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Introduction

This discussion paper is related to the incoming LS from CT1 on Mapped NSSAI (S2-2201936/C1-222095).

CT1 has discussed UE requirements regarding the NSSAI mapping during the transfer of a PDU session between HPLMN and VPLMN, or upon a change of the Allowed NSSAI in the Serving PLMN. During these discussions it became clear that within CT1 there are different interpretations regarding the requirements for Mapped NSSAI.


Optionality of Mapped NSSAI

According to TS 23.501, clause 5.15.2.1: 

The optional mapping of Serving PLMN S-NSSAIs to HPLMN S-NSSAIs contains Serving PLMN S-NSSAI values and corresponding mapped HPLMN S-NSSAI values.

In CT1, there was no agreement whether the mapping is optional:

1.a)	only when the serving PLMN is the HPLMN, or

1.b)	also for certain other cases when the serving PLMN is a VPLMN.

Among the companies following interpretation 1.b, there were again different views about the exact cases when it is optional for the VPLMN to provide a Mapped NSSAI to the Allowed NSSAI and the Configured NSSAI:

E.g., it was suggested that providing a Mapped NSSAI is optional:

2.a)	when for each VPLMN S-NSSAI of the Allowed NSSAI the corresponding Mapped S-NSSAI has the same value, and only standard S-NSSAIs are involved,

2.b)	when for each VPLMN S-NSSAI of the Allowed NSSAI the corresponding Mapped S-NSSAI has the same value (i.e., this applies also for non-standard S-NSSAIs),

2.c)	for each VPLMN S-NSSAI individually, when the VPLMN S-NSSAI of the Allowed NSSAI and the corresponding Mapped S-NSSAI have the same value,

2.d)	when the VPLMN S-NSSAI of the Allowed NSSAI is not associated with any HPLMN S-NSSAI value, and the PDU session supported for this network slice will be using a local break-out.

Note that for the interpretations 2.a, 2.b and 2.c, absence of a mapped S-NSSAI in the signalling from the AMF to the UE does not mean that the mapped S-NSSAI does not exist. It could be considered a signalling optimisation for the 
NAS protocol, by avoiding unnecessary repetition of redundant information.


On interpretation 1.a vs. 1.b

Note that according to clause 5.6.1, Note 5, it is possible that in the non-roaming scenario the HPLMN provides the UE with a Mapped NSSAI, although generally this will not be done:

NOTE 5:	Generally, in non-roaming scenario the mapping of the Allowed NSSAI to HPLMN S-NSSAIs is not provided to the UE (because the S-NSSAI of the Serving PLMN (c) has the same value of the S-NSSAI of the HPLMN (b)), therefore the UE provides in the PDU Session Request only the S-NSSAI of the Serving PLMN (c). However, if the UE is provided with the mapping of the Allowed NSSAI to HPLMN S-NSSAIs even in non-roaming scenario, then the UE provides in the PDU Session Request both the S-NSSAI of the HPLMN (b) and the S-NSSAI from the Allowed NSSAI (c) that maps to the S-NSSAI of the HPLMN.
So, for the case Serving PLMN = HPLMN providing a Mapped NSSAI is indeed optional, i.e., interpretation 1.a is a possible interpretation.

On the other hand, the reasoning "because the S-NSSAI of the Serving PLMN (c) has the same value of the S-NSSAI of the HPLMN (b)" could also be interpreted in such a way that generally, when the VPLMN values and HPLMN values are the same, then the VPLMN does not need to provide a mapped S-NSSAI.

Note that also the wording used in clause 5.15.6 could be interpreted in this way:

If the UE only uses standard S-NSSAI values, then the same S-NSSAI values can be used in VPLMN as in the HPLMN.

I.e., it is not clear whether this means that for this specific case a mapping is considered unnecessary and therefore the AMF will not provide any Mapped NSSAI, or whether it means that for these values there is a 1:1 mapping which will be signalled by the AMF.


On interpretations 2.a to 2.c

Interpretations 2.a, 2.b and 2.c are different variants based on the understanding that the above reasoning, "because the S-NSSAI of the Serving PLMN (c) has the same value of the S-NSSAI of the HPLMN (b)", could be extended to roaming scenarios as well.

(Note that currently the coding defined in stage 3/TS 24.501 is supporting the option that a mapped S-NSSAI value is provided only for some of the allowed S-NSSAI values – thus allowing the support of interpretation 2.c.)

However, according to TS 23.502, clause 4.2.2.2.2,

	The Allowed NSSAI provided in the Registration Accept is valid in the Registration Area and it applies for all the PLMNs which have their Tracking Areas included in the Registration Area. The Mapping Of Allowed NSSAI is the mapping of each S-NSSAI of the Allowed NSSAI to the HPLMN S-NSSAIs. The Mapping Of Configured NSSAI is the mapping of each S-NSSAI of the Configured NSSAI for the Serving PLMN to the HPLMN S-NSSAIs.

which looks like an argument against interpretation 2.c. 

