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1. Introduction
The present paper is an "extended reason for change" for CR 24.501-3497 (C1-221169). 

It is shown that the current requirements for the NSSAI mapping and the local release of PDU sessions when a new allowed NSSAI is received are generally not correct for the scenarios of UE mobility from HPLMN to VPLMN and vice versa, and for cases where the VPLMN is switching from a slice configuration with an S-NSSAI without associated mapped S-NSSAI to a configuration with associated mapped S-NSSAI or vice versa.

The paper also proposes a definition of the term "HPLMN S-NSSAI" and suggests how to use this term to correct requirements.


2. Analysis
2.1 Current requirements for local release and NSSAI mapping

According to TS 24.501, clause 5.5.1.3.4:

"With respect to each of the PDU session(s) active in the UE, if the allowed NSSAI contains neither:
a)	an S-NSSAI matching to the S-NSSAI of the PDU session; nor
b)	a mapped S-NSSAI matching to the mapped S-NSSAI of the PDU session;
the UE shall perform a local release of all such PDU sessions except for an emergency PDU session, if any, and except for a PDU session established when the UE is registered for onboarding services in SNPN, if any.

For each of the PDU session(s) active in the UE, if the allowed NSSAI contains a mapped S-NSSAI matching to the mapped S-NSSAI of the PDU session, the UE shall locally update the S-NSSAI associated with the PDU session to the corresponding S-NSSAI received in the allowed NSSAI."


2.2 Application to NSSAI mapping during mobility between HPLMN and VPLMN

In the trivial case where HPLMN and VPLMN are using the same S-NSSAI value for a slice – without any mapped S-NSSAI – , the above requirements are giving the correct result: I.e., if the S-NSSAI associated with the PDU session in the HPLMN (/VPLMN) is still included in the new allowed NSSAI provided by the VPLMN (/HPLMN), then the PDU session can be maintained and the S-NSSAI associated with the PDU session does not need to be updated.

But already in slightly more complicated scenarios of UE mobility from HPLMN to VPLMN or from VPLMN to HPLMN where the VPLMN uses a mapped S-NSSAI, the requirements fail. For example, consider the following scenarios:

Scenario 1: mobility from HPLMN to VPLMN

1) UE is registered on HPLMN.
2) UE has a PDU session ongoing with S-NSSAI_1, without mapped S-NSSAI.
3) UE roams to a VPLMN, registers on the VPLMN and receives new allowed NSSAI with S-NSSAI_2 and corresponding mapped S-NSSAI = S-NSSAI_1. (S-NSSAI_1 is only included as mapped S-NSSAI.) 
4) According to the above requirements, bullet a, the UE will try to match S-NSSAI_1 with S-NSSAI_2 and the other S-NSSAIs in the allowed NSSAI and will not find any match. The UE also cannot find a match according to bullet b, because it does not have any mapped S-NSSAI for the PDU session. 

So the UE will perform a local release of the PDU session, although in principle it would be possible to maintain the PDU session: 

The UE should have determined that there is a mapped S-NSSAI (= S-NSSAI_1) associated with S-NSSAI_2 from the allowed S-NSSAI which matches the S-NSSAI of the PDU session, and therefore the PDU session does not need to be released.

Furthermore, also the requirement for updating the S-NSSAI for the PDU session is not worded correctly: 

As there is no mapped S-NSSAI for the PDU session, the UE cannot determine that "the allowed NSSAI contains a mapped S-NSSAI matching to the mapped S-NSSAI of the PDU session". So the UE would also fail to update the S-NSSAI associated with the PDU session from (S-NSSAI_1) to (S-NSSAI_2, S-NSSAI_1), even if it decided to maintain the PDU session. 

Note: In the following, the notation (S-NSSAI_2, S-NSSAI_1) will be used as short-hand for a pair of (VPLMN S-NSSAI, mapped S-NSSAI). 


Scenario 2: mobility from VPLMN to HPLMN

1) UE is registered on VPLMN.
2) UE has a PDU session ongoing with S-NSSAI_2 and corresponding mapped S-NSSAI = S-NSSAI_1.
3) UE returns to HPLMN, registers on HPLMN and receives new allowed NSSAI with S-NSSAI_1, without any mapped S-NSSAI. (S-NSSAI_2 is not used in the HPLMN and therefore not included in the allowed NSSAI.)
4) According to the above requirements, bullet a, the UE will try to match S-NSSAI_2 with S-NSSAI_1 and the other S-NSSAIs in the allowed NSSAI and will not find any match. The UE also cannot find a match according to bullet b, because there is not any mapped S-NSSAI for the allowed S-NSSAI. 

