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1	Introduction
In the last e-meeting, cell selection and reselection for NPN was discussed and some progress was made. However, the issue on whether the UE is allowed to select or reselect to other cells on a frequency when the strongest cell does not belong to the selected/registered NPN was not fully resolved. In this contribution we address this issue.
[bookmark: _Ref178064866]2	Discussion
2.1	Cell selection/reselection in licensed spectrum
In licensed spectrum the operator has exclusive right to use a frequency band in a certain geographical region. Within that region all cells on a frequency will therefore be deployed by the same operator.
For licensed spectrum the principle should be that UE camps on the strongest cell on a frequency to limit inter-cell interference. If the strongest cell belongs to a different network than the selected one, the UE should not consider other (weaker) cells on the frequency; instead it should select or reselect to a cell on another frequency. For the initial cell selection for PLMNs this is captured in TS 38.304 [3] as:
5.2.3	Cell Selection process
<…>
5.2.3.1	Description
Cell selection is performed by one of the following two procedures:
a)	Initial cell selection (no prior knowledge of which RF channels are NR frequencies):
1.	The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.	On each frequency, the UE need only search for the strongest cell.
3.	Once a suitable cell is found, this cell shall be selected.
b)	Cell selection by leveraging stored information:
1.	This procedure requires stored information of frequencies and optionally also information on cell parameters from previously received measurement control information elements or from previously detected cells.
2.	Once the UE has found a suitable cell, the UE shall select it.
3.	If no suitable cell is found, the initial cell selection procedure in a) shall be started.
NOTE:	Priorities between different frequencies or RATs provided to the UE by system information or dedicated signalling are not used in the cell selection process.
And for cell reselection for PLMNs it is captured as:
5.2.4	Cell Reselection evaluation process
<…>
5.2.4.4	Cells with cell reservations, access restrictions or unsuitable for normal camping
<…>
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 due to being part of the "list of 5GS 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 a maximum of 300 seconds. If the UE enters into state any cell selection, any limitation shall be removed. If the UE is redirected under NR control to a frequency for which the timer is running, any limitation on that frequency shall be removed.
For SNPNs we see no reason to deviate from this principle. Some companies argued that if RAN sharing is used there may be several networks sharing the same frequency. If an SNPN is locally deployed (e.g. in a factory), you could extend the coverage of the SNPN cell and prevent the UE from entering limited service state by allowing the UE to also consider weaker cells on a frequency. However, this causes inter-cell interference which would impact UEs in other cells. So, while one may believe that this is beneficial for one particular UE in some particular scenarios, this will hurt the overall system performance. It is also questionable how much the coverage of an SNPN cell can be extended before it becomes unusable. We therefore propose:
1. [bookmark: _Toc37361969]For SNPN in licensed spectrum, if the strongest cell on a frequency does not belong to the selected/registered SNPN, the UE does not select or reselect to this cell or other cells on the frequency.
The same principle also applies to CAGs, i.e. the UE should not consider other cells on a frequency if the strongest cell belongs to a different network. However, since CAGs are not separate networks but rather represent areas within a PLMN (see [1]), the UE should only consider the PLMN ID when checking which network the strongest cell belongs to. In other words, the CAG IDs broadcasted by the cell is irrelevant when determining the network. In this way, we ensure, for example, that a CAG UE located near a strong public cell of PLMN#1 does not attempt to camp on a faraway and weak CAG cell of PLMN#1 on the same frequency. Considering the above, we propose:
1. [bookmark: _Toc37360086][bookmark: _Toc37361133][bookmark: _Toc37361319][bookmark: _Toc37361970]For CAG in licensed spectrum, if the strongest cell on a frequency does not belong to the selected/registered PLMN or an equivalent PLMN, the UE does not select or reselect to this cell or other cells on the frequency.
2.2	Cell selection/reselection in unlicensed spectrum
In unlicensed spectrum cells on a frequency are deployed by different operators in an uncoordinated fashion. UEs are therefore allowed to also consider weaker cells on a frequency if the strongest cell belongs to a different network. For the initial cell selection for PLMNs this is captured in the NR-U CR for TS 38.304 [2] as:
5.2.3	Cell Selection process
<…>
5.2.3.1	Description
Cell selection is performed by one of the following two procedures:
a)	Initial cell selection (no prior knowledge of which RF channels are NR frequencies):
1.	The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.	On each frequency, the UE need only search for the strongest cell, except for operation with shared spectrum channel access where the UE may search for the next strongest cell(s).
3.	Once a suitable cell is found, this cell shall be selected.
b)	Cell selection by leveraging stored information:
1.	This procedure requires stored information of frequencies and optionally also information on cell parameters from previously received measurement control information elements or from previously detected cells.
2.	Once the UE has found a suitable cell, the UE shall select it.
3.	If no suitable cell is found, the initial cell selection procedure in a) shall be started.
NOTE:	Priorities between different frequencies or RATs provided to the UE by system information or dedicated signalling are not used in the cell selection process.
And for cell reselection for PLMNs it is captured as:
5.2.4	Cell Reselection evaluation process
<…>
5.2.4.4	Cells with cell reservations, access restrictions or unsuitable for normal camping
<…>
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 due to being part of the "list of 5GS 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 a maximum of 300 seconds. If this cell belongs to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and, for operation in licensed spectrum, other cells on the same frequency as candidates for reselection for a maximum of 300 seconds. For operation with shared spectrum channel access, if the second highest ranked cell on this frequency also does not have a PLMN being equivalent to the registered PLMN, the UE may consider this frequency to be the lowest priority for a maximum of 300 seconds. If the UE enters into state any cell selection, any limitation shall be removed. If the UE is redirected under NR control to a frequency for which the timer is running, any limitation on that frequency shall be removed.
In the last e-meeting it was agreed to adopt the same cell reselection behaviour as in NR-U for SNPN and CAG in unlicensed spectrum:
 “For unlicensed spectrum and a UE in SNPN AM, if the highest ranked cell or best cell according to absolute priority reselection rules is a cell which is not suitable due to not broadcasting the registered or selected SNPN ID, the UE shall not consider this cell as candidate for cell reselection but should continue to consider other cells on the same frequency for cell reselection.”

