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1 Introduction

RAN4 has been tasked to develop the RRM requirements for NB-IOT. The main difference of NB-IOT devices compared to Rel-13 category M1 devices is that the UE bandwidth will be limited to only 1 PRB. There are many similarities to category M1 devices such as 1 Rx, extended coverage and low-cost etc. The NB-IOT devices are expected to support various coverage levels; normal-coverage, extended coverage and extreme coverage. At last meeting we presented initial system results showing the SINR statistics of neighbour cells [3]. In this contribution, we provide some further analysis of those results. 
2 Discussion
2.1
Background

According to RAN2 agreements, mobility is to be supported for NB-IoT in RRC_IDLE state. This requires the UE to identify detectable neighbouring cells and perform measurements to support mobility. A cell is considered to be detectable when the side-conditions of corresponding measurement such as RSRP, RSRQ, RS-SINR, SCH RP and SCH Ês/Iot of the measured cell are met. In typical cases, UE measures every 40 ms or 80 ms over a period of time which can be e.g. 400 ms or 800 ms. Cell specific reference signals (CRS) are used for RSRP and RSRQ measurement and the measurement is performed over at least 6 PRBs in legacy system (e.g. Rel-13 eMTC). The UE bandwidth of NB-IOT UEs is, however, limited to only 1 PRB. This means that the NB-IOT UE’s ability to detect and perform measurement on neighbour cells is expected to be adversely affected compared to legacy UEs. In following subsection we study how many neighbour cells a NB-IOT device is able to detect and what the SINR levels will be in the expected typical operational scenario. 
Simulation assumptions are listed in subsection 2.2, simulation results are presented in 2.3, and the results are discussed and analysed in 2.4. 
2.2 Simulation assumptions
	
	Downlink
	Uplink

	Carrier frequency
	900 MHz

	System bandwidth
	180kHz
	180kHz

	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 stand-alone

3.2W inband
	0.2W

	ISD
	1732 m [2]

	Noise figure
	5dB
	3dB

	SNR target
	N/A
	0dB


Performance metrics:

As performance metric we look at estimated SINR of the 5th and 10th percentile UE. We define the the SINR that UE j receives a transmission from eNB k with as
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assuming that interference from the serving cell can be cancelled. 
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is the path gain between eNB k and UE j, 
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 is the transmit power used by eNB k and N is the AWGN. The sum over the interferers covers all eNBs except the serving eNB and the eNB (k) for which SINR is currently being calculated. 
Since we are interested in specifying the minimum requirements, we consider the 5th and 10th percentile of the measuring UEs, which correspond to UEs that have relatively bad channel conditions. 
2.3 Simulation Results
Figure 1 shows a CDF over the UEs SINR of the neighbor cells for in-band deployment mode for basic coverage (upper left), robust coverage (upper right) and extreme coverage (lower figure). Figure 2 shows a CDF over the UEs SINR of the neighbour cells for stand-alone deployment mode for basic coverage (upper left), robust coverage (upper right) and extreme coverage (lower figure). 
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Figure 1: SINR of neighbour cells for in-band deployment mode for basic coverage (upper left), robust coverage (upper right) and extreme coverage (lower figure). The different curves show the SINR of the Nth strongest neighbouring cell.
 [image: image7.png]CDF. [%]

100

ing users in basic mode

Stand-alone, only consi

20

-60 -50 -40 -30 =20 -10 0 10
SINR [dB]




 [image: image8.png]CDF. [%]

Stand-alone, only considering users in robust mode

20
80
70
60
50
40
30
20
10

0
-40 -30

=20 -10

SINR [dB]

0 10



 [image: image9.png]CDF. [%]

20
80
70
60
50
40
30
20
10

0
=25 =20 -15 -10 -5

SINR [dB]

1!mstand-alone, only considering users in extreme mode

10




Figure 2: SINR of neighbour cells for stand-alone deployment mode for basic coverage (upper left), robust coverage (upper right) and extreme coverage (lower figure).
2.4 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 overall results are the same for both deployment modes. Based on the performance metrics given in Section 2.3 and the assumption that a NB-IOT device is able to detect neighbouring cells at SINRs above -20 dB, results show that the NB-IOT device is able to detect the following number of cells at the 5th and 10th percentiles:
Table 1 Summary of results showing how many cells the UE is able to detect excluding serving cell.
	Coverage mode:
	# cells for inband that the 5th percentile UE can detect (excluding serving cell):
	# cells for inband that the 10th percentile UE can detect(excluding serving cell):
	# cells for stand-alone that the 5th percentile UE can detect(excluding serving cell):
	# cells for stand-alone that the 10th percentile UE can detect (excluding serving cell):

	Basic mode
	3
	5
	3
	5

	Robust mode
	7
	8
	7
	8

	Extreme mode
	6
	7
	7
	8


The results are summarized in Table 1. The number of neighbouring cells a UE is able to detect is found as the number of cells with SINR above the -20 dB detection threshold. An interesting observation that can be made from these results is that the robust- and extreme mode UEs are able to detect more neighbour cells than basic mode UEs. The basic mode UEs are able to detect only 3-5 cells in both inband and stand-alone deployment modes, while in robust mode and in extreme mode these UEs are able to detect around 6-8 cells. 
It is expected that the NB-IOT devices that require large coverage enhancement (e.g. robust or extreme mode) are intended for stationary usage. Examples of such sensors are various kinds of meters (e.g. water, gas, electricity) that provide sparse reports (e.g. hourly, daily, weekly, monthly) on consumption via a wireless link. Such meters are traditionally located in basements or other places where the penetration loss of the radio wave is substantial. The basic mode devices, on the other hand, are expected to support low mobility and therefore it is important that these devices are able to detect neighbour cells. The simulation results show that the basic mode 5th percentile and 10th percentile UEs are able to detect 3 and 5 cells, respectively, at a SINR threshold of -20dB.

For the robust- and extreme coverage mode UEs, although they are expected to be stationary they are capable of identifying and measuring on up to 8 cells which is in the same range as the legacy UEs. 
Based on the results and analysis provided above, we make following proposal:
· Proposal #1: The minimum number of cells a NB-IOT device can detect at various coverage classes and deployment modes are specified as follows based on results for the 10th percentile UE: 
	Coverage mode:
	# cells inband 10th percentile UE can detect(excluding serving cell):
	# cells stand-alone 10th percentile UE can detect (excluding serving cell):

	Basic mode
	5
	5

	Robust mode
	8
	8

	Extreme mode
	7
	8


3 Conclusion
In this paper, we have presented additional system simulation results for neighbor cell detection performance for the three coverage classes (basic, robust, and extreme) and two deployment modes (inband and standalone). Based on the analysis, we make the following proposal:
· Proposal #1: The minimum number of cells a NB-IOT device can detect at various coverage classes and deployment modes are specified as follows: 
	Coverage mode:
	# cells inband 10th percentile UE can detect (excluding serving cell):
	# cells stand-alone 10th percentile UE can detect (excluding serving cell):

	Basic mode
	5
	5

	Robust mode
	8
	8

	Extreme mode
	7
	8
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