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1 Introduction
The issue of applicability rule for eMTC measurement requirements has been discussed for several RAN4 meetings, and most recently in RAN4#82 in [1-2], but so far there was no conclusion.

The eMTC discussion is also valid for NB-IoT where similar requirements has been defined for idle mode.
In eMTC, the connected mode measurement requirements are defined based on UE’s CE mode, which is configured as A or B by the network, and on the other hand, the requirements are also defined based on certain SINR side condition of neighbor cells. 
In NB-IoT there is as such no normal and enhanced mode defined in RAN1, However, in a similar way as for CEMode B, the applicability rule for the cell identification and measurement requirements is defined based on the SINR condition of serving and neighbor cells. However, the problem is that UE cannot know the SINR condition of a neighbor cell before it has detected and measured the cell. 
In this paper, we discuss the NB-IoT measurement requirements. We look at the conditions set for the UE requirements and address the problem that the requirements are based on unknown conditions. We make a number of observation and propose to remove conditions which are unrealistic.
2 Discussion
In normal system without enhanced coverage, the usual approach has been to define a certain threshold which is used to define the worst case conditions for cell detection and measurements. In LTE, this was set at -6dB. Based on these conditions UE requirements concerning cell detection delay and measurement periods and accuracy was defined.

In NB-IoT a new SNR level for cell edge was defined at -15dB. RAN4 then introduced two coverage levels – namely the normal coverage level (down to -6dB SNR) and enhanced coverage level (from -15dB to -6dB) and started developing requirements.
Currently in LTE the measurement requirements are assuming ≥-6dB SINR for neighbor cells, and there is no requirement about neighbor cells with <-6dB SINR. It is of course fairly straight forward to lower this -6dB limit – if it applies to all cells. However, this is not the case in NB-IoT RAN4 requirements. RAN4 introduced a threshold at -6dB and defined slightly different requirements for the different conditions. And this introduces some problems.
For intra-frequency it might make be possible to have thresholds in the requirements, if the UE can assume same conditions on all cells on the carrier – i.e. serving cells and any intra-frequency neighbor cell. I.e. this will assume  that the coverage level of cells on the same frequency carrier is typically same.
However, such assumption can of course not be made for inter-frequency neighbor cells. For inter-frequency cells there is in practice no way for UE to know the target cell conditions unless it measures the neighbor cell. But then on the other hand – how long time the UE need to search and measure those cells depends on the unknown condition.
Current measurements of intra-frequency NB-IoT cells for UE category NB1 in enhanced coverage is defined as:
Table 4.6.2.4-3: Conditions on NSCH Ês/Iot of identified and of the neighbour cell

	NSCH Ês/Iot of already identified cell including serving cell: Q1
	Neighbouring cell NSCH Ês/Iot: Q2
	Tdetect,NB_Intra_EC (s)
	Cell Reselection Margin

‘X’

	-15≤Q1<-6
	-15≤ Q2 < -6
	Requirements in Table 4.6.2.4-1 apply.
	8.3

	-15≤Q1<-6
	Q2-6
	Requirements in 4.6.2.2 apply
	8.3

	Q1 -6
	Q2-6
	Requirements in 4.6.2.2 apply
	4


Based on the discussion it is questionable whether there is need for having requirements based on large difference in the conditions for intra-frequency use case?

Observation 1: with certain assumptions, the UE may assume conditions of an unknown intra-frequency cell

Observation 2: for intra-frequency case it does not seem relevant to have large difference in the conditions between cells.
As the UE cannot know for certain the condition of any target cell before it is detected and measure we do not see that the RAN4 requirements should base the cell search and measurement requirements on the conditions of the (unknown) target cells.

Proposal 1: RAN4 should remove conditions in table 4.6.2.4-3.
Looking at the measurements of inter-frequency NB-IoT cells for UE category NB1 in enhanced coverage the requirements are as follows:

Table 4.6.2.6-3: Conditions on NSCH Ês/Iot of identified and of the neighbour cell

	NSCH Ês/Iot of already identified cell including serving cell: Q1
	Neighbouring cell NSCH Ês/Iot: Q2
	Tdetect,NB_Inter_EC (s)
	Cell Reselection Margin

‘Y’

	-15≤Q1<-6
	-15≤ Q2 < -6
	As defined in Table 4.6.2.6-1.
	8.3+TBD

	-15≤Q1<-6
	Q2-6
	Requirements in 4.6.2.5 apply
	8.3+TBD

	Q1 -6
	Q2-6
	Requirements in 4.6.2.5 apply
	4+TBD


However, as discussed, there is not really any means for the UE to be able to know the conditions of the neighbor cell on the inter-frequency carrier without first having detected and measured the cell. As the conditions are unknown to the UE, the UE cannot know how long time it should try to search and measure for cell on the carrier. Only option is assuming worst case.

Observation 3: UE cannot know the conditions of an unknown inter-frequency neighbor cell.

Observation 4: UE need to detect and measure the inter-frequency cell before it can estimate the conditions.

Observation 5: UE requirements based on unknown target cell conditions seems meaningless.

Proposal 2: RAN4 should remove conditions in table 4.6.2.6-3.

It is well known that 36.133 makes an effort in defining applicability of the requirements for normal and enhanced coverage for NB-IoT:
-
The requirements for normal coverage in idle mode shall apply provided the UE category NB1 is with the radio condition that NSCH Ês/Iot ( -6 dB and NRS Ês/Iot ( -6 dB.

-
The requirements for enhanced coverage in idle mode shall apply provided the UE category NB1 is with the radio condition that NSCH Ês/Iot ( -15 dB and NRS Ês/Iot ( -15 dB.
However, these definitions can of course only refer to known conditions in order for UE being able to follow them. I.e. the conditions seems most appropriate to be applicable for the current serving cell conditions.
3 Conclusions 

In this paper, we discussed the NB-IoT measurement requirements. We looked at the conditions set for the UE requirements and address the problem that the requirements are based on unknown conditions. We make a number of observation:

Observation 1: with certain assumptions, the UE may assume conditions of an unknown intra-frequency cell

Observation 2: for intra-frequency case it does not seem relevant to have large difference in the conditions between cells.

Observation 3: UE cannot know the conditions of an unknown inter-frequency neighbor cell.

Observation 4: UE need to detect and measure the inter-frequency cell before it can estimate the conditions.

Observation 5: UE requirements based on unknown target cell conditions seems meaningless.

Specifically, we have the following proposals.

Proposal 1: RAN4 should remove conditions in table 4.6.2.4-3.

Proposal 2: RAN4 should remove conditions in table 4.6.2.6-3.
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