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1 Introduction
In RAN1 #57, some essential issues on DL OTDOA have been agreed as a WF [1]. During the last meetings, potential performance enhancement techniques have also been proposed and discussed. The proposals include whether or not same site should use same PRS (positioning Reference signal) pattern [2], and whether or not cell blanking is beneficial [2, 3]. Since introducing such techniques may have direct impact on the design of OTDOA, e.g., PRS pattern generated from a function of PCI, detailed performance evaluation should be provided and analyzed of the necessity for such techniques.
In this contribution, we provide a comprehensive study on OTDOA via system level simulation namely for the following issues: 1) whether it is necessary to introduce the same PRS pattern of same site. 2) whether cell blanking is useful to improve the positioning accuracy. 

2 Same PRS pattern within the same site
2.1 Discussion 
For OTDOA positioning, it is well known that one key factor is to detect more sites at the UE side. It is proposed in [2] that cells belonging to the same site with almost the same geographical antenna position should transmit the same PRS pattern at the same subframe. In the following we give discussions on this scheme from two points of view.

· The performance point of view
If the cells of the same site use the same PRS pattern, different PRS patterns (which may differs in time or frequency or code field) can be allocated to different sites instead of different cells. Given that the PRS pattern number is similar to the site number, interference from the same PRS pattern may be greatly suppressed because of nearly no two sites using the same PRS pattern. However, it should be noted that the number of PRS patterns is always smaller than the number of network sites, especially for orthogonal patterns [4, 5]. Thus the collision of using the same pattern for different sites can not be totally avoided by allocating same PRS pattern to same site. Correspondingly, the disadvantage is that UE may suffer interference from all cells belonging to the same site if collision happens, which may enhance the interference and degrade the hearability.

· The implementation point of view

As we know, there is no site number in the Spec. Tying the PRS pattern to the site number is hard to standardize unless we introduce a site number, which may greatly influence the Spec. Moreover, it will result in more cell-planning work and increase the network deployment complexity because cells with the same site number must use the same PRS pattern.  Note that it is agreed in the way forward that the PRS pattern is generated by a function of PCI. 
2.2 Evaluation
The simulations are based on [6]. 3GPP case 1 and case 3 are simulated in a 10 MHz system.  The PRS pattern is E-TPDL with a reuse factor of 6 [5]. For all cases a synchronized network is considered. Since 3GPP Case 1 is interference-limited, no power boosting is applied, while 7.78 dB power boosting (Since reuse factor is 6) is applied is 3GPP Case 3 because it is nose-limited. More details are listed in Appendix A.
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Fig.1
Positioning accuracy of site pattern and cell pattern for Case 1
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Fig.2
Positioning accuracy of site pattern and cell pattern for Case 3
Here we denote one site using one pattern as “site pattern”, and one cell using one pattern as “cell pattern”.  Figure 1 and Figure 2 give the positioning accuracy of site pattern and cell pattern for 10 MHz system for 3GPP Case 1 and Case 3.  The solid lines correspond to site pattern, while the dotted lines correspond to cell pattern. Based on these results for 3GPP Case 1 and Case 3, it can be seen there is a negligible benefit to use same PRS pattern within same site.
According to the analysis and simulation results above, we get the following conclusions on site pattern and cell pattern:

· The site pattern performs similarly as cell pattern for 3GPP Case 1 and Case 3. 
· Tying the PRS pattern to the site number is hard to be standardized and results in more complexity.
Based on the discussion above we propose the following 
Proposa1: Do not introduce the site PRS pattern concept.
3 Potential Improvements Evaluation
3.1 Discussion
To improve the hearability, the scheme of blanking the signals from some cells has been proposed in [2][5]. One method is blanking PRS of the cell/site that is serving the measuring UE. It has been verified in [7] that blanking the signal of the entire serving site results in significantly better hearability than blanking only the serving cell. However, as point out in [2] that it is not possible to mute all the PRS subframes because this would cause no signal to measure on.
A recommended method is to remove the PRS among the cells in a pseudo-random way, so that the UE would have the opportunity to estimate the ToA of the weaker cells. However, Cell blanking scheme may lead to a case that the UE would miss some available cells because these cells mute their PRS transmissions on specially designated subframes. Compare to the weaker cells, these blanked cells may provide more accurate ToA estimation to the served UE. In the following blanking interfering cells is evaluated.
3.2 Evaluation
Simulation parameters are shown in Appendix A. Case1 and case3 are simulated in a 10 MHz system. The blanked cells of PRS transmission are chosen in a pseudo-random way with probability of 20% and 30%, respectively. Figure 3 and Figure 4 show the positioning accuracy in the same simulation conditions as for Figure 1. 
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Fig.3 Positioning accuracy for Case 1
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Fig.4 Positioning accuracy for Case 3

It can be seen from the simulation results that the positioning performance does not improved with the blanking of PRS from some cells. On the contrary, when the blanking probability increases from 0% to 20% to 30%, the positioning accuracy decreases. As we discussed before, when blanking, the UE may miss some available cells which can provide more accurate ToA estimation.
According to the analysis above, we see that blanking some cells in the network does not seem to improve the positioning accuracy.
Therefore we propose that:
Proposa2: Do not introduce blanking of PRS.
4 Conclusion
In this document we analyzed the necessity of introducing same site using same PRS pattern and cell blanking, and provided system level simulation results. The following proposals were drawn from the analysis:
· Do not introduce the site PRS pattern concept.
· Do not introduce blanking of PRS.
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Appendix A: Simulation parameters
In our simulation, the PRS false alarm rate is 1%. The OTDOA positioning error is based on algorithm proposed in [8].
Table 1 System-level simulation assumptions

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around, 57 Cells

	Inter-Site distance
	500 m (No power boosting), 1732 m (7.78dB power boosting)

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	eNB power
	46 dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU

	UE speed
	3 km/h

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of received antennas
	2










































































