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1 Introduction

A new study item on indoor positioning enhancements for UTRA and LTE has been approved [1]. To align system simulations for evaluation the performances of indoor positioning enhancements, simulation methodology and procedure need to be clarified. This paper will discuss the simulation methodology and procedure for indoor positioning.
2 Simulation Methodology and Procedure
In RAN1#78bis meeting, there are some fruitful agreements:

· For evaluating baseline performance, two scenarios are defined for the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments:

· Outdoor deployment scenario, at least for the case of macro + outdoor small cell only

· FFS: whether or not to evaluate the case of Macro only deployment

· Outdoor macro + indoor small cell deployment scenario

· The above scenarios are also applicable to evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.

The simulation methodology and procedure of indoor positioning enhancement studies for OTDOA are closely related to the simulation methodology and procedure of the release 9 OTDOA studies reported in [2].  The main differences are that indoor positioning estimates UE positions in 3D space, while release 9 OTDOA estimates UE positions in 2D space. Therefore, the UE dropping methods should consider each floors of the building, and the location accuracy is further extended to the horizontal and vertical positioning accuracy to meet the need of indoor positioning. Furthermore, there are 3D channel models for indoor positioning [3].  Next, we present suitable simulation methodology and procedure for indoor positioning enhancements.

2.1 Simulation procedures

The simulation approach is a static snapshot-based simulator with integrated link-level behavior in a multi-cell environment. The simulation comprises the following steps:

Step 1. System generation
( Generate network. UE dropping method for indoor small cell scenario is the same as SCE scenario 2b. UE dropping method for outdoor small cell scenario is the same as SCE scenario 2a.
( Assign UEs to the best cells with respect to the average power gain.
( Generate interferers, taking into account the PRS pattern.

Step 2. RSTD measurements generation and signal quality statistics at the link level
( Generate the transmitted signal.
( Generate the propagation channel and model the received signal at the UE receiver. The channel model for indoor positioning is described in [3]. 
( Apply a UE receiver algorithm to estimate RSTD for different neighbor cells.
Step 3. Based on RSTD measurement, use a given set of neighbor cells to calculate UE positions. 
Step 4.  For each UE, finding positioning accuracy (position error in meters), including horizontal positioning accuracy and vertical positioning accuracy.

Method 1: OTDOA algorithm estimates UE position of each UE in 3D space by solving a least squares problem for the system of at least four positioning equations.
Method 2: OTDOA algorithm only estimates horizontal position of each UE by solving a least squares problem for the system of at least three positioning equations. The vertical positions are derived from other ways, such as Cell Id, barometer, etc.

The system-level part is sufficient for collecting the PRS Ês/Iot and PRP statistics. The integrated link-level part is necessary to get the position accuracy statistics and implies that link-level results are available. 

2.2 Performance metrics

At least the following performance metrics are suggested for the results analysis:
· The number of detected cells per UE (CDF)

· PRS Ês/Iot of the 1st (the strongest) cell, 2nd cell, 3rd cell, etc. (CDFs)

· PRP of the 1st (the strongest) cell, 2nd cell, 3rd cell, etc. (CDFs)

· Location accuracy CDFs
· horizontal positioning accuracy CDF

· vertical positioning accuracy CDF

These four metrics are agreed and used in release 9 OTDOA. The location accuracy is further extended to the horizontal and vertical positioning accuracy to meet the need of indoor positioning.
3 Simulation Assumption
The parameters for OTDOA indoor positioning simulation assumption are summarized in the table 1 from [2][3][4]. For detail channel models and deployment scenarios, please refer to [3] and [4] respectively. The carrier frequency of macro cell and small cell is selected as the same in order to increase OTDOA positioning accuracy, since inter frequency RSTD measurement accuracy is much lower than the intra frequency one. This is because for inter frequency RSTD measurement, an extra timing error from UE oscillator is introduced. For different carrier frequency of macro cell and small cell scenario, it is difficult to perform simulation unless the timing error value for UE oscillator can be decided. Therefore, it is suggested that the carrier frequency of macro cell and small cell is set as the same.

Table 1: System level simulation assumption parameters
	Parameter
	Value

	Layout for macro cells
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Layout for small cells
	Clusters (buildings) uniformly random within macro geographical area; small cells deployed with network planning. 

	Number of clusters (buildings) per macro cell geographical area
	1, 2

	Number of small cells per cluster
	4* Number of floors for indoor small cell scenario

4  for outdoor small cell scenario 

	Number of UEs
	10* Number of floors * Number of indoor small cell clusters per macro cell geographical area for indoor small cell scenario

Total 60 UEs. 40 UEs drop in small cells and extra 20 UEs drop in macro cell for outdoor small cell scenario.

	UE dropping
	Same as SCE scenario 2b for indoor small cell scenario.

Same as SCE scenario 2a for outdoor small cell scenario.

	Number of floors
	2

	Carrier frequency of macro cells 
	2.0GHz

	Carrier frequency of small cells
	2.0GHz

	Cell ID combinations
	With cell plan. The cell plan makes small cells within a cluster have different PRS patterns.

	Network synchronization
	Synchronous

	Duplex modes
	FDD

	Cyclic prefix
	Normal

	DRX
	OFF

	System bandwidth
	10 MHz, 20 MHz

	Number of transmit antennas
	PRS
	1

	
	CRS
	2

	Number of receive antennas
	2

	Number of consecutive positioning subframes
	1

	Number of positioning occasions for a fix
	1

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

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth


4 Conclusion

In this contribution we propose the simulation methodology and procedure for indoor positioning.

Proposal: Use the simulation methodology and procedure in this paper as a baseline simulation methodology procedure.
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