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Introduction
One of the objectives of the REL-14 NB-IoT enhancements work item is to improve the positioning support. One of the objectives is to evaluate UTDOA and OTDOA [1]:
· 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
RAN1 is asked to compare UL and DL based TDOA for NB-IoT and provide a recommendation to RAN#73 on which of these two solutions to adopt for NB-IoT. As a result of the discussion in RAN1#86 meeting, an LS is sent from RAN1 to RAN [3].  
[bookmark: _Toc242573354]In this contribution, we further discuss the observations given in [3], as well as provide an updated OTDOA simulation results based on the agreed simulation assumptions presented in [5]. From the results, it can be observed that OTDOA is capable to deliver promising positioning estimations for NB-IoT. 
Observation of DL OTDOA for NB-IoT
In the LS sent by RAN1 to RAN, most of the companies observed that OTDOA based positioning methods showed better performance than the UTDOA based methods. As pointed out in [3], the best performance observed for OTDOA is 11 meters 67% with EPA1 channel, while for UTDOA the best performance observed is 21 m with EPA1 channel. However, in [3], it is also mentioned that: 
“One evaluation found accuracy on the order of a few hundred meters, re-using NPSS, under assumptions of Rel-13 UE complexity.”

The above observation is based on the results given in [4], which assumes no new additional positioning signal, and timing accuracy measurements based on the synchronization performance requirement of Rel-13 NB-IoT UEs. As the sourcing company of [4], we would like to clarify that the above observation does not imply that OTDOA based positioning methods give inferior performance comparing to UTDOA based methods. Rather we would like to demonstrate the consequence of re-using the Rel-13 NB-IoT primary synchronization channel (i.e., NPSS) timing accuracy requirement for the purpose of positioning. For the Rel-13 NB-IoT UEs, a sampling rate of 240 kHz was assumed when processing the NPSS, which gives an ToA estimation error up to ±0.5/240·103, i.e. 64 Ts. This ToA estimation error leads to poor positioning performance with an accuracy of a few hundred meters. However, as discussed in [4], if the timing accuracy measurement at the UE can be improved, better positioning performance can be achieved. Figure 1 was presented in [4], and as we can see from the figure, if the timing accuracy can be improved, much better positioning performance can be expected for the NB-IoT UEs. These additional observations were however not included in the LS sent to RAN. 
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[bookmark: _Ref461050113]Figure 1 Positioning accuracy at the 67th percentile if UE timing accuracy of 10, 20, 40 or 80Ts is assumed.
OTDOA based on NPRS
During the discussions in RAN1#86 meeting, it was observed that using signals similar to the legacy PRS gives good ToA estimation. In this contribution, we also present positioning results based on using signals similar to the legacy PRS tailored to NB-IoT. Throughout this paper, we refer to this signal as NPRS. More detailed study of how NPRS can be designed would be a topic of study if OTDOA would be chosen as the proper option for NB-IoT positioning. 
In Figure 2, we show the NPRS signal used in the evaluations in this paper. The NPRS design is simply the legacy PRS restricted to 1 PRB. We however allow the NPRS to be accumulated over time to facilitate UE’s ToA estimation. 
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[bookmark: _Ref461022859]Figure 2: NPRS pattern
[bookmark: _Ref458455674]Performance
To evaluation the positioning performance of the NPRS based method, we setup our simulation based on the agreed simulation assumptions given in [5]. The simulator used for our positioning evaluation is described in [2]. The results presented here assume (1) indoor deployment, i.e., BPL is assumed, (2) inband with 2 TXs and 35 dBm total TX power, (3) load zero (i.e., no interference), (3) 30.72MHz sampling rate at UE, (4) perfectly synchronized network, and (5) a maximum number of 10 eNBs are involved for positioning. 
Figure 3 shows the simulation results for EPA 1 Hz channel and ETU 1 Hz channel. We can see that for EPA 1 Hz channel, a horizontal positioning accuracy of 30 meters is observed at the 67%-tile, and for ETU 1 Hz channel, a horizontal positioning accuracy of 140 meters is observed at the 67%-tile. 
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[bookmark: _Ref461189791]Figure 3: OTDOA horizontal positioning performance for inband deployment
The simulation results agree with the observations given in [3] that the performance of the positioning accuracy depends on the employed channel models. Since the EPA channel is less dispersive in time compared to the ETU channel, it tends to give a better ToA estimation, especially after serval accumulations of NPRS signal.
Observation: The positioning accuracy depends on the channel model assumed. For channel models that are less dispersive in time, better positioning accuracy is observed. 
· For EPA-1Hz, a horizontal positioning accuracy of 30 meters is observed at the 67%-tile.
· For ETU-1Hz, a horizontal positioning accuracy of 140 meters is observed at the 67%-tile.

Conclusions 
In this contribution, we have provided updated OTDOA results based on NPRS. We have the following observations.
Observation: The positioning accuracy depends on the channel model assumed. For channel models that are less dispersive in time, better positioning accuracy is observed. 
· For inband EPA-1Hz, a horizontal positioning accuracy of 30 meters is observed at the 67%-tile.
· For inband ETU-1Hz, a horizontal positioning accuracy of 140 meters is observed at the 67%-tile.
We can see OTDOA based on NPRS can provide similar or better positioning accuracy than UTDOA based methods reported in [3]. From the observations in RAN1#86 [3] and the analysis in [6], we conclude that OTDOA is a better option for NB-IoT positioning and thus make the following proposal.
Proposal: It is proposed that RAN select OTDOA as the positioning method for NB-IoT. 
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