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1 Introduction
A new work item on the positioning support for LTE has been approved by RAN #42 plenary in December, 2008 8[1]. This work item is necessary as LTE Release 8 has not developed an explicit solution to support UE positioning similar to those in the current 2G, 3G cellular technologies. Current LTE Release 8 supports UE positioning through OMA SUPL 2.0 protocol for emergency calls. However, the positioning methods supported are limited to cell ID, enhanced cell ID, A-GPS and A-GNSS. The limitations of these positioning methods, especially with respect to regulatory requirements on emergency services, have been studied previously. 
Currently, 3GPP SA2 is developing the network architecture for a control plane solution that can allow LTE to support UE positioning more efficiently. The objective of this RAN work item is to support the following:
“-
a positioning protocol or protocols compatible with and enabling support for both the control plane LCS solution for EPS and OMA SUPL

-
UE assisted and UE based A-GNSS

 -
a downlink terrestrial positioning method, analogous to E-OTD, OTDOA and AFLT, capable of operating in UE assisted and UE based modes (note that a single downlink method will be defined)

-
enhanced cell ID measurements coming from the UE and/or eNode B”

2 Scope of the work item for RAN1
As defined by the work item, RAN1 is responsible for the evaluation of a preferred method of downlink positioning (OTDOA), and working with RAN2 and RAN3 to develop the LTE positioning protocol (LPP) specification. The LPP may be an addition to an existing protocol or a new protocol. 
3 UE positioning methods
As described in the introduction and the work item, there are multiple methods for UE positioning that have been studied previously in various standards and research forums. Most popular methods include the followings, which are downlink based:
· Cell ID
· A-GPS (A-GNSS)

· E-OTD

· OTDOA

· AFLT

Besides, there are also uplink based methods which involve multiple neighboring eNBs monitoring the transmission from an UE simultaneously. 

Among these methods, cell ID based method is more appropriate for smaller cell size, e.g., micro, pico or femto cells. The positioning accuracy increases as the cell size decreases. 

To support satellite based methods, i.e., A-GPS and A-GNSS, an additional receiver is required at the UE to track and receive the signals transmitted from multiple satellites. The UE can then compute its position based on the relative timing offset of the signals as received from those satellites. Besides the additional UE receiver complexity, another drawback of this method is the poor indoor coverage of the satellite signal. 
E-OTD and OTDOA are supported by the GSM and WCDMA networks. The time differences of arrival of signals from multiple neighboring eNBs are measured by the UE. This information can then be used to determine the location of the UE through triangulation. While the principle is similar to satellite based method, these terrestrial timing differences solutions do not require additional receivers for the satellite signals, and the indoor coverage is not an issue in a typical deployment. 
In RAN1 #55, a contribution has proposed to define an additional UE measurement on timing difference between a neighbor cell and the serving cell 8[2]. The measurement can then be reported back to the eNB which may then forward it to the location determination entity for computing the location of the UE. In this way, the UE is relieved from the burden of computing the actual location itself.
4 Requirements and Performance evaluation

As discussed in 8[2], the support of UE positioning for emergency service by a cellular network is mandatory in the US. FCC specified the E911 Phase 2 requirements for accuracy and reliability as follows:

· For network based solutions: 100m for 67% of calls, 300m for 95% of calls
· For handset based solutions: 50m for 67% of calls, 150m for 95% of calls
For the terrestrial solution, timing difference of arrival based positioning methods, the accuracy of UE positioning is affected by the accuracy of timing estimation and the multipath channel, i.e., the capability to resolve the multipath components in the channel. 
To evaluate the performance of a positioning method such as TDOA, factors that affect the accuracy would need to be captured. 

· Accuracy of timing difference estimation by the UEs, especially for those located at poor geometry 
· Resultant performance in estimation of UE location based on triangulation using the timing difference estimation for signals transmitted from various neighbour eNB

This may be more accurately modelled in a system-level simulation layout, such that the interference and multipath channels from other neighbour cells can also be captured. 
5 Timing Measurement Reporting
To support the timing difference based UE location methods, a timing difference measurement report can be obtained from the UE, as proposed in 8[2] and 8[3]. 

The difference (offset) of neighbor cell timing with respect to the serving cell timing is illustrated in Figure 1. This timing difference information is available at the UE as the UE decodes the cell ID from the synchronization signal of the neighbor cell when the RSRP measurements are reported. 
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Figure 1  Timing offset of neighbor cell frame boundary with reference to the frame boundary of the serving cell
6 Proposed changes to the standard TS 36.214
The following definition for timing difference measurement report can be added to the specification TS 36.214 [4].   

5.1.12
Timing offset 
	Definition
	Timing offset measurement, in units of microseconds, is the time of arrival of a downlink frame in the considered cell (TOA_cell) with reference to the time of arrival of the corresponding frame in the serving cell (TOA_ref), i.e., TOA_cell – TOA_ref. 

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


7 Conclusion
To proceed with the new work item on UE positioning support, UE measurement capability of timing differences should be included in the specification TS 36.214 to enable the support of OTDOA. Ideally, we should ensure that the positioning of Release-8 UEs can be supported in the future. 
A methodology for evaluating the performance of the positioning method can be decided before proceeding with the actual evaluation. 
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