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1 Introduction
In RAN#69 meeting, a New WI Proposal “Narrow-band IOT” (NB-IOT) [1] was approved.
The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture.
NB-Iot has much narrower bandwidth, larger number of devices, and much longer sleep cycle. The paging mechanism for NB-IoT requires further study. Regarding idle mode procedures, the following agreements were made in RAN2 #91bis meeting.
	· “Inter-frequency” denotes a scenario where we have more than one cell on different 180 kHz NB carrier, regardless other character of the deployment. FFS if this definition need to be updated if RAN1 introduces frequency hopping etc.

· RAN2 assume that there is no need to support limited service state or emergency call. 

· We will not support speed dependent scaling of mobility parameters or mobility history. 


In this contribution, we analyze the potential impacts on NB-IOT idle mode procedures.
2 Discussion
2.1 Cell selection

In cell selection procedure, a cell can be selected if it satisfies the S-criteria [3]. For NB-IOT, the same approach can be adopted. 
To support S-criteria for EC, the definition of new minimum required levels, QrxlevminCE and QqualminCE (to replace the legacy levels, Qrxlevmin and Qqualmin) have been agreed for eMTC in RAN2 #91bis meeting [3]. Similar modifications apply to NB-IOT S-criteria. However as there is no strict legacy for NB-IOT we assume that Qrxlevmin and Qqualmin can have a range that supports all coverage possibilities. 

Proposal 1: The LTE cell selection criterion is used: 
The cell selection criterion S is fulfilled when:

Srxlev > 0  AND  Squal > 0

where: 

Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation- Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp
NB-IOT devices may belong to only one power class, and we may consider to remove the parameter Pcompensation (= max (PEMAX – PPowerClass, 0)) in the S-criteria for NB-IOT.

Proposal 2:
Consider to not use the parameter Pcompensation in S-criteria if NB-IOT UEs all belong to the same power class.

2.2 Cell reselection
The cell reselection consists of two major parts. Measurements on neighbouring cells are triggered when current cell satisfies some measurement conditions, for example, when the signal strength falls below some threshold. After obtaining the measurement results, the UE performs idle mode cell reselection based on some reselection conditions, which include the priorities of frequencies and ranking of cells. In this section, we discuss the potential issues for both parts of cell reselection procedure.
2.2.1 Absolute priority inter frequency cell reselection
We believe that priority-based cell reselection procedure has at least the following merits compared to purely ranking-based procedure.
· Load balancing: In a typical deployment scenario, there are carriers belonging to the same band and eNB, with similar coverage and signal strength. Priority is needed for load balancing, that is, the network can steer the traffic by setting cell priorities for each UE.
· Power consumption: In a typical deployment scenario, there are carriers belonging to the same band and eNB, with similar coverage and signal strength r, most UEs are constantly served by the cell with highest priority. A UE needs not to perform measurements unless the channel condition is bad. In contrast, purely ranking-based method requires more frequent measurements and unnecessary reselection, and consumes more power from the battery.
Proposal 3:
Absolute Priority cell reselection is supported in NB-IOT.
2.2.2 Coverage based inter-frequency cell reselection
Absolute priority cell reselection may not be sufficient, as it is very costly for a UE to stay at the worst coverage level(s). A possible complementary rule is outlined in Proposal 4. 
Proposal 4: 
Cells that can be accessed with higher coverage level has higher priority than cells that can be accessed with lower coverage level. 
2.2.3 Measurement conditions
The measurement rules for current priority-based cell reselection can be summarized as follows.
· The UE may choose not to perform measurements on intra-frequency and on E-UTRAN inter-frequency frequencies of equal or lower priority, if the signal strength and quality are above certain thresholds.
· The UE shall perform measurements of higher priority E-UTRAN frequencies.
For NB-IOT, our goal is to further reduce the number of measurements for power saving purpose. Some examples are given as follows.

For measurements on equal and lower priority cells, lower thresholds (of signal strength and quality) can be set for measurement triggering. On the other hand, the requirement of mandatory measurement on higher priority cells needs to be relaxed; otherwise such measurements cannot be reduced. Ideally, a NB-IOT UE should camp on a cell of highest priority, but if occasionally the UE reselects to a cell of lower priority, for power saving purpose, we prefer to keep the UE there rather than eagerly move it to a higher priority cell.. Therefore a UE may choose not to perform measurements on other cells (including intra-frequency and inter-frequency of any priority), if its signal strength and quality are above certain thresholds. 
Another example is that, as discussed for eMTC, stationary UEs may choose not to perform measurements for cell reselection.
To sum up, we believe that measurement requirements for recurring measurements need to be relaxed for NB-IOT, especially in cases that UEs stay on non-highest priority frequency for a long duration.
Proposal 5:
The measurement requirements for recurring measurements need to be relaxed for NB-IOT, especially measurements on higher priority frequency in cases that UEs stay on non-highest priority frequency for a long duration.
Proposal 6:
UE may choose to not perform measurements at all during certain conditions. It is FFS whether measurement thresholds are needed to enable this.

