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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 Deployment scenario and simulation assumptions
2.1 Baseline algorithm

 The basic concept of UTDOA  is to request the position of a UE which replies with transmitting a reference signal, for example , Sounding Reference Signal (SRS) or PRACH. With the use of this reference signal the eNodeB can estimate the time of arrival. In relation with the estimated positioning reference signal time of arrival at other eNodeBs a time difference can be computed, while the serving cell can be used as a reference. Finally the position can be estimated by solving the resulting equations. 

UTDOA requires the collaboration of serving cell and cooperating cells. Normally It is carried out as follows:
1. Serving and cooperating cells perform ToA estimations for the signal transmitted by the target UE (the UE to be positioned);

2. Given the estimated ToAs  , either the differences of ToAs (TDoA) or simply ToAs themselves can be used for location determination.
After ToAs estimation, eNB/LMU 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 TDOA measurements corresponding to 2-4 non-colocated cells (i.e., TOA measurements of 3-5 non-colocated cells) are typically necessary for reliable positioning.
3 UL Positioning base on N-PRACH
It is well known that the performance of current positioning technologies is limited by the received signal quality for timing estimation (hearability) and the number of transmission/reception nodes for the derivation of the UE’s coordinates.  To improve hearability, it is proposed NPRACH can be used as the starting point for UL N-PRS design.
First of all , NPRACH transmission will not cause inter-carrier interference at the neighboring cell. As shown in figure 1 below,  3 eNBs are used in positioning. UE1’s service cell is site0 and this UE is located at the cell edge, therefore it can be assumed that d0, d1 and d2 are approximately same, e.g, the transmission time for NPRACH to reach site 1 and site 2 can be roughly equivalent to cell_radius/c. In this case, the NPRACH’s CP can guarantee that orthogonality is maintained between carriers at eNB site 1 and site2. 
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Figure 1:NPRACH based UTDOA scene 1-Location of UE is at the cell edge
In the second example, UE1’s location is very close to site 0, and d1, d2 is approximately 2 times of cell radius. The length of the CP that associated with NPRACH transmission make sure the orthogonality is maintained at eNB site 1 and site 2. 
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Figure 2: NPRACH based UTDOA scene 2-Location of UE is very close to the site
3.1 UL NPRACH based positioning

Similar to legacy PRS, when NPRACH is used for position, positioning configuration should include consecutive NPRACH transmission number, NPRACH periodicity and NPRACH offset. Considering multiple-PRBs may be available for NB-IoT deployment, hopping could be further configured to improve the positioning performance. The figure below shows the hopping pattern for the NPRACH based positioning. In one “Part” there are N NPRACH repetition. In this example six PRBs are used to evaluate the potential performance improvement.
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Figure 3: Resource allocation method for NPRACH based positioning signal
3.2 Simulation result and discussion
· 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 4. The BPL scenarios are defined according to Table  A1 in  Annex . 
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Figure 4:CDF of the BPL for for Scenario#2,Coef=0.75
· Coupling Loss
The CDFs of the coupling loss for all the UEs in the simulation is shown in Figure 5.
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Figure 5: Coupling loss distributions for Scenario#2,Coef=0.75
· Uplink SINR distribution
The CDF of uplink SINR is shown in Figure 6 below.
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Figure 6: The CDF of uplink SINR for Scenario#2,Coef=0.75
The CDF of positioning accuracy is shown in figure 7 below.
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Figure 7: The CDF of positioning accuracy for Scenario#2,Coef=0.75
Table 1: Positioning accuracy result for Scenario#2,Coef=0.75
	
	NPRACH，32 Repetition，Hopping in 1PRB，w/o interference
	NPRACH，32 Repetition，Hopping in 1PRB，with interference
	NPRACH，128 Repetition，Hopping in 6PRB，with Interference

	CDF（50%） Positioning Error(m)
	78
	169
	84
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Figure 8: The CDF of positioning accuracy for normal coverage UE,Scenario#2,Coef=0.75
Table 2: Positioning accuracy result for normal coverage UE ,Scenario#2,Coef=0.75
	
	NPRACH，32 Repetition，Hopping in 1PRB，w/o interference
	NPRACH，32 Repetition，Hopping in 1PRB，with interference
	NPRACH，128 Repetition，Hopping in 6PRB，with Interference

	CDF（50%） Positioning Error(m)
	71
	151
	78


From the initial simulation result, we can see frequency hopping significantly improves the positioning performance. We have the following observations:

Observation 1:UL interference degrades positioning accuracy. Repetition can alleviate the effect of interference.
Observation 2:For UTDoA  based on NPRACH, hopping significant improves the positioning accuracy. 
4 Conclusions
In this contribution, we have provided some analysis for UTDOA support for NB-IoT from RAN1 perspective. We make the following observations:

Observation 1:UL interference degrades positioning accuracy. Repetition can alleviate the effect of interference.

Observation 2:For UTDoA  based on NPRACH, hopping significant improves the positioning accuracy. 
5 Annex：Simulation Assumptions
Table A1: Simulation parameters
	1
	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors

	2
	Frequency band
	900 MHz

	3
	Sampling rate
	30.72MHz

	4
	Inter site distance 
	1732 m

	5
	Propagation channel
	EPA 1 Hz

	6
	Antenna configuration
	BS: 2Rx; UE: 1Tx

	7
	User distribution
	Users dropped uniformly in entire cell

	8
	Rx noise figure 
	3dB

	9
	NB-IoT UE Tx power
	23 dBm

	10
	Path loss model
	L=I + 37.6log10(R), R in kilometers; I=120.9

	11
	Shadowing standard deviation
	8 dB

	12
	Correlation distance of Shadowing
	110 m

	13
	Shadowing correlation
	Between cell sites
	0.5

	
	
	Between sectors of the same cell site
	1.0

	14
	Antenna pattern (horizontal)
	See table 5-7, 3GPP TR 45.914, 65° H-plane.

	15
	BS antenna gain
	18 dBi

	16
	NB-IoT device Antenna gain
	-4 dBi

	17
	BS cable loss
	3 dB

	18
	Building Penetration Loss
	Scenario#2 Coef=0.75(See Annex D.1 of TR45.820).

	19
	Frequency reuse
	1
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