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1. Introduction

In CT1#143 meeting, a discussion paper [1] has identified a problem that the UDM does not know whether the UE supports SOR-SNPN-SI, when the UE supporting equivalent SNPNs is in a non-subscribed SNPN and the subscribed SNPN is an equivalent SNPN.
This paper attempts to analyse whether the above problem does really exist based on the current UE and UDM handling on SOR-SNPN-SI support indicator and then whether a solution is needed or not.

2. Discussion
2.1. Current UE and UDM handling on SOR-SNPN-SI support indicator
Current stage 2 UE and UDM handling on SOR-SNPN-SI support indicator in TS 23.122 is excerpted in Annex A and current stage 3 UE and UDM handling on SOR-SNPN-SI support indicator in TS 24.501 is excerpted in Annex B.

Based on Annex A and Annex B, the current UE and UDM handling on SOR-SNPN-SI support indicator can be summarized in below Table 1 with related to following two aspects:
(1) The type of network the UE currently registered or is registering (i.e. the row in the Table 1: HPLMN/EHPLMN, VPLMN, Subscribed SNPN, and Non-subscribed SNPN); and 

(2) The type of procedure/message the UE is performing (i.e. the column in the Table 1).
Table 1: Overview of current UE and UDM handling on SOR-SNPN-SI support indicator
	
	HPLMN/EHPLMN
	VPLMN
	Subscribed SNPN
	Non-subscribed SNPN

	REGISTRATION REQUEST message for "initial registration" or "emergency registration"
	· The UE shall set SOR-SNPN-SI support indicator.
· The UDM stores the SOR-SNPN-SI support indicator.
	· The UE handling is not specified, i.e. by default the UE will not set SOR-SNPN-SI support indicator.
· The UDM shall delete the stored SOR-SNPN-SI support indicator (if any).
	· The UE shall set SOR-SNPN-SI support indicator.

· The UDM stores the SOR-SNPN-SI support indicator.
	· The UE handling is not specified, i.e. by default the UE will not set SOR-SNPN-SI support indicator.
· The UDM does not delete the stored SOR-SNPN-SI support indicator (if any).

	REGISTRATION REQUEST message for mobility update
	· The UE shall set SOR-SNPN-SI support indicator.

· The UDM stores the SOR-SNPN-SI support indicator.
	· The UE handling is not specified, i.e. by default the UE will not set SOR-SNPN-SI support indicator.

· The UDM handling is not specified.
	· The UE shall set SOR-SNPN-SI support indicator.

· The UDM stores the SOR-SNPN-SI support indicator
	· The UE handling is not specified, i.e. by default the UE will not set SOR-SNPN-SI support indicator.

· The UDM handling is not specified.

	SOR transparent container in the REGISTRATION COMPLETE message
	· The UE may set SOR-SNPN-SI support indicator.

· The UDM handling is not specified.
	· The UE may set SOR-SNPN-SI support indicator.

· The UDM shall delete the stored SOR-SNPN-SI support indicator if not received from the VPLMN AMF.
	· The UE handling is not specified, i.e. by default the UE will not set SOR-SNPN-SI support indicator.

· The UDM handling is not specified.
	· The UE handling is not specified, i.e. by default the UE will not set SOR-SNPN-SI support indicator.

· The UDM handling is not specified.

	SOR transparent container in the UL NAS TRANSPORT message
	· The UE may set SOR-SNPN-SI support indicator in TS 23.122 Annex C.3 and TS 24.501 sub 5.4.5.3.3.

· The UE shall set SOR-SNPN-SI support indicator in TS 23.122 Annex C.7.
· The UDM shall delete the stored SOR-SNPN-SI support indicator if not received from the HPLMN AMF.
	· The UE may set SOR-SNPN-SI support indicator in TS 23.122 Annex C.3 and TS 24.501 sub 5.4.5.3.3.

