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1
Introduction

Work item for LTE positioning support was agreed in RAN Plenary meeting #42 [1] with an objective to define terrestrial positioning method similar to OTDOA in UTRAN. OTDOA positioning requires that several node B signals are received by the UE so that UE position can be calculated based on arrival time differences. Purpose of this contribution is to discuss issues affecting accuracy of the positioning using OTDOA algorithm.
2
Discussion
Discussion in work item has mainly been concentrating on hearability issues and possible improvement methods but the ultimate measure for positioning system performance is accuracy of positioning itself. Although some positioning accuracy results have been presented the issue how hearability affects positioning accuracy has not been discussed in detail. Thus it is not clear how to link the hearability results to the positioning accuracy requirements and what is the adequate level for hearability so that requirements set by FCC [2] can be met in a system that can be assumed to use AGNSS as a main positioning technique whenever a satellite fix is available. 
Successful positioning using OTDOA requires that at least three signals are received from different base stations. Actual UE position is then calculated based on time difference of arrival measurements done between each base station pair. Actual algorithm used to calculate UE position has not been discussed yet in RAN1. Baseline algorithm for the simulations could be agreed so that assumptions for this part of the positioning study would be identified.
Error sources for OTDOA are discussed in detail in latter part of this contribution.
2.1 Error sources of OTDOA measurements
The errors to OTDOA measurements can be coarsely split in to three main categories based on the source of the uncertainty; errors originating from UE and network and errors originating from propagation medium.
2.1.1 UE induced error sources

Time of arrival (TOA) measurement

When ideal channel is assumed, the source of uncertainty for time of arrival measurement is the measurement resolution which can be assumed to have a uniform distribution. 

Time difference of arrival calculation

When two TOA measurements are subtracted to form an OTDOA measurement, the combined uncertainty of the TOA measurements needs to be determined. Further, this parameter is quantized to form a measurement report.

2.1.2 Network induced error sources

Transmit time synchronization error

This error describes how well the eNB transmissions are synchronized in synch networks or the quality of Real Time Difference (RTD) measurements in case of asynch network. For synch network the error model is similar to the TOA measurement and for asynch similar to OTDOA.

eNB geometry

The impact of the network geometry, i.e. the location of measured eNBs with respect to the UE and each other is characterized by Dilution of Precision (DOP) parameter. The position uncertainty can be estimated by multiplying the OTDOA uncertainty by the value of DOP. Basic principle of DOP is shown in Figure 1, where it can be seen that DOP reaches minimum value when two TDOA measurements are in 90 degree angle to each other. When angle is smaller the DOP gets larger. Example of DOP realization in network with three node Bs is shown in Figure 2. Node Bs are in Figure 2 situated to “nodes” seen in contour graphs. 
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Figure 1 Principle of DOP
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Figure 2 Example of DOP
2.1.3 Propagation channel induced error sources

SNR

Accuracy of single TDOA measurement is affected by the SNR of the received node B signal.
Multipath

Multipath propagation profile affects accuracy of TDOA measurement since first path needs to be used for the measurement. Thus also division of received signal power between paths has significant effect on the performance of algorithm used to search the first propagation path. 
Non-line-of-sight error

In urban areas the NLOS error is the most significant error source. In Manhattan grid type of environment when the signals are propagating in street canyons the measurement error induced by NLOS can be up to 40 %.
2.2 Impacts to position estimate

The position estimate uncertainty is a combination of the above-mentioned error sources and can vary a lot depending on the chosen parameter values. As the main objective of the LTE positioning method would be to meet the set target e.g. provide sufficient accuracy. It is felt that it would be beneficial to consider the at least the main affecting parameters to obtain more holistic view of the achievable accuracy.
For 3GPP work it is important to understand how the accuracy of the UE time difference measurement impacts the overall positioning accuracy when RAN4 is defining the accuracy requirements for it. It is also important to understand how the inaccuracies in the network timing impact the overall position accuracy as there is a tradeoff between the accuracy with which the network timing is known and the effort required in deployment phase. 
3 Conclusions

This contribution looked at the error sources impacting the overall position accuracy. It is important to understand how different error sources impact the final result and what error sources can be controlled in the system design and/or deployment. Furthermore it is important to know how the UE time difference measurement error impacts the overall position accuracy when defining the RAN4 accuracy requirements to is as well as understanding the tradeoff of the accuracy with which network timing is known and the impact it has to the accuracy of the position estimate when all other sources of error are present.
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