So the UE will perform a local release of the PDU session, although in principle it would be possible to maintain the PDU session: 

The UE should have determined that S-NSSAI_1 from the allowed S-NSSAI (which does not have any mapped S-NSSAI) matches the mapped S-NSSAI of the PDU session, and therefore the PDU session does not need to be released.

Furthermore, also the requirement for updating the S-NSSAI for the PDU session is not worded correctly: 

As there is no mapped S-NSSAI for the allowed NSSAI in the HPLMN, the UE cannot determine that "the allowed NSSAI contains a mapped S-NSSAI matching to the mapped S-NSSAI of the PDU session". So the UE would also fail to update the S-NSSAI associated with the PDU session from (S-NSSAI_2, S-NSSAI_1) to (S-NSSAI_1), even if it decided to maintain the PDU session. 


2.3 Application to NSSAI re-mapping within a VPLMN

In the most simple case where VPLMN is changing the VPLMN S-NSSAI value for a slice, without changing the mapped S-NSSAI, the above requirements are giving the correct result: I.e., if the new VPLMN S-NSSAI associated with the PDU session in the VPLMN is included in the new allowed NSSAI provided by the VPLMN, together with the same mapped S-NSSAI, then the PDU session can be maintained (due to bullet b, i.e., due to the match of the mapped S-NSSAIs) and the S-NSSAI associated with the PDU session is updated to the new VPLMN S-NSSAI.

But the above requirements do not correctly handle some other scenarios where the allowed NSSAI changes:


Scenario 3: change of allowed NSSAI in the VPLMN

1) UE is registered on VPLMN.
2) UE has a PDU session ongoing with S-NSSAI_1 without any mapped S-NSSAI. (I.e., the S-NSSAI used by the VPLMN is the same as the one used in the HPLMN.)
3) During a registration update procedure, the UE receives a new allowed S-NSSAI which does not include S-NSSAI_1 any longer. Instead, it includes a new S-NSSAI_2 with a corresponding mapped S-NSSAI = S-NSSAI_1.
4) According to the above requirements, bullet a, the UE will try to match S-NSSAI_2 with S-NSSAI_1 and the other S-NSSAIs in the allowed NSSAI and will not find any match. The UE also cannot find a match according to bullet b, because there is not any mapped S-NSSAI associated with the PDU session. 

So the UE will perform a local release of the PDU session, although in principle it would be possible to maintain the PDU session, because the UE could have checked that there is a mapped S-NSSAI (= S-NSSAI_1) associated with S-NSSAI_2 (from the allowed S-NSSAI) which matches the S-NSSAI of the PDU session, and therefore the PDU session does not need to be released (especially if the PDU session is home-routed).

Furthermore, also the requirement for updating the S-NSSAI for the PDU session is not worded correctly: 

As there is no mapped S-NSSAI for the PDU session, the UE cannot determine that "the allowed NSSAI contains a mapped S-NSSAI matching to the mapped S-NSSAI of the PDU session". So the UE would also fail to update the S-NSSAI associated with the PDU session from (S-NSSAI_1) to (S-NSSAI_2, S-NSSAI_1), even if it decided to maintain the PDU session. 

Note: It could be argued that VPLMN operator may have reconfigured the NSSAI mapping, because he wants to introduce a specific slice for inbound roamers; and therefore, he is not interested in maintaining the PDU session in the old slice which is now going to be reserved for his own subscribers. However, the UE cannot know whether this is the reason for the re-mapping or whether the VPLMN operator just intended to do some "re-numbering" of the slices. In our view this is one of the reasons why in this scenario the UE should not perform a local release of the PDU session, but rather leave it up to the network to decide whether the PDU session can be maintained or not. 
Apart from that, the network-initiated release is actually the only option described in stage 2, TS 23.501, clause 5.15.5.2.2. See also the reason for change of the CR in C1-221169.) 

Note also that the same assumption (that "the VPLMN operator may have reconfigured the NSSAI mapping, because he wants to introduce a specific slice for inbound roamers; and therefore, he is not interested in maintaining the PDU session in the old slice which is now going to be reserved for his own subscribers") could be applied to the "most simple case" mentioned above (VPLMN operator changes the VPLMN S-NSSAI value, but keeps the mapped S-NSSAI). If it is acceptable for that case to leave the decision for a release of the PDU session to the network, why should the UE handle scenario 3 differently?

