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1 Introduction
In RAN#72 plenary meeting, the following WID on NB-IoT was agreed [1]:

Specify the following features for enhancement of NB-IoT to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item.

Support of UTDOA or OTDOA:

· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  

· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.

· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73

In this contribution, we provide some analysis for positioning support for NB-IoT.

2 OTDOA
Observed Time Difference Of Arrival (OTDOA) is based on the UE measuring the time difference observed  between the positioning reference signals  of a neighboring cell and those of the serving cell, which is called as Reference Signal Time Difference (RSTD) measurement. 
After RSTD measurement, eNB used the result to compute a group of hyperbolic functions. In the ideal case, these function intersect in one unique point which is the position of the target UE.  For example, when three eNBs are used for positioning, after obtaining the distance between UE and the eNB, the position of the UE can be simplified and calculated. It is generally understood that RSTD measurements corresponding to 2-4 non-colocated cells are typically necessary for reliable positioning.
3  Evaluation of OTDOA performance
3.1 Positioning using existing system signal

Positioning using a method based on time measurements requires that the timing of at least three or four geographically dispersed base stations is measured. Cellular systems which reuse the same frequency band are designed to create strong isolation between cells, meaning that the signal from the own serving cell should be strong, while interference from the neighboring base stations should be minimized. This means that the requirements for positioning and communication are conflicting. Since LTE is primarily a communication system, time measurements using existing LTE signals need to be done at very low SINR to neighboring base stations, which puts stringent requirements on the UE receiver and also typically results in low positioning accuracy. 

3.2 Positioning using new NPRS
In order to increase the probability that the UE can detect sufficient neighbor cells, and therefore achieve good OTDOA positioning reliability, special ‘positioning subframes’ need to be designed. 
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Figure 1 The example of the pattern of NPRS in a positioning subframe 
The NPRS pattern is shown as in Figure 1. To maximize the total number of symbols that can be used for NPRS for in-band deployment, we configure legacy LTE MBSFN subframe for NPRS transmission as positioning subframes. The first two symbols of these subframes are used for LTE PDCCH, the rest 12 OFDM symbols are used for NPRS transmission. Different frequency shift are used  in different cells.
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Figure 2 The example of NPRS transmission for multi-PRB
To improve positioning performance，NPRS can be transmitted on multi PRBs if multi-PRB existed for NB-IoT deployment. UE can retune to different PRB for receiving the NPRS transmitted on that PRB. For example, in Figure 2 we give the example for NPRS transmission in multi-PRB. For this case, 12 consecutive PRBs are used for NPRS transmission, and  NPRS are transmitted in 12 consecutive subframes.
3.3 Simulation result

·  BPL Modeling
The CDFs of the BPL for all the UEs in the simulation, after each UE has selected its preferred cell based on minimizing the overall path plus penetration loss, are shown in Figure 3. The BPL scenarios are defined according to Table  A1 in  Annex .
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Figure 3 The distribution of BPL for  Scenario#2 and Coef = 0.75
· Coupling Loss
The CDFs of the coupling loss for all the UEs in the simulation is shown in Figure 4.
[image: image4.emf]60 80 100 120 140 160 180

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Coupling Loss(dB)

CDF

Empirical CDF

 

 

Scenario 2,Coef=0.75


Figure 4 The distribution of couple loss for  Scenario#2 and Coef = 0.75
· Positioning Accuracy
The CDF of positioning accuracy without and with interference from neighbor cells is shown in Figure 5 and Figure 6 below, respectively.
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Figure 5 The distribution of positioning accuracy without interference
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Figure 6 The distribution of positioning accuracy with interference
Table 1 The statistics of positioning accuracies based on different positioning options
	
	NPRS.

12 Subframes
	NPRS.

24 Subframes
	NPRS.

12 Subframes with multi-PRB
	NRS.

12 Subframes

	Positioning Error (m) for CDF (50%)
	Without Interference
	47
	41
	31
	83

	
	With Interference
	52
	43
	31
	112


Observation1:  The positioning accuracy based on NPRS is much better than one based on NRS.

Observation2:  The positioning accuracy can be improved based on repetition transmission. 

Observation3:  The positioning accuracy can be improved based on multi-PRB transmission.
Compare NPRS(12 subframes) with NRS(12 subframes), the positioning error without and with interference reduced from 43% and 54% respectively. The potential reasons include: 1) BS power cannot be entirely used for NRS transmission; 2) The interference can be avoided only for at most three cells; 3) The density of NRS is relatively sparse compared with NPRS.
4 Conclusions
In this contribution, we have provided some analysis for OTDOA support for NB-IoT from RAN1 perspective. We make the following observations:
Observation1:  The positioning accuracy based on NPRS is much better than one based on NRS.

Observation2:  The positioning accuracy can be improved based on repetition transmission. 

Observation3:  The positioning accuracy can be improved based on multi-PRB transmission.
5 Annex：Simulation Assumptions
Table A1: Simulation parameters
	1
	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors

	2
	Frequency band
	900 MHz

	3
	Inter site distance 
	1732 m

	4
	Propagation channel
	EPA 1 Hz

	5
	Antenna configuration
	BS: 2Tx; UE: 1Rx

	6
	User distribution
	Users dropped uniformly in entire cell

	7
	Rx noise figure 
	3dB

	8
	BS Tx power
	35 dBm

	9
	Path loss model
	L=I + 37.6log10(R), R in kilometers; I=120.9

	10
	Shadowing standard deviation
	8 dB

	11
	Correlation distance of Shadowing
	110 m

	12
	Shadowing correlation
	Between cell sites
	0.5

	
	
	Between sectors of the same cell site
	1.0

	13
	Antenna pattern (horizontal)
	See table 5-7, 3GPP TR 45.914, 65° H-plane.

	14
	BS antenna gain
	18 dBi

	15
	NB-IoT device Antenna gain
	-4 dBi

	16
	BS cable loss
	3 dB

	17
	Building Penetration Loss
	Scenario#2  Coef =0.75(See Annex D.1 of TR45.820).

	18
	Frequency reuse
	1
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