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1	Introduction
[bookmark: _Hlk31381090][bookmark: _Hlk10733979]RAN agreed that the Non-Public Networks (NPN) related RAN work will be carried out within NG_RAN_PRN work item [1]. 
[bookmark: _Hlk31381152][bookmark: _Hlk32423930]As the outcome of the email discussion [108#37][PRN] the running CR against TS 38.331 can be found in R2-2001035 [2]. It contains the following open issues:
Editor's Note: A definition of network indexing for NPNs is FFS.
Editor’s Note: The size of NID is to be checked based on CT4 agreements.
[bookmark: _Hlk30077024]Editor's Note: The need for list of NIDs depends on the RAN sharing scenarios to be supported.
Editor's Note: It is FFS whether all CAG identities associated to the same PLMN identity shall be listed in the same cag-IdentityList.
Editor's Note: Whether trackingAreaCode is optinal or mandatory depends on DC/CA support. This is FFS.
Editor's Note: The support of sharing logical cells is FFS.
This paper addresses these open issues except the NID size related one as it depends on CT3 decision.
2	Discussion
2.1 Network sharing related Editor’s Notes
Two of the listed editor’s notes is related to network sharing:
Editor's Note: The need for list of NIDs depends on the RAN sharing scenarios to be supported.
Editor's Note: The support of sharing logical cells is FFS.
The following open issue is not strongly related to network sharing, but it is also about the listing of NPN identities 
Editor's Note: It is FFS whether all CAG identities associated to the same PLMN identity shall be listed in the same cag-IdentityList.
[bookmark: _Hlk29382782]SA2 sent an LS on network sharing in R2-2000055 (S2-1912602). The LS clarifies that the following network sharing scenarios are supported:
5G MOCN also supports the following sharing scenarios involving non-public networks:
-	NG-RAN is shared by multiple SNPNs (each identified by PLMN ID and NID);
-	NG-RAN is shared by one or multiple SNPNs and one or multiple PLMNs;
-	NG-RAN is shared by one or more PNI-NPNs (with CAG) and one or more SNPNs, and
-	NG-RAN is shared by one or multiple PLMNs and one or multiple PNI-NPNs (with CAG).
All of these network sharing scenarios can be supported by the SIB1 structure in the running CR (R2-2001035 [2]) as CellAccessRelatedInfo can contain both PLMN access information (in plmn-IdentityList) and NPN access information (in npn-IdentityInfoList) and the elements of the NPN access information can contain either PNI-NPN or SNPN related information:
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
    ]]
}

[bookmark: _Hlk31110618]Observation 1.1: The network sharing scenarios listed in SA2 specification can be supported by the SIB1 structure in the running CR (R2-2001035 [2]).

The approved SA2 CR (S2-1912379) attached to the SA2 LS also clarifies that sharing of a logical cell should only be supported among the same type of networks:
In all non-public network sharing scenarios, each Cell Identity is associated with one of the following configuration options:
-	one or multiple SNPNs;
-	one or multiple PNI-NPNs (with CAG); or
-	one or multiple PLMNs only.
[bookmark: _Hlk31381711]The logical sharing is also enabled by the current running CR (R2-2001035 [2]) as an NPN-IdentityInfo entry can contain more than one NPN-Identity:
NPN-IdentityInfo-r16 ::=               SEQUENCE {
    npn-IdentityList-r16                   SEQUENCE (SIZE (1..maxNPN-r16)) OF NPN-Identity-r16,

The description of NPN-IdentityInfo in the running CR (R2-2001035 [2]) also clarifies (text highlighted by cyan) that only networks of the same NPN type (PNI-NPN or SNPN) can share a logical cell:
NPN-IdentityInfo
The NPN-IdentityInfo contains one or more NPN identities and additional information associated with those NPNs. Only the same type of NPNs (either SNPNs or PNI-NPNs) can be listed in a NPN-IdentityInfo element.
Sharing of a logical cell among PLMNs is already part of Rel-15 NR specifications, and therefore this requires no RRC changes.
Observation 1.2: The SIB1 structure in the running CR (R2-2001035 [2]) supports the logical cell sharing scenarios listed in SA2 specification.
According to observation 1.1 and 1.2 all SA2 requested RAN and logical cell sharing scenarios can be supported by the SIB1 structure in the running CR (R2-2001035 [2]), therefore it is proposed to remove the Editor’s Notes on RAN and logical cell sharing without any additional changes.
Proposal 1.1: Remove the following Editor’s Notes without introducing any other changes:
Editor's Note: The need for list of NIDs depends on the RAN sharing scenarios to be supported.
Editor's Note: The support of sharing logical cells is FFS.

Introducing the restriction that all CAG identities associated to the same PLMN identity shall be listed in the same cag-IdentityList means that all CAG identities associated to the same PLMN identity shall share a logical cell. Even though this seems to be a logical deployment, as all of these PNI-NPNs are controlled by the same PLMN, there is no SA2 or other requirement for this restriction. Therefore, we see no reason to introduce such a restriction. 
Proposal 1.2: Remove the following Editor’s Note without introducing any other changes:
Editor's Note: It is FFS whether all CAG identities associated to the same PLMN identity shall be listed in the same cag-IdentityList.

