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1
Introduction

Work item for LTE positioning support was agreed in RAN Plenary meeting #42 [1]. One of the objectives is to define terrestrial positioning method similar to OTDOA in UTRAN:
-
a downlink terrestrial positioning method, analogous to E-OTD, OTDOA and AFLT, capable of operating in UE assisted and UE based modes (note that a single downlink method will be defined)

Time difference of arrival based positioning uses time difference measurements between two base station signals to calculate UE position. Hence one focal problem in positioning is hearability of the neighbouring cells. Purpose of this contribution is to provide some simulation results about hearability and how it could be improved.
2
Discussion
Successful positioning using OTDOA requires that at least three base station signals are received from different base stations. To get to this situation it is clear e.g. based on the results in [3], [4] that hearability must be improved somehow from the already existing LTE requirements. As already seen in earlier RAN1 meetings the improvement could be achieved by blanking stronger base station signals preventing the hearability of the weaker ones. Other possibilities would be adding new reference signals and/or increasing averaging time to increase SNR. Firstly mentioned, i.e. blanking interfering base stations has been studied in this contribution.
Simulation parameters are shown in Table 1. Simulations are done in a static environment where all base stations are assumed to be transmitting all the time and only slow fading was taken into account. See Figure 1 for the scenario layout and the studied “area of interest” (from the viewpoint of a single cell in one site). In simulations, we assume a blanking configuration, then calculate Es/Iot and RSRP for each position in the area of interest and finally calculate the hearability probability for each site  Also, we do a multiple drops in each simulation as shadowing can vary, so that the effect of shadowing gets averaged out.
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Figure 1. Simulated Macro Scenario
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Figure 2 Simulated network layout.

Table 1 Simulation Parameters
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid

	Inter-Site distance
	1732 m

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

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

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	eNB power
	43 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
	3km/h

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	1

	RSRP Threshold
	-126 dBm

	Es/Iot threshold
	-6 dB (unless otherwise stated)


First, blanking of the serving cell only was compared against blanking of whole site of the serving cell. Result is shown in Figure 3. Blanking entire site gives significantly better results and it has been assumed in the rest of the simulations, but it can be seen that blanking only own site is not an adequate solution if default RSRP and Es/Iot thresholds are used.

Results with blanking the whole site of the serving cell and one, two and three additional sites have been shown in Figure 4, Figure 5 and Figure 6, respectively. Additional blanked site(s) in these results have been selected from the group of the closest cells to the own cell of the UE (see Figure 2 for the naming conventions of the sites), and it is assumed that all the blanked sites are blanked at the same time. Results show that there is very little difference in hearability between these cases. So it seems that blanking additional base stations is not a solution to the hearability problem.
Finally results with blanking of own cell with more relaxed Es/Iot requirements are shown in Figure 7. As can be seen, lowering Es/Iot requirement to -12 dB seems to be adequate solution with own cell blanking since more than three cells are heard with probability of 94.4%. 
Es/Iot requirement lower than the RAN4 value (-6dB) [2] could be considered since that is defined for synchronization signals which have significantly less symbols per time unit than there are common reference symbols. Averaging can also be used to scale signal to noise ratio of reference symbols. 

The above implies that the network must provide the UE with assistance data for it to be able to detect the neighbour cells and measure their accurate timings. The assistance data would at least need to contain PCIs of the candidate neighbours as well as possibly also the relative cell transmit timings. This information is anyway something that the locationing server must know or else it would not be able to calculate the UE’s position based on the time difference measurements.
Note: RSRP threshold was also varied with simulations, but it was very easily noticed that the RSRP is not a limiting factor in a macro scenario. 
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Figure 3 Blanking of cell vs. site.
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Figure 4 Blanking of own site + one more additional site. Two best layouts out of 6 possible layouts.
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Figure 5 Blanking of own site + two more additional sites. .Three best layouts out of C62 = 15 possible layouts.

[image: image6.emf]0

10

20

30

40

50

60

%

N sites Identified

sites N4 N10 N8 OFF

0.690506 57.3058 39.1184 2.88533

sites N13 N8 N4 OFF

0.819956 58.546 38.9537 1.68033

sites N13 N10 N8 OFF

0.584036 59.9965 37.6792 1.73441

1 2 3 4


Figure 6 Blanking of own site + three more additional sites. Three best layouts out of C63 =20 possible layouts.
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Figure 7 Blanking of own site + lower Es/Iot requirement

3 Conclusions

Hearability of base station signals was studied in macro cell environment. The results show that the default requirement of Es/Iot-threshold for cell identification seems to be the limiting factor in the site hearability, and hence the location problem is reduced to a problem of having good enough Es/Iot to enough cells (of different sites). Results with blanking show that blanking the signal of the entire serving site results in significantly better  hearability than blanking only the serving cell. However, blanking additional sites does not seem to provide much improvement compared to blanking serving site only. It is seen that lowering Es/Iot threshold to -12 dBs improves hearability enough so that adequate number of sites are heard with 94.4% probability.
It is also noted that it appears that the UE needs to be provided with assistance data (candidate cells’ PCIs and possibly relative transmit timings) in order for it to be able to detect and measure the timings of the neighbour cells with sufficiently high yield.
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