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1. Introduction

The incoming LS from SA2 (S2-1901396) describes a scenario and suggests a corresponding UE behaviour as follows:

SA2 has discussed the case when a roaming UE with Home routed PDN connections/PDU sessions moves from EPS to 5GS or between 5GS PLMNs and what Requested NSSAI should be indicated when the UE has no Configured NSSAI nor allowed NSSAI in the 5GS/target PLMN but it has some PDN connections/PDU sessions established in EPS/Source PLMN which are kept as the UE moves to 5GS/the target PLMN.

SA2 has agreed the attached CR which requires the UE to include in the Requested NSSAI mapping information the S-NSSAIs of the HPLMN associated to the established PDU sessions. However, the corresponding S-NSSAI value for the 5GS/ target PLMN is not known as the UE has no configured NSSAI nor allowed NSSAI for the 5GS/Target PLMN.

SA2 has chosen this design so that the mapping information is clearly detected to be incorrect (as it contains an invalid S-NSSAI value for the VPLMN), so this trigger the AMF to provide the UE with a Configured NSSAI.

The action for CT1 is as follows:

ACTION: 
SA2 would politely request CT1 to consider the attached CR and to provide feedback
As can be noted, CT1 is actually requested to provide feedback on the CR that is attached in the LS. This paper analyses the scenarios indicated in the LS and suggests a reply to SA2.
2. Discussion
The scenarios that can be identified in the LS are highlighted below, noting that the UE is a roaming UE.

SA2 has discussed the case when a roaming UE with Home routed PDN connections/PDU sessions moves from EPS to 5GS or between 5GS PLMNs and what Requested NSSAI should be indicated when the UE has no Configured NSSAI nor allowed NSSAI in the 5GS/target PLMN but it has some PDN connections/PDU sessions established in EPS/Source PLMN which are kept as the UE moves to 5GS/the target PLMN.

The first scenario is the case when the roaming UE is moving between 5GS PLMNs.

The second scenario is the case when the roaming UE is moving from EPS to 5GS (within the same V-PLMN).

In both cases, the UE’s PDU session/PDN connection is home routed.

The LS also indicates that the UE provides the Requested NSSAI (R-NSSAI) where the S-NSSAI fields are set in a certain manner (to be discussed shortly) so that this triggers the AMF to provide the UE with a Configured NSSAI (C-NSSAI). Thus, it can be understood that the main objective for doing so (i.e. setting the S-NSSAI fields to specific values) is to trigger the AMF to provide a C-NSSAI to the UE.
The discussion that follows attempts to analyse whether the UE really needs to trigger the AMF to provide a C-NSSAI, and if yes investigate the SA2 solutions on how the S-NSSAI is created.

2.1
Discussion on Scenario 1: UE moves between 5GS PLMNs
For simplicity, assume that the UE is roaming in a source V-PLMN A and moves to a target V-PLMN B while the system accessed remains to be 5GS across the source and target PLMNs.

Mobility across PLMNs can occur in two possible ways: (A) connected mode handover from V-PLMN A to V-PLMN B, or (B) idle mode mobility i.e. the UE performs PLMN reselection and moves from V-PLMN A to V-PLMN B in idle mode.

Case A): When the UE moves across the PLMNs as part of a connected mode handover, the UE’s context is transferred from V-PLMN A to V-PLMN B. The target PLMN will be able to know that the UE’s PDU session (that is transferred from V-PLMN A to V-PLMN B) is a home routed PDU session and more importantly that the S-NSSAI associated with the session is also associated with V-PLMN A. Therefore, when the UE sends the R-NSSAI with the S-NSSAI of the existing PDU session it would be obvious and easy for the target V-PLMN B to deduce that the S-NSSAI associated with the PDU session does not come from C-NSSAI of V-PLMN B. 
Case A1: If the R-NSSAI only includes S-NSSAIs associated with existing PDU sessions, then the target AMF in V-PLMN B can deduce that the UE does not have a C-NSSAI. Therefore, the UE does not need to trigger the AMF to provide a C-NSSAI as this is known to the AMF.

Case A2: If the R-NSSAI includes other S-NSSAIs that are not associated with PDU sessions established in V-PLMN A, the AMF in V-PLMN B can also differentiate between the different S-NSSAIs. In this case, the additional S-NSSAIs either come from the Allowed NSSAI (A-NSSAI) or C-NSSAI in the UE, and so the AMF may not know if the UE has C-NSSAI. 
The following points can be made:
· The network can know if the UE has no S-NSSAI other than the S-NSSAI(s) from the source V-PLMN A as discussed above. If the UE includes S-NSSAI(s) other than S-NSSAI(s) from the source V-PLMN A in the R-NSSAI, then the network will also know that the UE has either an A-NSSAI or C-NSSAI and this is sufficient.
· Providing a C-NSSAI to the UE is optional and it is not mandated that the AMF shall always provide a C-NSSAI to the UE (at least this is not specified in TS 24.501 or in stage 2)
· It is questionable why an AMF would not provide the UE with a C-NSSAI when a UE registers with the PLMN for the first time.