2.2 Support of DC/CA
The following open issue is related to DC/CA:
Editor's Note: Whether trackingAreaCode is optional or mandatory depends on DC/CA support. This is FFS.
The use of carrier aggregation has no interaction with the network and cell selection and reselection. Thus, the CA is implicitly supported in NPNs without any additional specifications.
In MR-DC the network controls the selection of the SCG cells. The selection of a SN is a similar process to the selection of a target node at handover: the gNB shall select a neighbouring node that supports the selected SNPN or a CAG ID of the allowed CAG ID list of the UE. The MN knows the selected SNPN (PLMN ID and NID) in case of SNPN, or the allowed CAG ID list of the UE in case of PNI-NPN. There is a similar proposal in RAN3 under discussion (R3-200202). Therefore, there is no technical reason that prevents supporting dual connectivity in NPNs.
The only RAN2 impact that has been identified due to the support of dual connectivity within NPNs is that broadcasting a trackingAreaCode in a secondary NPN cell is optional.
Proposal 2.1: It is proposed to support dual connectivity in NPNs, and thus remove the following Editor’s Notes:
Editor's Note: Whether trackingAreaCode is optional or mandatory depends on DC/CA support. This is FFS.
Proposal 2.2: As a consequence of proposal 2.1, the trackingAreaCode field should be an optional parameter in NPN-IdentityInfo:
    trackingAreaCode-r16                   TrackingAreaCode    OPTIONAL,       -- Need R

2.3 Indexing of network identities
The following open issue is related to network indexing:
Editor's Note: A definition of network indexing for NPNs is FFS.
The Rel-15 specification specifies network indexing for PLMNs sharing cell in the following way:
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.
This PLMN indexing is used in RRC to indicate the selected PLMN in RRCSetupComplete, and in RRCResumComplete, moreover it is used in UAC-BarringPerPLMN for PLMN specific barring information. Extending the indexing to NPNs for the same purpose has the following advantages:
1) It is an efficient way to refer to a network in RRC messages.
2) It enables to avoid changes in RRC messages where PLMN index are used to refer to the supported network.
As the maximum number of networks that can share a cell includes all networks (PLMNs, and NPNs) and the number is 12 for all RAN sharing scenarios, it is also proposed that the extension could follow a similar mechanism as the indexing used in case of PLMNs, where the first N index values belongs to the PLMNs that share the cell. As in case of NPN-only cells PLMN ID in the PLMN-IdentityList does not count to the limit of 12, the indexing should not consider that PLMN ID in the indexing.
Proposal 3.1: It is proposed to extend the PLMN indexing to NPNs and remove the following Editor’s Note:
Editor's Note: A definition of network indexing for NPNs is FFS.
Proposal 3.2: It is proposed to use the following indexing mechanism for NPNs:
The NPN index is defined as 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, c(j) is the number of NPN-Identity entries in the j-th NPN-IdentityInfoList entry, and d(k) is the number NPN-Identity entries in the k-th NPN-IdentityList entry within the nth NPN-IdentityInfoList entry. In NPN-only cells B is considered 0.

3	Conclusions
We have made the following observations and proposals in this paper:
Observation 1.1: The network sharing scenarios listed in SA2 specification can be supported by the SIB1 structure in the running CR (R2-2001035 [2]).
Observation 1.2: The SIB1 structure in the running CR (R2-2001035 [2]) supports the logical cell sharing scenarios listed in SA2 specification.
Proposal 1.1: Remove the following Editor’s Notes without introducing any other changes:
Editor's Note: The need for list of NIDs depends on the RAN sharing scenarios to be supported.
Editor's Note: The support of sharing logical cells is FFS.
Proposal 1.2: Remove the following Editor’s Note without introducing any other changes:
Editor's Note: It is FFS whether all CAG identities associated to the same PLMN identity shall be listed in the same cag-IdentityList.
Proposal 2.1: It is proposed to support dual connectivity in NPNs, and thus remove the following Editor’s Notes:
Editor's Note: Whether trackingAreaCode is optional or mandatory depends on DC/CA support. This is FFS.
Proposal 2.2: As a consequence of proposal 2.1, the trackingAreaCode field should be an optional parameter in NPN-IdentityInfo:
    trackingAreaCode-r16                   TrackingAreaCode    OPTIONAL,       -- Need R

Proposal 3.1: It is proposed to extend the PLMN indexing to NPNs and remove the following Editor’s Note:
Editor's Note: A definition of network indexing for NPNs is FFS.
Proposal 3.2: It is proposed to use the following indexing mechanism for NPNs:
[bookmark: _GoBack]The NPN index is defined as 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, c(j) is the number of NPN-Identity entries in the j-th NPN-IdentityInfoList entry, and d(k) is the number NPN-Identity entries in the k-th NPN-IdentityList entry within the nth NPN-IdentityInfoList entry. In NPN-only cells B is considered 0.
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