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1 Introduction
As NB-IoT industry growing, many companies have launched NB-IoT field trial. In our field trial, especially in the road trial, it is found more frequently that UE works at much lower SINR while the RSRP of the serving cell much lower than that of the identified neighbouring cell(s). Based on the analysis of the test log, it is mainly due to too late cell re-selection following the un-timely measurement triggering. This contribution mainly discusses on the cell reselection issue of NB-IoT.
2 Discussion

Issues for cell reselection in NB-IoT
In our NB-IoT field trial, NB-IoT works in standalone mode and all the NB-eNBs are deployed in the same frequency. In order to save the cost of constructing NB-IoT infrastructure, the NB-eNB is co-sited with LTE eNB. The NB-eNB’s RS TX Power is 33dBm, larger than LTE CRS which is normally around 15.2dBm, in order to support NB-IoT 164dB MCL to overcome additional penetration loss of 20dB that usually required by IoT applications.
In such deployment scenario and cell topology, the RSRP of NB-cell at the cell boundary is much higher than that of LTE cell although the cell geographic boundary of NB cell is almost as same as LTE cell. From the trial results shown in Fig 1, we can find that 50% RSRP CDF is -72dBm and 5% RSRP CDF is -107dBm. 50% SINR CDF is 0dB and 5% SINR CDF is -16dB. These RSRP and SINR results are much worse than expected. When looking into these results, we found that a large number of the NB-UEs are not camping on the most suitable cell from RSRP perspective, which resulting in the poor coverage performance.
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Fig 1 Field trial results of RSRP and SINR CDF curve
After tracking such UE’s behaviour, we found that although the UE camping on one NB-eNB has moved very close to another NB-eNB, which means the RSRP of the neighbour cell is much better than camping cell, this UE does not perform cell reselection in time because the inter cell measurement is not triggered yet.
Table 1, LTE and NB-IoT network configurations

	
	LTE network
	NB-IoT network

	Reference Signal TX Power
	15.2dBm
	33dBm

	Qrxlevmin
	-128dBm
	-132dBm

	Cell-edge UE RSRP Qrxlevmeas
	(-100…-70)dBm
	(-82…-52)dBm

	Cell-edge UE Srxlev
	(28...58) dB
	(50…80) dB

	SIntraSearchP
	(0…31) x 2 dB
(defined in TS36.331)
	(0…31) x 2 dB
(defined in TS36.331)

	Analysis on inter-cell measurement trigger
	Cell-edge UE Srxlev is inside SIntraSearchP boundary
	Cell-edge UE Srxlev exceeds SIntraSearchP upper boundary


It is mainly due to that although the UE is moving very close to neighbouring NB-eNB, RSRP from serving NB-eNB is still much higher than the highest threshold for triggering inter-cell measurement that can be set following the definition in TS36.331 [1]. The detailed NB-IoT network configurations are shown in Table 1, taking LTE network configurations as comparison. The cell-edge UE is the UE in the midpoint of two neighbour NB-eNBs. As defined in TS36.304 [2], “if the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements”. This means the trigger for cell reselection measurement is ‘Srxlev <= SIntraSearchP’. For the NB-UE in the cell-edge, Srxlev = Qrxlevmeas – Qrxlevmin = (-82…-52)dBm – (-132)dBm = (50…80) dB. However as defined in TS36.331, the range of SIntraSearchP is (0…31) x 2 dB. Therefore even when the NB-UE is in the cell-edge, it would be very likely that Srxlev is still larger than SIntraSearchP. In other words, the measurement for cell reselection is still not triggered.
We call this issue as “too late reselection” in our field test. In order to alleviate this problem and trigger cell reselection in time, we have to increase the value of Qrxlevmeas. The Srxlev of cell-edge NB-UE is increased along with Qrxlevmeas. And finally Srxlev of cell-edge NB-UE is lower than the upper boundary of SIntraSearchP. However, the bad effect is that increasing Qrxlevmeas will affect UE camping for 164dB MCL.
Proposal: RAN2 is kindly asked to find solution for the “too late reselection” problem of Rel-13 and beyond NB-IoT.
3 Conclusions
In this paper, we have discussed the issues we encountered in NB-IoT field trial. We would like to propose:
Proposal: RAN2 is kindly asked to find solution for the “too late reselection” problem of Rel-13 and beyond NB-IoT.
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