· A network that does not do so would be one with strange policies 

· It should not be the UE’s responsibility to “trigger” a network to provide C-NSSAI by setting the S-NSSAI (in the R-NSSAI) in a manner that “is clearly detected to be incorrect” (as stated by SA2’s LS)
Observation 1: as part of context transfer, the AMF in the target PLMN can deduce that the UE has no S-NSSAI from either the A-NSSAI or C-NSSAI. No other “trigger” is required from the UE.
Observation 2: even if the UE context is not transferred in some cases, it should be the network’s responsibility to provide the UE with the necessary NSSAI information when the UE registers for the first time. Such information is expected to be provided by the network and should not be conditional on a “trigger” from the UE.
Case B): When the UE moves from V-PLMN A to V-PLMN B in idle mode, the AMF in the target PLMN may decide to fetch the UE’s context based on operator policies. If the UE’s context is fetched, then the same arguments provided above apply i.e. the AMF should be able to deduce which S-NSSAIs are actually associated with the PDU session(s) in V-PLMN A and are hence not from the UE’s C-NSSAI associated with V-PLMN B.

Regardless of whether the target AMF in V-PLMN B decides to fetch the UE’s context or not, again the same argument provided above applies i.e. the AMF should indeed provide the UE with the necessary NSSAI information when the UE registers for the first time. Therefore, in this scenario of idle mode mobility across PLMNs, the UE does not need to “trigger” the AMF to provide C-NSSAI. Observation 1 and 2 apply here as well. 

2.2
Discussion on Scenario 2: UE moves between from EPS to 5GS in a V-PLMN
In this case, the UE remains in one V-PLMN but performs an inter-system change from EPS to 5GS and the UE had at least one PDN connection in S1 mode.
Noting again that the PDN connection is home routed, the PDN connection is established with the PGW-C+SMF in the home network. The H-PLMN PGW-C+SMF will send to the UE the S-NSSAI together with the PLMN ID in the PCO i.e. the S-NSSAI is transparent to the V-PLMN.
The structure of the S-NSSAI should be pointed out and how this IE is populated by the PGW-C+SMF in the H-PLMN should be discussed to determine if there is an issue.
From TS 24.501, section 9.11.2.8, the S-NSSAI IE looks as follows:
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Figure 9.11.2.8.1: S-NSSAI information element
Assuming a UE is in the H-PLMN and is operating in N1 mode, then the S-NSSAI that is sent to the UE in the PDU SESSION ESTABLISHMENT ACCEPT message will contain at least the SST (octet 3) and optionally the SD (octet 4 to 6). Since the UE is assumed to be in the H-PLMN, then it is obvious that no mapped S-NSSAI information will be provided to the UE i.e. octet 7, and octets 8 to 10 are not provided to a UE in the H-PLMN.

Returning to the scenario at hand, i.e. for a home routed PDN connection (UE in S1 mode), the PGW-C+SMF is expected to provide the S-NSSAI information without any mapped S-NSSAI information since the S-NSSAI is determined by the PGW-C+SMF (in the H-PLMN) as stated in TS 23.501, section 5.15.7.1:

An S-NSSAI associated with the PDN connection is determined based on the operator policy by the PGW-C+SMF, e.g. based on a combination of PGW-C+SMF address and APN, and is sent to the UE in PCO together with a PLMN ID that the S-NSSAI relates to.
Therefore, the UE will receive the following S-NSSAI in the PCO:
	SST = A

	SD = 1



where, for the sake of discussion, it is assumed that the SST has a value A and SD has a value 1, and hence this S-NSSAI is associated with the UE’s PDN connection in EPS.
The next discussion point will be about how the UE sets the R-NSSAI (i.e. the S-NSSAI in the R-NSSAI) when the UE moves from EPS to 5GS.
According to the SA2 LS:

“SA2 has agreed the attached CR which requires the UE to include in the Requested NSSAI mapping information the S-NSSAIs of the HPLMN associated to the established PDU sessions. However, the corresponding S-NSSAI value for the 5GS/ target PLMN is not known as the UE has no configured NSSAI nor allowed NSSAI for the 5GS/Target PLMN.

SA2 has chosen this design so that the mapping information is clearly detected to be incorrect (as it contains an invalid S-NSSAI value for the VPLMN), so this trigger the AMF to provide the UE with a Configured NSSAI.”
The above translates to the following when the UE sets the S-NSSAI in the R-NSSAI that is sent to the AMF after the UE moves to 5GS:

	SST = A

	SD = 1





	SST = ?

