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1. Background
A working item on positioning support for LTE was approved in TSG-RAN#42 [1]. The UE-assisted variant of Observed Time Difference of Arrival (OTDOA) has been mainly in focus in RAN1, but the network-based Angle of Arrival (AOA) combined with Timing Advance (TA) has also been agreed. The remaning issues in RAN1, mainly the positioning reference signal (PRS) pattern and PRS sequences for OTDOA, have been discussed in the last RAN1 meeting resuling in the baseline agreement for the proposed changes to 3GPP TS 36.211 [4], introducing positioning subframes configuration and PRS in LTE, and 36.214 [5], introducing new measurements for positioning support in LTE. 
A framework for OTDOA positioning requirements in RAN4 has been proposed in [2] indicating the need for system simulations in RAN4 to primarily assist in defining cell search requirements to enable proper PRS measurements and identifying the minimum number of cells that would allow to meet some reference accurancy target. To align system simulation results, a set of system simulation assumptions for the OTDOA framework in RAN4 have been proposed in [6]. In this contribution, we propose a slight revision of the assumptions as well as describe the methodology and the proposed scenarios.
2. Performance Indicators

RAN4 needs to identify the levels for certain side conditions and values of certain parameters, which are crucial in determing the UE position based on reference signal time difference (RSTD) measurements with the desired positioning accuracy in typical system scenarios. Given that the UE needs to measure a certain number of cells in distinct locations with a good geometry, the cell search requirements based on SCH may be not sufficient to allow the necessary number of measurements. Furthremore, PRS are transmitted in subframes specifically configured for positioning which will typically have much lower interference than is experienced on SCH due to the frequency reuse factor of up to six with the assumed PRS pattern and muting data transmissions during RSTD measurements for PRS. It is therefore proposed to study:

· PRS Ês/Iot (or PRS SINR) and PRS reference power (PRP) level to enable the detection of sufficient number of cells,
· Number of cells to ensure the fulfilment of the target positioning accuracy.
Due to the need for some reference positioning accuracy in a simulation study addressing the proposed performance metrics, there can be used FCC Phase II requirements that specify 67% and 95% of positioning measurements to have positioning accuracy of up to 50 m and 150 m, respectively. Other well-recognized reference accuracy requirements can also be considered.
The values of the above parameters once identified based on the system simulations are to be taken into account in the link simulation, which would be used for specifying the eventual OTDOA performance requirements: cell detection at target PRS Ês/Iot, RSTD measurement period, RSTD measurement accuracy, etc. 
3. Simulation Methodology

The simulation procedure is a static snapshot-based simulation, which consists of the system-level part and the integrated link-level part and comprises the following steps.
I. System-level part
Step 1. Generate system

( Generate network, drop users randomly, uniformly spread over the network.

( Assign UEs to the best cells with respect to the power gain.

( Generate interference for PRS according to the PRS pattern.
Step 2. For every UE: calculate PRS SINR for every cell, including the serving cell.
II. Integrated link-level part
Step 3. Map SINRs to the cell detection probability and timing error
( For each UE and each SINR measurement: find cell detection probability and timing error based on link results.
Step 4. Generate positioning measurements
( Define the set of detected cells by the detection probability and pick N best cells for measurements. Given a minimum PRS SINR target, only cells that satisfy the condition are kept in the set and used for the position calculation.
( For the detected cells, generate TOA measurements with added noise according to the accuracy of the detected links.

Step 5. Find positioning accuracy (position error, in meters) for each UE

( Solve a least squares problem for the system of three (for 2D positioning) positioning equations using first-order Taylor expansion.
The system-level part is sufficient for collecting the PRS SINR and PRP statistics. The integrated link-level part is necessary to get the position accuracy statistics and implies that link-level results are available.
Link-level simulation approach: Select the first peak that meets some detection threshold above the noise floor and is within a certain range with respect to the highest peak. For each SNR, calculate the mean square timing error and collect the probability of detection statistics. A delay of about 100 ns is added to the channels to model a realistic sampling error.
4. Simulation Scenarios

In RAN1, three scenarios, defined to a large extent in 3GPP TS 25.814 [7], have been considered for OTDOA studies: 
· Case 1: inter-site distance (ISD) of 500 m, UE speed 3 km/h,
· Case 2: ISD=500 m, UE speed 30 km/h,
· Case 3: ISD=1732 m, UE speed 3 km/h.
For consistency, the same scenarios are proposed for system simulations in the RAN4 OTDOA framework.
5. Simulation Assumptions
The proposed assumptions for system simulations are summarized in Table 1. 
Carrier bandwidth: the RAN4 requirements need to be defined at least for the shortest system bandwidth (1.4. MHz). As proposed in [2], requirements for larger bandwidth could also be considered. 10 MHz is a typical bandwidth and is therefore also proposed for studies in RAN4.

Channel model: In addition to ETU and EPA, Urban profiles of T1P1 model are also proposed in this contribution. The Bad Urban profile of T1P1 has been used, for example, in [10] where a large difference in the resulting positioning accuracy was observed compared to the ETU channel model.

PRS pattern: The PRS pattern has been preliminary agreed in [4], where the mapping to resource elements (see also Figure 1) and the frequency shift function are proposed. The pattern and the time-varying aspect are expected to be finally agreed in the coming RAN1 meeting. Should they be changed, the simulation assumptions will have to be adopted accordingly.

PRS are transmitted from a single antenna port only in configured DL subframes intended for positioning over a configured number (up to 6) of consequtive subframes with a predefined periodicity [4]. PRS are not transmitted in the symbols where cell-specific reference signals (CRS) are transmitted. To improve PRS hearability, RAN1 has agreed on using low-interference subframes during which the data transmissions are muted, which is also the assumption for the system simulation studies.

Table 1. Simulation Assumptions 

	Parameter
	Value

	Cell layout
	Hexagonal Grid, wrap around

	Number of sites
	19 sites, with 3-sectored antennas at each site

	Inter-Site distance
	500 m, 1732 m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942 [8])

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km) [7]

	Carrier frequency
	2 GHz (E-UTRAN FDD band 1)

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m (Case 1 and Case 3)
Outdoor: 10 dB, 30 km/h for 500m (Case 2) 

	Minimum distance between UE and BS
	35 m

	Carrier bandwidth
	1.4 MHz (baseline)

10 MHz

	eNode B power
	43 dBm for 1.4 MHz

46 dBm for 10 MHz

	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, EPA
Optional: Urban A, Urban B and Bad Urban profies of T1P1 [9]

	Network synchronization
	Asynchronous, Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	1

	Number of receive antennas
	2

	Low interference sub-frames
	No data transmitted during sub-frames when RSTD is measured

	PRS pattern
	6-reuse in frequency,

random planning: frequency shift as a random function initialized for each cell ID
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Figure 1. PRS pattern for vshift=1 and 1 PBCH antenna port, as defined in [4].
6. Timeplan

The following time plan is proposed for simulation work related to OTDOA requirements:

· RAN4#52: 

· Agreement on system simulation assumptions.
· RAN4#52bis: 

· Present system simulation results to identify parameter values for performing link simulations.
· Agreement on link simulation assumptions for OTDOA requirements.
· RAN4#53: 

· Present initial link simulation results

· Agree on OTDOA requirement framework; formal CR can be completed within 6 months after the completion of the WI due in December 2009.
7. Summary

Simulation assumptions are proposed for performing system studies to assist RAN4 in defining RRM requirements for OTDOA-based positioning in LTE. A time plan for performing simulation work is also proposed. 
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