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1. Introduction
In the last meeting, there are many discussions on the SIB1 structure and the suitable cell definition, in this paper, we focus on the remaining issues on the cell reselection, and the following 2 FFS issues are also included.
	1.the PCI list of CAG cells can optionally be signalled to UEs. FFS on details of the list
2.FFS whether PCI range of SNPN cells can optionally be signalled to UEs. 


2. Discussions
In this chapter, we first discuss how to execute intra frequency reselection with considering of the private network, and then give our understandings on the two FFS issues on the PCI, at last we analyze private network’s impact on the black and /or the neighbor cell list.
2.1 Intra Frequency Reselection
In [1], the Intra Frequency Reselection Indication (IFRI) bit in MIB was discussed. In this section, we give our analysis on the intra frequency reselection with considering of the private network. 
In LTE, as described in [2],
	 1, If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable for a CN type due to being part of the "list of forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for the CN type for a maximum of 300s.
2, If the highest ranked cell or best cell according to absolute priority reselection rules is a CSG cell which is not suitable due to not being a CSG member cell, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection.


With the above specification, the UE’s action can be further interpreted as follow:
(1) If the highest ranked cell or best cell is not a CSG cell but not suitable for a CN type due to being part of the "list of forbidden TAs for roaming" or belonging to a registered or equivalent PLMN, the UE shall not consider any cells on the same frequency for 5mins.
(2) If the highest ranked cell or best cell is a CSG cell but not a CSG member cell, the UE can continue considering other cells on the same frequency. 
The main reason for 2 different actions is that for the public network, there are always lots of neighbor cells within the same PLMN/ TA on the same frequency especially in the urban area. To avoid the interference, the different operators will adopt different frequencies in the overlapped area. In other words, for the public network, if the highest ranked cell is non-suitable due to the CN type, there is a high probability that lots of cells with higher rank are deployed on this frequency but also with non-suitable CN type, thus it’s better to switch to another frequency. When it comes to the CSG, in most cases there are only a few cells for a certain CSG ID and the cells with different CSG ID can deploy on the same frequency, even the highest ranked cell or best cell is not a CSG member cell, the UE still can continue considering other cells on the same frequency. 
When it comes to the NPN, the similar issue shall be considered, that is
If the highest ranked cell or best cell according to absolute priority reselection rules is not suitable due to not being a NPN member cell, how does UE act?
According to the submitted papers and email discussions in the previous meetings, there are 3 options:
	Option 1: The UE shall not consider this cell and other cells on the same frequency, as candidates for re-selection for the CN type for a maximum of 300s. 
Option 2: The UE shall check the IFRI bit to determine further action 
Option 3: The UE shall ignore the IFRI bit and continue considering other cells on the same frequency for cell reselection. 


For the option 2, considering that the IFRI bit in a non NPN member cell is incredible, we can exclude this option first. For the option 1and option 3, we think the same logic as CSG can be adopted. If the highest ranked cell or best cell is a public cell, there is a high probability that lots of similar public cells with higher rank are deployed on this frequency in the neighbor area, it’s better to change to another frequency as described in the Option 1 and this is also align with the current specification. However, if the highest ranked cell is a NPN-only cell but with unmatched NPN ID, the UE can continue considering other cells on the same frequency as described in Option 3 especially for the scenario that there are only a few NPN cells with the same NPN-ID in the overlapped area. For the option 3, companies may have some concern on the service quality for that there would be intra-frequency interference from the highest ranked cell, but the UE will only reselect to a cell once the S criterion is satisfied, thus the service quality can be guaranteed by the RSRP and RSRQ threshold configuration. Besides, as agreed in the NR-U discussion, the UE can also consider the current frequency to be the lowest priority frequency this frequency for 300 seconds after < the N strongest cells > were found not suitable due to NPN ID mismatch.
	NR-U agreement:
The UE may consider the current NR-U frequency to be the lowest priority frequency for reselection for 300 seconds after at least < the N strongest cells > on that frequency were found not suitable due to belonging to a PLMN which is not indicated as being equivalent to the registered PLMN.  N is UE implementation and the UE should check at least 2 if there is more than one.     


