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1. Introduction
In this contribution, we analyze the OTDOA localization performance.  For OTDOA localization performance, the accuracy is dependent on multiple factors, e.g., time synchronization between BSs, ToA estimate errors associated with ToA signal bandwidth and receive SNR, multipath channel, etc. In this study, we characterize the ToA estimate error with different signal bandwidths and evaluate the feasibility of NB-IoT for location estimation services. According to our preliminary results, the NB-IoT localization is mainly limited by the multipath channel effect.  
.

2. Discussion
OTDOA localization performance evaluation:
For the OTDOA localization, we analyze the location estimate accuracy in the link level and system level. Ideally, we first characterize the ToA estimate error in an AWGN LOS channel. The Cramer-Rao Lower Bound (CRLB) of ToA estimate error is described in [1]. It is used to characterize a lower bound on the standard deviation of an unbiased ToA receiver that uses a sliding correlator matched to the transmitted waveform.
The CRLB is inversely proportional to the bandwidth, meaning that as the bandwidth increases by a factor of 10, the CRLB reduces by a factor of 10. The CRLB is inversely proportional to the square root of the signal energy, meaning that if the duration (or transmit power) increases by a factor 100, the CRLB decreases by a factor of 10.  Hence in this paper we initially evaluate the impact bandwidth to the location estimate accuracy.   
Figure 1 shows the CRLB as a function of distance, for signals with bandwidth W = 180KHz, 1MHz, and 10MHz. The signal (PRS) duration is 1ms. All other parameters regarding the channel, base station, and UE parameters are listed in Annex. The key observation is that within the relevant range (less than a few kilometers, which is the distance to an outer ring of two cells, with ISD 1732m), the CRLB is less than 10ns. This means that in LOS channels, the localization error can be below a meter, assuming there are no other system impairments.

Observation 1: The locatlization error of OTDOA with the simulation assumptions given in Annex could be below a meter if without other system impairments.
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Figure 1. CRLB vs. distance

Next, we discuss the multipath channel effect on ToA estimate error. In a hexagonal grid of cell, UEs are dropped uniformly in the center cell, and ToA measurements are taken from either the closest 6 cells (1 ring, no muting) or 19 cells (2 rings, with muting). The orthogonal transmission is assumed using the frequency and time separation in transmissions. We consider 3 channel models: LOS, EPA, ETU [2]. We assume linear multilateration is used to estimate the UE location. The same channel is used from all base stations to the UE. For a given channel (EPA or ETU), we generate a histogram of ToA estimates in infinite SNR. We generate a realization of the channel (fixed path delays, fixed average power per path, random complex amplitude per 

path). We send a signal of given bandwidth through the channel and estimate the ToA error (time corresponding to the peak of the sliding correlator). For a given multipath channel, UE location, and base station location, we generate a realization of the ToA estimate from the histogram of ToAs. AWGN is added to the ToA estimate, with standard deviation determined by the CRLB, as a function of the distance between the UE and base.
 
Figure 2 shows the CDF of the localization error, for a PRS with 180 KHz bandwidth. The performance is dominated by the unresolvable multipath resulting from the channel model. 

Figure 3 shows CDF of localization errors with varying signal bandwidths. We repeat the simulations above for 1MHz and 10MHz signal bandwidths, and in Figure 3, we plot the resulting average positioning error as a function of bandwidth. For the LOS channel without multipath impairments, the error decreases with bandwidth. For the other channels, the performance is limited by the resolvability of the NLOS multipath. As the bandwidth increases, there is some improvement in the performance. 

Based on measurements from live LTE network, channel characteristics could be more similar to ETU. With other practical system impairments like eNB synchronization error, the performance will of course further degrade. Also like noted in [4], the  UTDOA performance will be worse due to lower transmit power and worse hearability. 
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Figure 2. CDF of localization errors
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Figure 3. Variation of mean localization error with signal bandwidth





[bookmark: _GoBack]If  the positioning accuracy of OTDOA with the RSTD measurement based on 180 KHz downlink reference signal for NB-IoT positioning does not allow to achieving  the desired positioning accuracy (say closer to 50m), different methods are proposed in [5] to measure RSTD based on wider downlink reference signals, and reports this RSTD measurement result to its location server. Using such a method would provide a way to improve the localization performance.
Observation 2: It is valuable to consider wider bandwidth RSTD measurement for OTDOA positioning in NB-IoT.

3. Conclusions
In this contribution, we provide OTDOA location performance analysis and describe the signal bandwidth impact on the performance with following observation and proposal:
Observation 1: The locatlization error of OTDOA with the simulation assumptions given in Annex coud be below a meter if without other system impairments.

Observation 2: It is valuable to consider wider bandwidth RSTD measurement for OTDOA positioning in NB-IoT.
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Annex
OTDOA simulation scenario:
	Carrier frequency
	900MHz

	Operation modes
	In-band

	Physical signal
	LTE position reference signal

	Signal bandwidth
	1) Narrowband:  200 KHz
2) Wideband 1: 1 MHz
3) Wideband 2:  10 MHz



System level simulation assumptions:
	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site with wrap-around

	Frequency band
	900 MHz

	Inter site distance 
	1732 m

	MS speed 
	0 km/h

	User distribution
	Users dropped uniformly in the center cell

	Base station transmit power per NB-IoT carrier (at the antenna connector)
	43 dBm 


	Path loss model
	L=I + 37.6log10(R), R in kilometers
I=120.9 for the 900 MHz band

	Shadowing standard deviation
	8 dB

	BS antenna gain
	18 dBi

	NB-IoT device Antenna gain
	-4 dBi

	BS cable loss
	3 dB

	Frequency reuse
	1

	Network synchronization error
	Perfectly synchronized for baseline

	UE calibration error
	Perfectly calibrated for baseline.
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