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1 Introduction
In RAN1-56bis meeting, it was agreed that 1
· OTDOA time difference measurement is based on reference signals (RS)
· Positioning subframes are based on normal subframe with no data or MBSFN subframe with no data and/or RS in the data region

· Semi-statically configure positioning subframe for cells/group of cells.  UE in a cell with positioning subframes can assume aligned, partially or non aligned positioning subframes from all cells as indicated in the assistance information

· FFS whether new reference symbol structures are to be introduced for neighbour cell detection aiding

In 1 we considered neighbouring cell hearability issues.  Some simulation results on UE positioning using Rel-8 cell-specific RS (CRS) were provided in 1  In this contribution, we present some simulation results of positioning support using CRS and positioning assisted  reference signals (PA-RS) 1.
2 Assumptions
General simulation parameters are based on 1, which are also listed in Table 1.
Table 1 Simulation Assumptions for trilateration techniques
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m, 1732 m

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

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

	Carrier frequency
	2 GHz

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



	Carrier bandwidth
	10 MHz

	eNB power
	46 dBm

	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

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of receive antennas
	2


In this simulation, it is assumed that the network is synchronized.  UE TDoA is measured based on either Release-8 CRS or proposed PA-RS in designated subframes without data transmission, i.e., IPDL subframes.  Furthermore, FDD intra-frequency measurement sensitivity requirement is set to be SCH_RP > -126 dBm 1.  Cell detectability requirement defined in 1 is SCH Ês/Iot > -6 dB.  Using Rel-8 CRS, it is assumed that signal can be reliably detected down to around -14 dB due to higher CRS symbol density than that of sync signal 1.

3 Simulation Results

In this section, we provide some simulation results of positioning performance using CRS and PA-RS.  Some link-level results are provided in the Appendix.
3.1 CRS Results
Figs. 1 and 2 show UE positioning error distributions for 3GPP Simulation Case-1 (ETU 3km/h) and Case-2 (ETU 30km/h) using Release-8 CRS.  C/I threshold for cell hearability is set to be -6, -10, and -14 dB.
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	Figure 1. Positioning performance using Rel-8 CRS for Simulation Case-1, ETU 3km/h.
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	Figure 2. Positioning performance using Rel-8 CRS for Simulation Case-2, ETU 30km/h.


From the simulation results, it is observed that using Release-8 CRS only, UE positioning performance cannot meet the US FCC mandate E911 phase-2 requirement.  Positioning accuracy is essentially limited by neighbouring cell hearability.  For example, for C/I threshold of -14 dB, the saturation point of position error at 83% indicates that the probability that UE cannot detect 3 or more non-co-located sites is 17%.

For Release-8 CRS, a reuse factor of 3 is achievable for 2 antenna ports in IPDL subframes, i.e., subframes without scheduled data.  In case of joint scheduling or configuration of positioning subframes consisting of a mixture of normal and MBSFN subframes for different cells/group of cells, higher reuse factor can be achieved at the expense of increased overhead and complexity.  Figs. 3 and 4 show UE positioning error distributions for 3GPP Simulation Case-1 (ETU 3km/h) and Case-2 (ETU 30km/h) using Release-8 CRS with a reuse factor of 6.  C/I threshold for cell hearability is set to be -6, -10, and -14 dB.
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	Figure 3. Positioning performance using Rel-8 CRS for Simulation Case-1, ETU 3km/h, with increased reuse factor by coordinated scheduling of positioning subframes.
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	Figure 4. Positioning performance using Rel-8 CRS for Simulation Case-2, ETU 30km/h, with increased reuse factor by coordinated scheduling of positioning subframes.


From the simulation results, it is observed that using Release-8 CRS with a reuse factor of 6, UE positioning performance can meet the FCC E911 phase-2 requirement.  Furthermore, it can be seen that positioning performance is impacted by the C/I threshold for cell hearability.  To be specific, setting  the C/I threshold to a very low value results in more inaccurate TDOA estimates, which degrades positioning performance.  On the other hand, if C/I threshold is set too high, cell hearability will be reduced, as shown in 1.  Therefore, a C/I threshold can be used to select neighbour cells for inclusion in UE positioning determination, to avoid the degradation in positioning accuracy as caused by TDOA estimates with large errors. The C/I threshold needs to be optimized for a tradeoff between the TDOA estimation accuracy and the number of neighbour cells used in the positioning determination, i.e., the subsequent trilateration step, from the positioning performance point of view.
3.2 PA-RS Results
PA-RS patterns with a reuse factor of 6 that are used in the simulations are illustrated in the Appendix.  Figs. 5 and 6 show UE positioning error distributions for 3GPP Simulation Case-1 (ETU 3km/h) and Case-2 (ETU 30km/h) using PA-RS, which is transmitted with 1-Tx or 2-Tx  antenna configurations and PA-RS bandwidths of 50, 25, 15 and 6 RBs.
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	Figure 5. Positioning performance using PA-RS for Simulation Case-1, ETU 3km/h, with different PA-RS bandwidths; transmitted with 
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	Figure 6. Positioning performance using PA-RS for Simulation Case-2, ETU 30km/h, with different PA-RS bandwidths; transmitted with 
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From the simulation results using PA-RS with a reuse factor of 6, it is observed that:

