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1 Introduction
WI on Positioning Support for LTE was approved in RAN#42 [1]. Way forward on OTDOA positioning [2] has been agreed during the last meeting. And some conclusions have been reached as following:

· Positioning subframes are
· Based on normal subframe with no data or MBSFN subframe with no data and/or RS in the data region

Through the email discussion on the reflector，some companies have expressed their considerations and preference on which subframe could be used as positioning subframe.

In this contribution, we give some analysis on the positioning subframe for the Observed Time Difference of Arrival (OTDOA) based positioning method for LTE Rel-9. Through link-level and system-level simulation, we have evaluated the positioning performance under different bandwidth. We give our preference on positioning subframe allocation according to the simulation results.
2 Discussion
For positioning subframes discussion, the following aspects should be taken into account:

 Overhead reduction:

Whether MBSFN or normal subframe is used for OTDOA depends on how much bandwidth of position subframe is needed. In generally, larger bandwidth means more accuracy of timing estimation. However, at the same time it results in higher overhead. It was also pointed out in [3] that small bandwidth decreases the temporal resolution. Therefore it is necessary to evaluate the bandwidth required for positioning PRS to fulfill the positioning requirement.
Considering the US FCC mandate E911 phase 2 requirements of 50m for 67% of calls and 150m for 95% of calls, in section 3, our simulation results show that, partial bandwidth for positioning support is enough to satisfy the position requirement. 
Therefore, it is preferred to not always using the full bandwidth for PRS to reduce overhead.
Implemention complexity 
Another advantage of using normal subframe is that a fixed BW can be allocated for the positioning PRS regardless the system bandwidth. For ToA estimation, the UE need not construct different PRS according to the different system bandwidth. At the same time, the positioning performance will not vary under different system bandwidth. 
Higher layer configuration 
We know that MBSFN subframes are configured via high layer parameters such as radioframeAllocationPeriod, radioframeAllocationOffset and subframeAllocation. By setting these parameters, subframes are reserved periodically for MBSFN. Note that only subframes such as subframe # 1, #2, #3, #6, #7, #8 for FDD and subframes #3, #4, #7, #8, #9 for TDD can be used for MBSFN.. Therefore, in an unsynchronized network, this restriction makes it difficult to align or partially align subframes among the cells. 
Based on the above analyses, we think the normal subframe without PDSCH should be used for positioning subframe.
3 Performance evaluation 
In this section, we present simulation results to show the performance of OTDOA under different bandwidth. The positioning error is used as a performance metric. In the simulations, measurement duration is defined as one subframe and full bandwidth is used for positioning. The PRSs are transmitted on one antenna port. The PRS sequences we used is the same as that for CRS. The corresponding algorithm is based on [4]. Furthermore, we assume reuse factors of 6 and 12 and in our simulation the reuse is achieved in frequency domain (the PRS RE’s are spaced every 6th and or 12th subcarrier). The number of OFDM symbols which have PRS in the subframe is 12 (all symbols but those with CRS). The simulation assumptions are listed in Appendix I.
Fig.1-Fig.4 show the CDF of positioning error caused by different bandwidth. From these results, the following observations can be made:

· The positioning accuracy increases with the bandwidth;

· For 2.5MHz bandwidth and in case 3, 90% UEs can achieve position accuracy of 125m for a reuse factor of 6, and position accuracy of 72m for a reuse factor of 12. In case 1, 90% UEs can achieve position accuracy of 95m for a reuse factor of 6, and position accuracy of 65m for a reuse factor of 12. 
· When the bandwidth is reduced to 1.4MHz, the PRSs in one subframe can not offer sufficient accuracy for positioning measurement. 
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Figure 1. Positioning error for 10MHz bandwidth
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Figure 2. Positioning error for 5MHz bandwidth
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Figure 3. Positioning error for 2.5MHz bandwidth
[image: image4.jpg]Empircal COF

—— e 1, R -6
—— Case 1, Feuse= 12
—— a3, R =6
—— Case3, euse= 12

Cumulative Distriution

0
foo

Tio

20

0

T 1S i 170 180 1@ 200
Positoning Error(m)




Figure 4. Positioning error for 1.4MHz bandwidth
The conclusion is that partial bandwidth for positioning support is enough. For the narrow bandwidth system (e.g. 1.4MHz), multiple subframes for energy accumulation is necessary. 
4 Conclusion
In this contribution, some considerations on PRS subframes allocation are provided for further studying OTDOA based positioning support for LTE Rel-9. In the low speed scenario, it is suggested that partial bandwidth is enough to satisfy the positioning accuracy requirement. And considering the more flexibility in terms of configuration, we prefer that normal subframe is used for positioning purpose. For the higher  speed scenarios, we need further study on it.
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Appendix I: Simulation Assumptions
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

	Carrier bandwidth
	1.4MHz, 2.5MHz, 5MHz, 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






















































