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1	Introduction
This paper discusses RAN2 support of “SNPN with subscription/credentials owned by a separate entity” in particular the following “cat-b” proposal suggested by the rapporteur at RAN2#113bis-e [1]. We have split the related proposals into three categories:
(1) Total number of Group IDs
Cat-b-Proposal 1	RAN2 to discuss whether the indicator "access using credentials from a separate entity is supported" is set independent of the GIN broadcast.
Cat-b-Proposal 2	RAN2 to discuss which SIB to include the GIDs,
· Option 1: SIB1
· Option 2: SIB10
· Option 3: New SIB other than SIB1 or SIB10

Cat-b-Proposal 3	RAN2 to discuss whether the max number of GIDs is specified per SNPN or per cell, and how many GIDs is appropriate.
Cat-b-Proposal 4	For mixed RAN sharing scenario, discuss whether the total number of Network IDs (12 in legacy) should take into account the number of GIDs.
(2) Human readable name for the GIN  (manual SNPN selection)
Cat-b-Proposal 5	RAN2 to discuss whether HRNN for GIDs is needed and to be reported by UE AS to UE NAS.
(3) Authentication and Reporting of GIDs to AS
Cat-b-Proposal 6	RAN2 to discuss whether UE NAS provide the selected GID to UE AS.
Cat-b-Proposal 7	RAN2 to discuss if any other information about external authentication needs to be provided from UE NAS to UE AS.
Cat-b-Proposal 8	RAN2 to discuss whether NG-RAN needs to select an AMF based on the Home SP or GID corresponding to the credential access.
To align with SA2 definitions in TS 23.501 [6] this document uses GIN (group ID for Network Selection) in place of groupID and GIDs. 
2	Discussion
2.1	Total number of GINs 
2.1.1	SNPN GINs in SIB1
In TS 38.331 [2] the total number of NPNs that can be broadcast does not exceed 12 (including NPN-only cells):npn-IdentityInfoList
The npn-IdentityInfoList is used to configure a set of NPN-IdentityInfo elements. Each of those elements contains a list of one or more NPN Identities and additional information associated with those NPNs. The total number of PLMNs (identified by a PLMN identity in plmn -IdentityList), PNI-NPNs (identified by a PLMN identity and a CAG-ID), and SNPNs (identified by a PLMN identity and a NID) together in the PLMN-IdentityInfoList and NPN-IdentityInfoList does not exceed 12, except for the NPN-only cells. In case of NPN-only cells the PLMN-IdentityList contains a single element that does not count to the limit of 12. The NPN index is defined as B+c1+c2+…+c(n-1)+d1+d2+…+d(m-1)+e(i) for the NPN identity included in the n-th entry of NPN-IdentityInfoList and in the m-th entry of NPN-Identitylist within that npn-IdentityInfoList entry, and the i-th entry of its corresponding NPN-Identity, where
- B is the index used for the last PLMN in the PLMN-IdentittyInfoList; in NPN-only cells B is considered 0;
- c(j) is the number of NPN index values used in the j-th NPN-IdentityInfoList entry;
- d(k) is the number of NPN index values used in the k-th npn-IdentityList entry within the n-th NPN-IdentityInfoList entry;
- e(i) is
- i if the n-th entry of NPN-IdentityInfoList entry is for SNPN(s);
- 1 if the n-th entry of NPN-IdentityInfoList entry is for PNI-NPN(s).


As defined above, an SNPN is identified by a PLMN identity and a NID. The example structure below outlines how the Rel-16 SNPN information is signaled to the UE in SIB1:  
List[j] of NPN-IdentityInfo                                                                                                   c (j)
           |----> …
           |----> List[k] of NPN-Identity                                                                                     d (k)  
           |                |----> pni-npn																	 e (1)
           |                |                | ----> …
           |                |----> snpn 																	 e (i)
           |                |                |----> PLMN-Identity
           |                |                |----> List[i] of NID                                                                 
The reply from SA2 [3] below, clarifies that the new indicators (using credentials from a separate entity; registration attempts from other UEs allowed) as well as the group IDs are to be signaled per SNPN:    

Question 1: Can RAN2 assume uniform support of external authentication related parameters (i.e., indicator for "access using credentials from a separate entity is supported", GID(s) ) , and indicator for "whether the SNPN allows registration attempts from UEs that are not explicitly configured to select the SNPN") across a network or a registration area?
[SA2 answer] Yes, These parameters should be set uniformly per SNPN.
Question 2: Shall Group IDs be broadcasted per SNPN or per cell?
[SA2 answer] Yes, It is assumed that that the Group IDs will be broadcast per SNPN. 

