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1	Introduction
The NPN indexing has been an open issue for a long time (see Issue 12 in Report from email discussion [Post109e#18][PRN] Remaining open issues [R2-2002659], and Issue 4 in "Report from email discussion [Post109bis-e][934][PRN] Remaining open issues" [R2-2004481]). 
The open issue is related to the indexing of PNI-NPNs, more specifically two options are discussed: 
· Option A: PNI-NPNs belonging to the same PLMN share a common index value
· [bookmark: _Hlk40972653]Option B: All PNI-NPNs including the ones belonging to the same PLMN have their own index value
The decision depends on the requirement of UAC parameter granularity. This paper presents text proposals for both options to enable fast progress after the selection of one of the options is made. 
2	Discussion
PLMN indexing has been introduced to optimize RRC signalling and it has been decided to re-use it for NPNs. PLMN indexing is used in the following cases:
1) RRCSetupComplete message
2) RRCResumeComplete message
3) UAC-BarringPerPLMN-List IE
In the RRCSetupComplete and RRCResumeComplete messages the PLMN index, that is extended to be a PLMN or NPN index, is used to indicate the selected network. When it is used to refer to an NPN in these messages the following agreements from the previous meetings should be considered:
· Agreements from RAN2#108
1. For SNPN, include the SNPN ID in the RRCSetupComplete message. Stage 3 detalls are FFS
2. For SNPN, there is no need to include SNPN ID in the RRCResumeComplete message since the UE context is known to the network.

· Agreement from RAN2#109:
1. There is no need to include CAG ID in RRCResumeComplete message for UE in automatic CAG selection mode.

3.1	The selectedPLMN-Identity can refer to a NPN (a SNPN or a PNI-NPN) or set of PNI-NPNs having the same PLMN ID (in case CAG ID is not sent in the RRC message) in the description of RRCSetupComplete message and the relevant procedures.

In the UAC-BarringPerPLMN-List IE the PLMN index is used to indicate the UAC parameters to be used for a specific network. If there is a requirement to enable the broadcast of CAG ID specific UAC parameters, then CAG ID specific network indexing is needed to avoid changes in the UAC-BarringPerPLMN-List IE.
Observation 1: If there is a requirement to enable the broadcast of CAG ID specific UAC parameters, then changes in the UAC-BarringPerPLMN-List IE can only be avoided with Option B (all PNI-NPNs have their own network index value).








2.1 Change proposals to capture option A in 38.331
When All PNI-NPNs including the ones belonging to the same PLMN have their own index value, the NPN index can be defined in the following way in the description of CellAccessRelatedInfo:
	CellAccessRelatedInfo field descriptions

	cellReservedForFutureUse
Indicates whether the cell is reserved, as defined in 38.304 [20] for future use. The field is applicable to all PLMNs and NPNs.

	cellReservedForOtherUse
Indicates whether the cell is reserved, as defined in 38.304 [20]. The field is applicable to all PLMNs.

	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+FFS, where B is the index used for the last PLMN in the PLMNIdentittyInfoList. In NPN-only cells B is considered 0.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 PLMNIdentittyInfoList; 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-NPNs and the cell is either an NPN-only cell or the PLMN ID in the NPN-Identity entry is not in the PLMN-IdentityInfoList; 
    - 0 otherwise.

	plmn-IdentityList
The plmn-IdentityList is used to configure a set of PLMN-IdentityInfoList elements. Each of those elements contains a list of one or more PLMN Identities and additional information associated with those PLMNs. A PLMN-identity can be included only once, and in only one entry of the PLMN-IdentityInfoList. The PLMN index is defined as b1+b2+…+b(n-1)+i for the PLMN included at the n-th entry of PLMN-IdentityInfoList and the i-th entry of its corresponding PLMN-IdentityInfo, where b(j) is the number of PLMN-Identity entries in each PLMN-IdentityInfo, respectively.



In 5.3.3.4 (Reception of the RRCSetup by the UE) the following changes can capture the use of network index for NPNs in RRCSetupComplete message
2>	if upper layers selected a PLMN or an SNPN (TS 24.501 [23]):
3>	set the selectedPLMN-Identity to the index value that refers to the PLMN or SNPN selected by upper layers (TS 24.501 [23]) from the PLMN(s) included in the plmn-IdentityList or npn-IdentityInfoList in SIB1;
2>	else if upper layers selected an SNPN (TS 24.501 [23]):
3>	set the selectedPLMN-Identity to index value of the SNPN selected by upper layers (TS 24.501 [23]) from the SNPN(s) in the npn-IdentityInfoList in SIB1;
Editor's Note: It is FFS how to set the the selectedPLMN-Identity when a PNI-NPN is selected.

