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1 Introduction

RAN4 has started high-level discussions on RRM requirements for NB-IoT. Some high-level agreements were made at last RAN4 meetings in [1]. In this way forward the agreements for UEs in RRC IDLE and CONNECTED state were captured. In this paper we present some system simulation results with aim to better understand the system impact.  
2 Discussion
According to RAN2 agreements, mobility shall be supported by NB-IoT in RRC_IDLE state. Thus it is necessary to identify new neighbouring cells and perform measurements to support mobility. In this paper we study the signal quality of the neighbouring cells for an expected typical NB-IoT operational scenario. Simulation assumptions are listed in subsection 2.1 and simulation results are presented in 2.2, and the results are discussed and analysed in 2.3. 
2.1 Simulation assumptions
	
	Downlink
	Uplink

	Carrier frequency
	900 MHz

	System bandwidth
	180kHz
	180kHz (160kHz inband)

	Subcarrier spacing
	15kHz
	15kHz

	Resource block BW
	180kHz
	15kHz

	Propagation and deployment
	According to 45.820

	BPL
	0.75 according to 45.820

	Overhead
	25% (38% inband)
	31%

	Transmit power 
	20W (3.2W inband)
	0.2W

	Noise figure
	5dB
	3dB

	SNR target
	N/A
	0dB


2.2 Simulation Results
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Figure 1: Downlink path gain of serving cell
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Figure 2: Downlink path gain of neighbour cells (left figure) and path gain difference with respect to strongest cell (right figure)
2.3 Discussions 

In SI [2] three coverage classes have been identified as follows:

-
Normal coverage class, similar to legacy GPRS coverage.

-
Extended coverage class, corresponding to about 10 dB improvement relative to legacy GPRS.

-
Extreme coverage class, corresponding to 20 dB improvement relative to legacy GPRS. 

The 20 dB coverage extension corresponds to a maximum decoupling loss of 164 dB, 10 dB extension corresponds to a maximum decoupling loss of 154 dB, and finally normal coverage corresponds to a maximum of 144 dB decoupling loss. 
Figure 1 shows the CDF of downlink path gain of UEs that are connected to one cell, aka serving cell assuming scenario #2 for building penetration loss in Table D.3 in [2]. This scenario is more challenging than the other scenarios since a higher fraction of UEs are subject to higher BPL and all UEs are indoor UEs.  Firstly, this figure shows that a large part of the UEs have quite good path gain with respect to its serving cell, i.e. they are operating under normal/basic coverage. Secondly, UEs requiring coverage extension by 10 dB (i.e. extended mode UEs) are not that many compared to the normal coverage UEs.  Finally, this figure shows that only small portion of the UEs may need extension up to 20 dB, i.e. extreme coverage. 
· Observation #1: Most UEs will have good path gain to its strongest cell, and they will operate under normal coverage while only a few percent of the UEs may need coverage extension. 
Figure 2 shows the path gain to the strongest cell (serving cell) and 8 other neighbor cells in the left part of the figure. The right part of the figure shows the path gain difference of neighbor cells with respect to its strongest cell, i.e. path gain to Nth strongest cell – path gain to strongest cell. It is observed that the path gain to the second strongest neighbor cell is on average 8 dB lower than to the strongest cell. The path gain to the third strongest neighbor is on average 12 dB lower than to the strongest cell. It is also seen that the UEs under poor coverage (lower %-tiles), may need higher coverage extension if they would connect to non-strongest cells. This would mean that some of these UEs go from normal coverage operation to extended coverage, and other UEs would go from extended coverage to extreme coverage. For most UEs, on other hand, re-selecting to non-strongest cells would not make any big difference. From an interference perspective, it is observed that ~10% of the UEs would have five interfering eNBs within 10dB from strongest cell. From a mobility perspective, it can also be observed that most UEs will have relatively good radio channels to up to 6-8 neighbor cells. 

· Observation #2: From mobility perspective, the majority of the UEs will have relatively good radio channels to up to 6-8 neighbor cells.  
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Figure 3: Uplink resource utilization and uplink SINR for different traffic loads
In addition, we have also studied the uplink performance for different traffic loads, and the results are shown in Figure 3. The last two traffic loads (shown in green and magenta colours) are loads which are much higher than the capacity need defined in [2]. This figure shows that the SINR is relatively good for these loads as the resource utilization is quite stable; but it is starting to increase quickly for the even higher loads. On the other hand, it shall be noted a cell comprising of only NB-IoT UEs will not generate such large amount of traffic. The serving eNB could adapt its scheduling such that not all of them are transmitting simultaneously so that the interference is reduced. This means that these really high loads are not realistic. The red and the light-blue curves, on the other hand, are loads in the range of the capacity needs in [2], and the results show that the estimated SINR is quite good for these loads.   
3 Conclusion
In this paper, we have studied the network coverage performance of NB-IoT UEs. We have presented simulation results according to scenario 2 in [2]. Based on the simulation results, we have made following observations:
· Observation #1: Most UEs will have good path gain to its strongest cell, and they will operate under normal coverage while only a few percent of the UEs may need coverage extension. 

· Observation #2: From mobility perspective, the majority of the UEs will have relatively good radio channels to up to 6-8 neighbor cells.  
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