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1 Introduction
According to the current TS 38.331 [1], network indexing related to NPNs is still FFS:
–
CellAccessRelatedInfo

The IE CellAccessRelatedInfo indicates cell access related information for this cell.
CellAccessRelatedInfo information element

-- ASN1START

-- TAG-CELLACCESSRELATEDINFO-START

CellAccessRelatedInfo   ::=         SEQUENCE {

    plmn-IdentityList                   PLMN-IdentityInfoList,

    cellReservedForOtherUse             ENUMERATED {true}     OPTIONAL,   -- Need R

    ...,

    [[

    cellReservedForFutureUse-r16    ENUMERATED {true}         OPTIONAL,   -- Need R

    npn-IdentityInfoList-r16        NPN-IdentityInfoList-r16  OPTIONAL    -- Need R
    ]]

}

-- TAG-CELLACCESSRELATEDINFO-STOP

-- ASN1STOP

	CellAccessRelatedInfo field descriptions

	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.

	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.


Editor's Note: A definition of network indexing for NPNs is FFS.
The detail structure of NPN ID is shown as follows:

NPN-Identity-r16 ::=             CHOICE {
    pni-npn-r16                      SEQUENCE {

        plmn-Identity-r16                PLMN-Identity,

        cag-IdentityList-r16             SEQUENCE (SIZE (1..maxNPN-r16)) OF CAG-Identity-r16

    },

    snpn-r16                         SEQUENCE {

        plmn-Identity                    PLMN-Identity,

        nid-List-r16                     SEQUENCE (SIZE (1..maxNPN-r16)) OF NID-r16

    }

}
The controversy is focused on PNI-NPNs. In this contribution, we would like to share some thoughts on the index of PNI-NPNs.
2 Discussion
2.1 Impact Analysis of PNI-NPN indexing
From RAN2 perspective, it is necessary to specify the index for PNI-NPN in CellAccessRelatedInfo IE since it has three impacts:

· Impact 1: The meaning of plmn-IdentityIndex  IE in UAC parameter.

–
UAC-BarringPerPLMN-List
The IE UAC-BarringPerPLMN-List provides access category specific access control parameters, which are configured per PLMN.

UAC-BarringPerPLMN-List information element

-- ASN1START

-- TAG-UAC-BARRINGPERPLMN-LIST-START

UAC-BarringPerPLMN-List ::=         SEQUENCE (SIZE (1.. maxPLMN)) OF UAC-BarringPerPLMN
UAC-BarringPerPLMN ::=              SEQUENCE {

    plmn-IdentityIndex                  INTEGER (1..maxPLMN),

    uac-ACBarringListType               CHOICE{

        uac-ImplicitACBarringList           SEQUENCE (SIZE(maxAccessCat-1)) OF UAC-BarringInfoSetIndex,

        uac-ExplicitACBarringList           UAC-BarringPerCatList

    }                                                                                                     OPTIONAL     -- Need S

}

-- TAG-UAC-BARRINGPERPLMN-LIST-STOP

-- ASN1STOP

	UAC-BarringPerPLMN-List field descriptions

	uac-ACBarringListType
Access control parameters for each access category valid only for a specific PLMN. UE behaviour upon absence of this field is specified in clause 5.3.14.2.

	plmn-IdentityIndex
Index of the PLMN or SNPN across the plmn-IdentityList and npn-IdentityInfoList fields included in SIB1.


Editor's Note: It is FFS how to add the reference to PNI-NPNs.
As we all know, per PNI-NPN UAC offers finer granularity for operators. From UAC perspective, UE should know the index of PNI-NPN in CellAccessRelatedInfo IE if there is PNI-NPN specific UAC configuration. Then the field description should be changed as follows:

	UAC-BarringPerPLMN-List field descriptions

	uac-ACBarringListType
Access control parameters for each access category valid only for a specific PLMN. UE behaviour upon absence of this field is specified in clause 5.3.14.2.

	plmn-IdentityIndex
Index of the PLMN or NPN across the plmn-IdentityList and npn-IdentityInfoList fields included in SIB1.


· Impact 2: The meaning of selectedPLMN-Identity IE in RRCSetupComplete message and RRCResumeComplete message. 
RRCSetupComplete message
-- ASN1START

-- TAG-RRCSETUPCOMPLETE-START

…
RRCSetupComplete-IEs ::=            SEQUENCE {

    selectedPLMN-Identity               INTEGER (1..maxPLMN),

    registeredAMF                       RegisteredAMF                                   OPTIONAL,

…
}

-- TAG-RRCSETUPCOMPLETE-STOP

-- ASN1STOP

	RRCSetupComplete-IEs field descriptions

	selectedPLMN-Identity

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


Note that RRCResumeComplete message has a similar structure and is omitted for simplicity.

Which index should be included in MSG5 is related to the indexing mechanism of CellAccessRelatedInfo IE. For some reason, e.g. privacy, we should allow UE to avoid exposing the selected CAG ID in MSG5. It is also listed as ISSUE 9 in [2].
· Impact 3: Whether to include NPN Access Information IE or not in INITIAL UE MESSAGE of RAN3 INITIAL ACCESS Procedure. 
As agreed in R3-197776 [3], the gNB transmits the supported CAG List of the selected PLMN of the selected cell via the Initial UE Message to AMF for further admission control. However, there is no need for the gNB to transmit the supported CAG List to AMF when the UE (e.g., PLMN UE) is not requesting to access via CAG cell.
Observation 1: The indexing mechanism of PNI-NPNs has the following impacts:
· Impact 1: UAC;
· Impact 2: Network index included in MSG5;
· Impact 3: How does the RAN node handle the PNI-NPN index in MSG5.
2.1 Solutions of PNI-NPN indexing
Here are candidate solutions which were mentioned in email discussion or past meetings, and the following analysis is based on the impacts above.
For example, a cell is shared by the following networks and UE selects PNI-NPN identified by PLMN 1 and CAG 2:

