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Introduction
In the legacy LTE network, CSG (Closed Subscriber Group) is a set of users which has a special permission (i.e. CSG ID) to camp on a specific cell. The CSG cells are treated differently with the macro cells in evaluation of UE’s mobility. In this paper, we discuss how cell reselection to/from the CSG cell can be performed in NB-IoT.
Discussion
In the legacy LTE, absolute frequency priority is used to perform cell reselection. This rule tends to let UE camping on a cell on higher priority frequency as much as possible. If received signal strength of a cell on a higher priority than the serving frequency is above a threshold, the UE reselects the cell irrespective of the serving cell quality. (Appositively, for the cell on a lower frequency priority than the serving frequency, not only the candidate cell quality is satisfied, but also the measured power of the serving cell shall be lower than threshold.)
However, in case of CSG cell being a candidate cell, the frequency priority of the cell is not regarded. If the UE detects one or more suitable CSG cells on different frequencies, then the UE shall reselect to one of the detected cells if the CSG cell is the highest ranked cell on that frequency, irrespective of the frequency priority of the serving frequency [1].
Observation 1: In legacy LTE network, when a UE is in idle mode, the UE can camp on CSG cells without regarding the frequency priority of the cell.
On the contrary to the LTE network, there is priority on each frequency so that NB-IoT UE only evaluates ranking value of all the neighbor cells even on inter-frequency.
Observation 2: In NB-IoT, inter-frequency cell reselection is only based on ranking criteria.
As absolute frequency priority is used in LTE network, not regarding the frequency priority and only comparing the ranking value of the CSG cell with neighbor cell results assigning higher priority on the CSG cell. However, as there is no frequency priority in NB-IoT, existing advantage to the CSG cell in LTE does not effective anymore. So another solution to assign higher priority on CSG cell shall be discussed for NB-IoT.
Observation 3: If a CSG cell is candidate for cell reselection in NB-IoT, as there is no frequency priority, another solution to put CSG cells on higher priority seems to be needed.
The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells which are used in NB-IoT cell reselection is defined by following table [1]. 
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R s  = Q meas , s  + Q Hyst   -   Qoffset temp   R n  = Q meas , n   -   Qoffset  -   Qoffset temp    


where:

	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency: Except for NB-IoT, equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, plus QoffsetSCPTM, if QoffsetSCPTM is valid, otherwise this equals to Qoffsetfrequency.

For NB-IoT equals to QoffsetSCPTM, if QoffsetSCPTM is valid plus QoffsetDedicatedfrequency for any frequency other than the frequency of the dedicated frequency offset, if QoffsetDedicatedfrequency is valid, otherwise this equals to Qoffsetfrequency (if QoffsetDedicatedfrequency is valid Qoffsetfrequency is not used) plus QoffsetSCPTM, if QoffsetSCPTM is valid.

	Qoffsettemp
	Offset temporarily applied to a cell as specified in [3]


According to the table above, various values can be added to the Qoffset of Rn. Additionally, we propose to add new type of offset value, QoffsetCSG. The value shall be applied in parallel with QoffsetSCPTM and QoffsetDedicatedfrequency for inter-frequency cells in NB-IoT (e.g., sentence ‘plus QoffsetCSG, if QoffsetCSG is valid’ can be added).
If there is a CSG cell in a frequency, ranking value of all the cells including non-CSG cells will be increased. It seems to be inadequate that the CSG offset is applied to also non-CSG cell, however, even though all the cells in the frequency get the positive offset, the CSG cell shall be best ranked among the cells in that frequency in order to be reselected by the UE. So the newly added offset will just increase the probability that any cell in the CSG frequency (i.e. a frequency that CSG cell is included) to be chosen as a candidate cell. After that, if the received signal strength of the CSG cell is high enough so that it is best ranked in the frequency, the UE will perform cell reselection to the CSG cell.
If the UE is already camping on a CSG cell, the CSG offset shall not be applied to intra-frequency cells as well as QoffsetSCPTM and QoffsetDedicatedfrequency. For inter-frequency cells, it shall be same with camping on non-CSG cell case that QoffsetCSG is applied to only CSG frequency (i.e. a frequency that CSG cell is included) cells.
Proposal: We propose to add new QoffsetCSG which assigns higher priority on inter-frequency neighbor CSG cells when evaluating ranking values.
Conclusion

In conclusion, we propose the followings: 
Observation 1: In legacy LTE network, when a UE is in idle mode, the UE can camp on CSG cells without regarding the frequency priority of the cell.

Observation 2: In NB-IoT, inter-frequency cell reselection is only based on ranking criteria.

Observation 3: If a CSG cell is candidate for cell reselection in NB-IoT, as there is no frequency priority, another solution to put CSG cells on higher priority seems to be needed.

Proposal: We propose to add new QoffsetCSG which assigns higher priority on inter-frequency neighbor CSG cells when evaluating ranking values.
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