· The UE shall set SOR-SNPN-SI support indicator in TS 23.122 Annex C.7.

· The UDM shall delete the stored SOR-SNPN-SI support indicator if not received from the VPLMN AMF.
	· The UE handling is not specified, i.e. by default the UE will not set SOR-SNPN-SI support indicator.

· The UDM handling is not specified.
	· The UE handling is not specified, i.e. by default the UE will not set SOR-SNPN-SI support indicator.

· The UDM handling is not specified.


Based on Table #1, we could have:

Observation #1: The UDM will always know and store UE's SOR-SNPN-SI support indicator in following 2 cases:

(1) The UE is registering or registered in its HPLMN or EHPLMN.

(2) The UE is registering or registered in its subscribed SNPN.

Observation #2: The UDM will never delete the stored SOR-SNPN-SI support indicator when the UE is registering or registered in its subscribed SNPN or a non-subscribed SNPN.

Observation #3: The UDM will only delete the stored SOR-SNPN-SI support indicator in following 3 cases:
(1) The UE is performing an initial registration or emergency registration in a VPLMN.
(2) During the registration in a VPLMN, the UE does not set SOR-SNPN-SI support indicator in the SOR transparent container in the REGISTRATION COMPLETE message (e.g. in TS 23.122 Annex C.2).
(3) After the registration in HPLMN or VPLMN, the UE does not set SOR-SNPN-SI support indicator in the SOR transparent container in the UL NAS TRANSPORT message (e.g. in TS 23.122 Annex C.3).
2.2. Whether the problem really exists?
In Rel-18, for a UE supporting equivalent SNPNs, the first list of equivalent SNPN can only be received when it registers to its subscribed SNPN. That is to say, without firstly successfully register to the subscribed SNPN, the UE will never get the list of equivalent SNPN.

With above, in Rel-18, for a UE supporting equivalent SNPNs but not supporting access to an SNPN using credentials from a credentials holder, it will never register to a non-subscribed SNPN if it has never successfully registered to its subscribed SNPN. This is not related to whether in the past the UE has registered to its HPLMN/EHPLMN or a VPLMN or not. Note that for a UE, at one time, it can only be either operating in SNPN access operation mode or not in SNPN access operation mode but cannot be in both at the same time.
Then based on above Observation #1 and #2, we can see that once the UE has successfully registered to its subscribed SNPN, the UDM will clearly know UE's SOR-SNPN-SI support indicator, including in Rel-18 for UEs supporting equivalent SNPNs but not supporting access to an SNPN using credentials from a credentials holder.
Observation #4: Once the UE has successfully registered to its subscribed SNPN, the UDM clearly knows UE's SOR-SNPN-SI support indicator, including in Rel-18 for UEs supporting equivalent SNPNs but not supporting access to an SNPN using credentials from a credentials holder.
3. Proposal
Based on the discussion given in section 2, we could have:

Proposal: No any solution is needed as there is no issue, i.e. in both Rel-17 and Rel-18, the UDM clearly knows UE's SOR-SNPN-SI support indicator.
4 Conclusion
This paper has analysed whether the above problem does really exist based on the current UE and UDM handling on SOR-SNPN-SI support indicator.

Based on discussion, following observations were provided:

Observation #1: The UDM will always know and store UE's SOR-SNPN-SI support indicator in following 2 cases:

(1) The UE is registering or registered in its HPLMN or EHPLMN.

(2) The UE is registering or registered in its subscribed SNPN.

Observation #2: The UDM will never delete the stored SOR-SNPN-SI support indicator when the UE is registering or registered in its subscribed SNPN or a non-subscribed SNPN.

Observation #3: The UDM will only delete the stored SOR-SNPN-SI support indicator in following 3 cases:

(1) The UE is performing an initial registration or emergency registration in a VPLMN.

(2) During the registration in a VPLMN, the UE does not set SOR-SNPN-SI support indicator in the SOR transparent container in the REGISTRATION COMPLETE message (e.g. in TS 23.122 Annex C.2).