In the description of RRCSetupComplete message definition in 6.2.2 the following changes can capture the use of network index for NPNs:
	1) RRCSetupComplete-IEs field descriptions

	guami-Type
This field is used to indicate whether the GUAMI included is native (derived from native 5G-GUTI) or mapped (from EPS, derived from EPS GUTI) as specified in TS 24.501 [23].

	iab-NodeIndication-r16
This field is used to indicate that the connection is being established by an IAB-node [2].

	idleMeasAvailable
Indication that the UE has idle/inactive measurement report available.

	mobilityState
This field indicates the UE mobility state (as defined in TS 38.304 [20], clause 5.2.4.3) just prior to UE going into RRC_CONNECTED state. The UE indicates the value of medium and high when being in Medium-mobility and High-mobility states respectively. Otherwise the UE indicates the value normal.

	ng-5G-S-TMSI-Part2
The leftmost 9 bits of 5G-S-TMSI.

	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].

	selectedPLMN-Identity
Index of the PLMN or SNPN selected by the UE from the plmn-IdentityList or npn-IdentityInfoList fields included in SIB1.



In 5.3.13.4 (Reception of the RRCResume by the UE) the following changes can capture the use of network index for NPNs RRCResumeComplete message:
1>	set the content of the of RRCResumeComplete message as follows:
2>	if the upper layer provides NAS PDU, set the dedicatedNAS-Message to include the information received from upper layers;
2>	if the upper layer provides a PLMN, set the selectedPLMN-Identity to the index value that refers to the PLMN selected by upper layers (TS 24.501 [23]) from the PLMN(s) included in the plmn-IdentityList or npn-IdentityInfoList in SIB1;

In the description of RRCResumeComplete message definition in 6.2.2 the following changes can capture the use of network index for NPNs:
	RRCResumeComplete-IEs field descriptions

	idleMeasAvailable
Indication that the UE has idle/inactive measurement report available.

	measResultIdleEUTRA
EUTRA measurement results performed during RRC_INACTIVE.

	measResultIdleNR
NR measurement results performed during RRC_INACTIVE.

	selectedPLMN-Identity
Index of the PLMN selected by the UE from the plmn-IdentityList or npn-IdentityInfoList fields included in SIB1.

	uplinkTxDirectCurrentList
The Tx Direct Current locations for the configured serving cells and BWPs if requested by the NW (see reportUplinkTxDirectCurrent in CellGroupConfig).




Proposal 1: If it is decided that PNI-NPNs belonging to the same PLMN have a common index value (option A is selected) then endorse the text proposals of section 2.1.

2.2 Change proposals to capture option B in 38.331
When PNI-NPNs belonging to the same PLMN have a separate index value, the NPN index can be defined in the following way in the description of CellAccessRelatedInfo:
	CellAccessRelatedInfo field descriptions

	cellReservedForFutureUse
Indicates whether the cell is reserved, as defined in 38.304 [20] for future use. The field is applicable to all PLMNs and NPNs.

	cellReservedForOtherUse
Indicates whether the cell is reserved, as defined in 38.304 [20]. The field is applicable to all PLMNs.

	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+FFS, where B is the index used for the last PLMN in the PLMNIdentittyInfoList. In NPN-only cells B is considered 0.B+c1+c2+…+c(n-1)+d1+d2+…+d(m-1)+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 PLMNIdentittyInfoList; 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.

	plmn-IdentityList
The plmn-IdentityList is used to configure a set of PLMN-IdentityInfoList elements. Each of those elements contains a list of one or more PLMN Identities and additional information associated with those PLMNs. A PLMN-identity can be included only once, and in only one entry of the PLMN-IdentityInfoList. The PLMN index is defined as b1+b2+…+b(n-1)+i for the PLMN included at the n-th entry of PLMN-IdentityInfoList and the i-th entry of its corresponding PLMN-IdentityInfo, where b(j) is the number of PLMN-Identity entries in each PLMN-IdentityInfo, respectively.



In 5.3.3.4 (Reception of the RRCSetup by the UE) the following changes can capture the use of network index for NPNs in RRCSetupComplete message
2>	if upper layers selected a PLMN or an SNPN (TS 24.501 [23]):
3>	set the selectedPLMN-Identity to the smallest index value that refers to the PLMN or SNPN selected by upper layers (TS 24.501 [23]) from the PLMN(s) included in the plmn-IdentityList or npn-IdentityInfoList in SIB1;
[bookmark: _Hlk40946119]NOTE: As a PLMN ID can only be included once in the the plmn-IdentityList , a non-CAG-capable UE sets the selectedPLMN-Identity to the index value that refers to the PLMN selected by upper layers from the PLMN(s) included in the plmn-IdentityList.
2>	else if upper layers selected an SNPN (TS 24.501 [23]):
3>	set the selectedPLMN-Identity to index value of the SNPN selected by upper layers (TS 24.501 [23]) from the SNPN(s) in the npn-IdentityInfoList in SIB1;
Editor's Note: It is FFS how to set the the selectedPLMN-Identity when a PNI-NPN is selected.

