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1
Introduction

Work item for LTE positioning support was agreed in RAN Plenary meeting #42 [1] with an objective to define terrestrial positioning method similar to OTDOA in UTRAN. OTDOA positioning requires that UE is able to measure several cells so that UE position can be calculated based on arrival time differences. Purpose of this contribution is to provide results of positioning accuracy of OTDOA in dynamic environment. Both CRS and PRS are used (separately) in the simulations.
2
Simulation Assumptions
There are two questions in positioning: Cell hearability and positioning accuracy. The former is a fundamental but solvable issue, while the latter relates to the requirement of the positioning algorithm. There have been several contributions in RAN1 on both issues, e.g. [2] and [3].
The measure for positioning system performance is accuracy of positioning. Issues affecting the position accuracy are at least delay measurement error in the UE, measurement report granularity, potential delay uncertainty due to practical network implementation and geometry between UE and the heard node Bs locations and the actual algorithm that is used to calculate final position based on delay measurement results. Accuracy of UE delay measurement is further affected by SNR of signal used for measurement and propagation conditions. (See also [3] for a more complete discussion on the positioning accuracy aspects.)
In the simulation results presented in this contribution we have used similar assumptions as in hearability studies in [2] . To assess the positioning accuracy, TDOA measurements of each cell (i.e. the cell timings) are tracked. This is done by combining results from link and system level simulators. First the cell timing errors are first simulated in link level to obtain the distribution of the timing errors for each Es/Iot – value. In the system level simulations, each UE then first tracks which cells are hearable, and for each hearable cell then assigns error depending on the Es/Iot-value of the cell. (The errors were modeled with a normal distribution, with mean/STD for each Es/Iot shown in Figure 1.) These TDOA measurements are then fed to an OTDOA positioning algorithm (described in [5]) to obtain a positioning estimate, which is then compared to the real position (known a priori in the simulation) to get the positioning error. A UE can also do the positioning attempt more than once (in case the measurement results change), but a least-squares estimation is done to assess the reliability of the measurement: The positioning re-estimate is done using OTDOA measurements that are closest to serving eNB and only the best estimate is kept .
Naturally, the more time is used for the measurement the better chances each UE has to identify at least N = 3 sites since more measurement occasions are provided. The amount of available time also affects the accuracy because there is more time to obtain the timing estimates. 
We use blanking for the own site in these simulations (similarly as in [2]) to improve the hearability of the other cells. It is assumed that the own site is blanked during each positioning subframe, i.e. the site is blanked 10% of the time with 10 ms positioning subframe frequency with both PRS and CRS. Also, the PRS and CRS are modeled similarly in the simulation, except that there is no data in the positioning subframes when we use PRS. With CRS, full interference from data to CRS from other eNBs was considered. We also assume the same reuse factor for PRS that is used for CRS, i.e. reuse 3.If the reuse were to be higher, it is expected that the results would show better performance for the PRS positioning accuracy: UE could hear more eNBs (i.e. increased Es/Iot in general), which would lead to better positioning estimate and the timing error would also be smaller for better Es/Iot values.
The set of the relevant simulation parameters is provided in Table 1
Table 1 Simulation Parameters
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid

	Inter-Site distance
	500m, 1732 m

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

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R is 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
	3 km/h

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Interval of positioning subframes
	10 ms

	Positioning attempt length (i.e. simulation time)
	8 or 16 seconds

	Traffic load (for CRS cases)
	0% (no interference from data), 100% (full interference from other cells during positioning subframes)

	Number of transmit antennas
	1

	RSRP Threshold for cell hearability
	-127 dBm

	Ês/Iot threshold for cell hearability
	-6, -12 dB


Figure 1. TDOA Error Modeling for the positioning accuracy
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3
Simulation Results

The simulations were done according to the parameters in Table 1 for both PRS and CRS patterns, but traffic load of 100% was simulated only for CRS since it was assumed that PRS suffers no (or only very little) interference from data. The accuracy of the positioning estimates are shown in Figure 2 - Figure 5, with Table 2 showing how well the UEs were able to obtain a positioning estimate during the simulation. Positioning is calculated as failed in case positioning algorithm is not able to calculate UE position based on timing information [or some explanation what does failing mean].
Table 2. Probability that positioning fails with CRS/PRS, Es/Iot threshold = -6 dB
	Case/Loading
	CRS, 100% load, Es/Iot = -6 dB
	CRS, 0% load, Es/Iot = -6 dB
	PRS, Es/Iot = -6 dB
	PRS, Es/Iot = -12 dB

	Case 1, 8 s
	23.25
	0
	0
	0

	Case 1, 16 s
	18.25
	0
	0
	0

	Case 3, 8 s
	23
	1.375
	1.375
	0.5

	Case 3, 16 s
	19
	1.375
	1.375
	0.5


The results in Table 2 show that the positioning accuracy can be obtained with low load for CRS, i.e. when there is no interference from data. With 100% load, i.e. full interference from data, the accuracy of CRS-based positioning can be poor for several users due to poor cell hearability. With PRS, the positioning accuracy is equally good with the same Es/Iot-threshold for hearability as with CRS. A case with the Es/Iot-threshold of -12 dB for hearability is included for the PRS case to show how much we could still improve the accuracy if the hearability requirements for PRS were lower than for CRS.
Figure 2 Positioning Accuracy,  Es/Iot = -6 dB, CRS vs. PRS, Case 1, 8 seconds positioning attempt
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Figure 3 Positioning Accuracy, Es/Iot = -6 dB, CRS vs. PRS, Case 1, 16 seconds positioning attempt
[image: image3.jpg]CDF

08

06

04

02

———CRS, 3GPP Case 1, 100% load
———CRS, 3GPP Case 1,0% load
——PRS, 3GPP Case 1

60

80 100 120 140 160 180
Positianing Error [meters]

200




Figure 4 Positioning Accuracy, Es/Iot = -12 dB, CRS vs. PRS, Case 3, 8 seconds positioning attempt
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Figure 5 Positioning Accuracy, Es/Iot = -12 dB, CRS vs. PRS, Case 3, 16 seconds positioning attempt
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In general, the following observations can be made of the accuracy results:

· The longer the positioning attempt time, the better positioning accuracy (simply because cell hearability is better, as was also seen in earlier results in [2])

· The lower the interference from data, the better the positioning accuracy with CRS measurements
· Positioning accuracy requirements can’t be met with 100% interference from data and -6 dB Es/Iot hearability threshold for CRS measurements
· However, in case there is no (or very little) interference from data, positioning accuracy requirements can also be met also with CRS and the performance is similar to the PRS performance
· Assuming that the PRS design guarantees low interference from data, PRS provides good positioning accuracy

· The better the PRS signal hearability (i.e. the lower Es/Iot-threshold for measurable cells), the better positioning accuracy is obtained (The design of PRS might be able to guarantee that this is the case)
The improvement in the positioning accuracy for PRS with -12 dB Es/Iot-threshold is significant at 100% load and further improvement may be possible depending on simulation assumptions (no power boosting, same reuse as for CRS). 
3 Conclusions
We have studied the positioning accuracy of CRS and (one example of) PRS in macro scenario with different sizes and different load conditions. The results show that it is also possible to reach the required positioning accuracy with CRS, provided that some level of interference coordination ensuring clearn low interference measurement occasions are available to the UE. PRS usage assumes a type of interference coordination where PRS subframes are sent from all cells simultaneously with no data in these subframes. PRS is also expected to provide better hearability, i.e. it can be detected with lower Es/Iot levels than CRS. The PRS impact to hearability was not analyzed in this document, but two different Es/Iot thresholds were considered.
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