
	
3GPP TSG-RAN1 Meeting #87	 R-1611118
Reno, Nevada, 14 – 18 November 2016
	
Agenda Item:	6.2.9.1.1
Source: 	Ericsson
Title:  	OTDOA performance for NB-IoT 
Document for:	Discussion	
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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

Furthermore, at RAN1#86bis it was agreed to base the OTDOA design on the LTE PRS mapped to a single resource block, and to continue the work on the design details. In this paper we present OTDOA performance based on the Narrowband PRS (NPRS) combined with a simple on/off muting pattern. 
Discussion
The system simulator described in [4] was used to investigate the impact on OTDOA NPRS performance when introducing a simple on/off NPRS muting pattern. When the strong NPRS which the UE receives from its serving cell is muted, then there is more chance that a weaker NPRS from the neighbour cells with the same frequency shift would be more easily detected. The simulator was configured according to the agreed simulation assumptions given in [6]. The results presented here assume:
· 100% device indoor deployment, i.e., a building penetration loss (BPL) is applied to all devices, 
· NB-IoT inband deployment with 2 TXs and 35 dBm total TX power,
· 30.72MHz sampling rate at the device side to enable good positioning performance,
· a perfectly synchronized radio network, and
· a maximum number of 10 eNBs are involved in any given positioning attempt. 
Four types of scenarios were simulated: 
· No interference: 
In this case, positioning results are based on SNR values without taking interference into account. Only thermal noise limits the performance.
· 100% interference:
In this case, all the cells apply the same frequency shift for NPRS leading to a 1-resue. This is an artificial and pessimistic scenario used to show the impact of interference on positioning.
· PRS (6 reuse): 
In this case, the reuse 6 pattern in NPRS is fully exploited. The detailed NPRS planning is described in [4]. 
· PRS + Muting (12 reuse)
In this case, the reuse 6 pattern in NPRS is combined with a simple on/off muting pattern leading to a 12 reuse.
Figure 1 shows the simulation results for EPA 1 Hz channel. It is observed that a significant improvement is enabled just by introducing the NPRS (green graph). When in addition applying muting (purple graph) the performance is close to the ideal case where the performance is only limited by the device intrinsic thermal noise.
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[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 NPRS of 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 four 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 NPRS reuse 1 (i.e. 100% interference) more than 90% positioning attempts cannot have four different eNBs, leading to poor horizontal positioning accuracy shown in Figure 1. When activating the NPRS and muting, the number of eNBs taking part in any given positioning attempt eNBs approaches the ideal case only limited by the device intrinsic thermal noise.
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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 NPRS reuse 6 and muting, the positioning accuracy is robust to interference, while reuse 1 gives very poor horizontal positioning accuracy due to the strong interference.
Observation 1: The NPRS reuse 6 pattern is robust to interference and enables much enhanced hearability of multiple neighboring cells, leading to improved positioning accuracy.
Observation 2: A simple muting pattern in combination with NPRS further improves the results.

Conclusions
In this contribution, we have presented simulation results that demonstrate that the design of a narrowband PRS (NPRS), particularly the reuse 6 resource element pattern combined with a simple on/off muting, enables improved hearability of multiple neighboring cells which leads to improved positioning accuracy. 
In this contribution we have made the following observations.
Observation 1: The NPRS reuse 6 pattern is robust to interference and enables much enhanced hearability of multiple neighboring cells, leading to improved positioning accuracy.
Observation 2: A simple muting pattern in combination with NPRS further improves the results.
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[image: ]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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