Proposal 1: If the highest ranked cell or best cell according to absolute priority reselection rules is a NPN-only cell which is not suitable due to not being a NPN member cell, the UE shall ignore the IFRI bit and continue considering other cells on the same frequency for cell reselection. The UE may consider the current frequency to be the lowest priority frequency for reselection for 300 seconds after at least < the N strongest cells > on that frequency were found not suitable due to unmatched NPN-ID. N is UE implementation.     
2.2 PCI Range 
On the PCI range, there are two FFS issues, the first one is on the detail of the PCI range list for the CAG, and the second one is on whether PCI range of SNPN cells can optionally be signaled to UE. We will discuss them one by one in this section.
2.2.1 PCI range list for the CAG
For the PCI range list of the CAG, there would be 4 options:
Option a: Reserve a list of PCI range per PLMN per frequency;
Option b: Reserve only one PCI range per PLMN per frequency;
Option c: Reserve only one PCI range per CAG ID per frequency;
Option d: Reserve a list of PCI range per CAG ID per frequency.
Obviously, compared with the “only one PCI range”, reserving a list of PCI range is more flexible from the network deployment aspect for that PCIs reserved for CAG may not be contiguous. From UE aspect, compared with “per PLMN”, reserving PCI range per CAG ID would provide more reselection assistance information, which is beneficial for UE’s power saving. However, all of these benefits are at the cost of the signaling bits. It can be left to the operators to determine which option are preferred
Proposal 2: For the PCI range list of the CAG, there would be 4 options as follow, it can be left to the operators to determine which option are preferred. 
Option a: Reserve a list of PCI range per PLMN per frequency;
Option b: Reserve only one PCI range per PLMN per frequency;
Option c: Reserve only one PCI range per CAG ID per frequency;
Option d: Reserve a list of PCI range per CAG ID per frequency. 
In LTE, the UE considers the last received PCI ranges for CSG cells to be valid for a maximum of 24 hours within the entire PLMN. 
	 The reserved PCI range is only applicable to the frequency of the PLMN where the UE received this information. The UE considers the last received reserved range of PCI values for CSG cells to be valid for a maximum of 24 hours within the entire PLMN.


For the CAG, a CAG is identified by a CAG Identifier which is unique within the scope of a PLMN ID and the PCI ranges reserved for a CAG will not change frequently. Thus the similar limitation can be adopted.
Proposal 3: The UE considers the last received reserved range of PCI values for CAG cells to be valid for a maximum of 24 hours within the related network ID.
2.2.2 PCI range list for the SNPN
For the SNPN, different from the CAG, it’s still FFS on whether PCI range of SNPN cells can optionally be signaled to UE. According to the submitted papers in the previous meeting, there are 2 options:
Option 1: No PCI range for the SNPN [3].
Option 2: Send PCI range related info for the SNPN.
For the option 1, as described in [3], the autonomous search is not supported for SNPN access mode, thus the signaling of PCI range for SNPN is not necessary. However, even without autonomous search, the PCI range can make the SNPN cell reselection more efficient. E.g. if the PCIs of < the N strongest cells > in the proposal 1 are all outside of the reserved PCI range, the UE can change to another frequency directly. Besides, it can also be used by the normal UE to exclude the SNPN cell directly. 
Therefore, it’s preferred to send the PCI range related info for the SNPN. About the PCI range info, there are 2 options as follow:
Option a:  The White list introduced in the NR-U and the Legacy black list can be used for the SNPN
Option b:  Adopt legacy PCI range scheme as in CSG.
In the option (a), the normal cell can put the PCI range of the neighbor SNPN cells into the black cell list to prevent the normal UE from taking the SNPN cell as reselection candidates, while the SNPN cell can put its PCI range into the white list as cell reselection assistance information. Similar to the other system Information, the black/white list can be used under the current cell for about 3 hours. In the option (b), the legacy PCI range scheme in the CSG is that reserve PCI ranges for all of the CSG cells with the same PLMN even these cells are belongs to the different CSG IDs, thus in the CSG the PCI range can be used among the whole frequency within the same PLMN for 24 hours. Generally, there are two main differences between option (a) and option (b), one is the effective area and the other one is the valid time. 
Different from the CSG, the SNPN cells are deployed by the SNPN vendors independently. It’s hard to require all of the SNPN vendors to adopt the same PCI range on the same frequency, in most cases the different SNPN vendors may adopt different PCI ranges even on the same frequency. Obviously, compared with the CSG, the PCI range for each SNPN has much smaller effective area and thus there is no need to keep the PCI range for 24 hours. According to above analysis, the option (a) seems to be a little bit more suitable for the SNPN.
Proposal 4: The White list introduced in the NR-U and the Legacy black list can be used to indicate PCI range info for the SNPN.
Furthermore, the SNPN ID can be locally managed and may therefore not be unique, which means that the different SNPN networks may have the same SNPN ID but broadcast different PCI range info. Therefore, the UE may reselect to and camp on the wrong SNPN network and then the UE may execute reselection based on the wrong PCI range info, the worst case is that the UE can’t reselect back to the right SNPN network. 
To reduce the chance of the UE reselecting to the wrong SNPN network, the network can further indicate the dedicated PCI range info to the UE in the RRC release Msg, then similar to the dedicated frequency priority, the UE will give these dedicated PCI ranges info with higher priority than that in the system information.
Proposal 5: The network may indicate the dedicated PCI range info in the RRCRelease Msg.
2.3 Neighbor cell list and Black cell list for the network sharing
In this section, we want to give some analysis on the Neighbor cell list and Black cell list for the network sharing scenario.
2.3.1 Neighbor cell list
For the neighbor cell list, the Cell specific Qoffset is provided. As described in [5], one usage of the cell specific Qoffset in LTE is to prioritize some cells, such as CSG cells. Similarly, we can also prioritize some NPN cells by Qoffset. Then the problem is for the cell is shared by both the public network and the non-publich network, how to set cell specific Qoffset. If we include the neighbor NPN cells with the cell specific Qoffset into the legacy neighbor cell list, the legacy UE and the NPN UE will refer to the same Neighbor cell list, then the legacy UE may get the higher rank for some NPN cells and read the corresponding SIB1 unnecessarily. Thus, it’s better to add a new Neighcell list for the NPN, then the normal UE and the NPN UE can refer to the Neighbor cell lists accordingly. 
Proposal 6: For the Public network and non-public network sharing scenario, a new Neighbor cell list shall be added for the NPN, the normal UE and the NPN UE can refer to the different Neighbor cell lists accordingly.
2.3.2 Black cell list 
Similar to the neighbor cell list, there are also some problems on the black cell list especially for the public network and non-public network sharing scenario for that currently the black cell list is defined per cell. As discussed in section 2.2, for the SNPN, the black cell list can be used to prevent normal UE from accessing to the SNPN network. For example, for a normal cell, it can include the PCI range that reserved for the neighbor SNPN cell on the same frequency into the black cell list, then the normal UE can exclude the SNPN cells according to the PCI range directly. But once this normal cell is shared by the public network and a SNPN, how to set the black cell list? If moving the PCI range of SNPN outside of the black cell list, at least for the legacy R15 UE, it has to read the SIB1 of the SNPN cells that have higher rank, which will increase R15 UE’s power consumption and reselection delay.
Another example is on the PLMN and CAG sharing scenario. We assume the reserved PCI range on the PLMN1 is PCI 1~ 50, and the reserved PCI range for the PLMN 2 is PCI 25~75. We further assume that a cell is shared by the PLMN1 for the public service and PLMN2+CAG1 for the CAG service. Then for the R15 UEs that camp on this cell with PLMN1, it’s better to put the PCI 1~50 into the black cell list, but for the CAG UE that camp on this cell with PLMN2+CAG1, it will read the PCI 25~75 from the new added PCI range info but find that PCI 25~50 are included in the blacklist, obviously, it will cause confusion. 
To solve above problems, it’s better to extend the black list for the NPN in the network sharing scenario. Then the black cell list can be set for the public network and the non-public network independently. 
Proposal 7: For the Public network and non-public network sharing scenario, a new black cell list shall be added for the NPN, the normal UE and the NPN UE can refer to the different black cell lists accordingly.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: If the highest ranked cell or best cell according to absolute priority reselection rules is a NPN-only cell which is not suitable due to not being a NPN member cell, the UE shall ignore the IFRI bit and continue considering other cells on the same frequency for cell reselection. The UE may consider the current frequency to be the lowest priority frequency for reselection for 300 seconds after at least < the N strongest cells > on that frequency were found not suitable due to unmatched NPN-ID. N is UE implementation.     
Proposal 2: For the PCI range list of the CAG, there would be 4 options as follow, it can be left to the operators to determine which option are preferred. 
Option a: Reserve a list of PCI range per PLMN per frequency;
Option b: Reserve only one PCI range per PLMN per frequency;
Option c: Reserve only one PCI range per CAG ID per frequency;
Option d: Reserve a list of PCI range per CAG ID per frequency. 
Proposal 3: The UE considers the last received reserved range of PCI values for CAG cells to be valid for a maximum of 24 hours within the related network ID.
Proposal 4: The White list introduced in the NR-U and the Legacy black list can be used to indicate PCI range info for the SNPN.
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Proposal 6: For the Public network and non-public network sharing scenario, a new Neighbor cell list shall be added for the NPN, the normal UE and the NPN UE can refer to the different Neighbor cell lists accordingly.
Proposal 7: For the Public network and non-public network sharing scenario, a new black cell list shall be added for the NPN, the normal UE and the NPN UE can refer to the different black cell lists accordingly.
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5. Annex 
	SIB3 information element
-- ASN1START
-- TAG-SIB3-START

