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1 Introduction
In previous several RAN4 meetings there was a lot of discussion on OTDOA enhancement in het-net scenarios [1]~[5]. For het-net scenarios, the usage of RRH can be beneficial for OTDOA performance, provided there are methods to distinguish the measured signals from different RRHs [1]. CSI-RS based OTDOA enhancement is proposed in [3] as a promising solution. However, the existing RRH specific CSI-RS was not designed for positioning purpose actually. Using CSI-RS for positioning purpose may be challenging due to their low density in time-frequency space [4].
In this contribution, we provide our simulation results and analysis to show the CSI-RS based OTDOA performance in the het-net scenario in order to evaluate the CSI-RS based OTDOA enhancement performance.
2 Simulation Assumptions
The parameters for SLS were summarized in the table from [5],

Table 1 Assumptions for system level evaluation

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 2a according to 36.872: Outdoor small cell deployment, with small cells deployed in the presence of an overlaid macro network. Separate frequency deployment of the macro cell and small cells. Cluster deployment model should be referred. (LPNs are randomly dropped within 50 m radius cluster)

	Number of macro sites
	7

	Number of sectors per macro site
	3

	ISD
	500 m

	Number of LPNs per macro cell
	10

	Number of UEs
	40

	UE dropping
	UEs randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor.

	LPN TX power
	1 w

	System BW
	10 MHz

	Carrier frequency of small cells
	f1=3.5 GHz

	Carrier frequency of macro cells
	f2 ≠ f1

	Minimum distance UE to LPN
	5 m

	Minimum distance LPN to LPN
	20 m

	LPN antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Network synchronization
	Synchronized

	Antenna height
	10m for LPN/Hotzone Node

	Pathloss model
	· ITU UMi
- Carrier Frequency : 3.5GHz

- 3D distance

UMi penetration, pathloss, and shadowing generation methodology is used for LPN to UE

	Load per LPN
	50%

	CSI-RS muting pattern
	Muting within a cluster


The assumption in TR36.872 for scenario 2a has some detailed definitions on the number of clusters and the number of small cells per cluster. Here the typical configurations are considered. The deployment adopted in the SLS is selected as 1 cluster per macro cell and 10 small cells per cluster. The load per LPN is regarded as 50%. In table 1, CSI-RS muting within a cluster shall be considered. The CSI-RS configuration of each small cell in identical cluster is different, the CSI-RS configuration between different clusters have different CSI-RS configuration sets [5].

Therefore, the scenario of CSI-RS based OTDOA simulation case is described as:

· 50% load + different clusters have different CSI-RS configuration sets + muting within a cluster
3 Simulation Methodology and Procedure
The simulation methodology used for Rel-9 OTDOA studies is reused and the following performance metrics are used for the results analysis [2]:

· 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 CDF.
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, 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 CSI-RS 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 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. 
4 Simulation Results and Analysis
Based on the assumptions in section 2 and methodology in section 3, the simulation results are shown in figure 1 - 4. 
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Figure 1.  Number of Detected Cells per UE
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Figure 2.  CSI-RS Ês/Iot of the 1st / 2nd /3rd (strongest) cell
[image: image3.png]CDF

PRP of of 1t/2nd/3rd Strangest Cell

08t

06f

04f

02f

01f

1t Strong
2nd Strong
5td Strong

0
130

120

10

100
PRP(dBm)

50

80

70




Figure 3.  PRP of the 1st / 2nd /3rd (strongest) cell
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Figure 4.  Positioning Error CDF
The observations can be obtained from the above figures:
Observation1: The CSI-RS based OTDOA performance is 14.07m @67% and 56.07m @95% when maximum cells are calculated.
Observation2: The CSI-RS based OTDOA performance is 17.36m @67% and 186.4m @95% when 8 cells are calculated.
Observation3: The CSI-RS based OTDOA performance is 24.49m @67% and 306.5m @95% when up to 6 cells are calculated 
Observation4: The CSI-RS based OTDOA performance is 217.8m @67% and 349m @95% when up to 4 cells are calculated 
Proposal 1: In the het-net scenario, CSI-RS based OTDOA enhancement is a promising solution for the further WI discussion.
5 Conclusion
In this contribution we propose the simulation results for CSI-RS based positioning performance evaluation. The following proposals are obtained.
Proposal 1: In the het-net scenario, CSI-RS based OTDOA enhancement is a promising solution for the further WI discussion.
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