With this clarification, the new parameters are expected to be signaled as shown in the example below:
List[j] of NPN-IdentityInfo                                                                                                  c (j)
           |----> …
           |----> List[k] of NPN-Identity                                                                                   d (k)  
           |                |----> pni-npn																e (1)
           |                |                | ----> …
           |                |----> snpn 																 e (i)
           |                |                |----> PLMN-Identity
           |                |                |----> List[i] of NID                                                                 
           |                |                |                |----> SeparateEntityCredentials                     new optional field
           |                |                |                |----> ExtRegistrationAllowed                          new optional field
           |                |                |                |----> List[l] of GIN                                           new optional list f(l)

As parameters SeparateEntityCredentials and ExtRegistrationAllowed are only indicators, they can be signaled as simple flags. With regards to signaling group information, we note the following from TR 23.700-07, section 8.1.4 [4]:

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
…
NOTE 2:	The number of supported Group IDs that can be broadcast will be determined by RAN2.

From the text above, we assume that a GIN would be signaled similar to the NID for SNPNs today, i.e. at least as a 44bit value. This assumption can be revised as the normative phase in SA2 progresses.

Therefore our assumptions for the rest of this section are:
separateEntityCredentials and ExtRegistrationAllowed are 1-bit flags
GIN reuses the same encoding as a NID (i.e. 44 bit value)

We note that SA2 expects RAN2 to determine the number of GINs per SNPN that can be signaled. In relation to this, we have the following restriction on the size of a SIB in NR:
(1) TS 38.331 section 5.2.1 [2]:
NOTE: The physical layer imposes a limit to the maximum size a SIB can take. The maximum SIB1 or SI message size is 2976 bits.

(2) The corresponding physical layer limit is captured in TS 38.214 section 5.1.3.2 [5]:
The UE is not expected to receive a PDSCH assigned by a PDCCH with CRC scrambled by SI-RNTI with a TBS exceeding 2976 bits.  

Each SNPN can use up to 80 bits (plmn-Identity and NID) to be signaled in SIB1. Therefore to accommodate 12 SNPNs in SIB1, we could use up to 960bits in SIB1. This accounts for ~32% of the maximum size available for SIB1. As SIB1 is also used to provide the downlink and uplink configuration of the cell, it is important that we do not further increase the overhead associated with NPN signaling beyond what exists today, even when considering the new parameters to be signaled.

Observation 1:	Signaling of SNPN lists alone take up to 32% of the maximum size of the SIB.
Proposal 1: 	The total number of PLMNs, PNI-NPNs, SNPNs and GINs in a cell does not exceed 12 when SIB1 is used.

2.1.2	SNPN GINs in SIB10
As described above the inclusion of the GINs in SIB1 brings with it a large overhead. Some companies have argued that since SIB10 is used specifically for SNPN, the GINs can be included in this SIB.  
The implication of using SIB10 for network selection is that the UE must first acquire SIB1 to determine when the next SIB10 is scheduled (radio frame with varying periodicity of 8, 16, 32, 64, 128, 256, 512) to acquire the list of GINs. This process is repeated until a suitable SNPN cell is found or until there are no more cells. 

Observation 2:	Using SIB10 to broadcast GINs delays NPN cell selection.

2.1.3	SNPN GINs in SIB1 and SIB10
For flexibility and future expansion, the GINs can be indicated in SIB1 and extended to SIB10 with the inclusion of a new indicator npn-IdentityExtendedToSib10 field in cellAccessRelatedInfo as shown in the example below:

CellAccessRelatedInfo
	|--->	plmn-IdentityList
	|--->	npn-IdentityInfoList 					 optional
	|--->	npn-IdentityExtendedToSib10 		 new optional field	

The presence of the optional npn-IdentityExtendedToSib10 field serves two purposes:
1) npn-IdentityExtendedToSib10 parameter can indicate whether npn-IdentityInfoList that is specified in SIB1 is extended in SIB10
2) If there are no GINs in SIB1 (i.e. npn-IdentityInfoList is not present), the npn-IdentityExtendedToSib10 parameter can indicate the presence of npn-IdentityInfoList in SIB10

This new indication would not delay cell selection when the number of GINs are low. If a large number of GINs need to supported, this new indication would allow such signaling as well. 

