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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 positioning for NB-IoT UEs.

2. Positioning using dedicated N-PRS signaling
In RAN1#86bis the following agreement was reached:

Introduce a new positioning reference signal for OTDOA in NB-IoT 
· Not based on existing Rel-13 NB-IoT signal and not based on LTE CRS.

The following was agreed as working assumption:

NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB 
· FFS: With additional REs in guard-band and standalone operation modes
· FFS: Increased density per cell according to coverage


In our view, LTE PRS tone pattern may be re-used for N-PRS for better compatibility with existing PRS and UE implementations. In guard-band/standalone mode CRS symbols/control symbols that may be skipped for legacy PRS can probably also be used for transmitting PRS while retaining similar pattern/density as the PRS on other symbols. However, the following considerations should also be taken into account while determining the resource blocks to use for the PRS across different subframes.

Coherent combining across subframes: Some of the main use cases for NB-IOT involve stationary users at very low SNRs. By defining a new N-PRS pattern that spans multiple contiguous subframes, coherent combining can be done across multiple subframes providing a significant performance advantage and deeper coverage to N-PRS.

Frequency diversity: N-PRS pattern may be defined with frequency hopping giving it frequency diversity gains. However, in very low SNR scenarios, the gains from coherent combining would be larger than gains from frequency diversity. Coherent combining is usually beneficial only over contiguous subframes since the channel is assumed to be constant over the duration of coherent combining. Frequency hopping, if enabled, should be such that PRS is transmitted in a resource block over a set of contiguous subframes before hopping to a different resource block. This would allow the receiver to coherently combine signal across the contiguous subframes for the resource block.

TxD and grouping of N-PRS subframes : Positioning accuracy can also be improved by eNBs using transmit diversity. A simple approach could be to use different beam-pattern across different subframes and repetitions, in effect sweeping across the precoding choices. To facilitate coherent combining at the UE while using TxD, the subframes where the same precoding would be used should be clearly specified.

Proposal 1: Use legacy LTE PRS tone pattern for N-PRS.

Proposal 2: N-PRS transmission on same resource block across adjacent subframes should be supported to extract benefits of coherent combining

Proposal 3: Frequency hopping, if enabled, should be such that a PRS is transmitted on a resource block in a set of contiguous subframes before hopping to a different resource block

Proposal 4: To enable extracting both coherent combining and TxD benefits, the subframes where UE can assume the same precoding is used should be specified.

3. Scheduling of N-PRS subframes
In RAN1#86bis the following agreement was reached:

· The subframes which contain NPRS are configured by higher-layers 
· Per NB-IoT carrier, it is possible to configure the subframes used NPRS transmission such that NPRS do not occur in subframes containing transmissions to Rel-13 UEs in the cell of: 
· NPDCCH 
· NPDSCH 
· NPBCH 
· NPSS/NSSS 
· Configuration of time resources for NPRS 
· Indication of exact subframes is by 
· Part A: A bitmap on subframes which are not NB-IoT DL subframes (i.e. invalid DL subframes) 
· Alt. 4.A1: Bitmap is a fixed length of 10 bits 
· Alt. 4.A2: Bitmap is a the same length as valid subframe configuration, i.e. 10 bits or 40 bits 
· Alt. 4.A3: Bitmap is a fixed length of x bits (e.g., x = 20) 
· FFS which until RAN1#87 
· Part B: Indicated with one start subframe, one periodicity, and one number of repetitions for the occasions
· On an anchor carrier, Part A and/or Part B 
· On a non-anchor carrier, Part A and/or Part B 
· Indication of NPRS muting patterns is 
· Indicated with a periodic NPRS muting sequence 
· Details are FFS

Similar to PRS in LTE, N-PRS should have a signal pattern that avoids collision with CRS. N-PRS pattern can be defined for a standalone deployment and the pattern can be punctured on CRS symbols for in band deployment.
N-PRS collision with N-RS should also be avoided. This could be done by puncturing N-PRS on N-RS symbols but this could significantly reduce the density of N-PRS in a subframe as N-RS occupies 4 symbols of the subframe. To mitigate this it would be desirable to designate most if not all N-PRS subframes as invalid DL subframes for NB-IOT UEs so they aren’t required to carry N-RS. However, this could significantly reduce the available subframes for the NB-IOT UEs as the valid subframe bitmask is only 40 bits long. So even when N-PRS is configured to be transmitted once every second, the NB-IOT UEs would be discarding those subframes always. To resolve this we propose introducing an additional valid bitmask for NB-IOT UEs that are aware of the N-PRS pattern. Since they are aware of the N-PRS transmissions they can treat the N-PRS subframes as invalid subframes even though the new bitmask indicates them to be valid. 
For N-PRS transmission on a non-anchor carrier, part B scheduling above would be preferred since this minimizes the awake time of the UE. Also, contiguous transmission (as in part B scheduling) allows for more coherent combining across subframes. For N-PRS transmission on an anchor carrier, scheduling using part A approach above, with the additional enhancement of separate valid bitmasks for N-PRS aware UEs, is preferred since collision with PDSCH needs to be avoided. To keep design flexible, both options may be allowed for both configurations (anchor and non-anchor N-PRS).
Proposal 5: For in-band deployments, N-PRS should preferably be sent on non-anchor NB-IOT carrier.
Proposal 6: An additional valid subframe bitmask should be introduced for N-PRS aware NB-IOT UEs. 
Proposal 7: N-PRS aware UEs should treat N-PRS subframes as invalid subframes for PDCCH and/or PDSCH scheduling independent of the valid bitmask.
Proposal 8: On anchor carrier, use Part A. On non-anchor carrier, use Part B.
4. Link level simulation results
We evaluated the accuracy of N-PRS-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 N-PRS 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.
5. Comparison with UL-based positioning
For the sake of completeness, we provide in this contribution a comparison with the results in our companion contribution [3] 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.
6. Summary

Proposal 1: Use legacy LTE PRS tone pattern for N-PRS.

Proposal 2: N-PRS transmission on same resource block across adjacent subframes should be supported to extract benefits of coherent combining

Proposal 3: Frequency hopping, if enabled, should be such that a PRS is transmitted on a resource block in a set of contiguous subframes before hopping to a different resource block

Proposal 4: To enable extracting both coherent combining and TxD benefits, the subframes where UE can assume the same precoder is used should be specified.
Proposal 5: For in-band deployments, N-PRS should preferably be sent on non-anchor NB-IOT carrier
Proposal 6: An additional valid subframe bitmask should be introduced for N-PRS aware NB-IOT UEs. 
[bookmark: _GoBack]Proposal 7: N-PRS aware UEs should treat N-PRS subframes as invalid subframes for PDCCH and/or PDSCH scheduling independent of the valid bitmask.
Proposal 8: On anchor carrier, use Part A. On non-anchor carrier, use Part B.
Observation 1: For AWGN channel, increasing the number of N-PRS 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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