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Introduction
At RAN #69, New Work Item called NB-IoT was agreed to develop a single “clean-slate solution” in TSG RAN based on techniques described in TR 45.820 [1]. The objectives of the CIoT study described in TR 45.820 were improved indoor coverage, support of massive connections, reduced complexity, improved power efficiency and latency. [2]
[bookmark: _Toc365474904][bookmark: _Toc365475393][bookmark: _Toc365476065][bookmark: _Toc365474914][bookmark: _Toc365475403][bookmark: _Toc365476075][bookmark: _Toc365474917][bookmark: _Toc365475406][bookmark: _Toc365476078][bookmark: _Toc365474920][bookmark: _Toc365475409][bookmark: _Toc365476081]This contribution discusses the potential issues of cell selection and reselection for coverage enhancement in NB-IoT.
Potential Issues of Cell selection and Reselection
Currently in LTE, Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ) are used as the measurement values for the cell selection and reselection [3]. The definitions of RSRP and RSRQ are as follows:
RSRP: the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth,
RSRQ: the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth.
In release 8, the RSRP is sorely used as the parameter for receiver sensitivity of NB-IoT UEs and also used as for cell selection and cell reselection. Since release 9, both parameters are used for the cell selection and reselection. Considering the low end target, the potential impact of NB-IoT UEs is examined in terms of the RSRP in various coverage enhancement situations as the first step.
Based on the simulation assumptions of [2], the distribution of average RSRP is observed at UE locations “normal” and “edge” represented as red circles in hexagonal cell pattern of Figure 1.
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Figure 1. 19 Hexagonal Cell Pattern with 57 sectors and ISD=1732m
For the coverage enhancement situation, building penetration loss is considered in terms of external wall penetration, internal wall penetration and floor penetration, so that the building penetration loss ranges from 0 dB (almost outdoor) to 59 dB (very deep basement) [45.820]. To get the brief insight about possible situations, we classify the building penetration loss into three cases 0 dB, 20 dB, 40 dB as represented in Fig. 2.

Figure 2(a). The RSRP distribution when the building penetration loss is 0 dB.

Figure 2(b). The RSRP distribution when the building penetration loss is 20 dB.

Figure 2(c). The RSRP distribution when the building penetration loss is 40 dB.
Figure 2. The RSRP distribution according to UE locations and eNB sectors

In Fig 2, x axis represents the 57 eNB cell sectors of the hexagonal cells and y axis represents the measured RSRP value with the unit of dBm.
For the cell selection, the measured RSRP value Qrxlevmeas should be more than around Qrxlevmin which ranges between -140 dBm and -44 dBm. However, from the results of Figure 2(a), (b), (c), we can observe that the number of cells more than the minimum value -140 dBm decreases in the building penetration losses of 20 dB and 40 dB. In particular, when the building penetration loss is 40 dB in Figure 2(c), it is observed that the edge UE does not get any cells more than -140 dBm. Therefore, to secure enough candidates for cell selection and reselection, it is needed to expand the Qrxlevmin range into lower values. 
Observation 1. The deep indoor UE could not have enough candidates for cell selection and reselection.
Proposal 1. In order to secure enough candidates for cell selection and cell reselection in the deep indoor case, it is needed to expand the Qrxlevmin range into lower values.

On the other hand, if decreasing the Qrxlevmin range into the values lower than -140 dBm, the decreased Qrxlevmin  value is equally applied to the outdoor UEs represented in Figure 2(a). In that case, the outdoor UEs could have too many candidates for cell selection and reselection, which needs additional power consumption and UE resources. Therefore, we may think of having different Qrxlevmin values according to coverage enhancement levels.
Observation 2. Decreasing Qrxlevmin equally for the normal outdoor UEs could make them to have too many candidates for cell selection and reselection, which needs additional power consumption and UE resources. 
[bookmark: _Toc426289536]Proposal 2. RAN2 needs to consider that NB-IoT has different Qrxlevmin value for coverage enhancement UEs. 
Conclusions
In this document, we discussed the issues on the cell reselection in NB-IoT and the potential issues for coverage enhancement. For the cell reselection design, we derived following observation and proposal.
Observation 1. The deep indoor UE could not have enough candidates for cell selection and reselection.
Proposal 1. In order to secure enough candidates for cell selection and cell reselection in the deep indoor case, it is needed to expand the Qrxlevmin range into lower values.

Observation 2. Decreasing Qrxlevmin equally for the normal outdoor UEs could make them to have too many candidates for cell selection and reselection, which needs additional power consumption and UE resources. 
Proposal 2. RAN2 needs to consider that NB-IoT has different Qrxlevmin value for coverage enhancement UEs. 
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