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1. Background
A working item on positioning support for LTE was approved in TSG-RAN#42 [1]. Observed Time Difference of Arrival (OTDOA) has been adopted in RAN1 as a UE-assisted downlink positioning method, for which a baseline agreement for the proposed changes to 3GPP TS 36.211, 36.213 and 36.214 has been recently achieved. To support OTDOA in LTE, the following have been proposed

· new physical signals (called positioning reference signals, or PRS) transmitted in subframes configured for positioning [3],

· a note on PRS energy per resource element (EPRE) [4],
· new measurements [5].
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 accuracy target. It has thus been proposed to first conduct system simulation studies to capture the system behavior and then more detail link-level simulation studies for deriving the actual minimum performance requirements for OTDOA.

To align system simulation results, a set of scenarios and system simulation assumptions for the OTDOA framework in RAN4 have been proposed in [7] and [8]. In this contribution, we address the comments received during the meeting and propose 
· slight revision of the assumptions and scenarios, 

· revised simulation methodology, and
· time plan for system simulation studies within the OTDOA framework in RAN4.
2. System-Level Performance Indicators

RAN4 needs to identify the levels for certain side conditions and values of certain parameters, which are crucial in determining 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 at distinct locations with a good geometry, the cell search requirements based on SCH may be not sufficient to allow the necessary number of measurements. Furthermore, PRS are transmitted in subframes specifically configured for positioning and will typically have much lower interference than that experienced by SCH, which is due to the agreed six-reuse PRS pattern and muting data transmissions in positioning subframes. It is therefore proposed to study the following performance indicators in relation to achieved UE accuracy:
· PRS Ês/Iot (or PRS SINR),
· PRS reference power (PRP) level to enable the detection of sufficient number of cells, and
· Number of cells to ensure the fulfillment 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 more detail link-level simulation studies needed for specifying the actual OTDOA performance requirements: cell detection at target PRS Ês/Iot, RSTD measurement period, RSTD measurement accuracy, etc. 

3. Simulation Methodology

The preferred simulation procedure is a static snapshot-based simulation with the ability to model link-level behavior in multi-cell environment. A simulation comprises the following steps:
Step 1. System generation
( Generate network, drop users randomly with uniform spreading over the network,
( Assign UEs to the best cells with respect to the average power gain,
( Generate interferers, taking into account the PRS pattern.
Step 2. OTDOA measurements generation at the link level, while collecting the signal quality statistics
( Generate the transmitted signal,

 ( Generate the propagation channel and model the received signal at the UE receiver, 

( Apply a UE receiver algorithm to estimate OTDOA for different neighbor cell. 
Step 3. Based on OTDOA measurements, calculation UE positions in 2D space (see, for example, [13]) for a given set of neighbor cells.
Step 4.  For each UE, finding positioning accuracy (position error in meters)
( Use Taylor expansion, where for each UE solve a least squares problem for the system of at least three positioning equations. 
Contributing companies may adopt system simulation methodologies other than the preferred approach (e.g., [14]), but are requested to clearly state the methodology they use along with their simulation results.

4. Simulation Scenarios

In RAN1, three scenarios, defined to a large extent in 3GPP TS 25.814 [9], have been considered for OTDOA studies:
· Case 1: ISD= 500 m, UE speed 3 km/h, penetration loss 20 dB
· Case 2: ISD=500 m, UE speed 30 km/h, penetration loss 10 dB
· Case 3: ISD=1732 m, UE speed 3 km/h, penetration loss 20 dB
For consistency, the same scenarios are proposed for system simulations in the RAN4 OTDOA framework.

For the three deployment scenarios described above, we propose to also study the following network configuration aspects in the system simulations:
· Synchronization

· Synchronous
· Asynchronous

· PRS transmission bandwidth

· 1.4 MHz (baseline), since the requirements need to be defined for the smallest bandwidth,
· 10 MHz, since the requirements are likely to be defined also for one typical bandwidth.
5. Simulation Assumptions
The proposed assumptions for system simulations are summarized in Table 1. Some of the assumptions are detailed below.
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 need to 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 [12] 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 [3] where the mapping to resource elements (see also Figure 1). PRS are not transmitted in the symbols where cell-specific reference signals (CRS) are transmitted. The frequency shift agreed in RAN1#58 is 
vshift=mod(PCI,6) ,
i.e. for each cell, the PRS pattern is statically defined as a function of PCI by the unique time-invariant one-to-one mapping.
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Figure 1. PRS pattern for vshift=1 and 1 PBCH antenna port, as defined in [3].
Positioning subframes: PRS are transmitted from a single antenna port, only in DL subframes configured for positioning (positioning subframes). To address the PRS hearability issue, the baseline assumption in RAN1 has been that positioning subframes are low-interference subframes (LIS), i.e. with perfectly synchronized eNode B’s PRS may get interference only from other PRS since no data is transmitted in positioning subframes. We propose to adopt the LIS assumption also for RAN4 studies.
Positioning subframe alignment: We propose to adopt a RAN1 assumption by which positioning subframes are always aligned, either fully (synchronous network) or partially (asynchronous network). Schematic examples of the full and partial alignment approaches are shown in Figure 2, where different colors are used for different PRS pattern shifts. Partial alignment is modelled such that there is an overlap of at least 0.5 ms between subframes of any two cells.
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Figure 2. Full and partial alignment of positioning subframes: an example with 1 positioning subframe (LIS).
PRS periodicity: A positioning occasion occurs with a pre-defined periodicity of 160, 320, 640, or 1280 ms [3], within which a number 
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 of consecutive positioning subframes is configured. A working assumption in RAN1 has been that 
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 is 1, 2, 4, or 6, which we also propose as a working assumption in RAN4. We also propose to assume at most three positioning occasions with periodicity of 160 ms.
Table 1. Simulation assumptions

	Parameter
	Value

	Scenarios (ISD, height, UE speed, penetration loss)
	· Case 1 (500 m, 3 km/h, indoor: 20 dB)

· Case 2 (500 m, 30 km/h, outdoor: 10 dB)

· Case 3 (1732 m, 3 km/h, indoor: 20 dB)

	Cell layout
	Hexagonal grid, wrap around

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

	Network synchronization
	· Synchronous

· Asynchronous

	Cyclic prefix
	Normal

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

	Carrier bandwidth
	· 1.4 MHz (baseline)

· 10 MHz

	Channel model
	ETU, EPA

Optional: Urban A, Urban B and Bad Urban profiles of T1P1 [11]

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km) [9]

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Minimum distance between UE and BS
	35 m

	eNode B antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942 [10])

	UE antenna gain
	0 dBi (omni)

	eNode B power
	43 dBm (1.4 MHz) or 46 dBm (10 MHz)

	UE noise figure
	9 dB

	Number of transmit antennas
	PRS
	1

	
	CRS
	2

	Number of receive antennas
	2

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS) with full or partial alignment

	Number of consecutive positioning subframes
	(6

	Number of positioning occasions for a fix
	(3

	PRS pattern
	6-reuse in frequency [3], vshift = mod(PCI,6)

	PRS transmission bandwidth
	Full carrier bandwidth


6. Timeplan for System Simulation Studies
The following time plan is proposed for the system 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.
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 system simulation work is also proposed. 
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