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Introduction
In RAN1#55bis, we presented a set of preliminary simulation results showing achievable OTDOA positioning performance using existing LTE physical signals [6]. We also described a hearability enhancement method called Enhanced Idle Period Down Link (E-IPDL) and showed that significant gains can be achieved with this method. In this contribution, we present further simulation results for:

1. A modified set of parameters [8], based on comments received for the last contribution.
2. Simulations showing performance of E-IPDL for asynchronous networks.  
2 Simulation Parameters
Let us recall that the E-IPDL technique consists of the following hearability enhancements: 

1. Blanking data transmission on some subframes, referred to as E-IPDL subframes, to enable UEs to detect signals from weak cells in this duration.

2. Transmission of an additional RS, which we refer to as an E-IPDL RS, in some of the E-IPDL subframes. The E-IPDL RS from different cells have different frequency shifts. Fractional transmission probability, together with the frequency shifts across cells, creates a reuse pattern on the E-IPDL RS which allows a UE to detect very weak sectors in a synchronous network. This leads to significant improvement in positioning performance in synchronous networks without sacrificing performance in asynchronous networks. The required overhead for this method is extremely low (~ 1%)
The simulation results in [6] assumed that the cell-specific RS in an E-IPDL subframe was blanked whenever the E-IPDL RS was blanked. In this contribution, we present results in which the cell specific RS is always transmitted for backward compatibility reasons. In addition, the cell may also choose to transmit an E-IPDL RS in an E-IPDL subframe; this is blindly detected by the UE. The same E-IPDL RS transmission probability, namely 0.3, is used for the synchronous and asynchronous
 cases. In these simulations we assume that the UE has no prior knowledge of: 

1. Location of E-IPDL subframes of non-serving cells, and

2. Whether or not the E-IPDL RS is transmitted by a given cell in a given E-IPDL subframe.
[image: image1.emf]Cell Specific RS

E-IPDL RS

PCFICH/PHICH/PDCCH

Extended CP Normal CP

No Transmission


Figure 1 – Resource Block pair in an E-IPDL subframe

The E-IPDL RS design that was used in the simulations is shown in Figure 1 above. 
The simulation parameters in [6], which were chosen based on prior positioning studies, have been updated to those given in [8] to be consistent with LTE system simulation studies as well as to accommodate feedback received on the last contribution [6]. The important changes are – 
1. An inter-site distance of 750 m is chosen (consistent with [7])

2. Normal cyclic prefix is chosen to characterize robustness to large delay spreads
3. A speed of 3 kmph has been added.
The simulation parameters are shown in Table 1 below.

Table 1 – Simulation Parameters

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid (57 sites, 111 cells - 36.942)

	Inter-site distance
	750 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

	Carrier bandwidth
	5 MHz

	eNB power
	43 dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	10 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	110 m

	Channel model
	T1P1.5 – Urban B, Urban A and Bad Urban

	UE speed
	3 km/h

	Physical signal for measurements
	Cell Specific RS and E-IPDL RS

	Network synchronization
	Asynchronous and Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	1


3 Simulation Results
 Figures 2-7 show simulation results with updated parameters. The figures show the cdf of positioning error for UrbanB, UrbanA and Bad Urban channel models. Also plotted is the Ideal Measurements curve which is obtained using the perfect TOA values of the first arriving path of channels from each of the neighbor cells to each of the UEs. The figures show cdf for successful position fixes only. A fix is considered successful if there are at least three detected cells and the position calculation function converges. The success or yield rate is shown in the legends. The following observations can be made based on the results shown – 

1. Significant gain (20-40%) in success rate is obtained with E-IPDL method in both synchronous and asynchronous networks. 100% success rate is always achieved when the method is applied in synchronous networks. 

2. In addition to success rate improvement, the positioning accuracy improves significantly with E-IPDL method, especially in synchronous network case. 

3. Success rate is independent of speed. Positioning accuracy improves at both 3 and 50 kmph with E-IPDL.  
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Figure 2 – Bad Urban, 3 kmph
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Figure 3 – Bad Urban, 50 kmph
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Figure 4 – Urban A, 3kmph
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Figure 5 – Urban A, 50 kmph
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Figure 6 – Urban B, 3 kmph
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Figure 7 – Urban B, 50 kmph
4 Conclusion
In this contribution, we showed significant gains in positioning performance with the E-IPDL hearability enhancement method in both synchronous and asynchronous networks. The performance improves both in terms of success rate and positioning accuracy. 
It is important to note the following:

· The basic OTDOA mechanism  shows a poor success rate of position fixes

· E-IPDL provides 100% success position fixes in synchronous network operation

· E-IPDL considerably improves the success rate of position fixes for asynchronous network operation

· E-IPDL improves the positioning accuracy compared to the performance attained with successful fixes using OTDOA 

The E-IPDL is realizable in a fully backard compatible manner with very low overhead (~1%). A companion document [9] goes over the specification details of such scheme. Based on the analysis presented in this paper and the small impact on the specification we recommend adopting E-IPDL mechanism for an efficient support of positioning in LTE. 
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� For the purposes of this contribution, synchronous implies that E-IPDL subframes of all cells overlap, while asynchronous implies that E-IPDL subframes from different cells need not overlap.
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