU session modification (detected in step 6) is for IMS voice media related QoS flow (5QI = 1) and is associated with the PDU session ID indicated within the trigger received from the LMISF-IRI. The BBIFF-C sends a trigger over LI_T3 to the BBIFF-U present in the UPF to capture and deliver the UP packets associated with the QoS flow. The trigger includes the PDU session ID and the QFI. The DID is LMISF-CC.

9. The BBIFF-U captures and delivers the UP packets from the PDU session that have the indicated QFI to the LMISF-CC over the LI_LITE_M reference point. 

10. The LMISF-CC interacts with the LMISF-IRI (this reference point is not standardized) to obtain the correlation information to be used in the xCC.

11. The LMISF-CC generates and delivers the xCC to the MDF3.

12. The MDF3 forwards the CC to the LEMF.

NOTE 1:
At step 5, the LMISF-IRI and the BBIFF-C present in the SMF do not know the QFI to be associated with the IMS media related QoS flow. That information SMF in VPLMN would receive from the SMF present in the HPLMN when the PDU session is modified (step 6).

NOTE 2: 
A QoS flow may carry the packets of one or more IMS session legs. In this case, it is responsibility of LMISF-IRI and LMISF-CC to determine and use proper correlation information.
Taken from TS 33.128

6.2.3.2.2              PDU session establishment

The IRI-POI in the SMF shall generate an xIRI containing an SMFPDUSessionEstablishment record when the IRI-POI present in the SMF detects that a PDU session has been established for the target UE. The IRI-POI present in the SMF shall generate the xIRI for the following events:

-     For a non-roaming scenario, the SMF (or for a roaming scenario, V-SMF in the VPLMN), sends the N1 NAS message (via AMF) PDU SESSION ESTABLISHMENT ACCEPT to the UE and the 5G Session Management (5GSM) state within the SMF is changed to PDU SESSION ACTIVE (see TS 24.501 [13]).

-     For a home-routed roaming scenario, the SMF in the HPLMN (i.e. H-SMF) sends the N16: Nsmf_PDU_Session_Create response message with n1SmInfoToUe IE containing the PDU SESSION ESTABLISHMENT ACCEPT (see TS 29.502 [16]).

Table 6.2.3-1: Payload for SMFPDUSessionEstablishment record

	Field name
	Description
	M/C/O

	sUPI
	SUPI associated with the PDU session (e.g. as provided by the AMF in the associated Nsmf_PDU_Session_CreateSMContext service operation). Shall be present except for PEI-only unauthenticated emergency sessions (see NOTE).
	C

	sUPIUnauthenticated
	Shall be present if a SUPI is present in the message and set to “true” if the SUPI has not been authenticated, or “false” if it has been authenticated.
	C

	pEI
	PEI associated with the PDU session if available (see NOTE).
	C

	gPSI
	GPSI associated with the PDU session if available (see NOTE).
	C

	pDUSessionID
	PDU Session ID See clause 9.4 of TS 24.501 [13].
	M

	gTPTunnelID
	Contains the F-TEID identifying the GTP tunnel used to encapsulate the traffic, as defined in TS 29.244 [15] clause 8.2.3. Non-GTP encapsulation is for further study.
	M

	pDUSessionType
	Identifies selected PDU session type, see TS 24.501 [13] clause 9.11.4.11.
	M

	sNSSAI
	Slice identifiers associated with the PDU session, if available. See TS 23.003 [19] clause 28.4.2 and TS 23.501 [2] clause 5.12.2.2.
	C

	uEEndpoint
	UE endpoint address(es) if available.
	C

	non3GPPAccessEndpoint
	UE's local IP address used to reach the N3IWF, if available. IP addresses are given as 4 octets (for IPv4) or 16 octets (for IPv6) with the most significant octet first (network byte order).
	C

	location
	Location information provided by the AMF, if available.

Encoded as a userLocation parameter (location>locationInfo>userLocation), see Annex A.
	C

	dNN
	Data Network Name associated with the target traffic, as defined in TS 23.003[19] clause 9A and described in TS 23.501 [2] clause 4.3.2.2.
	M

	aMFID
	Identifier of the AMF associated with the target UE, as defined in TS 23.003 [19] clause 2.10.1 when available.
	C

	hSMFURI
	URI of the Nsmf_PDUSession service of the selected H-SMF, if available. See TS 29.502 [16] clause 6.1.6.2.2.
	C

	requestType
	Type of request as described in TS 24.501 [13] clause 9.11.3.47 if available. In the case where the network does not support Multi Access (MA) PDU sessions, but receives a MA PDU session request, a request type of “Initial request” shall be reported.
	C

	accessType
	Access type associated with the session (i.e. 3GPP or non-3GPP access) if provided by the AMF (see TS 24.501 [13] clause 9.11.2.1A).
	C

	rATType
	RAT Type associated with the access if provided by the AMF as part of session establishment (see TS 23.502 [4] clause 4.3.2). Values given as per TS 29.571 [17] clause 5.4.3.2.
	C

	sMPDUDNRequest
	Contents of the SM PDU DN Request container, if available, as described in TS 24.501 [13] clause 9.11.4.15.
	C

	NOTE:
At least one of the SUPI, PEI or GPSI fields shall be present.


