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1 Introduction

In July of 2009 at RAN1#57bis, RAN1 began their evaluation of UTDOA as a positioning technology for inclusion in LTE. The objective of this submission is to review the RAN1 UTDOA evaluation assumptions, how they were used for simulations and propose an updated set of assumptions.

2 Discussion

The intention of this section is to identify the difference in assumptions used by companies and their impact on system accuracy.
1. IoT level

The interference level in neighbour cells can affect UTDOA performance. In the initial set of assumptions presented during RAN_57, it was suggested to use IoT level of 3 dB with standard deviation of 3dB [4]. Based on feedback from other companies during RAN1 discussion, it was agreed that for uplink loaded system the interference level can be higher and suggested to use 6dB IoT level for loaded system. Simulation results were presented by TruePosition for loaded system with IoT of 6dB during RAN1_58bis (Miyazaki).

During RAN1_59 (JEJU), Ericsson presented simulation results using IoT levels of 7dB in order to simulate heavy load conditions. Light and Medium load conditions were simulated with IoT levels of 0dB and 3.5dB respectively. These conditions correspond to SINR of 2.2dB, 4.9dB and 7dB.

During RAN1_59bis, TruePosition subsequently presented simulation results using those same IoT levels of 0, 3.5 and 7dB to represent light, medium and heavy load conditions, respectively. 

During that meeting, Ericsson presented simulation results [2] using even more extreme IoT levels (11dB for 80% load and 8.8dB for 50% loaded system). These levels were derived by placing 100 random UE’s per each sector, but without really looking into inter-cell interference management or aggressive power control or cell site management. Although these levels of interference may exist for very short period of time in specific points on the grid, it is not realistic to assume network carrier will plan LTE deployment where interference levels are 11dB in the entire cell over long period of time. However, the UTDOA simulation results in [2] assume these levels exist over the entire deployment area and UTDOA accumulation period (multiple seconds).

During RAN1_60, Ericsson justified [5] the IoT levels of 11dB by providing cdf (figure 1 below from [5]) of the SINR of a typical cell taken from measured LTE trial network.  It should be emphasized that in [5] it is stated this is typical SINR for 100% load of all cells.

From the cdf (sourced from Ericsson R1_101598), it can be derived that only 7.5% of UEs have SINR <0dB that corresponds to IoT level of 11dB and only 15% of UE’s have SINR <2.2dB that correspond to IoT of 7dB. 

The point of doing system level accuracy simulations is to be representative of the field. There is no basis for the network wide IoT levels assumed in [2].
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Figure 1 (from[5]): Typical measured SINR distribution for a deployed LTE system in an urban environment.

2.  ISD of 5km deployment

During the first UTDOA discussion in RAN1, it was agreed to evaluate UTDOA accuracy performance for LTE for ISD of 500m and 1.7km. This is consistent with OTDOA or AOA+TA evaluation where the same site spacing was used.

During RAN1_59and 59bis, Ericsson presented simulation results [1],[2] for ISD of 5km although simulation model and assumptions were not discussed or agreed. It is evident that the simulation model used for 5km is not realistic from the UE transmit power plot (from contribution R1_094636[1]) in figure 2 below. The plot indicates that the UE is power limited at max power for 95% of the points on the grid. This indicates there will be large areas of no voice coverage. Location accuracy should be evaluated in places where a communications link can be maintained. 

[image: image2]
Figure 2 (R1_094636): cdf of UE tx power for an ISD of 5km and EPA 3 with penetration loss of 20dB.
During RAN1_60, new simulation results using an antenna height of 45m were submitted by Ericsson, but no analysis of voice coverage was included. Since 5km ISD spacing was not used for evaluating OTDOA or AOA+TA, for consistency it should not be used for evaluating UTDOA.

3. Voice Coverage and Penetration Loss

UTDOA accuracy should be evaluated only where it has been determined that there is adequate voice coverage. It should be noted that especially for the 1.7km site spacing with penetration loss, a 100% voice coverage deployment target is not guaranteed. If it is determined that SINR at the serving cell is below agreed threshold (5dB below SINR) at certain cell edge areas, these areas should be excluded from UTDOA accuracy evaluation. It is also important to point out that isotropic penetration loss shall be assumed.

4. UTDOA fallback to Cell_ID 

As described in [1], when the UE is located very close to the serving cell and transmits with low power, it is possible that there won’t be enough neighbour cooperating LMUs. Fortunately, in this case the UE is located very close to the serving site and using the serving site antenna location (lat/long) as an estimate of the UE position will provide a very accurate estimate. It is suggested to use serving cell (lat/long) as the UE position estimate when the number of coopering LMUs is less than 3. This should provide good UE position estimate for region size in the order of 10% of ISD near the serving cell.

5. Frequency Hopping

Frequency hopping has been introduced into the LTE physical layer in order to mitigate with interference. Especially in systems that are not 100% loaded, frequency hopping decreases the chance that neighbour cells UE’s will transmit on the same PRB over consecutive TTI’s. It is suggested to simulate frequency hopping gain by introducing interference collision rate at cooperation LMU’s. In 100% loaded system, that ratio will be 1, however in system with medium or low load conditions, the collision rate will be less than 1. 

2.1 Updated Simulation Assumptions

Table 1 Simulation assumptions for UTDOA multilateration techniques
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m, 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 in km)

	Carrier frequency
	2 GHz

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m (Case 1 and 3)

Outdoor: 10 dB, 30 km/h for 500m (Case 2)

(Penetration Loss is Isotropic)

	Carrier bandwidth
	10 MHz

	UE power
	Varied to meet SINR targets specified below

Power Class:  23 dBm

	eNB noise figure
	5 dB

	Lognormal shadowing standard deviation
	8 dB

	Correlation distance of shadowing
	50 m

	Channel model
	ETU , EPA 

 AWGN

	Cyclic prefix
	Normal

	Frequency reuse
	1 

	SPS Resource block allocation
	1 resource block for 100 msec of integration time (e.g. 1 sec @ 10% duty cycle)

	SRS allocation
	SRS sequence length – 24

Number of SRS transmissions - 10

	UE height
	2m AGL

	Coherent integration length
	 1ms

	Non coherent segments
	100

	RMS clock synchronization error between LMUs
	50 nsec

	RMS delay spread due to diffuse multipath
	200 nsec

	Interference model
	SINR of 7dB, 4.9dB and 2.2dB at Reference LMU with respective 

IoT of 0dB, 3.5dB and 7dB

	Interference Collision Rate at Cooperating LMU
	0,50, 80%

	Detection window
	12.5 microseconds

	False alarm rate  (noise only)
	0.5 %

	Network synchronization
	Between LMUs

	UE Voice Coverage
	UTDOA is calculated only in points on the grid where UE has voice coverage (UE power is 23dBm or less)

[including penetration loss case]

	Filtering
	Frequency domain filtering is applied both at Reference LMU and Cooperating LMUs


	Simulation Output
	1.Detection Curves (Detection Probability vs coop SINR) for each reference SINR

2. RMS Error Curves (RMS TDOA Error vs. coop SINR)

3. Accuracy Curves (Probability vs Error)
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