Scenario 4: change of allowed NSSAI in the VPLMN

This is the "mirror" scenario to scenario 3, i.e.:
1) UE is registered on VPLMN.
2) UE has a PDU session ongoing with VPLMN S-NSSAI = S-NSSAI_2 and mapped S-NSSAI = S-NSSAI_1.
3) During a registration update procedure, the UE receives a new allowed S-NSSAI which does not include S-NSSAI_2 
any longer. Instead, it includes VPLMN S-NSSAI = S-NSSAI_1 without any mapped S-NSSAI. (I.e., the VPLMN is now using the same S-NSSAI for the slice as the HPLMN.)

Similar as for scenario 3, the existing requirements are mandating unnecessarily a local release of the PDU session. 


Scenario 5: change of allowed NSSAI within the VPLMN

1) UE is registered on VPLMN.
2) UE has a PDU session ongoing with VPLMN S-NSSAI_2 with mapped S-NSSAI = S-NSSAI_1. 
3) During a registration update procedure, the UE receives a new allowed S-NSSAI which includes VPLMN S-NSSAI_2 with new mapped S-NSSAI-3. 
5) According to the above requirements, bullet a, the UE will find a match between S-NSSAI_2 associated with the PDU session and S-NSSAI_2 included in the allowed NSSAI with a new mapped S-NSSAI = S-NSSAI_3. So it will maintain the PDU session. 

Before the change of the allowed NSSAI the PDU session was associated with (VPLMN S-NSSAI_2, S-NSSAI_1). Whether this association will be updated, depends on whether the mapped S-NSSAI value S-NSSAI_1 is still occurring as mapped S-NSSAI to a different VPLMN S-NSSAI in the allowed NSSAI, e.g. S-NSSAI_4.

If yes, then we are back at the "most simple case" mentioned above, i.e., in principle the VPLMN operator changed the VPLMN S-NSSAI value for the slice from S-NSSAI_2 to S-NSSAI_4, without changing the mapped S-NSSAI. The S-NSSAI associated with the PDU session is updated by the UE accordingly, – and that S-NSSAI_2 is re-used for a different purpose does not need to create a problem.

But, if the answer is no, then the PDU session remains associated with (VPLMN S-NSSAI_2, S-NSSAI_1), and this configuration is now a bit strange, because in principle the mapping from VPLMN S-NSSAI_2 to mapped S-NSSAI = S-NSSAI_1 is contradicting the mapping defined by the VPLMN operator. Especially, from the VPLMN's point of view, all the applications which are using the PDU session due to a URSP rule with NSSP = S-NSSAI_1 are now using the wrong PDU session, as within the VPLMN they should use a PDU session in the slice with VPLMN S-NSSAI = S-NSSAI_4. 

So maintaining the PDU session in the VPLMN, because after the change of the allowed S-NSSAI there is still a matching S-NSSAI (bullet a) – although that one is now mapped to a different HPLMN S-NSSAI –, does not look like a good criterion. 

Whereas, on the other hand, finding a matching mapped S-NSSAI (bullet b) is giving better results. The only drawback of bullet b is that, as we could see in scenario 3 and 4, there can be cases where bullet b is not applicable.


2.4 Criteria for maintaining a PDU session

At this point it will help to define which changes of the S-NSSAI(s) associated with a PDU session are acceptable (and which are not).

The general rule we will use in the following is that once a PDU session is established in a certain slice, it will remain associated with this slice – although the slice could be "re-named" (without changing its essential characteristics).

For example, if the PDU session was established in the HPLMN with S-NSSAI_1 (without mapped S-NSSAI), then due to UE mobility to VPLMN 1, VPLMN 2 or VPLMN 3, the S-NSSAI(s) associated with a PDU session could be updated to the combinations shown in table 1 below.

The same updates could occur, if initially the PDU session is established VPLMN 1, 2 or 3, and the UE then moves to the HPLMN or any other VPLMN.  

Table 1: S-NSSAI(s) associated with a PDU session

	
	S-NSSAI
	mapped S-NSSAI 

	HPLMN
	S-NSSAI_1
	-- none --

	VPLMN 1
	S-NSSAI_1
	-- none --

	VPLMN 2
	S-NSSAI_2
	S-NSSAI_1

	VPLMN 3
	S-NSSAI_3
	S-NSSAI_1

	VPLMN 4
	S-NSSAI_2
	-- none --

	VPLMN 5
	S-NSSAI_1 or any other S-NSSAI value
	S-NSSAI_2

	HPLMN
	S-NSSAI_2
	-- none --



On the other hand, the configurations shown in the last 3 rows of table 1 should not occur during the lifetime of the PDU sessions. E.g., it is not allowed to use a VPLMN S-NSSAI different from S-NSSAI_1 in combination without any mapped S-NSSAI – as shown for VPLMN 4 – as this would imply a change of the slice. It is also not allowed to use a mapped S-NSSAI different from the HPLMN S-NSSAI = S-NSSAI_1 – as shown for VPLMN 5. And it is not possible to change the S-NSSAI in the HPLMN to a different value (in combination without any mapped S-NSSAI), as this would again imply a change of the slice.

