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1 Introduction
WI on Positioning Support for LTE was approved in RAN#42 [1]. RAN1 has started the related discussion in the last two meetings. Some conclusions have been reached as following:

UE OTDOA DL Measurement

· based on RS

· FFS whether modified RS (or sync signals) for positioning are needed

· in designated subframes with low interference (e.g. MBSFN subframes)

· FFS density in time and frequency

Email discussion to next meeting on simulation assumptions. 

Evaluations should also consider synchronized and non synchronized cells.

FFS AoA+TA measurement

In this contribution we concentrate on the first action point concluded at the previous meeting, aiming to find out "whether modified RS (or sync signals) for positioning are needed". Our investigation is based on OTDOA-based distance estimation combined with trilateration positioning algorithm (see the Appendix I for more details). It is possible, however, that the different conclusions might be obtained if another positioning algorithm has been used. Therefore it is important that there is an agreement between the companies which positioning algorithm using OTDOA estimation is used for further investigations.
2 Discussion
For positioning issue, two main problems of OTDOA measurement are the hearability and the positioning accuracy. The hearability indicates a UE’s ability to receive sufficient signals from at least 3 base stations (BS) to estimate its position. The hearability enhancement helps the UE to increase the number of reliable ToA measurements and more UEs can detect the signals from at least three BS to calculate position. While positioning accuracy embodies the performance of considering method from another aspect to show whether the requirements are satisfied.
2.1 Hearability 

Hearability issue has been discussed in contributions [2]-[6]. It is indicated that with current Rel-8 structure, positioning coverage using the existing signals (SS and RS) is too poor to offer adequate performance for OTDOA [2]. 

One suggestion to enhance the hearability is to subtract the cell-specific RS (CRS) from the serving cell [3]. In doing so, the high interference from the serving cell can be suppressed. However, The backwards compatibility to Rel-8 should be taken into account firstly. The CRS subtraction will decrease the performance of CQI calculation, RSRP measurement, etc. At the same time, when the CRS in a subframe is absent, the data detection in such a subframe becomes unreliable due to poor channel estimation. 
Another way to enhance the hearability is to design additional reference signals so that a UE can make reliable ToA difference estimation between two BSs. And several initial approaches have been proposed [4][5][6]. In E-IPDL approach, it takes a set of contiguous OFDM symbols as E-IPDL duration to send only CRS and E-IPDL RS. Though a part of a subframe (for example one slot) can be used as E-IPDL duration, for resource scheduling consideration the duration of one subframe is reasonable. Thus the overhead needs to be evaluated carefully. 

Furthermore, when the positioning reference signals are designed, some principles need to be considered:

· The positioning reference signals should not occupy CRS symbols to avoid impact on the channel estimation and measurement. Because different cell may has different antenna configuration, and the UE has no idea about the antenna configuration of neighbor cells, the positioning RS should be placed assuming that CRS symbols are sent from four antenna ports.
· The positioning reference signals should be designed on one antenna port as baseline. As mentioned above, the UE does not know the antenna configuration about the measurement cell. So it is reasonable to assume that the positioning reference signals are transmited from one antenna port. On the other hand, if reference signals are transmited from different antenna ports, orthogonality in time/frequency domain is required. The performance should be evaluated and compared with one antenna port.
2.2 Positioning accuracy

The number of detectable BSs is one factor that influences the positioning accuracy. Another important factor is temporal resolution. If the positioning RS is restrained in part of the bandwidth, the temporal resolution will correspondingly decrease. And this kind of resolution can not be improved by SINR enhancement. For example, if we use only 6 RBs for ToA estimation, the temporal resolution is about 640ns, which implies that about 192m uncertainty exists for one neighbor BS detection. Take into account that the trilateration based positioning method requires at least two pair of OTDOA measurement to find the intersection of the corresponding hyperbolas, the final uncertainty induced by each measurement will be larger no matter how high the SINR is.
Considering the US FCC mandate E911 phase 2 requirements of 50m for 67% of calls, 150m for 95% of calls, the temporal resolution should be taken into consideration when discussing the capacity loss reduction by using part of the bandwidth.
3 Performance evaluation 
In this section, the number of detectable BSs is used as a performance metric to evaluate the OTDOA based positioning method. In the simulations, measurement duration is defined as one subframe. The corresponding algorithm is based on [7]. 