In the description of RRCSetupComplete message definition in 6.2.2 the following changes can capture the use of network index for NPNs:
	1) RRCSetupComplete-IEs field descriptions

	guami-Type
This field is used to indicate whether the GUAMI included is native (derived from native 5G-GUTI) or mapped (from EPS, derived from EPS GUTI) as specified in TS 24.501 [23].

	iab-NodeIndication-r16
This field is used to indicate that the connection is being established by an IAB-node [2].

	idleMeasAvailable
Indication that the UE has idle/inactive measurement report available.

	mobilityState
This field indicates the UE mobility state (as defined in TS 38.304 [20], clause 5.2.4.3) just prior to UE going into RRC_CONNECTED state. The UE indicates the value of medium and high when being in Medium-mobility and High-mobility states respectively. Otherwise the UE indicates the value normal.

	ng-5G-S-TMSI-Part2
The leftmost 9 bits of 5G-S-TMSI.

	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].

	selectedPLMN-Identity
Index of the PLMN or SNPN selected by the UE from the plmn-IdentityList or npn-IdentityInfoList fields included in SIB1 as specified in 5.3.3.4.



In 5.3.13.4 (Reception of the RRCResume by the UE) the following changes can capture the use of network index for NPNs RRCResumeComplete message:
1>	set the content of the of RRCResumeComplete message as follows:
2>	if the upper layer provides NAS PDU, set the dedicatedNAS-Message to include the information received from upper layers;
2>	if the upper layer provides a PLMN, set the selectedPLMN-Identity to the smallest index value that refers to the PLMN selected by upper layers (TS 24.501 [23]) from the PLMN(s) included in the plmn-IdentityList or npn-IdentityInfoList in SIB1;

In the description of RRCResumeComplete message definition in 6.2.2 the following changes can capture the use of network index for NPNs:
	RRCResumeComplete-IEs field descriptions

	idleMeasAvailable
Indication that the UE has idle/inactive measurement report available.

	measResultIdleEUTRA
EUTRA measurement results performed during RRC_INACTIVE.

	measResultIdleNR
NR measurement results performed during RRC_INACTIVE.

	selectedPLMN-Identity
Index of the PLMN selected by the UE from the plmn-IdentityList or npn-IdentityInfoList fields included in SIB1 as specified in 5.3.13.4.

	uplinkTxDirectCurrentList
The Tx Direct Current locations for the configured serving cells and BWPs if requested by the NW (see reportUplinkTxDirectCurrent in CellGroupConfig).



In 5.3.14.2 (Initiation) the following changes can capture the use of network index for NPNs in uac-BarringPerPLMN-List:
3>	if SIB1 includes uac-BarringPerPLMN-List and the uac-BarringPerPLMN-List contains an UAC-BarringPerPLMN entry with the plmn-IdentityIndex corresponding to the PLMN or PNI-NPN or SNPN selected by upper layers (see TS 24.501 [23]):
4>	select the UAC-BarringPerPLMN entry with the plmn-IdentityIndex corresponding to the PLMN or the PNI-NPN or to the SNPN selected by upper layers;
4>	in the remainder of this procedure, use the selected UAC-BarringPerPLMN entry (i.e. presence or absence of access barring parameters in this entry) irrespective of the uac-BarringForCommon included in SIB1;

[bookmark: _GoBack]Proposal 2: If it is decided that all PNI-NPNs including the ones belonging to the same PLMN have their own index value (option B is selected), then endorse the text proposals of section 2.2.


3	Conclusion
This paper contains the following observation and proposals:
Observation 1: If there is a requirement to enable the broadcast of CAG ID specific UAC parameters, then changes in the UAC-BarringPerPLMN-List IE can only be avoided with Option B (all PNI-NPNs have their own network index value).
Proposal 1: If it is decided that PNI-NPNs belonging to the same PLMN have a common index value (option A is selected) then endorse the text proposals of section 2.1.
Proposal 2: If it is decided that all PNI-NPNs including the ones belonging to the same PLMN have their own index value (option B is selected), then endorse the text proposals of section 2.2.