Note that according to stage 2, TS 23.501, clause 5.6.1, it is possible also for the HPLMN to assign mapped S-NSSAI(s) for the use within the HPLMN:

In a PDU Session Establishment Request message sent to the network, the UE shall provide a PDU Session ID. The PDU Session ID is unique per UE and is the identifier used to uniquely identify one of a UE's PDU Sessions. The PDU Session ID shall be stored in the UDM to support handover between 3GPP and non-3GPP access when different PLMNs are used for the two accesses. The UE also provides as described in TS 24.501 [47]:
(a)	PDU Session Type.
(b)	S-NSSAI of the HPLMN that matches the application (that is triggering the PDU Session Request) within the NSSP in the URSP rules or within the UE Local Configuration as defined in clause 6.1.2.2.1 of TS 23.503 [45].
NOTE 4:	If the UE cannot determine any S-NSSAI after performing the association of the application to a PDU Session, then it does not indicate any S-NSSAI in the PDU Session Establishment procedure as defined in clause 5.15.5.3.
(c)	S-NSSAI of the Serving PLMN from the Allowed NSSAI, corresponding to the S-NSSAI of the HPLMN (b).


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.
The actual use case for this is not very clear, but it means that we need to add another allowed configuration to table 1:

	HPLMN
	S-NSSAI_4
	S-NSSAI_1



Now the rule for describing all the allowed configurations is that the initial association with a certain slice cannot be changed during the lifetime of the PDU session, and this association is given by "rightmost available" S-NSSAI entry in a row. 
This means, 
- if there is a mapped S-NSSAI, then the mapped S-NSSAI needs to be S-NSSAI_1,  
- if there isn't any mapped S-NSSAI, then the S-NSSAI associated with the PDU session needs to be S-NSSAI_1.

So we could say, whether a configuration is allowed, depends on the value of the "characteristic S-NSSAI", and define the "characteristic S-NSSAI" to be the mapped S-NSSAI, if there is any; or, otherwise, to be the S-NSSAI associated with the PDU session. 
 
If we look at the terminology used in Note 5 above, instead of defining a new term "characteristic S-NSSAI", we could also make the following explicit definition of HPLMN S-NSSAI: 

HPLMN S-NSSAI: An S-NSSAI applicable in the HPLMN without any further mapping by the network.

and simply refer to the "HPLMN S-NSSAI" of the PDU session, because that is what the "characteristic S-NSSAI" indicates.

Note that with this definition, 
- HPLMN S-NSSAI can also be used to refer, e.g., to an allowed S-NSSAI in a VPLMN – provided, that there is no mapped S-NSSAI associated with it; and
- if a HPLMN decides to provide the UE with a mapping from the allowed NSSAI to HPLMN S-NSSAIs, then only the latter ones should be addressed as HPLMN S-NSSAIs, in so far as the S-NSSAIs included in the allowed NSSAI require a further mapping by the network.

Indeed, the same terminology can be applied to any S-NSSAI which may or may not be associated with a mapped S-NSSAI. If there is a mapped S-NSSAI, then it has to be the HPLMN S-NSSAI (and the S-NSSAI itself is a VPLMN S-NSSAI); if there is no mapped S-NSSAI, then the S-NSSAI itself is also the HPLMN S-NSSAI (i.e., it is also applicable in the HPLMN without any further mapping by the network).

So we can also refer to HPLMN S-NSSAI(s) of the configured NSSAI or allowed NSSAI, and it is possible to rewrite the requirements in TS 24.501 in compact form as:

"With respect to each of the PDU session(s) active in the UE, if the allowed NSSAI contains neither:
a)	an S-NSSAI matching to the S-NSSAI of the PDU session; nor
b)	a mapped S-NSSAI matching to the mapped S-NSSAI of the PDU session;
does not contain an HPLMN S-NSSAI (e.g. mapped S-NSSAI, if available) matching to the HPLMN S-NSSAI of the PDU session, the UE shall perform a local release of all such PDU sessions except for an emergency PDU session, if any, and except for a PDU session established when the UE is registered for onboarding services in SNPN, if any.

For each of the PDU session(s) active in the UE, if the allowed NSSAI contains an HPLMN S-NSSAI mapped S-NSSAI matching to the HPLMN S-NSSAI mapped S-NSSAI of the PDU session, the UE shall locally update the S-NSSAI associated with the PDU session to the corresponding S-NSSAI received in the allowed NSSAI."

and to avoid having to distinguish between the all the different cases whether a mapped S-NSSAI is available for the allowed NSSAI or for the S-NSSAI associated with the PDU session or not.

