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1 Introduction
According to TR 38.804, RAN2 have following agreements regarding Cell selection and reselection:

	9.1
Cell selection

Cell selection is performed by one of the following two procedures:
a)
Initial cell selection (no prior knowledge of which RF channels are NR carriers);

1.
The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.

2.
On each carrier 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 carrier 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 shall be started.

The following three levels of services are provided while a UE is in RRC_IDLE:
-
Limited service (emergency calls, ETWS and CMAS on an acceptable cell);

-
Normal service (for public use on a suitable cell);

-
Operator service (for operators only on a reserved cell).
The definition of an acceptable cell, a suitable cell, a barred cell and a reserved cell is also applicable for cell selection in NR. A cell is considered as suitable if the following conditions are fulfilled:
-
Measurement quality of a cell is above a threshold;
-
A cell is served by the selected/registered PLMN and not barred.

NOTE:
Other conditions are FFS if any.

In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell. It is FFS how to derive the cell level measurement quantity from multiple beams, which may or needs not be different for the one in RRC_CONNECTED.


	10.1.1.1
Cell reselection

The following cell reselection methods as specified in TS 36.304 are applicable based on the corresponding parameters broadcast while the UE is camping on a cell in NR:

-
Intra-frequency reselection is based on ranking of cells.

-
Inter-frequency reselection is based on absolute priorities.

-
Inter-RAT reselection can be also based on absolute priorities.

-
Frequency specific cell reselection parameters common to all neighbouring cells on a frequency;

-
Service specific prioritisation;

NOTE 1:
For NR, it is FFS for which services the service specific prioritisation is applied and how it could be applied for the case of network slices.

-
A concept of neighbour cell lists and black cell lists;

-
Speed dependent cell reselection.

In multi-beam operations, measurement quantity of a cell is derived from N best beams corresponding to the same cell where the value of N can be configured to 1 or more than 1.

NOTE 2:
It is FFS on details of filtering to be applied (E.g. for the case N = 1, the best beam is filtered by a single filter as the best beam changes) and whether to only consider beams above a threshold (good beams).


In this contribution, we will discuss cell selection and reselection rules for NR IDLE mode UE.
2 Cell Selection in NR IDLE mode
In LTE, the cell selection is mainly up to UE implementation, except UE shall scan all the RF channels and the selected cell meets the cell selection criterion.  Such cell selection criterion is known as S-criterion and is fulfilled if the cell-selection received level and the quality level are above a given value: Srxlev > 0 and Squal > 0, where

· Srxlev = Qrxlevmeas − (Qrxlevmin − Qrxlevminoffset),
· Squal = Qqualmeas(Qqualmin + Qqualminoffset),
where Qrxlevmeas is the measured cell receive level RSRP, and Qrxlevmin is the minimum required receive level in the cell. Qqualmeas and Qqualmin are the corresponding parameters for the quality level, also known as the RSRQ, resprectively. Qrxlevminoffset and Qqualminoffset are offsets which may be configured to prevent ping-pong between PLMNs, which may otherwise occur due to fluctuating radio conditions. The offsets are taken into account only when performing a periodic search for a higher priority PLMN while camped on a suitable cell in a visited PLMN.
For NR, cell selection criterion is also needed for UE to determine whether an NR cell is a suitable cell or not. Considering multi-beam based NR system, each cell transmits number of reference signals for IDLE mode mobility using beam-sweeping. Accordingly, in TR 38.804, we have the agreement of ‘In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell. ’. Regarding the type of reference signal, we agreed only NR-SS shall be used for IDLE mode cell detection and the unit of NR-SS is an NR-SS block. 

Considering such previous agreements and LTE S-criterion, NR cell selection criterion shall be applied on cell level measurement quality, which is derived amongst the NR-SS blocks corresponding to the same cell. 
Proposal 1: For IDLE mode cell selection, cell selection criterion is needed to be defined. 

Proposal 2: NR cell selection criterion shall be applied on cell level measurement quality, which is derived amongst the NR-SS blocks corresponding to the same cell.
3 Cell Reselection in NR IDLE mode

For NR, the baseline NR IDLE mode cell reselection operation is described based on the LTE procedure in TR 38.804. In addition, cell ranking is agreed to be considered for intra-frequency cell reselection.  Since the general behavior is the same with LTE, we would like to focus on the cell ranking criterion for NR IDLE mode cell reselection in this subsection.
In LTE, The UE ranks the intra-frequency cells and the cells on other frequencies which having equal priority and fulfil the S-criterion, using R-criterion. The R-criterion generates rankings Rs and Rn for the serving cell and neighbour cells, respectively:

· Rs = Qmeas,s + Qhyst,s
· Rn = Qmeas,n + Qoff s,n
where Qmeas is the measured cell quality, Qhyst,s is a parameter which controls the degree of hysteresis for the ranking, and Qoff s,n is an offset applicable between serving and neighbour cells on frequencies of equal priority. The LTE UE reselects to the highest-ranked candidate cell provided that it is better ranked than the serving cell during the duration, Treselection. 
For NR, we also need cell reselection criterion with different Qhyst among serving cell and neighbor cells, in order to avoid frequent ping-pong, i.e., imminent cell reselection from the target cell to the original serving cell. Since the cell ranking is agreed to be considered for intra-frequency cell reselection, we propose to have R-criterion with hysteresis parameter and offset, as in LTE.
Proposal 3: For IDLE mode cell reselection, hysteresis and offset for cell ranking shall be supported. Details of values and equations are FFS. 

4 Conclusion

Based on the above study, RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1: For IDLE mode cell selection, cell selection criterion is needed to be defined. 
Proposal 2: NR cell selection criterion shall be applied on cell level measurement quality, which is derived amongst the NR-SS blocks corresponding to the same cell.
Proposal 3: For IDLE mode cell reselection, hysteresis and offset for cell ranking shall be supported. Details of values and equations are FFS. 