Discussion
In reference to the TR 33.929 flows given in the background, the first flow illustrates the pre-configuration steps for N9HR LI using the LI_X1: ActivateTask procedures defined in ETSI TS 102 231 1. The steps are applicable to all inbound roamers with N9HR. As shown in step 1, NSSAI + N9HR is used as the target Id. The idea here is that the  DNN dedicated for N9HR in a particular slice would serve as the target Id. 
With that: 

When a PDU session is established for any UE, if the associated NSSAI + DNN is provisioned as the target within the BBIFF-C, then the BBIFF-C would generate an xIRI PDUSessionEstablishment record to the LMISF-IRI. 
Considering that the number of HPLMNs of inbound roamers within a VPLMN can be many, the CSP of the VPLMN will have to provision many NSSAI + DNN as the target Ids with the above approach. But, the pre-configuration steps for all those inbound roamers irrespective of their home PLMN are the same. 

From a realization perspective, a better approach may be to trigger the N9HR process for any inbound roamers from any HPLMN. To support this method, this paper proposes the following: 

Target Id: “HR”

Target Id: “HR + IMS”. 

The case would apply to N9HR and S8HR. The case would also apply to all inbound roaming targets irrespective whether N9HR is used or S8HR is used and irrespective of the HPLMN from which the UEs are roaming in. 

Based on the above, the following is the new thinking: 

	Activate-Task 
	LIPF to LMISF-IRI
	· Target ID: “HR”

	Activate-Task (IRI)
	LIPF to BBIFF-C 
	· Target ID: “HR”

· DeliveryType: IRI

· DID: LMISF-IRI

	Activate-Task (CC)
	LIPF to BBIFF-C 
	· Target ID: “HR”

· “IMS signaling”

· DeliveryType: CC

· DID: LMISF-IRI.


With the above, the BBIFF-C would report the PDU session related xIRIs for all inbound roamers irrespective of whether it is related to N9HR or S8HR and irrespective from which HLPMN the user is roaming. 
Similarly, in the above, the BBIFF-U (based on the trigger from BBIFF-C) would report the xCC from the PDU session and related IMS-signaling related QFI for all inbound roamers irrespective of whether it is related to N9HR or S8HR and irrespective from which HLPMN the user is roaming. 

In reference to the TS 33.128 reference given in the background, the xIRIs that are sent from the BBIFF-C to LMISF-IRI are not delivered to the LEMF. Therefore, the information to be included within the xIRI should be those information that are required within the LMISF for its processing. From that perspective, the following are considered to be two important information: 

PDU session ID


UE location. 

The SUPI and PEI may also be included even though they may not be useful for LMISF-IRI processing.  
The trigger description for the xIRI will also have to consider that the xIRI is generated for inbound roaming UEs when the PDU session is established for IMS DNN. The following is the new thinking on this trigger description: 

With the activation of N9HR, the BBIFF-C present in the V-SMF shall notify the LMISF-IRI whenever a PDU session is established to an inbound home-routed roaming UE for IMS-based services. 

The BBIFF-C present in the V-SMF shall generate xIRI containing the N9HRFPDUSessionEstablishment record when the BBIFF-C detects that the V-SMF sends the N1 NAS message (via AMF) PDU SESSION ESTABLISHMENT ACCEPT to the UE and 5G Session Management (5GSM) state within the SMF is changed to PDU SESSION ACTIVE with the following prior conditions:  

· ActivateTask with target identity “HR” is received.

· The MCC + MNC of the SUPI is different from the MCC+MNC configured in the V-SMF.

· The SM Context created for a PDU session between V-SMF and the H-SMF contains hrSmfUri and hrSmfId (HR roaming)- see TS 29.502, clause 6.1.6.2.2. 
· The Network Identifier field of DNN contains “IMS” (IMS services) - see GSMA IR.88.

The first point is indicating that N9HR LI is enabled. The second point is telling that the UE is an inbound roamer. The third point is telling that it is Home Routed based roaming. The fourth point is telling that the PDU session is established for IMS services. 