Unfortunately, a clear explicit statement is missing in stage 2 that in roaming scenarios, the Mapping Of Allowed NSSAI shall be included (at least) if an Allowed NSSAI containing a new S-NSSAI value is included – which would allow to exclude interpretations 2.a and 2.b.

The following sentence in TS 23.501, clause 5.15.6,

	The Allowed NSSAI in the Registration Accept includes S-NSSAI values used in the VPLMN. The mapping information described above is also provided to the UE with the Allowed NSSAI as described in clause 5.15.4.

Is coming close to this, however, the reference to "the mapping information described above" is again leaving some space for interpretation regarding which of the following items it is referring to:

-	If the UE only uses standard S-NSSAI values, then the same S-NSSAI values can be used in VPLMN as in the HPLMN.

-	If the VPLMN and HPLMN have an SLA to support non-standard S-NSSAI values in the VPLMN, the NSSF of the VPLMN maps the Subscribed S-NSSAIs values to the respective S-NSSAI values to be used in the VPLMN. The S-NSSAI values to be used in the VPLMN are determined by the NSSF of the VPLMN based on the SLA. The NSSF of the VPLMN need not inform the HPLMN of which values are used in the VPLMN.

	Depending on operator's policy and the configuration in the AMF, the AMF may decide the S-NSSAI values to be used in the VPLMN and the mapping to the Subscribed S-NSSAIs.
 
In any case it would be better to have a more clear, explicit statement.

Note that also for the UE side the requirements are not completely clear. E.g. according to clause 5.15.4.1.2:

In roaming case, the UE may need to provide the mapping of S-NSSAIs values in the Requested NSSAI to the corresponding S-NSSAI values used in the HPLMN.  

whereas in clause 5.15.6, it is stated that:

-	The UE constructs Requested NSSAI and provides the mapping of S-NSSAIs of the Requested NSSAI to HPLMN S-NSSAIs if the mapping is stored in the UE, as described in clause 5.15.5.2.1.



On interpretation 2.d

Regarding interpretation 2.d, in our view for such a configuration, where

the VPLMN S-NSSAI of the Allowed NSSAI is not associated with any HPLMN S-NSSAI value, and the PDU session supported for this network slice will be using a local break-out,

it is not clear how the VPLMN can check the subscription for such a slice based on the mapping to HPLMN S-NSSAIs and the Subscribed NSSAI:

[bookmark: _Hlk499818528]-	The AMF verifies whether the S-NSSAI(s) in the Requested NSSAI or the S-NSSAI(s) received from SMF+PGW-C are permitted based on the Subscribed S-NSSAIs (to identify the Subscribed S-NSSAIs the AMF may use the mapping to HPLMN S-NSSAIs provided by the UE, in the NAS message, for each S-NSSAI of the Requested NSSAI).

The check could only be based on some other local configuration data. 

It was claimed in CT1 that interpretation 2.d is needed to be able to support certain scenarios like, e.g., use of a sponsored PDU session via a dedicated slice for inbound roaming subscribers. But this would also mean that the HPLMN operator does not have any control over the use of such a local break-out slice in the VPLMN – which in our view is not in line with the following statement from clause 5.15.3:

In roaming case, the UDM shall provide to the VPLMN only the S-NSSAIs from the Subscribed S-NSSAIs the HPLMN allows for the UE in the VPLMN.

There is some similarity with the support of local break-out PDU sessions, however, the difference is that use of such a PDU session can be controlled by the HPLMN operator by including (or not including) a "wildcard DNN" in the subscription data, whereas for the Subscribed NSSAI we could not find any indication that something like a "wildcard S-NSSAI" would exist (neither in stage 2 nor in stage 3; see e.g. the detailed requirements for subscription checking in TS 23.502, clause 4.3.2.2.1, step 2).

In sum, we do not think that interpretation 2.d is compliant to the current stage 2 and 3 specifications.


Conclusion

Apparently, the current text in stage 2 allows different interpretations regarding the handling of the Mapped NSSAI. – At least, different UE vendors in CT1 have arrived at different interpretations, and there is a risk that there are already different implementations on the market.

We do not know whether there is anyway a majority of companies in SA2 in favour of interpretation 1.a; -- but considering that 1.a is probably the only interpretation so that a network implementing it should be able to interoperate with any existing UE implementation, we think it would be safest for SA2 to decide that 1.a is the 'valid/recommended' interpretation.

SA2 should also consider whether additional clarifications could be added to TS 23.501, e.g., in clause 5.15.6.

A corresponding CR has been submitted in S2-2202240, and a proposed reply LS to CT1 in S2-2202239, based on the assumption that interpretation 1.a is the correct one.