This proposal has been implemented in the CR submitted in C1-221169.


2.5 Is it possible to have a VPLMN S-NSSAI without HPLMN S-NSSAI?

After the last CT1 meeting it was argued by a delegate that the above concept of HPLMN S-NSSAI would not be possible, because there would be use cases where a VPLMN includes a VPLMN S-NSSAI in the allowed NSSAI – which is not applicable in the HPLMN – and the VPLMN does not provide also a mapped S-NSSAI. 

I.e., the VPLMN could allow "extra S-NSSAIs" which are only available in the VPLMN, but not in the HPLMN.

To substantiate this claim, the following quote from TS 23.502, from the subclause on PDU session establishment for LBO, was provided:
 
The SMF may use DNN Selection Mode when deciding whether to retrieve the Session Management Subscription data e.g. if the (selected DNN, S-NSSAI of the HPLMN) is not explicitly subscribed, the SMF may use local configuration instead of Session Management Subscription data.

In our view, the above condition "if the (selected DNN, S-NSSAI of the HPLMN) is not explicitly subscribed" is referring to a case where for a specific, well-defined S-NSSAI of the HPLMN the HPLMN included the "wildcard" DNN in the subscription data. So the VPLMN is free to combine the S-NSSAI with a suitable local DNN. But it does not mean that the HPLMN is giving the VPLMN the permission to also select any suitable S-NSSAI.

We also note that in TS 29.503, in the definition of the UE subscription data, there is a "wildcard" DNN, but not a "wildcard" S-NSSAI. 

The requirement to perform an S-NSSAI subscription check in the VPLMN is well-documented in TS 23.501, e.g., it is clearly stated that 

"The network verifies the Requested NSSAI the UE provides in the Registration Request against the Subscription Information." 

"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."

"When the UDM updates the Subscribed S-NSSAI(s) to the serving AMF, based on configuration in this AMF, the AMF itself or the NSSF determines the mapping of the Configured NSSAI for the Serving PLMN and/or Allowed NSSAI to the Subscribed S-NSSAI(s).   

AMF verifies which S-NSSAI(s) in the Requested NSSAI are permitted based on comparing the Subscribed S-NSSAIs with the S-NSSAIs in the mapping of Requested NSSAI to HPLMN S-NSSAIs."

In our view, especially the requirement implied by the wording " only the S-NSSAIs from the Subscribed S-NSSAIs the HPLMN allows for the UE in the VPLMN" does not leave any space for an interpretation that the VPLMN might be allowed to select an "extra" S-NSSAI not available in the HPLMN and without providing any mapping to a HPLMN S-NSSAI based on "local configuration" or something like that. 

If the subscription check is passed based on a match to a subscription entry of the form (S-NSSAI-x, DNN = * ), i.e. the VPLMN is allowed to select any DNN, but only within the slice defined by HPLMN S-NSSAI "S-NSSAI-x", then this is automatically defining a mapping from the VPLMN S-NSSAI for which the VPLMN selects the DNN of the PDU session to the mapped S-NSSAI = "S-NSSAI-x".

So we do not agree that the use case referred by the delegate is supported at all. Due to the mandatory subscription check there is always an automatic mapping to a HPLMN S-NSSAI implied.  

(Note: Apart from that, by its very nature, it would not be possible to transfer a PDU session with such an "exclusive" S-NSSAI to any other VPLMN. So, whenever the UE changes to another VPLMN or to the HPLMN, this S-NSSAI would not be included in the new allowed NSSAI as HPLMN S-NSSAI. And it would also not be possible within the VPLMN to assign a new allowed NSSAI/mapped NSSAI so that the S-NSSAI (or mapped S-NSSAI) associated with the PDU session becomes a HPLMN S-NSSAI, as this would imply a change of the slice.
So, in principle, even such an irregular case not supported by the standard could be treated consistently by our proposal in section 2.4, considering the "exclusive" S-NSSAI (without mapped S-NSSAI) as HPLMN S-NSSAI and trying to match it with a HPLMN S-NSSAI from the new allowed NSSAI.)


3. Summary

In the present paper we have proposed an explicit definition for the term HPLMN S-NSSAI which is currently not defined in stage 2 and stage 3. 

Furthermore, we have shown how this term can be used to correct the requirements for the NSSAI mapping in TS 24.501 which are currently not correct in some of the most important scenarios of mobility between HPLMN and VPLMN.

A CR implementing these changes is available in C1-221169.