Observation 3: Having an indicator in SIB1 does not delay NPN cell selection when there are a low number of GINs.

Proposal 2: 	Add a new indicator in SIB1 to indicate when the list of GINs is extended to SIB10.

2.2	Human readable name for the GIN (Manual SNPN selection) 
According to TS 23.501, section 5.30.2.4.3[6]
For manual network selection UEs operating in SNPN access mode provide to the user the list of SNPNs (each is identified by a PLMN ID and NID) and related human-readable names (if available) of the available SNPNs the UE has respective SUPI and credentials for. If the UEs supports access to an SNPN using credentials from a Credentials Holder, the UE also presents available SNPNs which broadcast the "access using credentials from a Credentials Holder is supported" indication.
As can be seen above there are no requirements for HRNN for GINs specified by SA2 thus far. In Rel-16, on reception of SIB10 the HRNN-list is sent to the upper layers, according to 38.331 5.2.2.4.11 [2]:
Upon receiving SIB10, the UE shall:
              1> Forward the HRNN-list entries with the corresponding PNI-NPN and SNPN identities to upper layers;

If SA2 decide that HRNNs are also needed for GINs, this can be easily accommodated by RAN2 by forwarding this information on to NAS, in addition to the NPN identities.

Observation 4:	There is no change to the current HRNN procedure whereby AS forwards the HRNN list to NAS.

Proposal 3: 	If SA decide that HRNN are needed for GINs then AS can forward this information to NAS in addition to the NPN identities.  

2.3 	Authentication and Reporting of GIDs to AS
During RRC connection establishment (section 5.3.3 [2]) and RRC connection resume (section 5.3.13 [2]), the upper layers have the opportunity to notify the network of the SNPN selected in the form of an index into npn-IdentityInfoList (i.e. n-th) and optionally the registered AMF (i.e. GUAMI - Globally Unique AMF Identifier) in the following messages:

RRCSetupComplete-IEs  & RRCResumeComplete-IEs (UE to Network messages)

selectedPLMN-Identity 				INTEGER (1..maxPLMN),
registeredAMF 							RegisteredAMF 			OPTIONAL,
…
------------------------------------------------------------------------------------------------------------------------------------------------
selectedPLMN-Identity
Index of the PLMN or SNPN selected by the UE from the plmn-IdentityList or npn-IdentityInfoList fields included in SIB1.
registeredAMF
This field is used to transfer the GUAMI of the AMF where the UE is registered, as provided by upper layers, see TS 23.003 [21].

Observation 5:		AS is made aware of the selected SNPN from the selectedPLMN-Identity index and registeredAMF parameters provided by the upper layers. No further information is needed.

3	Conclusion
[bookmark: _Hlk60849190]This document notes the following observation and makes the following proposals:
Observation 1:	Signaling of SNPN lists alone take up to 32% of the maximum size of the SIB.
Observation 2:	Using SIB10 to broadcast GINs delays NPN cell selection.
Observation 3: Having an indicator in SIB1 does not delay NPN cell selection when there are a low number of GINs.
Observation 4:	There is no change to the current HRNN procedure whereby AS forwards the HRNN list to NAS.
Observation 5:		AS is made aware of the selected SNPN from the selectedPLMN-Identity index and registeredAMF parameters provided by the upper layers. No further information is needed.

Proposal 1: 	The total number of PLMNs, PNI-NPNs, SNPNs and GINs in a cell does not exceed 12 when SIB1 is used.
Proposal 2: 	Add a new indicator in SIB1 to indicate when the list of GINs is extended to SIB10.
Proposal 3: 	If SA decide that HRNN are needed for GINs then AS can forward this information to NAS in addition to the NPN identities.
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