· UE positioning performance can meet the FCC E911 phase-2 requirement with PA-RS bandwidth of 15 RBs and higher in both Case-1 and Case-2;
· For PA-RS bandwidth of 50 RBs, PA-RS antenna configuration has negligible impact on positioning performance.  With reduced PA-RS bandwidth, 2-Tx PA-RS generally improves positioning performance due to diversity.

4 Discussions
Positioning algorithm described in 1 is adopted in the simulation.  UE position is determined as follows:

· Estimate channel impulse response from serving and detectable neighbouring cells.

· If more than one detectable cell are co-located, the one with the best signal quality is employed in positioning.

· When multiple transmit/receive antennas are deployed, estimated channel taps of all transmit-receive antenna pairs are combined coherently.

· First arrival tap (path) is identified as the earliest tap in the set of the strongest Ntap taps. 

· Propagation delay of signal from a cell is determined as the delay of the identified first tap.  TDOA is determined as the difference between delay from neighbouring cell and serving cell

· UE position is estimated from TDOA’s of Nns neighbouring sites with the best signal quality
· The number of neighbour cell TDOA measurements is limited by a signal quality threshold, i.e. C/I threshold such that TDOA measurements that are expected to have large errors are not used for position estimation, provided that a minimum number, e.g., 2 or 3, of neighbour cell TDOA measurements are available. A different C/I threshold value may be applicable for a different number of neighbour cell, i.e., there can be multiple C/I thresholds.

· For example, if there are Nns =5 neighbor cells with C/I exceeding C/I threshold 1 for hearability, the value of C/I threshold 2 for accurate TDOA measurement can be set to a relative higher value than in the case Nns = 2.
· The threshold value settings can be selected based on the TDOA link performance. 

· Cell-specific C/I threshold is configured by eNB through higher-layer signaling.  UE-specific C/I threshold adjustment can also be supported.
In this simulation, we assume Ntap = 6 and C/I thresholds of -6, -10 and -14 dB
5 Conclusions
Simulation results for UE positioning based on Release-8 cell-specific RS (CRS) and proposed positioning assisted RS (PA-RS) patterns are presented.  It is shown that:

· CRS-based solution has limited positioning performance due to neighbouring cell hearability.

· When joint scheduling or configuration of positioning subframes consisting of a mixture of normal and MBSFN subframes among different cells/group of cells, CRS-based positioning performance can be improved with increased reuse factor at the expense of complexity and overhead.
· Cell hearability threshold can be optimized to improve positioning performance.

· PA-RS design with a reuse factor of 6 provides significantly improved positioning performance. FCC E911 phase-2 requirement can be met with PA-RS bandwidth of as low as 15 RBs with 2 transmit antennas.
· PA-RS antenna configuration impact positioning performance.  Generally 2-Tx PA-RS improves positioning performance for positioning subframes based on normal subframe with no data or MBSFN subframe with no data and CRS in the data region
6   Appendix
6.1 PA-RS Patterns
Two of the proposed PA-RS patterns 1 are reproduced here for easy reference.
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	Figure 7. PA-RS pattern for one PA-RS Tx antenna.
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	Figure 8. PRS pattern for two PA-RS Tx antenna.


6.2 Link-Level Performance
ToA estimation error using CRS, and positioning assisted RS (PRS) with different bandwidths, are shown in Figs. 9 and 10. It is shown that the TDOA estimation accuracy increases as the bandwidth of the positioning assisted RS. The positioning assisted RS does not need to be full band, e.g., with half of the bandwidth, even though the TDOA estimation error is about twice as much as that for the case of full-band, but the resulting positioning performance after trilateration can still meet FCC requirements, as shown in Figs. 5 & 6.
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	Figure 9. Mean squared-error of channel estimation using CRS, and positioning assisted RS (PRS) with different bandwidths.
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	Figure 9. ToA estimation error using CRS, and positioning assisted RS (PRS) with different bandwidths.
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