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1 Introduction

In RAN1 #57bis meeting, some conclusions on OTDOA were agreed. There is one main issue that has so far not been decided, i.e. whether or not PRS pattern should be pseudo-randomly time-varying between consecutive sub-frames. In this contribution, we show simulation results about the issue.
2 PRS Sequence and PRS Pattern[1]
2.1  PRS sequence

The pseudo-random QPSK PRS sequence 
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Given 
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 is the slot number within a radio frame and 
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 is the index of OFDM symbol carrying PRS within the slot, the pseudo-random sequence 
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 for each OFDM symbol has its generator initialized with
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where 
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Because 
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, any differences between two pair of 
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 result into two different PRS sequences, especially,
· Any two PRS sequences from two cells are differentiated from each other. 

· Any two PRS sequences from single cell per radio frame are differentiated from each other.
2.2  PRS pattern
The PRS sequence 
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 shall be mapped to PRS pattern 
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 such that, for any allowed symbol index l in PRS pattern, the corresponding subcarrier index of PRS RE is given by 
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 and shown in Figure 1. 
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Figure 1 Diagonal PRS pattern

There are two options about 
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 defintion:
1) Option-1. Time-varying PRS pattern:
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The pseudo-random sequence 
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 is defined in section 7.2 of [2]. The sequence generator shall be initialized with 
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 at the beginning at each radio frame, in other words, the series of 
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 values repeat on radio frame basis. 
2) Option-2. Non-time-varying PRS pattern:


[image: image21.wmf]ID

shiftCell

mod6

vN

=

 

Comparison of two options
Consider k as the function of l and 
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 in both above options, the per-symbol-based PRS sequence collision occurs between two cells if 
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 for coinciding (though not necessarily equal) 
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, in other words, the collision happens when 
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· For synchronous network, when 
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, all PRS RE’s (all l’s within the pattern) collide between two cells. There is no partial-pattern collision in this case. Such collision issue could happen to both option-1 and option-2. For option-1, the collision happens in the pseudo-random way; for option-2, the collision occurs as long as 
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, which is inevitable when number of coordinating cells is more than 6. 
· For asynchronous network, only partial-pattern collision is possible according to Figure 1, and it could happen to both option-1 and option-2. Similar to the case in synchronous network, such collision occurs in pseudo-random way for option-1, while always occurs if the number of coordinating cells is large enough for option-2.
From the viewpoint of the UE whose serving cell is one of N positioning coordinating cells, no matter in synchronous or asynchronous network, both options try to map other N-1 non-serving-cell PCI’s “evenly” onto 6 
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 values, which results in N/6 cells per same value in average. The difference between the two options is that, the specific cells among which the collision happens could be different in consecutive subframes in option-1 while they are the same in consecutive subframes in option-2. Note that this difference is only valid for 
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3 Simulation 
In this section, we will provide some system simulation results by applying each of two options. The simulation assumptions are listed in Table 1. Because the collision could be full-pattern collision in synchronous network and partial-collision in asynchronous network, we choose synchronous network for the simulation. We use 6 coordinating cells in the simulation and randomly assign PCI from PCI space to these cells in each simulation drop. In the calculation of positioning error, we adopt one order Taylor expansion and least square method. The detailed information is provided in appendix A.
Table 1 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

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m 

	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 , EPA 

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	1

	Number of receive antennas
	1
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Figure 2 CDF curves for positioning errors

From the simulation result in Figure 2, we can see that both option-1 and option-2 could provide similar performance. Due to the extra implementation complexity relating to option-1, non-time varying PRS pattern in option-2 is preferred.
4 Conclusion

In this contribution, we study the non-time varying PRS pattern and time varying PRS pattern. According to the simulation result, we propose non-time-varying PRS pattern as given in option-2.
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Appendix A: Positioning error calculation using Taylor expansion and LS

We assume that :

the actual coordinates of UE’s position are 
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the coordinates of the positioning involving sites are 
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the estimated coordinates of UE’s position are 
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Then, the actual distance between UE and site
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Define the positioning error corresponding to the site
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That means
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If we use one order Taylor expansion in the actual coordinates of UE’s position
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Assume there are 3 sites (an example) involving the positioning, we can write the above equation in the matrix form, that is:
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Let 
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 and 
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If LS is used to estimate the UE’s position, we can get
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Finally, the positioning error is 
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