“For unlicensed spectrum and for a UE with non-empty allowed CAG list, if the highest ranked cell or best cell according to absolute priority reselection rules is a cell which is not suitable due to not broadcasting the selected/registered/equivalent PLMN, the UE with no empty allowed CAG list shall behave according to NR-U agreement.”
Note that the SNPN agreement above is not fully aligned with the text for NR-U (in NR-U the UE only considers the second strongest cell if the strongest cell belongs to a different network), however, we expect this will be corrected when the SNPN agreement is implemented in TS 38.304.
1. [bookmark: _Toc37361966]The current agreements for cell reselection in unlicensed spectrum for SNPN and CAG are aligned with the agreements for cell reselection for PLMNs in NR-U.
For CAG there is one open issue whether the UE should also take the CAG ID into account in the evaluation of the highest ranked cell.
“FFS how to handle the case when the cell belongs to the correct operator but it’s not a CAG member cell. (We might come back to this if serious concerns / problems are found with this)”

In our view, the cell selection/reselection rules for unlicensed spectrum should ensure that the UE selects the strongest cell on a frequency that belongs to the selected network. In this way we can at least minimize the inter-cell interference among the cells that belong to the same network.  Since it is the PLMN ID that identifies the network and not the CAG ID, only the PLMN ID should be considered when evaluating the highest ranked cell.

1. [bookmark: _Toc37361971]A CAG UE does not consider other cells on an unlicensed frequency if the strongest cell belongs to the correct network (i.e. the broadcasted PLMN ID matches the selected/registered PLMN ID or an equivalent PLMN ID).
We also expect that the initial cell selection of SNPN and CAG will be aligned with that of NR-U.
1. [bookmark: _Toc37361972]The initial cell selection of SNPN and CAG should be aligned with the initial cell selection of PLMNs in NR-U.
2.3	The use of PCI list on cell reselection
In RAN2#107 it was agreed that a PCI list of CAG cells can be optionally signalled to the UE.  Regardless of how the PCI list is signalled to the UE the role of PCI list during cell reselection should be clarified. 
The PCI list is a concept inherited from LTE CSG where it is used to exclude cells which are not CSG member cells in the cell ranking.
The UE shall perform ranking of all cells that fulfil the cell selection criterion S, which is defined in 5.2.3.2 (5.2.3.2a for NB-IoT), but may exclude all CSG cells that are known by the UE not to be CSG member cells.
Using the PCI list to exclude cells during cell ranking is not a good idea since the UE may end up camping on a weak cell if the strongest cell is excluded, which creates inter-cell interference. 
1. [bookmark: _Toc37361973]The PCI list should not be used to exclude cells in the cell ranking as this may lead to the UE reselecting to a non-strongest cell.
However, the PCI list may still be useful to quickly determine if the highest ranked cell is CAG member cell without reading SIB1. If the highest ranked cell is not included in the PCI list the UE directly knows that the cell is not CAG member cell and it can instead try to reselect to cells on other frequencies. This shortcut only works for licensed spectrum though since in unlicensed spectrum the UE may still need to read SIB1 to determine the operator that the cell belongs to.   
1. [bookmark: _Toc37361967]In licensed spectrum the PCI list can be used to quickly determine if the highest ranked cell is a CAG member cell without reading SIB1.
1. [bookmark: _Toc37361968]In unlicensed spectrum the PCI list seems less useful since the UE may still need to read SIB1 in the highest ranked cell to determine the operator that the cell belongs to.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The current agreements for cell reselection in unlicensed spectrum for SNPN and CAG are aligned with the agreements for cell reselection for PLMNs in NR-U.
Observation 2	In licensed spectrum the PCI list can be used to quickly determine if the highest ranked cell is a CAG member cell without reading SIB1.
Observation 3	In unlicensed spectrum the PCI list seems less useful since the UE may still need to read SIB1 in the highest ranked cell to determine the operator that the cell belongs to.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For SNPN in licensed spectrum, if the strongest cell on a frequency does not belong to the selected/registered SNPN, the UE does not select or reselect to this cell or other cells on the frequency.
Proposal 2	For CAG in licensed spectrum, if the strongest cell on a frequency does not belong to the selected/registered PLMN or an equivalent PLMN, the UE does not select or reselect to this cell or other cells on the frequency.
Proposal 3	A CAG UE does not consider other cells on an unlicensed frequency if the strongest cell belongs to the correct network (i.e. the broadcasted PLMN ID matches the selected/registered PLMN ID or an equivalent PLMN ID).
Proposal 4	The initial cell selection of SNPN and CAG should be aligned with the initial cell selection of PLMNs in NR-U.
Proposal 5	The PCI list should not be used to exclude cells in the cell ranking as this may lead to the UE reselecting to a non-strongest cell.
[bookmark: _In-sequence_SDU_delivery]
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