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One of the objectives of the REL-14 NB-IoT enhancements work item is to improve the positioning support based on OTDOA [1].
· OTDOA is supported
· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB
· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

In our accompanying contribution [3], we have analyzed in detail why NB-IoT OTDOA should be based on LTE PRS in 1 PRB mainly from a qualitative perspective. In this contribution, we provide simulation results to demonstrate that the design of PRS, particularly the reuse 6 pattern, enables much enhanced hearability of multiple neighboring cells and thus leads to much better positioning accuracy than a signal with reuse 1. 
Discussion
At RAN#73, we have provided input on the positioning accuracy of OTDOA based on LTE PRS in 1 PRB [2]. The input presented was for simplicity assuming 0% load corresponding to a completely coverage limited network scenario. The system simulator has been updated to model downlink interference and a reuse 6 PRS planning, as detailed in [4].
We setup our simulation based on the agreed simulation assumptions given in [6] and use the simulator described in [4]. 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) 30.72MHz sampling rate at UE, (4) perfectly synchronized network, and (5) a maximum number of 10 eNBs are involved in any given positioning attempt. In the simulation, we consider three cases for LTE PRS in 1 PRB:
· No interference: In this case, positioning results are based on SNR values without taking interference into account. Only thermal noise limits the performance.
· Reuse 1: In this case, all the cells apply the same frequency shift for PRS. This is an artificial and pessimistic scenario used to show the impact of interference on positioning based on a signal of reuse 1.
· [bookmark: _GoBack]Reuse 6: In this case, the reuse 6 pattern in PRS is fully exploited. The detailed PRS planning is described in [4]. Muting, which could further improve the results, were not used.

Figure 1 shows the simulation results for EPA 1 Hz channel. The following observations are in order.
· With reuse 6, a horizontal positioning accuracy of 56 meters is observed at the 67%-tile.
· Compared to the ideal benchmark case that does not consider interference, with reuse 6 the horizontal positioning accuracy is only slightly degraded, showing that the reuse 6 pattern in PRS is robust to interference.
· Compared to the case of reuse 6, reuse 1 gives very poor horizontal positioning accuracy due to the strong interference that results in poor hearability of multiple neighboring cells.
[image: C:\local_data\MassiveMTC\MyDocs\Positioning\RAN1_86bis\Figures\Positioning_EPA_Comp.png]
[bookmark: _Ref462828469]Figure 1: OTDOA horizontal positioning performance for inband deployment: EPA 1Hz
The horizontal positioning accuracy results can be explained by examining the number of eNBs taking part in any given positioning attempt. In the simulations performed for this paper a UE attempts to listen to the PRS in up to 10 cells. If the SINR is below -13 dB the UE to eNB link is considered too weak to give a time of arrival estimate. The below figure depicts the distribution of number of eNBs taking part in a positioning attempt for the three considered cases. The OTDOA positioning algorithms need at least TOA estimates from four different eNBs to give a robust performance. Figure 2 clearly shows that with PRB reuse 1 more than 90% positioning attempts cannot have four different eNBs, leading to poor horizontal positioning accuracy shown in Figure 1. The PRB reuse 6 distribution in Figure 2 also indicates that good positioning performance can be delivered if on average roughly five eNBs are taking part in a positioning attempt. This is an important observation to take into consideration when assessing the impact on UE power consumption from OTDOA.
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[bookmark: _Ref462836961][bookmark: _Ref462836949]Figure 2: Distribution of number of eNBs taking part in a positioning attempt: EPA 1Hz.
In the Appendix, we provide results for ETU 1Hz channel. Again we can see that with reuse 6, the positioning accuracy is robust to interference, while reuse 1 gives very poor horizontal positioning accuracy due to the strong interference.
Observation 1: The reuse 6 pattern in PRS is robust to interference and enables much enhanced hearability of multiple neighboring cells, leading to decent positioning accuracy.
Observation 2: A reuse 1 signal results in poor hearability of multiple neighboring cells for UE, leading to poor positioning accuracy.
Note that the simulation results provided here only exploit the reuse 6 pattern in PRS. In LTE, more mechanisms for PRS have been standardized to enhance hearability of multiple neighboring cells. One example mechanism is PRS muting that allows eNB to transmit PRS with zero power. This time muting mechanism effectively brings in greater than 1 reuse in time domain and thus can further reduce interference on top of the reuse 6 pattern in PRS. 
Observation 3: NB-IoT OTDOA based on PRS of reuse 6 may be further improved by exploiting more existing mechanisms such as PRS muting.

Conclusions
In this contribution, we have presented simulation results that demonstrate that the design of 1 PRB PRS, particularly the reuse 6 pattern, enables much enhanced hearability of multiple neighboring cells and thus leads to much better positioning accuracy than a signal with reuse 1. In particular, we have made the following observations.
Observation 1: The reuse 6 pattern in PRS is robust to interference and enables much enhanced hearability of multiple neighboring cells, leading to decent positioning accuracy.
Observation 2: A reuse 1 signal results in poor hearability of multiple neighboring cells for UE, leading to poor positioning accuracy.
Observation 3: NB-IoT OTDOA based on PRS of reuse 6 may be further improved by exploiting more existing mechanisms such as PRS muting.
From the above observations, the analysis in [3], and the discussions in [5], we conclude that NB-IoT OTDOA should be based on LTE PRS in 1 PRB with extension to standalone and guardband deployments, and thus we make the following proposal.
Proposal 1: RSTD measurements for NB-IoT OTDOA are based on LTE PRS in 1 PRB with extension to standalone and guardband deployments. 
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Figure 3: OTDOA horizontal positioning performance for inband deployment: ETU 1Hz
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Figure 4: Distribution of number of eNBs taking part in a positioning attempt: ETU 1Hz.
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