	SD = ?


	Mapped HPLMN SST = A

	Mapped HPLMN SD = 1


The LS statement “UE to include in the Requested NSSAI mapping information the S-NSSAIs of the HPLMN associated to the established PDU sessions” means that the Mapped HPLMN SST will be set to A, and the Mapped HPLMN SD will be set to 1 (in our example).

This is also understood from the text in the CR that is attached with the LS:
“unless the UE has HPLMN S-NSSAI for established PDU Session(s) in which case the HPLMN S-NSSAI(s) shall be provided in the mapping of Requested NSSAI in the NAS Registration Request message, with no corresponding VPLMN S-NSSAI in the Requested NSSAI”

i.e. 

· “HPLMN S-NSSAI(s)” (= SST A, SD 1) goes into the “mapping of Requested NSSAI” fields, and 

· “with no corresponding VPLMN S-NSSAI in the Requested NSSAI” means the SST and SD fields are empty
The above SA2 solution creates a problem since the S-NNSAI IE MUST include at least an SST field which is a mandatory field (see octet 3 of the S-NSSAI IE). However, the UE does not have a value for this field and hence the IE cannot be created in the manner described by SA2’s solution.
Additionally, the solution creates inconsistency and complexity as the UE would need to verify that the PDN connection is home routed (based on the PLMN ID received in the PCO) and populate the S-NSSAI IE (in the R-NSSAI) in a manner that is different from the case in which the PDN connection was not home routed. This is a new behaviour (i.e. check to determine a session is home routed) at the UE that increases complexity and would create an inconsistent UE behaviour when populating the S-NSSAI IE based on whether the PDN connections (or PDU sessions) are home routed or not.
Noting again that this undesired solution has been chosen with the objective of triggering the AMF to provide C-NSSAI, it should be asked again: why would the AMF not provide the UE with a C-NSSAI after the first inter-system change from S1 mode to N1 mode?

The “problem” can easily be solved by the AMF providing a C-NSSAI when the UE moves to 5GS for the first time (if this is not the first time for the UE in 5GS, the UE would have received at least an A-NSSAI and optionally a C-NSSAI from a previous access to 5GS of the V-PLMN). Thus, observation 2 applies in this case as well.

Observation 3: the solution adopted by SA2 will lead to a situation where the S-NSSAI requires a mandatory SST field but the UE does not have this information. Hence, the SA2 requirement cannot be achieved by CT1.
Given that the SA2 solution would create
· a protocol error (i.e. the UE will not have any value to use for a mandatory SST field in the S-NSSAI), 

· inconsistency with respect to handling the S-NSSAI fields,

· complexity at the UE,
and the fact that the AMF should actually provide the UE with a C-NSSAI after the first inter-system change from S1 mode to N1 mode, it is proposed to reply to SA2 to indicate that CT1 cannot achieve the requirements of the solution. Instead, alternative solutions should be sought by SA2, the simplest being that the AMF should provide a C-NSSAI to the UE in the scenarios discussed in this document.
Proposal 1: reply to SA2 and indicate that the requirements introduced by their solution cannot be achieved in CT1 as it causes protocol errors, creates inconsistency with respect to S-NSSAI handling and unnecessary complexity at the UE.

3. Conclusion
This document has discussed two scenarios that were identified in SA2, mobility between 5GS PLMNs and mobility from EPS to 5GS, where the UE is a roaming UE in both cases and has at least one home routed PDU session/PDN connection. The following observations were made:

Observation 1: when the UE moves between 5GS PLMNs, as part of context transfer, the AMF in the target PLMN can deduce that the UE has no S-NSSAI from either the A-NSSAI or C-NSSAI. No other “trigger” is required from the UE.
Observation 2: even if the UE context is not transferred in some cases, it should be the network’s responsibility to provide the UE with the necessary NSSAI information when the UE registers for the first time. Such information is expected to be provided by the network and should not be conditional on a “trigger” from the UE.

Observations 1 and 2 apply to both cases i.e. mobility between 5GS PLMNs and mobility from EPS to 5GS.

Observation 3: the solution adopted by SA2 will lead to a situation where the S-NSSAI requires a mandatory SST field but the UE does not have this information. Hence, the SA2 requirement cannot be achieved by CT1.

Observation 2 applies to the case when the UE moves from EPS to 5GS. This is because a roaming UE in 5GS will receive an S-NSSAI that contains at least the V-PLMN S-NSSAI and optionally the mapped S-NSSAI information.
Based on the observations, the following proposal is made:

Proposal 1: reply to SA2 and indicate that the requirements introduced by their solution cannot be achieved in CT1 as it causes to protocol errors, creates inconsistency with respect to S-NSSAI handling and unnecessary complexity at the UE.

C1-191282 is a reply LS to SA2 in accordance with the observations and proposal made above.
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