SIB3 ::=                            SEQUENCE {
    intraFreqNeighCellList              IntraFreqNeighCellList      OPTIONAL,   -- Need R
    intraFreqBlackCellList              IntraFreqBlackCellList      OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                OPTIONAL,
    ...,
    [[
    intraFreqWhiteCellList-r16          IntraFreqWhiteCellList-r16      OPTIONAL   -- Need R
    ]]

}

IntraFreqNeighCellList ::=          SEQUENCE (SIZE (1..maxCellIntra)) OF IntraFreqNeighCellInfo

IntraFreqNeighCellInfo ::=          SEQUENCE {
    physCellId                          PhysCellId,
    q-OffsetCell                        Q-OffsetRange,
    q-RxLevMinOffsetCell                INTEGER (1..8)              OPTIONAL,   -- Need R
    q-RxLevMinOffsetCellSUL             INTEGER (1..8)              OPTIONAL,   -- Need R
    q-QualMinOffsetCell                 INTEGER (1..8)              OPTIONAL,   -- Need R
    ...
}

IntraFreqBlackCellList ::=          SEQUENCE (SIZE (1..maxCellBlack)) OF PCI-Range

IntraFreqWhiteCellList-r16 ::=      SEQUENCE (SIZE (1..maxCellWhite)) OF PCI-Range

-- TAG-SIB3-STOP
-- ASN1STOP