2.2.4 Inter-frequency cell reselection criteria
With a priority-based cell reselection procedure, a UE reselects to a cell of higher priority as long as the signal strength and quality are above certain thresholds, and reselects to a cell of lower priority if the signal from current cell is poor while the signal from target cell is above threshold. For NB-IOT, similar rule can be applied, except that the devices are much simpler and may not support different RATs, and the cell reselection criteria in subclause 5.2.4.5 of [2] may be simplified. An example is given as follows.
	
	If threshServingLowQ is provided in SystemInformationBlockType3
	Otherwise

	cell reselection to a cell on a higher priority frequency shall be performed if
	- a higher priority frequency fulfils Squal > ThreshX, HighQ during a time interval TreselectionIOT;
- more than 1 second has elapsed since the UE camped on the current serving cell.
	- A cell of a higher priority frequency fulfils Srxlev > ThreshX, HighP during a time interval TreselectionIOT;

- more than 1 second has elapsed since the UE camped on the current serving cell.

	cell reselection to a cell on a lower priority frequency shall be performed if
	- The serving cell fulfils Squal < ThreshServing, LowQ and a cell of a lower priority frequency fulfils Squal > ThreshX, LowQ during a time interval TreselectionIOT;
- more than 1 second has elapsed since the UE camped on the current serving cell.
	- The serving cell fulfils Srxlev < ThreshServing, LowP and a cell of a lower priority frequency fulfils Srxlev > ThreshX, LowP during a time interval TreselectionIOT;
- more than 1 second has elapsed since the UE camped on the current serving cell.


Proposal 7:
Cell reselection to a cell on a higher priority frequency shall be performed if (1) a cell of a higher priority frequency fulfils Squal > ThreshX, HighQ (Srxlev > ThreshX, HighP) during a time interval TreselectionIOT, and (2) more than 1 second has elapsed since the UE camped on the current serving cell.
Proposal 8:
Cell reselection to a cell on a lower priority frequency shall be performed if (1) the serving cell fulfils Squal < ThreshServing, LowQ (Srxlev < ThreshServing, LowP) and a cell of a lower priority frequency fulfils Squal > ThreshX, LowQ (Srxlev > ThreshX, LowP) during a time interval TreselectionIOT, and (2) more than 1 second has elapsed since the UE camped on the current serving cell.
2.2.5 Intra-frequency and equal priority inter-frequency Cell Reselection criteria
For comparison between cells belonging to the same priority, the following R-criteria [2] are defined for cell ranking. 
	Rs = Qmeas,s + QHyst - Qoffsettemp
Rn = Qmeas,n - Qoffset - Qoffsettemp


For NB-IOT, we believe that the cell ranking method can be reused.
Proposal 9:
In NB-IOT cell reselection procedure, adopt the R-criteria in TS 36.304 for ranking cells of the same priority.
3 Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1: 
The LTE cell selection criterion is used: 

The cell selection criterion S is fulfilled when:

Srxlev > 0  AND  Squal > 0

where: 

Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation- Qoffsettemp

Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp
Proposal 2:
Consider to not use the parameter Pcompensation in S-criteria if NB-IOT UEs all belong to the same power class.

Proposal 3:
Absolute Priority cell reselection is supported in NB-IOT.
Proposal 4: 
Cells that can be accessed with higher coverage level has higher priority than cells that can be accessed with lower coverage level. 

Proposal 5:
The measurement requirements for recurring measurements need to be relaxed for NB-IOT, especially measurements on higher priority frequency in cases that UEs stay on non-highest priority frequency for a long duration.

Proposal 6:
UE may choose to not perform measurements at all during certain conditions. It is FFS whether measurement thresholds are needed to enable this.

Proposal 7:
Cell reselection to a cell on a higher priority frequency shall be performed if (1) a cell of a higher priority frequency fulfils Squal > ThreshX, HighQ (Srxlev > ThreshX, HighP) during a time interval TreselectionIOT, and (2) more than 1 second has elapsed since the UE camped on the current serving cell.
Proposal 8:
Cell reselection to a cell on a lower priority frequency shall be performed if (1) the serving cell fulfils Squal < ThreshServing, LowQ (Srxlev < ThreshServing, LowP) and a cell of a lower priority frequency fulfils Squal > ThreshX, LowQ (Srxlev > ThreshX, LowP) during a time interval TreselectionIOT, and (2) more than 1 second has elapsed since the UE camped on the current serving cell.
Proposal 9:
In NB-IOT cell reselection procedure, adopt the R-criteria in TS 36.304 for ranking cells of the same priority.
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