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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 both syste- and link-level simulation studies. System-level simulation results and assumptions have been presented in [8] and [9], respectivly. In this contribution, we propose scenarios and a set of initial link-level simulation assumptions for RAN4 OTDOA studies. The aim of the link simulations is to specify the OTDOA requirements in terms of cell detection performance and RSTD measurement requirements. The system simulation results, particularly in terms of SINR level, are to be used in link simulation, e.g., the SINR level down to which the requirements shall apply. The system simulation exercise is being carried out in RAN4. But in anticipation, RAN4 can at least start the alignment of simulation assumptions in parallel with the on-going system studies.
2. Simulation Scenario
As a baseline scenario, we propose to explicitely simulate three cells at distinct locations (base stations), as illustrated in Figure 1. The interference from the rest of the network, which is not explicitly simulated, can be modeled as AWGN noise. A set of N 3-tuples of SNR values (SNR1, SNR2, SNR3), corresponding to a UE position and modeling the signal quality for the three base stations, is provided as simulation input and to be agreed among the contributing companies. The serving BS needs to be also specified for each experiment.
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Figure 1. OTDOA link-level simulation scenario.

To enable position accuracy estimation, each 3-tuple shall be associated with a set of BS positions which are given relative to the UE position. The relation between the signal strengths and the BS positions can be obtained from system simulations. The positioning error can then be found as 
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are the relative positioning errors in x- and y-directions, respectively, estimated by solving the following system of equations:
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where (
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) are the coordinates of BS j with j={1,2,3}, and 
[image: image8.wmf]k

j

,

ˆ

t

is the RSTD measurement for BSs j and k.  

See Table 1 for a proposed input format for link simulations. 
Table 1. Input set for OTDOA link simulations
	
	BS 1
	BS 2
	BS 3

	Cell ID
	cellID1
	cellID2
	cellID3

	Relative delay
	1
	2
	3

	1
	Serving BS
	Yes/No
	Yes/No
	Yes/No

	
	Ior/Ioc
	(
	(
	(

	
	Ioc
	(
	(
	(

	
	Relative position
	((x1, (y1)
	((x2, (y2)
	((x3, (y3)

	(
	(
	(
	(
	(

	N
	Serving BS
	Yes/No
	Yes/No
	Yes/No

	
	Ior/Ioc
	(
	(
	(

	
	Ioc
	(
	(
	(

	
	Relative position
	((x1, (y1)
	((x2, (y2)
	((x3, (y3)


We propose to consider two sets for cell IDs:

· cellID1=0, cellID2=1, cellID3=2;

· cellID1=0, cellID2=6, cellID3=12.

We also propose the following relative delay settings:
· 1=0, 2=0, 3=CP/2 ms for the synchronous case;
· 1=0, 2=1.5 ms, 3=3 ms for the asynchronous case.

Proposal 1: Three cells at distinct locations are to be explicitly simulated to capture the multiple link effect.
Proposal 2: A limited set of test points specified according to a format presented in Table 1 is to be agreed among the contributing companies.
3. Performance Indicators

The following performance indicators are proposed for link-level studies:
· false alarm rates vs. SINR for each cell,
· detection probability vs. SINR for each cell,
· timing RMS error for detected cells vs. SINR for each cell,
· OTDOA accuracy for 2D positioning.
The proposed performance indicators are to be connected to the actual positioning performance requirements to be later defined in RAN4:
· Cell detection delay, and

· RSTD measurement accuracy over L1 period (e.g. 200 ms).

For the two performance metrics, a CDF or simply 90th percentile at different SINRs would be needed. 
The results are to be presented for synchronous/asynchronous networks, different channel models, system bandwidths, numbers of consecutive positioning subframes, etc. See Table 2 for details on the proposed simulation assumptions.
4. Simulation Assumptions
It is assumed that RSTD measurements are conducted only on PRS signals. Transmissions on non-PRS resource elements shall include CCH (3 symbols with 100% utilization), CRS from the specified number of transmit antennas, and PDSCH transmissions with 100% utilization. For the sake of simplicity, it is proposed to not simulate data transmissions for the synchronous case since simulated the control channels should be sufficient to model the interference.
The proposed time delay estimation approach: apply correlation in the frequency domain of the received signal with the known signal replicas and realize timing selection at the first peak above an agreed SNR threshold over the noise floor and within an agreed first-peak threshold with respect to the strongest peak. The SNR threshold is to be defined for a given target false alarm rate. The proposed false alarm target is 1e-6, for which the resulting SNR thresholds for different ratios of the number of consecutive subframes over the number of coherent accumulations are depicted in Figure 2.
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Figure 2. SNR thresholds based the target false alarm rate for nsubframes/ncoh={1,2,4,6}.
Table 2. Link simulation assumptions

	Parameter
	Value

	Cell layout
	3 cells at distinct location as illustrated in Figure 1

	Network synchronization
	· Synchronous

· Asynchronous with partial alignment

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	Carrier frequency 
	2 GHz

	UE speed
	· 3 km/h

· 30 km/h

	Carrier bandwidth
	· 1.4 MHz (baseline)

· 10 MHz

	Channel model
	ETU [6], EPA [6], AWGN
Optional: Urban A, Urban B and Bad Urban profiles of T1P1 [7]

	Ioc (does not include received powers of the three simulated cells)
	AWGN

	Number of transmit antennas
	PRS
	1

	
	CRS
	1

	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
	1,2,4,6,

all with coherent accumulation (3 km/h) or non-coherent (30 km/h)

	Number of positioning occasions for a positioning fix
	1

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

	PRS transmission bandwidth
	Full carrier bandwidth


5. Summary

Link-level simulation assumptions are proposed for RAN4 OTDOA studies.
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