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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 uplink based positioning.

2. Design and procedures for uplink-based positioning
For narrowband positioning, we consider the reuse of NPRACH channel. NPRACH has the following characteristics that make it amenable for position location:
· Multiplexing of different UEs: NPRACH is designed to support a large number of UEs. Additionally, for Rel-14 NPRACH transmission will be supported outside the anchor PRB, which will also increase the NPRACH capacity of each cell. Multiplexing of a large number of UEs is important from a position location point of view, since the NPRACH resources have to be reserved not only in the serving cell, but in a number of cells of the neighbourhood.
· Support of single tone UEs: In Rel-13 it was decided that multitone support is mandatory, but there is the possibility of disabling it via FGI bit. If this FGI bit is decided to be maintained in Rel-14, the only single tone physical channel that would support position location (i.e., timing difference estimation) would be NPRACH.
· Designed for timing acquisition: One of the main objectives of NPRACH is to determine the initial timing error of a UE to issue the corresponding timing advance command for subsequent uplink transmissions. As uplink based positioning is based on observed time difference between different BS, so
Observation 1: NPRACH is a good candidate for uplink-based position location
For uplink-based positioning, the network has to indicate to the UE that it has to transmit NPRACH. This may result in network overloading, since the UEs can only monitor NPDCCH if they are in connected mode. Additionally, for uplink-based positioning it is not possible to determine if the UE has moved from the previous position, which may result in unnecessary NPRACH transmission when the UE is in a fixed location.
Observation 2: The NPRACH transmission for position location can be triggered by NPDCCH order. This requires the UE to be in connected mode.
In the next section we provide link-level simulation results for NPRACH based timing estimation.
3. Link level simulation results
We evaluated the accuracy of NPRACH timing acquisition for different scenarios. The simulation assumptions are described in Table 1. The results are in Figures 1-6.

Table 1 Link level simulation assumptions
	Channel model
	AWGN, TU1

	Number of eNB Rx antennas
	2

	UE Tx Power
	23dBm

	Frequency error
	50Hz

	Number of NPRACH repetitions
	2 – 1024 (depending on coverage level)

	NPRACH CP
	266.7us


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 1 CDF of timing error estimation for 164dB MCL for AWGN and TU1 channels
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Figure 2 CDF of timing error estimation for 154dB MCL for AWGN and TU1 channels
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Figure 3 CDF of timing error estimation for 144dB MCL for AWGN and TU1 channels
From these results, we make the following observations:
· To achieve a reasonable accuracy for 164dB MCL, the largest number of NPRACH repetitions is needed. The 90% accuracy is between [-0.4, 0.4]us.
· For AWGN channel, increasing the number of repetitions also increases the accuracy. For 144dB MCL, for example, 2 NPRACH repetitions achieve a 90% accuracy of [-0.7, 0.7]us, and 16 NPRACH repetitions achieve [-0.2, 0.2]us.
· For TU1 channel a bias of ~0.5us is observed. This is due to the fact that, for 180kHz bandwidth, paths that arrive too close are not possible to distinguish due to windowing. Thus, finding the first arrival path may be challenging in some cases (especially when the first path is not the strongest one). For 144dB MCL, for example, the 90% error for 16 repetitions is [-0.1us, 1.2us]. Similar observations can be made for the other coverage cases.
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

	128 Repetitions
	[-1.3, 1.3]us
	[-1, 2]us

	1024 Repetitions
	[-0.5, 0.5]us
	[0.1, 1]us

	
	154dB CL

	32 repetitions
	[ -0.5, 0.5]us
	[-0.5, 1.5]us

	256 repetitions
	[-0.25, 0.25]us
	[0.3, 0.8]us

	
	144dB CL

	2 repetitions
	[-0.7, 0.7]us
	[-0.6, 1.7] us

	16 repetitions
	[-0.25, 0.25]us
	[-0.1, 1.2]us



In view of these results, we make the following observation:
Observation 3: For AWGN channel, increasing the number of NPRACH repetitions also increases the timing accuracy. For TU1 channel, a large bias (around 0.5us) is observed due to reduced bandwidth.
4. Comparison with DL-based positioning
For the sake of completeness, we provide in this contribution a comparison with the results in our companion contribution [2] for DL narrowband positioning. 
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Figure 4 Comparison between UL and DL positioning for 164dB MCL
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Figure 5 Comparison between UL and DL positioning for 154dB MCL
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Figure 6 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. For TU1 channel, the bias due to reduce bandwidth dominates the error, and both offer similar performance.
Observation 4: 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
In this contribution we presented a design based on NPRACH transmission for NB-IoT uplink-based position location. We make the following observations:
Observation 1: NPRACH is a good candidate for uplink-based position location
Observation 2: The NPRACH transmission for position location can be triggered by NPDCCH order. This requires the UE to be in connected mode.
Observation 3: For AWGN channel, increasing the number of NPRACH repetitions also increases the timing accuracy. For TU1 channel, a large bias (around 0.5us) is observed due to reduced bandwidth.
Observation 4: 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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