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1 Introduction
The high quality criterion for NB-IoT was briefly discussed during RAN2#101 [1, 2]. In this contribution the high quality criterion for NB-IoT is discussed only, i.e. the measured NRSRP threshold that impacts the priority order for PLMN selection. 

2 Background
High quality criterion

The high quality criterion in NB-IoT is fulfilled when the measured RSRP is greater or equal to -110 dBm, as specified in section 5.1.2 “Support for PLMN selection” in 36.304:

The UE shall scan all RF channels in the E-UTRA bands according to its capabilities to find available PLMNs. On each carrier, the UE shall search for the strongest cell and read its system information, in order to find out which PLMN(s) the cell belongs to. If the UE can read one or several PLMN identities in the strongest cell, each found PLMN (see the PLMN reading in [3]) shall be reported to the NAS as a high quality PLMN (but without the RSRP value), provided that the following high quality criterion is fulfilled:

1.
For an E-UTRAN and NB-IoT cell, the measured RSRP value shall be greater than or equal to -110 dBm.
Found PLMNs that do not satisfy the high quality criterion, but for which the UE has been able to read the PLMN identities are reported to the NAS together with the RSRP value. The quality measure reported by the UE to NAS shall be the same for each PLMN found in one cell.

Priority order PLMN selection
The priority order for PLMN selection with Automatic Network Selection Mode, as specified in 23.122, is:

1. Home PLMN / Equivalent HPLMN

2. PLMN from "User Controlled PLMN” list on USIM

3. PLMN from "Operator Controlled PLMN” list on USIM
4. PLMN with received high quality signal in random order

5. PLMN in order of decreasing signal quality
Thus NB-IoT cells with a measured RSRP above -110 dBm are selected randomly, while NB-IoT cells below -110 dBm are selected in order of decreasing signal strength. The motivation for priority 4 is to avoid power boosting to bias PLMN selection, i.e. all detected PLMNs are equal in this category. When the UE is not roaming then the UE most likely selects the HPLMN (or EPLMN). The high quality threshold typically comes into play when the UE is roaming (e.g. tracking device in NB-IoT). Otherwise the UE is typically registered in the HPLMN/EPLMN in which case it uses priority 1 based PLMN selection regardless of signal quality.
High quality signal threshold in LTE/UMTS
The -110 dBm high quality signal threshold was introduced with LTE in REL-8 based on feedback from RAN4 [3]:

The definition of high quality criterion was also agreed as below:

1.
For an FDD cell, the measured RSRP value shall be greater than or equal to -110 dBm.

2.
For a TDD cell, the measured RSRP value shall be greater than or equal to -110 dBm.

RAN4 used the UMTS threshold of -95 dBm as a reference to calculate the new threshold for LTE [4]: 
E-UTRAN high quality criterion RSRP = -95 – (-10) – 10*log10(300) = -109.77 = -110 [dBm]

With a CPICH Ec/Ior = -10 dB and taking into account 300 sub-carriers (5 MHz Channel BW). 
High quality signal threshold in NB-IoT
In our view a high quality signal limit in NB-IoT should reflect when the UE does not require NPDSCH repetitions for transmitting TBS=680 (max TBS in Rel-13). In such case the required SNR is around 7 dB (inband). A received signal power of -110 dBm over 15 kHz and a 9 dB noise figure gives a 13 dB SNR. Following this reasoning the high quality signal threshold for NB-IoT in our view could be reduced to:
NB-IoT high quality criterion RSRP = -110 – (13-7 ) = -116 [dBm]

Proposed way forward

It is proposed to ask RAN4 to evaluate a new NRSRP threshold that takes into account the specific characteristics of NB-IoT:

Proposal: Ask RAN4 to evaluate an appropriate high quality signal threshold for both NB-IoT. 
A draft LS is provided for discussion and agreement [5].
3 Summary

RAN2 is kindly asked to discuss high quality signal threshold: 

Proposal: Ask RAN4 to evaluate an appropriate high quality signal threshold for both NB-IoT. 
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