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1. Introduction
In this paper, we focus on the objective of Separate Entity as below based on the SA2’s interim conclusion.
	· Support SNPN along with subscription / credentials owned by an entity separate from the SNPN including:
· The broadcasting of information to enable SNPN selection for UEs with subscription/credentials owned by an entity separate from the SNPN [RAN2]
· The associated cell selection/reselection and connected mode mobility support [RAN2/RAN3]


2. Discussion
In this chapter, we first give a general background for the Separate Entity including the SA2’s interim conclusion, then analyze its impact on the system Information, cell selection/Reselection and UE AS/NAS interaction.
2.1 Background
About the system Information, SA2 has achieved the following interim conclusion.
	The following enhancements will be progressed in the normative phase:
-	Group ID as a specific case of SNPN ID reusing SNPN ID encoding in TS 23.003 [15], where
-	Assignment mode 1 indicates self-managed Home SP Group ID values as the NID Value is chosen independently at deployment time.
-	Assignment mode 0 indicates Home SP Group ID is globally unique as the NID Value is globally unique. One possibility for ensuring uniqueness is to use IANA PEN as in TS 23.003.
-	SIB will be enhanced as follows, for SNPN only:
-	Indication that "access using credentials from a separate entity is supported"
-  Optionally, supported Group IDs (GIDs)
-	Optionally, an indication whether the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN
NOTE 2:	The number of supported Group IDs that can be broadcast will be determined by RAN2.


For the network sharing scenario, as shown in the Fig 1, one cell can be shared by multiple networks. Meanwhile, for each network, it can have agreements with multiple subscription provider, the home subscription provider (HSP) can be a SNPN ID or a group ID, in which the group ID would be optionally broadcasted while the SNPN ID of the HSP would not be broadcasted.



Fig 1:Separate Subscription Structure
At the UE side, if there is no available Registered SNPN or SNPN that UE has SUPI, it will try the VSNPN (the visited SNPNs explicitly included either in the “user-controlled list ” or the “separate entity-controlled list”) or the Group ID with the following order at the automatic mode:
	[bookmark: _Hlk54080055]-	For a UE configured to use SNPNs, automatic SNPN selection is performed in the following order:
-	UE selects and attempts to register with the SNPN it was last registered with (if available).
-	UE selects and attempts to register with the available SNPN identified by a PLMN ID and NID for which the UE has SUPI and credentials (i.e. as in Rel-16).
-	UE selects an available and allowable SNPN, which broadcasts "access using credentials from a separate entity is supported" indication and an SNPN ID contained in the user-controlled list (if available)
-	UE selects an available and allowable SNPN which broadcasts "access using credentials from a separate entity is supported" indication and an SNPN ID contained in the separate entity-controlled list (if available)
-	UE selects an available and allowable SNPN which broadcasts "access using credentials from a separate entity is supported" indication and a GID contained in the separate entity-controlled list (if available)
-	If the UE has not found an available and allowable SNPN based on the above, the UE selects an available and allowable SNPN which broadcasts an indication that the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN:
-	If the UE detects a plurality of such SNPNs, the order in which the UE selects and attempts a registration with an SNPN is implementation specific


In the following chapters, we will analyze the separate entity impact on the system Information, cell selection/ Reselection and UE AS/NAS interaction based on this background.
2.2 System Information
In this chapter we analyze the separate entity impact on the system Information. From the above chapter, for a UE under a VSNPN, it will try to select the SNPN IDs that explicitly included in the “user-controlled list” or the “separate entity-controlled list” first. For such kinds of SNPN, as concluded by the SA2, the first indication indicates that "access using credentials from a separate entity is supported" shall be broadcast in the SIB. Considering the network sharing scenario, the first indication shall be broadcast per SNPN. Take the above Fig 1 as an example, the SNPN1 may support to use credentials from a separate entity, while the SNPN4 may not support this feature. Similarly, the second indication that indicates “whether the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN” shall also be broadcast per SNPN. 
Proposal 1: Both the first indication and the second indication shall be broadcast per SNPN, the first indication indicates that "access using credentials from a separate entity is supported", the second indication indicates “whether the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN”.