Table 1. The index of network according to the current rule

	Index
	PLMN ID
	CAG ID

	1
	PLMN 1
	-

	2
	PLMN 2
	-

	?
	PLMN 1
	CAG 1

	?
	PLMN 1
	CAG 2

	?
	PLMN 2
	CAG 3


· Option 1: Each PNI-NPN has its own index
It may be the most intuitive solution, with the following outcome:

Table 2. The index of network in option 1
	Index
	PLMN ID
	CAG ID

	1
	PLMN 1
	-

	2
	PLMN 2
	-

	3
	PLMN 1
	CAG 1

	4
	PLMN 1
	CAG 2

	5
	PLMN 2
	CAG 3


Analysis based on impacts above:
	Impact 1
	It is very clear for UE to use index 4 to choose PNI-NPN specific UAC parameters.

	Impact 2
	If UE is restricted to include the index of selected PNI-NPN in MSG5, CAG ID will be implicit in MSG5. In other words, the CAG ID is sent unsafely because RRCSetupComplete message is not encrypted, which does not satisfy the requirement from SA3 that CAG ID should be sent in a protected manner [4]. For safety, it is suggested to allow the UE choose the other index of PLMN or PNI-NPN which has the same PLMN ID with the selected PNI-NPN. In this use case, the UE can include index 1, 3 or 4 as selectedPLMN-Identity in MSG5.
However, considering the analysis from Impact 3, UE should not include 1 for selectedPLMN-Identity.

	Impact 3
	In case the RAN node receives the index 1 as selectedPLMN-Identity in MSG5, it could not tell whether PLMN or PNI-NPN is selected by UE, thus could not decide whether to include NPN Access Information IE in INITIAL UE MESSAGE or not.
Based on the above, the UE should include 3 or 4 for selectedPLMN-Identity in MSG5.


· Option 2: PLMN and PNI-NPNs with the same PLMN ID share an index

Since the networks with the same PLMN ID are deployed by the same operator, it is reasonable to share an index. Here is the outcome of this option:

Table 3. The index of network in option 2
	Index
	PLMN ID
	CAG ID

	1
	PLMN 1
	-

	2
	PLMN 2
	-

	1
	PLMN 1
	CAG 1

	1
	PLMN 1
	CAG 2

	2
	PLMN 2
	CAG 3


Analysis based on impacts above:
	Impact 1
	It is not clear for UE to use which index to choose for PNI-NPN specific UAC parameters. The UAC could only be PLMN specific.

	Impact 2
	In this use case, the UE shall include index 1 as selectedPLMN-Identity in MSG5.

	Impact 3
	When the RAN node receives the index 1 as selectedPLMN-Identity in MSG5, it could not tell whether PLMN or PNI-NPN is selected by UE. So an indicator should be added to indicate whether the UE is accessing through PNI-NPN or PLMN, so the RAN node could decide whether to include NPN Access Information IE in INITIAL UE MESSAGE or not.


· Option 3: PNI-NPNs with same PLMN ID share an index

This option is similar to Option 2 with a difference that PLMN has its own index. Here is the outcome of this option:
Table 4. The index of network in option 3
	Index
	PLMN ID
	CAG ID

	1
	PLMN 1
	-

	2
	PLMN 2
	-

	3
	PLMN 1
	CAG 1

	3
	PLMN 1
	CAG 2

	4
	PLMN 2
	CAG 3


Analysis based on impacts above:
	Impact 1
	It is not clear for UE to use which index to choose for PNI-NPN specific UAC parameters. The UAC could only be PLMN specific.

	Impact 2
	In this use case, the UE shall include index 3 as selectedPLMN-Identity in MSG5.

	Impact 3
	When the RAN receives the index 3 as selectedPLMN-Identity in MSG5, it could tell that a PNI-NPN with PLMN 1 is selected by UE. Then the RAN will include NPN Access Information IE in INITIAL UE MESSAGE.


Proposal: RAN2 to discuss the three options of PNI-NPN indexing:

· Option 1: Each PNI-NPN has its own index. When including selectedPLMN-Identity in MSG5, UE only considers the PLMN part (i.e. UE can include whichever index among the PNI-NPNs with the same PLMN ID).
· Option 2: PLMN and PNI-NPNs with the same PLMN ID share an index. An indication is added to indicate whether the UE is accessing through PLMN or PNI-NPN.

· Option 3: PNI-NPNs with same PLMN ID share an index. The sharing does not involve PLMNs.
3 Conclusion
In this paper, we discuss PNI-NPN indexing and propose the following:

Observation 1: The indexing mechanism of PNI-NPNs has the following impacts:
· Impact 1: UAC;
· Impact 2: Network index included in MSG5;
· Impact 3: How does the RAN node handle the PNI-NPN index in MSG5.

Proposal: RAN2 to discuss the three options of PNI-NPN indexing:

· Option 1: Each PNI-NPN has its own index. When including selectedPLMN-Identity in MSG5, UE only considers the PLMN part (i.e. UE can include whichever index among the PNI-NPNs with the same PLMN ID).
· Option 2: PLMN and PNI-NPNs with the same PLMN ID share an index. An indication is added to indicate whether the UE is accessing through PLMN or PNI-NPN.

· Option 3: PNI-NPNs with same PLMN ID share an index. The sharing does not involve PLMNs.
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