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1. Introduction

Positioning Support in LTE was agreed as a working item in RAN Plenary meeting #42.  This WI is focusing on the downlink terrestrial positioning method and one objective is that positioning for LTE access needs to be as good as or better than that currently possible for other access types.  All new features and capabilities shall be backward compatible with networks and UEs that support LTE and EPS according to Rel-8. [1] 
This contribution gives some discussions for positioning support in LTE.
2. Discussion
OTDOA is specified as a method for positioning in UMTS [2].  The OTDOA measurement is based on the arrival time difference from different cells observed at the UE.  The accuracy of position estimates depend on the precision of timing measurements.  
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Figure 1: OTDOA Positioning Method [2]
In UMTS system, UE can benefit from downlink common pilot channel which is transmitted continuously.  It is generally agreed that OTDOA or OTDOA liked method will also be used for LTE positioning support.   For LTE UE, it can use the cell specific RSs or synchronization signals for the positioning measurement, however, measurement of those signals may not meet the accuracy requirement due to the density of the signals.  Some enhancement to existing RSs or introduction of new RSs may be necessary.  

For OTDOA method, hearability is an issue that needs to be taken into account, i.e., a terminal near its serving cell cannot hear other cells on the same resource.  UMTS system uses IPDL (Idle Period Downlink) to address hearability issue.  Each cell ceases its transmission for short period of time.  Terminals within the cell can measure the signals from other cells.  The concept can also be used for LTE hearability problem with some modifications.  
The estimate of UE location will also depend on the actual Relative Time Difference (RTD) between the transmissions of different cells.  If cells are synchronized, the RTDs are known constant value.  If the network is asynchronous, the RTDs can be measured by fixed location measurement units at known position and stored in the database for location calculation.  The method is already specified in UMTS can also be applied to LTE system.

It is noted that RTT (Round Trip Time) can be used together with OTDOA in UMTS system to increase the accuracy.  RTT will provide different resource of measurement and can be used as assistant data for location calculation.  OTDOA + RTT should be considered and evaluated in LTE system as well.
Both LTE and UMTS have similar problems and performance requirements for positioning support.  A lot of positioning methods already used in UMTS system can also be used for LTE system.  The positioning performances based on existing rel-8 LTE signals should be evaluated and use as the baseline for further enhancement.
Location Uncertainty Due to Residual Timing Error
Besides location errors caused by UE TDOA measurement, UE implementation can also cause the location uncertainty.  It is noticed that the residual timing error for UE implementation is equal to or greater than one sample.  Since the bandwidth in LTE can range from 1.25MHz to 20MHz, the residual timing errors will be different for different bandwidths.  These residual timing errors will introduce different location uncertainties.  The location uncertainties for different bandwidths are listed in table 1.  
	
	Bandwidth(MHz)

	
	1.25
	2.5
	5
	10
	15
	20

	Residual Timing Error(ns) *
	521
	261
	130
	65
	43
	33

	Location Uncertainty(m) *
	156.3
	78.3
	39
	19.5
	12.9
	9.9

	*: Based on 1 Sample error
	
	
	
	
	
	


Table 1: Location Uncertainties for Different Bandwidths

These location uncertainties are implementation related and exist no matter how accurate the TDOA measurements are.  The uncertainties can reach 156m for 1.25MHz bandwidth and 78m for 2.5MHz bandwidth.  It is known that some operators will use small bandwidths for the initial LTE deployment.  For FCC E911 phase 2 requirements, at least 67% of the radial positioning errors are smaller than 100m.  It may be not easy for small bandwidths to meet this requirement with OTDOA alone.  Several positioning methods need to be combined to provide accurate position estimate.  Some further discussions on the fallback methods such as GPS are necessary for small bandwidths.
3. Conclusion
 We think a lot of positioning methods already used in UMTS system can also be applied for LTE system with some modifications.  The positioning performances based on existing rel-8 LTE signals should be evaluated and used as the baseline for further enhancement.  Some further discussions may be necessary to support positioning for small bandwidths.
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