For the Group ID, if the UE can’t find any available SNPN IDs that explicitly included in the “user-controlled list” or the “separate entity-controlled list”, the UE NAS will select the network based on the Group ID. In a network sharing cell, different SNPNs may support different Group IDs, thus the group ID shall also be broadcast per SNPN.
Proposal 2: The group ID shall be broadcast per SNPN.
About the group ID, as proposed by SA2, the RAN2 need to further determine the number of supported Group IDs. Generally, there are two options:
(1) The total number of the legacy Network IDs including (PLMNs, PNI-NPNs, and SNPN) does not exceed 12, meanwhile the total number of the Group IDs of all of the SNPNs does not exceed a maximum number.
(2) The total number of the legacy Network IDs including (PLMNs, PNI-NPNs, and SNPN) and the Group IDs of all of the SNPNs does not exceed 12.
Considering that the Group ID is broadcast per SNPN, it doesn’t need to broadcast additional cell access info such as TAC/RANC/CellID, the total number of the Group IDs can be counted independently from the legacy network ID. Thus the option 1 can be taken as the baseline.
Proposal 3: Take the option 1 as the baseline e.g. the total number of the legacy Network IDs including (PLMNs, PNI-NPNs, and SNPN) does not exceed 12, meanwhile the total number of the Group IDs of all of the SNPNs does not exceed a maximum number.
About the group ID, another detail issue is that for the SNPN that only support group ID, the first indication shall not be set, otherwise the UE that include the corresponding SNPN in the VSNPN list may trigger the registration on this SNPN unnecessarily.
Proposal 4: For the SNPN that only support group ID, the first indication shall not be set.
Another issue how to include these newly added information in the system Information, obviously, it can be added either in the legacy field (e.g. d NPN-IdentityInfoList) or a new field. For the new field scheme, the UE has to add an Index to indicate the related SNPN, which will introduce unnecessary signalling overhead. 
Proposal 5: Include the 2 indications and Group IDs in the legacy field.
2.3 Cell selection /Re-selection and UE AS/NAS interaction
For the cell selection, it also depends on the UE NAS layer indication. As described in the background, for the separate entity, the UE NAS layer may indicate information as below:
· Case 1: The VSNPN included the “user-controlled list” or the “separate entity-controlled list” together with the first indication (access using credentials from a separate entity is supported) if the UE can’t find any Registered SNPN or the SNPN that UE has the corresponding SUPI;
· Case 2: Indicate group ID(s), if the UE can’t find any available SNPN in the “user-controlled list” or the “separate entity-controlled list”;
· Case 3: The second indication (whether the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN), if the UE can’t find any available Group ID.
Observation 1: The UE NAS layer may indicate information to the AS layer as below for the different cases
· Case 1: The VSNPN included the “user-controlled list” or the “separate entity-controlled list” together with the first indication (access using credentials from a separate entity is supported); 
· Case 2: Indicate group ID(s);
· Case 3: The second indication (whether the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN).
For the case 1, the UE AS layer shall select the cell that broadcast the indicated VSNPN(s) and the first indication as the suitable cell.
Proposal 6: For the case that the UE NAS indicate the VSNPN included the “user-controlled list” or the “separate entity-controlled list” together with the first indication to the AS,	 the UE AS layer shall select the cell that broadcast the indicated VSNPN(s) and the first indication as the suitable cell until a new indication was received from the UE NAS layer.
For the case 2, the UE AS layer shall select the cell that broadcast the Group ID as the suitable cell. For that the Group ID has the same format as the SNPN ID, the UE NAS shall indicate the AS layer it’s a Group ID by some method.
Proposal 7:For the case that the UE NAS layer indicate a group ID into AS layer, the UE AS layer shall select the cell that broadcast the matched Group ID as the suitable cell until a new indication was received from the UE NAS layer. 
Proposal 8: Considering that the Group ID has the same format as the SNPN ID, the UE NAS shall indicate the AS layer it’s a Group ID by some method.