We investigated the following three RS signals for positioning measurement,  
1. CRS with data transmission; 
2. CRS without data transmission interference; 
3. E-IPDL RS. 

To accurately calculate the detectable BS number, both link-level and system-level simulations are necessary. Link-level simulation provides detectable SINR threshold, which is used to determine whether the ToA from different BSs can be detected or not, while the number of detectable BSs is computed in system-level simulation, including inter-cell and intra-cell interference. The simulation assumptions are listed in Appendix II.
Fig.1 shows the detection probability for different positioning reference signals considering. The threshold for ToA measurement is defined as the SINR values at 90% detection probability. It can be seen  that the SINR threshold for CRS and E-IPDL RS is -11.2dB and -16.5dB, respectively.
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Figure 1. Detection probability for CRS and E-IPDL RS
Fig. 2-Fig.3 show the probability of detectable BS number under different conditions. For the performance evaluation, 3GPP Case 1 and Case 3 are used as the simulation scenarios. In OTDOA based positioning method, the basic requirement is that UE can detect the ToA measurement from at least three BSs. For CRS based positioning, in our simulations we made the preliminary assumption that UE only detected the CRS transmited from antenna port 0.
[image: image2.emf]Case 1, SINR threshold:  -11.6dB(CRS),  -16.5dB(E-IPDL RS)
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Figure 2. Probability of detectable BS number in Case 1 (ISD=500m)

[image: image3.emf]Case 3, SINR threshold:  -11.6dB(CRS),  -16.5dB(E-IPDL RS)
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Figure 3. Probability of detectable BS number in Case 3 (ISD=1732m)
Regarding the probability of at least three detectable BSs (sum of the probability of the cases for Detectable BS number>=3) as an important metric in positioning, Table 1 summarizes it from Fig.2-Fig.3. From the results, we can find that data transmission in the serving cell causes severe interference to the positioning reference signals from neighbor cells and decreases the SINR values significantly. It is shown that the positioning probability of CRS is below 50% when data are transmited in the same subframe. Obviously it cannot reach the US FCC mandate E911 phase 2 requirements. Therefore, the positioning subframe should be designed with low interference, e.g., no data transmission.

When some suppressing interference mechanisms was introduced, e.g., no data transmission, the probability of detectable 3 or more BSs increased to 86% at ISD=500m, and 78.5% at ISD=1732m. Note that in the proposed simulations only the CRS from antenna port 0 were detected. If the UE can determine the antenna information about measured neighbor cells, the performance will be better.
Table 1. Probability of at least three detectable BSs
	Positioning RS
	CRS  (ISD=500m)
	E-IPDL RS (ISD=500m)
	CRS (ISD=1732m)
	E-IPDL RS (ISD=1732m)

	Data transmission
	29.5%
	/
	23%
	/-

	No data transmission
	86%
	100%
	78.5%
	99%


4 Conclusion
In this contribution, we have investigated the performances of three kinds of reference signals for OTDOA measurement: CRS with data transmission, CRS without data transmission interference and E-IPDL RS. 
The results suggest that if the existing common DL reference signals are used for OTDOA measurement, some mechanisms need to be introduced to improve the hearability. In this moment it is not clear how these mechanisms would look like. Thus it seems plausible to consider introduction of new, positioning-specific reference signals to be used for OTDOA measurements. Such signals should not conflict with CRS symbols. The temporal resolution achievable with the positioning RSs is an important topic for further investigations. It is important that there is an agreement between the companies about a common positioning algorithm using OTDOA, in order to have a common ground for evaluations of possibly different proposals for positioning RSs.
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Appendix I: Positioning method

The basic principle of positioning is that the UE detects the transmited signals from different BSs. For simplicity, we consider a synchronized network.  The signals from different BSs will arrive at the UE at different time due to the different distances. And the time-difference-of-arrival (TDOA), e.g., 
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between BS 1and BS2 can be captured by the UE via cross-correlating with the signals from different BSs. Define 
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is the unknown position of the UE, 
[image: image8.wmf](,)

ii

xy

is the position of the 
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th available BS. So the distance difference between the UE to BS1 and the UE to BS2 is 
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where 
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is the velocity of light. Assume that there are M BSs detected by the UE, (2) define (M-1)  equations whose solution gives 
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. And [7] proposed an efficient way to solve those nonlinear equations.
Appendix II: Simulation Assumptions
Table 2. Simulation assumptions

	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

	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

	UE speed
	3 km/h

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of received antennas
	2
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