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1 Introduction
In this contribution, we would like to discuss the validity checking for area SI in RAN sharing cases.
2 Discussion
In Rel-15, to reduce the power consumption for UE reading SIBs upon cell reselection, the UE can store the acquired SIBs for 3 hours from the moment it was successfully confirmed as valid. To check the validity of the stored version of a SIB [1], the UE will compare the first PLMN ID, value Tag for the SIB of the new serving cell with the stored ones. For the area specific SI, the UE will also compare the system information area ID for the SIB received from the new serving cell with the stored one; Otherwise, the UE will also compare the cell ID received from the new serving cell with the stored one. For Rel-15 RAN sharing case by multiple PLMNs, the cell will broadcast multiple PLMN IDs. The UE will consider the first PLMN ID for the validity checking of SIBs.

For Rel-16, it was agreed to support RAN sharing cases among PN, SNPN and CAG. According to the progress of the SIB1 design email discussion, it is preferred to introduce a separate NPN list for both SNPN and CAG IDs. The Rel-15 UE can only identify the Rel-15 PN list and cannot identify the Rel-16 NPN list. Based on the above analysis, there will be the following RAN sharing cases. We give our considerations on the determination of the first network ID to be used for validating the stored SIB.
Case 1: NPN only cell

In this case, a separate Rel-16 NPN list will be broadcast. It is intuitive to reuse the Rel-15 scheme for the determination of the first network ID. That is, the first NPN ID will be considered as the “first” network ID. For SNPN, the combination of a PLMN ID and Network identifier (NID) identifies an SNPN. The PLMN ID for an SNPN can rely on operator’s PLMN or be set to the reserved PLMN ID (e.g MCC=999). In both cases, the combination of PLMN ID and NID should be used for validity because PLMN ID cannot identify an SNPN by itself. In other words, if the first NPN ID is an SNPN ID, the UE operating in SNPN mode should use the first SNPN ID instead of the first PLMN ID for the SIB validity checking. For CAG, it can be deployed with the support of a PLMN. Consequently, if the first NPN ID is a CAG ID, only the related PLMN ID is used to validate the stored SIB.
Proposal 1: For NPN-only sharing case, the first NPN ID is used for the SIB validity for R16 NPN UEs by default:

· the first NPN ID includes both PLMN ID and NID in case that the SNPN ID is the first one in the NPN list;

· the first NPN ID includes only PLMN ID in case that the CAG ID is the first one in the NPN list.
Case 2: PN and NPN mixed cell
For the cell shared by PN and NPN, it will allow Rel-15 UEs to camp on. Consequently, for the Rel-15 UE, it will employ the first PLMN ID in the Rel-15 PN list for the validity of the stored SIB. Taking Rel-16 UEs into consideration, there are altogether three options for SIB validity check:

1) Both Rel-15 and Rel-16 UEs use the first PN ID

This will restrict the network deployment: the PN and SNPN mixed cell must be deployed by a PN operator.

2) Rel-15 UEs use the first PN ID, Rel-16 UEs use the first NPN ID

This solution will mandate that two network IDs are used for SIB validity check. If the PN and NPN mixed cell is deployed by a PN operator, it is possible and simpler for both Rel-15 and Rel-16 UEs to use the first PN ID for validity check, which is excluded by this solution.
3) Rel-15 UEs use the first PN ID, Rel-16 UEs use the first PN ID or the first NPN ID

This approach is more flexible. An indicator can be introduced to indicate whether additional NPN ID can be used for SIB validity checking for Rel-16 UEs. When the indicator is present, Rel-16 UEs will use the first NPN ID for SIB validity checking. Alternatively, if the indicator is absent, the first PN ID is used for validating the stored SIB for both Rel-15 and Rel-16 UEs by default. This option combines the merits of the previous two options, and is thus preferred.

Proposal 2a: For PN and SNPN sharing case, an indicator can be introduced to indicate whether additional NPN ID is used for SIB validity for Rel-16 UEs.

Proposal 2b: For PN and SNPN sharing case, for the SIB validity: 
· for Rel-15 UEs, the first PN ID in the Rel-15 PN list is used；
· for Rel-16 UEs, if the indicator is present, the NPN ID is used, otherwise the first PN ID is used.
SIB can be cell-specific or area-specific indicated by the areascope. If the areascope is set to “TRUE”, the related SIB is an area-specific SIB. The area-specific SIB is validated based on both first network ID and the SIAID (systemInformationAreaID). As discussed above, there are scenarios where two network IDs are used for SIB validity check.
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As illustrated in the picture, Cell 1 is a PN + NPN mixed cell, Cell 2 is a PN-only cell, and Cell 3 is an NPN-only cell. The validity check of Cell 1 is based on first PN for R15 UEs and first NPN for R16 UEs. Since Cell 2 has the same first PN ID and SIAID with Cell 1, and Cell 3 has the same first NPN ID and SIAID with Cell1, all the three cells are in the same SI area, which is too restrictive since Cell 2 and Cell 3 have unrelated deployments.

To resolve the above issue in PN and NPN sharing scenarios, three options could be considered:

1) Only cell-specific SIB is used.
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This option is workable by totally ruling out area-specific SIB SI for PN and NPN mixed cells.

2) Area-specific SI can be used for PN, whereas NPN only uses cell-specific SI.

[image: image3.emf]Cell 1

PN ID 1

        NPN ID 1

+ SIAID 1

NPN ID 1 

PN ID 1 + SIAID 1

Cell 2

Cell 3


Compared with the first option, this option is less restrictive. Since the problem is caused by PN and NPN sharing, we could only limit the NPN side. SIB of NPN can be limited to cell-specific, and the PN of the same cell can be area-specific or cell-specific.

3) Introduces NPN-specific areascope indicator and optional SIAID.

Since the area-specific SIB is validated based on both first network ID and the SIAID, another way to solve the problem is to have separate areascope indicators and optional SIAIDs for PN and NPN. This option is more flexible. The PN and NPN can apply different values on the SIB. For example, one SIB is considered as area specific in PN but cell specific in NPN. Even if the SIB is considered as area specific in both PN and NPN, the network can choose whether PN cells and NPN cells are in different SI areas (e.g. Cell 2 and Cell 3 in the following picture) or in the same SI area (e.g. Cell 2 and Cell 4 in the following picture).
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Proposal 3: For PN and SNPN sharing case, to check the validity of area specific for the indicated NPN ID, the areascope-R16 and SIAID-R16 can be introduced to be combined with the indicated NPN ID.
3 Conclusion
In this paper, we have discussed the SIB validity procedures for NPN. We have the following proposals:
Proposal 1: For NPN-only sharing case, the first NPN ID is used for the SIB validity for R16 NPN UEs by default:

· the first NPN ID includes both PLMN ID and NID in case that the SNPN ID is the first one in the NPN list;

· the first NPN ID includes only PLMN ID in case that the CAG ID is the first one in the NPN list.
Proposal 2a: For PN and SNPN sharing case, an indicator can be introduced to indicate whether additional NPN ID is used for SIB validity for Rel-16 UEs.

Proposal 2b: For PN and SNPN sharing case, for the SIB validity: 

· for Rel-15 UEs, the first PN ID in the Rel-15 PN list is used；
· for Rel-16 UEs, if the indicator is present, the NPN ID is used, otherwise the first PN ID is used.
Proposal 3: For PN and SNPN sharing case, to check the validity of area specific for the indicated NPN ID, the areascope-R16 and SIAID-R16 can be introduced to be combined with the indicated NPN ID.
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