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1. Introduction
In RAN#72 a new work item (WI) named enhancements of NB-IoT  [1] was introduced. The objectives of the WI include the support of positioning, multicast, non-anchor PRB enhancements, mobility and new power classes.

In this document we provide our views on the support of downlink based positioning.

2. Design and procedures for downlink-based positioning
For narrowband positioning, one option is to follow a design similar to legacy PRS. The processing of this signal usually involves an IFFT operation to obtain the channel impulse response in the time domain, from which the time delay can be derived. In Figure 1 we show an example of (N)PRS configuration. In this particular example, we do not consider the presence of NRS, since an NB-IoT UE may be able to reuse a portion of a wideband PRS signal to obtain the timing information. If deployed in an NB-IoT PRB, collision with NRS should be considered.


Figure 1 (N)PRS configuration. If a common design is kept, a NB-IoT UE could be able to reuse a portion of legacy PRS for positioning.
One of the main drawbacks of PRS is that it requires additional processing to perform IFFT, which may increase the complexity or power consumption of a UE. In this contribution, we consider also de introduction of a different reference signal for positioning which does not require IFFT operation. The design of this signal is similar to NPRACH design, and from which the timing delay can be obtained as a phase differential. In Figure 2 we depict the structure of this NPRS signal. The processing can be performed as follows:
· For a given subframe, average all the resources in the same subcarrier. This gives an SNR gain of around 9dB.
· Perform phase differential with the other resources in the same subframe, and also in the next subframe (this small hop allows to resolve ambiguities for the cases of large delays).
This processing requires two complex averages per subframe (one for each subcarrier) and 2-3 products per subframe (one with the other tone in the same subframe, and one with each of the adjacent subframes). A maximum of 6 cells can be detected simultaneously with this signal, with the corresponding scaling in complexity. If more cells are desired to be detected simultaneously, the NPRS can use orthogonal sequences (which may not be efficient if some of the cells are observed with a large delay), or can be TDM in different subframes/sequences of subframes.

	Figure 2 NPRS structure based on repeat-and-stagger
This signal structure offers the advantage of simplified processing: unlike legacy PRS, which requires the use of IDFT to obtain the channel impulse response, the processing of NPRS can be performed directly in the frequency domain by performing a phase differential between the different stagger periods. In the remaining of the contribution, we evaluate the performance of the NPRS structure shown in Figure 2.
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3. Link level simulation results
We evaluated the accuracy of NPRS-based timing acquisition for different scenarios. The simulation assumptions are described in Table 1. 



Table 1 Link level simulation assumptions
	Channel model
	AWGN, TU1

	Number of UE Rx antennas
	1

	eNB total Tx power
	46dBm

	Deployment type
	In-band

	Frequency error
	50Hz

	Observation period
	14- 6963ms


In the following, we present results for 164, 154 and 144dB MCL. The results are shown in Figures 1-3.
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Figure 3 CDF of timing error estimation for 164dB MCL for AWGN and TU1 channels
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Figure 4 CDF of timing error estimation for 154dB MCL for AWGN and TU1 channels
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Figure 5 CDF of timing error estimation for 144dB MCL for AWGN and TU1 channels
From these results, we make the following observations:
· For AWGN channel, an increase on the number of repetitions also increases the accuracy. This behaviour is not observed in TU1 channel for 144dB MCL, where the bias due to multipath and low bandwidth dominates the error.
· For the worst case coverage, observation of 870ms achieves an accuracy of around 0.25us (75m). For an increased accuracy of ~0.1us (30m), around 7s of observation are needed.
In Table 2 we provide tabulated results for the 90% accuracy for different coverage levels and channel models.
Table 2 90% accuracy for different CL (in us), repetition number and channel model
	
	AWGN
	TU1

	
	164dB CL

	870ms
	[-0.25, 0.28]us
	[-0.5, 1.7]us

	6963ms
	[-0.09, 0.11]us
	[0.3, 0.7]us

	
	154dB CL

	217ms
	[-0.14, 0.16]us
	[-0.3, 1.6]us

	1741ms
	[-0.04, 0.06]us
	[0, 1.3]us

	
	144dB CL

	14ms
	[-0.16, 0.18]us 
	[-0.5, 1.5]us

	112ms
	[-0.04, 0.06]us
	[-0.5, 1.6]us



In view of these results, we make the following observation:
Observation 1: For AWGN channel, increasing the number of NPRS repetitions also increases the timing accuracy. For TU1 channel, a large bias (around 0.5us) is observed due to reduced bandwidth, and creates an error floor.
4. Comparison with UL-based positioning
For the sake of completeness, we provide in this contribution a comparison with the results in our companion contribution [2] for UL narrowband positioning. 
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Figure 6 Comparison between UL and DL positioning for 164dB MCL
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Figure 7 Comparison between UL and DL positioning for 154dB MCL
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Figure 8 Comparison between UL and DL positioning for 144dB MCL
It is observed that, for the same MCL, DL based positioning achieves higher accuracy than UL based positioning for AWGN channel. This is expected, since the transmit power of the eNB is larger than that of the UE. For TU1 channel, the bias due to reduced bandwidth dominates the error, and both offer similar performance.
Observation 2: For the same transmission/reception time and same MCL, DL based positioning achieves higher accuracy than UL based positioning in AWGN channel. For TU1 channel, the bias dominates the error and both offer similar performance.
5. Summary
Observation 1: For AWGN channel, increasing the number of NPRS repetitions also increases the timing accuracy. For TU1 channel, a large bias (around 0.5us) is observed due to reduced bandwidth, and creates an error floor.
Observation 2: For the same transmission/reception time and same MCL, DL based positioning achieves higher accuracy than UL based positioning in AWGN channel. For TU1 channel, the bias dominates the error and both offer similar performance.
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