(3) After the registration in HPLMN or VPLMN, the UE does not set SOR-SNPN-SI support indicator in the SOR transparent container in the UL NAS TRANSPORT message (e.g. in TS 23.122 Annex C.3).
Based on above observations, below proposal was provided:

Proposal: No any solution is needed as there is no issue, i.e. in both Rel-17 and Rel-18, the UDM clearly knows UE's SOR-SNPN-SI support indicator.
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Annex A: Stage 2 UE and UDM handling on SOR-SNPN-SI support indicator (TS 23.122)
In TS 23.122 Annex C.1.1:

" The following requirement is applicable for the SOR-SNPN-SI:

-
If the UE supports access to an SNPN using credentials from a credential's holder, the UE shall indicate ME's support for SOR-SNPN-SI to the HPLMN."
In TS 23.122 Annex C.1.2:

"If the UE supports access to an SNPN using credentials from a credentials holder:

a)
the UE shall indicate ME's support for SOR-SNPN-SI when registering in a subscribed SNPN or in the HPLMN; and

b)
the UE may indicate ME's support for SOR-SNPN-SI when sending an SOR transparent container including a UE acknowledgement in a PLMN.
When the UE indicates ME's support for SOR-SNPN-SI in the 5GMM capability in initial registration or emergency registration or when ME's support for SOR-SNPN-SI changes in mobility registration update, the AMF shall inform the UDM."

In TS 23.122 Annex C.2:

"2)
Upon receiving REGISTRATION REQUEST message, the VPLMN AMF executes the registration procedure as defined in clause 4.2.2.2 of 3GPP TS 23.502 [63]. As part of the registration procedure:

a)
the AMF provides the registration type to the UDM using Nudm_UECM_Registration. As a consequence, in case of the 5GS registration type message indicates "initial registration" or "emergency registration" the UDM shall delete the stored "ME support of SOR-CMCI" indicator, if any, the stored "ME support of SOR-SNPN-SI" indicator, if any, and the stored "ME support of SOR-SNPN-SI-LS" indicator, if any, in UDR using Nudr_DM_Update service operation (see 3GPP TS 23.502 [63])."
"9)
The UE to the VPLMN AMF: If the UDM has requested an acknowledgement from the UE and the UE verified that the steering of roaming information has been provided by the HPLMN in step 7, then:

…
c)
if the UE supports access to an SNPN using credentials from a credentials holder, the UE may set the "ME support of SOR-SNPN-SI" indicator in the header of the SOR transparent container to "supported";

c1)
if the UE supports access to an SNPN providing access for localized services in SNPN, the UE shall set the "ME support of SOR-SNPN-SI-LS" indicator in the header of the SOR transparent container to "supported"; and"
"10)
The VPLMN AMF to the HPLMN UDM: If an SOR transparent container is received in the REGISTRATION COMPLETE message, the AMF uses the Nudm_SDM_Info service operation to provide the received SOR transparent container to the UDM. If the HPLMN decided that the UE is to acknowledge the successful security check of the received steering of roaming information in step 4, the UDM verifies that the acknowledgement is provided by the UE as specified in 3GPP TS 33.501 [66]. If:
…
-
the "ME support of SOR-SNPN-SI" indicator in the header of the SOR transparent container is set to "supported", then the HPLMN UDM shall store the "ME support of SOR-SNPN-SI" indicator, otherwise the HPLMN UDM shall delete the stored "ME support of SOR-SNPN-SI" indicator, if any; and

-
the "ME support of SOR-SNPN-SI-LS" indicator in the header of the SOR transparent container is set to "supported", then the HPLMN UDM shall store the "ME support of SOR-SNPN-SI-LS" indicator, otherwise the HPLMN UDM shall delete the stored "ME support of SOR-SNPN-SI-LS" indicator, if any.
NOTE 19:
The UDM cannot receive the "ME support of SOR-CMCI" indicator, the "ME support of SOR-SNPN-SI" indicator, or "ME support of SOR-SNPN-SI-LS" indicator from the VPLMN AMF which does not support receiving SoR transparent container (see 3GPP TS 29.503 [78])."
In TS 23.122 Annex C.3:

" If the UDM has requested an acknowledgement from the UE in the DL NAS TRANSPORT message and the ME receives UICC responses indicating that the UICC has received the secured packet successfully, then the UE sends an UL NAS TRANSPORT message to the serving AMF with an SOR transparent container including the UE acknowledgement and the UE:
-
may set the "ME support of SOR-SNPN-SI" indicator in the header of the SOR transparent container to "supported" if the UE supports access to an SNPN using credentials from a credentials holder; and

-
shall set the "ME support of SOR-SNPN-SI-LS" indicator in the header of the SOR transparent container to "supported" if the UE supports access to an SNPN providing access for localized services in SNPN; and"
"5)
The AMF to the HPLMN UDM: If the UL NAS TRANSPORT message with an SOR transparent container is received, the AMF uses the Nudm_SDM_Info service operation to provide the received SOR transparent container to the UDM. If the HPLMN decided that the UE is to acknowledge successful security check of the received steering of roaming information in step 1, the UDM verifies that the acknowledgement is provided by the UE. If:
…
-
the "ME support of SOR-SNPN-SI" indicator in the header of the SOR transparent container is set to "supported", then the HPLMN UDM shall store the "ME support of SOR-SNPN-SI" indicator, otherwise the HPLMN UDM shall delete the stored "ME support of SOR-SNPN-SI" indicator, if any; and

-
the "ME support of SOR-SNPN-SI-LS" indicator in the header of the SOR transparent container is set to "supported", then the HPLMN UDM shall store the "ME support of SOR-SNPN-SI-LS" indicator, otherwise the HPLMN UDM shall delete the stored "ME support of SOR-SNPN-SI-LS" indicator, if any; and"
In TS 23.122 Annex C.4.3:

"Additionally, if the UE supports access to an SNPN using credentials from a credentials holder and the UE is in a PLMN, the UE may set the "ME support of SOR-SNPN-SI" indicator to "supported"."
In TS 23.122 Annex C.5:

"2)
Upon receiving the REGISTRATION REQUEST message, the AMF executes the registration procedure as defined in clause 4.2.2.2 of 3GPP TS 23.502 [63]. As part of the registration procedure:

a)
the AMF provides the registration type to the UDM using Nudm_UECM_Registration. As a consequence, in case of the 5GS registration type message indicates "initial registration" or "emergency registration" the UDM shall delete the stored "ME support of SOR-CMCI" indicator, if any, and the stored "ME support of SOR-SNPN-SI-LS" indicator, if any,
 in UDR using Nudr_DM_Update service operation (see 3GPP TS 23.502 [63])."
"3a)
If the user subscription information indicates to send the steering of roaming information due to initial registration in a non-subscribed SNPN, then the UDM shall provide the steering of roaming information to the UE when the UE performs initial registration in a non-subscribed SNPN. Otherwise:

a)
If the UE is registering on the subscribed SNPN and the UE has not indicated support for SOR-SNPN-SI in the REGISTRATION REQUEST message, the UDM shall not provide the SOR-SNPN-SI to the UE; and

b)
If the UE is registering on the subscribed SNPN and the UE has indicated support for SOR-SNPN-SI in the REGISTRATION REQUEST message, or the UE is not registering on the subscribed SNPN, the UDM may provide the SOR-SNPN-SI to the UE based on the subscribed SNPN or HPLMN policy."
In TS 23.122 Annex C.6:

" b)
if the UDM has requested an acknowledgement from the UE in the DL NAS TRANSPORT message, the UE sends an UL NAS TRANSPORT message to the serving AMF with an SOR transparent container including the UE acknowledgement and the UE shall set:

-
the "ME support of SOR-CMCI" indicator to "supported"; and

-
the "ME support of SOR-SNPN-SI-LS" indicator to "supported" if the UE supports access to an SNPN providing access for localized services in SNPN.
"
"5)
The AMF to the UDM: If the UL NAS TRANSPORT message with an SOR transparent container is received, the AMF uses the Nudm_SDM_Info service operation to provide the received SOR transparent container to the UDM. If the subscribed SNPN or HPLMN decided that the UE is to acknowledge successful security check of the received steering of roaming information in step 1, the UDM verifies that the acknowledgement is provided by the UE. If:

-
the "ME support of SOR-CMCI" indicator in the header of the SOR transparent container is set to "supported", then the UDM shall store the "ME support of SOR-CMCI" indicator, otherwise the UDM shall delete the stored "ME support of SOR-CMCI" indicator, if any; and

-
the "ME support of SOR-SNPN-SI-LS" indicator in the header of the SOR transparent container is set to "supported", then the UDM shall store the "ME support of SOR-SNPN-SI-LS" indicator, otherwise the UDM shall delete the stored "ME support of SOR-SNPN-SI-LS" indicator, if any.
"
In TS 23.122 Annex C.7:

"
If the UDM has requested an acknowledgement from the UE in the DL NAS TRANSPORT message, the UE sends an UL NAS TRANSPORT message to the serving AMF with an SOR transparent container including the UE acknowledgement and the UE shall set:

-
the "ME support of SOR-SNPN-SI" indicator to "supported"; and

-
the "ME support of SOR-SNPN-SI-LS" indicator to "supported" if the UE supports access to an SNPN providing access for localized services in SNPN."
"5)
The AMF to the UDM: If the UL NAS TRANSPORT message with an SOR transparent container is received, the AMF uses the Nudm_SDM_Info service operation to provide the received SOR transparent container to the UDM. If the HPLMN decided that the UE is to acknowledge successful security check of the received steering of roaming information in step 2, the UDM verifies that the acknowledgement is provided by the UE. The UDM shall store the "ME support of SOR-SNPN-SI" indicator. If the "ME support of SOR-SNPN-SI-LS" indicator in the header of the SOR transparent container is set to "supported", then the UDM shall store the "ME support of SOR-SNPN-SI-LS" indicator, otherwise the UDM shall delete the stored "ME support of SOR-SNPN-SI-LS" indicator, if any."
Annex b: Stage 3 UE and UDM handling on SOR-SNPN-SI support indicator (TS 24.501)

In TS 24.501 sub 5.4.5.2.2:

" In case d) in subclause 5.4.5.2.1, the UE shall:

-
set the Payload container type IE to "SOR transparent container"; and

-
set the Payload container IE to the UE acknowledgement due to successful reception of steering of roaming information, and;

i) 
set the ME support of SOR-CMCI indicator to "SOR-CMCI supported by the ME" ;

ii)
set the ME support of SOR-SNPN-SI indicator to "SOR-SNPN-SI supported by the ME"; and

iii)
set the ME support of SOR-SNPN-SI-LS indicator to "SOR-SNPN-SI-LS supported by the ME",

-
in the Payload container IE carrying the acknowledgement (see 3GPP TS 23.122 [5])."
In TS 24.501 sub 5.4.5.3.3:

" 
then the ME shall send an acknowledgement in the Payload container IE of an UL NAS TRANSPORT message with Payload type IE set to "SOR transparent container" as specified in subclause 5.4.5.2.2. In the Payload container IE carrying the acknowledgement, the UE shall set the ME support of SOR-CMCI indicator to "SOR-CMCI supported by the ME". Additionally, if the UE supports access to an SNPN using credentials from a credentials holder and the UE is not operating in SNPN access operation mode, the UE may set the ME support of SOR-SNPN-SI indicator to "SOR-SNPN-SI supported by the ME".Additionally, if the UE supports access to an SNPN providing access for localized services in SNPN, the UE shall set the ME support of SOR-SNPN-SI-LS indicator to "SOR-SNPN-SI-LS supported by the ME"."
In TS 24.501 sub 5.5.1.2.2:

" If the UE supports access to an SNPN using credentials from a credentials holder and the UE is in its HPLMN or EHPLMN or a subscribed SNPN, the UE shall set the SSNPNSI bit to "SOR-SNPN-SI supported" in the 5GMM capability IE of the REGISTRATION REQUEST message."
In TS 24.501 sub 5.5.1.2.4:

" b)
if the registration procedure is performed over 3GPP access and the UE attempts obtaining service on another PLMNs or SNPNs as specified in 3GPP TS 23.122 [5] annex C, then the UE may locally release the established N1 NAS signalling connection after sending a REGISTRATION COMPLETE message. Otherwise the UE shall send a REGISTRATION COMPLETE message and not release the current N1 NAS signalling connection locally. If an acknowledgement is requested in the SOR transparent container IE of the REGISTRATION ACCEPT message, the UE acknowledgement is included in the SOR transparent container IE of the REGISTRATION COMPLETE message. In the SOR transparent container IE carrying the acknowledgement, the UE shall set the ME support of SOR-CMCI indicator to "SOR-CMCI supported by the ME". Additionally, if the UE supports access to an SNPN using credentials from a credentials holder and the UE is not operating in SNPN access operation mode, the UE may set the ME support of SOR-SNPN-SI indicator to "SOR-SNPN-SI supported by the ME". Additionally, if the UE supports access to an SNPN providing access for localized services in SNPN, the UE shall set the ME support of SOR-SNPN-SI-LS indicator to "SOR-SNPN-SI-LS supported by the ME""
In TS 24.501 sub 5.5.1.3.2:

" If the UE supports access to an SNPN using credentials from a credentials holder and the UE is in its HPLMN or EHPLMN or a subscribed SNPN, the UE shall set the SSNPNSI bit to "SOR-SNPN-SI supported" in the 5GMM capability IE of the REGISTRATION REQUEST message."
In TS 24.501 sub 5.5.1.3.4:

"b)
if the registration procedure is performed over 3GPP access and the UE attempts obtaining service on another PLMNs or SNPNs as specified in 3GPP TS 23.122 [5] annex C then the UE may release locally the established NAS signalling connection after sending a REGISTRATION COMPLETE message. Otherwise the UE shall send a REGISTRATION COMPLETE message and not release the current N1 NAS signalling connection locally. If an acknowledgement is requested in the SOR transparent container IE of the REGISTRATION ACCEPT message, the UE acknowledgement is included in the SOR transparent container IE of the REGISTRATION COMPLETE message. In the SOR transparent container IE carrying the acknowledgement, the UE shall set the ME support of SOR-CMCI indicator to "SOR-CMCI supported by the ME". Additionally, if the UE supports access to an SNPN using credentials from a credentials holder and the UE is not operating in SNPN access operation mode, the UE may set the ME support of SOR-SNPN-SI indicator to "SOR-SNPN-SI supported by the ME". Additionally, if the UE supports access to an SNPN providing access for localized services in SNPN, the UE shall set the ME support of SOR-SNPN-SI-LS indicator to "SOR-SNPN-SI-LS supported by the ME"."
�Here the UDM does not delete the stored "ME support of SOR-SNPN-SI" indicator if any.


�Here nothing mentioned about the "ME support of SOR-SNPN-SI" indicator, i.e. by default the UE will not set the "ME support of SOR-SNPN-SI" indicator.


�Here nothing mentioned about the "ME support of SOR-SNPN-SI" indicator, i.e. by default the UDM will not delete the stored "ME support of SOR-SNPN-SI" indicator if any.