The details of the xIRI N9HRPDUSessionEstablishement is defined in table below:  
	Field name
	Description
	M/C/O

	sUPI
	SUPI associated with the PDU session (e.g. as provided by the AMF in the associated Nsmf_PDU_Session_CreateSMContext service operation).  
	M

	pDUSessionID
	PDU Session ID See clause 9.4 of TS 24.501 [13].
	M

	sNSSAI
	Slice identifiers associated with the PDU session, if available. See TS 23.003 [19] clause 28.4.2 and TS 23.501 [2] clause 5.12.2.2.
	C

	dNN
	Data Network Name associated with the UE traffic, as defined in TS 23.003[19] clause 9A and described in TS 23.501 [2] clause 4.3.2.2.
	M

	
	
	

	hSMFURI
	URI of the Nsmf_PDUSession service of the selected H-SMF, if available. See TS 29.502 [16] clause 6.1.6.2.2.
	C

	location
	Location information provided by the AMF, if available.

Encoded as a userLocation parameter (location>locationInfo>userLocation), see Annex A.
	C

	pEI
	PEI associated with the PDU session if available (see NOTE).
	C

	gPSI
	GPSI associated with the PDU session if available (see NOTE).
	C

	uEEndpoint
	UE endpoint address(es) if available.
	C

	gTPTunnelID
	Contains the F-TEID identifying the GTP tunnel used to encapsulate the traffic, as defined in TS 29.244 [15] clause 8.2.3. Non-GTP encapsulation is for further study.
	C

	pDUSessionType
	Identifies selected PDU session type, see TS 24.501 [13] clause 9.11.4.11.
	C


  

Note that the above xIRI related information will be different for N9HR LI. 
Proposal
Consider the points discussed in this paper for the stage 3 development. 
#1: Add the following two target IDs: 

Target Id: “HR”

Target Id: “HR + IMS”. 

Trigger description for N9HR LI related PDU Session Establishment related xIRI sent over LI_LITE: 

With the activation of N9HR, the BBIFF-C present in the V-SMF shall notify the LMISF-IRI whenever a PDU session is established to an inbound home-routed roaming UE for IMS-based services. 

The BBIFF-C present in the V-SMF shall generate xIRI containing the N9HRPDUSessionEstablishment record when the BBIFF-C detects that the V-SMF sends the N1 NAS message (via AMF) PDU SESSION ESTABLISHMENT ACCEPT to the UE and 5G Session Management (5GSM) state within the SMF is changed to PDU SESSION ACTIVE with the following prior conditions:  

· ActivateTask with target identity “HR” is received.

· The MCC + MNC of the SUPI is different from the MCC+MNC configured in the V-SMF.

· The SM Context created for a PDU session between V-SMF and the H-SMF contains hrSmfUri and hrSmfId (HR roaming)- see TS 29.502, clause 6.1.6.2.2. 
· The Network Identifier field of DNN contains “IMS” (IMS services) - see GSMA IR.88.

Contents of the xIRI N9HRPDUSessionEstablishment record: 

	Field name
	Description
	M/C/O

	sUPI
	SUPI associated with the PDU session (e.g. as provided by the AMF in the associated Nsmf_PDU_Session_CreateSMContext service operation).  
	M

	pDUSessionID
	PDU Session ID See clause 9.4 of TS 24.501 [13].
	M

	sNSSAI
	Slice identifiers associated with the PDU session, if available. See TS 23.003 [19] clause 28.4.2 and TS 23.501 [2] clause 5.12.2.2.
	C

	dNN
	Data Network Name associated with the UE traffic, as defined in TS 23.003[19] clause 9A and described in TS 23.501 [2] clause 4.3.2.2.
	M

	
	
	

	hSMFURI
	URI of the Nsmf_PDUSession service of the selected H-SMF, if available. See TS 29.502 [16] clause 6.1.6.2.2.
	C

	location
	Location information provided by the AMF, if available.

Encoded as a userLocation parameter (location>locationInfo>userLocation), see Annex A.
	C

	pEI
	PEI associated with the PDU session if available (see NOTE).
	C

	gPSI
	GPSI associated with the PDU session if available (see NOTE).
	C

	uEEndpoint
	UE endpoint address(es) if available.
	C

	gTPTunnelID
	Contains the F-TEID identifying the GTP tunnel used to encapsulate the traffic, as defined in TS 29.244 [15] clause 8.2.3. Non-GTP encapsulation is for further study.
	C

	pDUSessionType
	Identifies selected PDU session type, see TS 24.501 [13] clause 9.11.4.11.
	C
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