If a group ID was supported by more than one SNPNs, e.g. in the Fig1, the Group ID 2 was supported by both the SNPN1 and SNPN2, the UE can select either SNPN1 or SNPN2, and this decision can be made by either the AS layer or the NAS layer. If this decision was made by the AS layer, e.g. SNPN1 was selected, the NAS layer may need to indicate the forbidden SNPN(s) to the AS once the SNPN1 was rejected by the network, thus it’s better to report all of the SNPNs and the related cell info of this Group ID to the UE NAS layer and let the NAS layer make the final decision.
Proposal 9: For the case that a group ID was supported by more than one SNPNs, the UE AS report all of the SNPNs and the related cell info of this Group ID to the NAS layer and let the NAS layer make the final decision.
For the case 3, the UE AS layer shall select the cell that broadcast the second indication as the suitable cell temporally, once the UE registered successfully, the UE AS will indicate a registered SNPN to the UE AS, then the UE will take the cell with the registered SNPN as the suitable cell.
Proposal 10: For the case that the UE NAS layer indicate a second indication to the AS layer, the UE AS layer shall select the cell that broadcast the second indication as the suitable cell until a new indication was received from the UE NAS layer. 
2.4 Network selection
About the Network selection, the main issue is that whether the Ran node need the additional information for the AMF selection. It also depends on whether the separate entity related function would be supported by all of the AMF or buy only part of the AMF for the SNPN. Considering that once the UE registered successfully, the VSNPN would become the Registered SNPN, for the registered SNPN, there is no need to further check the Separate entity related indication, e.g. the “access using credentials from a separate entity is supported” indication. If the separate entity related function would be supported by part of the AMF for a SNPN, it also means the UE may access the AMF that doesn’t support the separate entity function, then if the AMF need to re-authenticate this UE, it can’t find the related separate entity and thus can’t execute the re-authenticate procedure. To avoid such kind of issues, for a SNPN, if it supports the separate entity function, it shall be supported by all of the AMF of this SNPN. Anyway, this issue shall be first discussed and determined by RAN3/CT1.
Proposal 11: On the issue that whether the Ran node need the additional information for the AMF selection, RAN2 can wait for the RAN3/CT1/SA2’s further input. 
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: Both the first indication and the second indication shall be broadcast per SNPN, the first indication indicates that "access using credentials from a separate entity is supported", the second indication indicates “whether the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN”.
Proposal 2: The group ID shall be broadcast per SNPN.
Proposal 3: Take the option 1 as the baseline e.g. the total number of the legacy Network IDs including (PLMNs, PNI-NPNs, and SNPN) does not exceed 12, meanwhile the total number of the Group IDs of all of the SNPNs does not exceed a maximum number.
Proposal 4: For the SNPN that only support group ID, the first indication shall not be set.
Proposal 5: Include the 2 indications and Group IDs in the legacy field.
Observation 1: The UE NAS layer may indicate information to the AS layer as below for the different cases
· Case 1: The VSNPN included the “user-controlled list” or the “separate entity-controlled list” together with the first indication (access using credentials from a separate entity is supported) 
· Case 2: Indicate group ID(s)
· Case 3: The second indication (whether the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN)
Proposal 6: For the case that the UE NAS indicate the VSNPN included the “user-controlled list” or the “separate entity-controlled list” together with the first indication to the AS,	 the UE AS layer shall select the cell that broadcast the indicated VSNPN(s) and the first indication as the suitable cell until a new indication was received from the UE NAS layer.
Proposal 7:For the case that the UE NAS layer indicate a group ID into AS layer, the UE AS layer shall select the cell that broadcast the matched Group ID as the suitable cell until a new indication was received from the UE NAS layer. 
Proposal 8: Considering that the Group ID has the same format as the SNPN ID, the UE NAS shall indicate the AS layer it’s a Group ID by some method.
Proposal 9: For the case that a group ID was supported by more than one SNPNs, the UE AS report all of the SNPNs and the related cell info of this Group ID to the NAS layer and let the NAS layer make the final decision.
Proposal 10: For the case that the UE NAS layer indicate a second indication to the AS layer, the UE AS layer shall select the cell that broadcast the second indication as the suitable cell until a new indication was received from the UE NAS layer. 
Proposal 11: On the issue that whether the Ran node need the additional information for the AMF selection, RAN2 can wait for the RAN3/CT1/SA2’s further input. 
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