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[bookmark: _Ref396137062]Introduction
At RAN#72 a Work item on “Positioning Enhancements for GERAN” was approved. Part of the WI scope is until RAN#73 to: 
· “study the performance of proposed positioning enhancements, including:
1. evaluate the accuracy of proposed positioning enhancements such as TA multilateration, with and without tighter assessment of timing by MS, and compare with existing positioning methods with the same hardware support as for the proposed enhancement.
2. procedures and signalling for the proposed positioning enhancements
3. evaluate suitability of the proposed positioning enhancements for EC-GSM-IoT, including impacts on MS complexity and power consumption”
This document focuses on the first bullet above, by using the mentioned TA multilateration method.
TA multilateration
General
Detailed information regarding TA multilateration can be found in [2]. Here a short recap is provided.
The basic idea is based on extending the current Cell ID + timing advance method by performing a multilateration based on timing advance values. For this to work the timing advance value from at least three neighboring base stations are needed.    
The base stations to be used for multilateration could be chosen either:
· Based on selection from the network by knowing the position of the base stations and choosing a set of base stations with favorable geometry, or,
· Based on MS selection, selecting the strongest cells visible to the MS.
In this paper these two methods are referred to as “NW assisted selection” and “MS autonomous selection” respectively.
The accuracy of the TA multilateration will depend on the placement of the base stations, the accuracy of the TA estimate, and the algorithm used to derive the position.
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Figure 1: Illustration of timing advance trilateration method 

TA accuracy
The accuracy of the TA estimation is dependent on the assumed sampling rate of the MS or BS. I.e. it is assumed that the receiver synchronizes to the correct sample in time, and that the error is uniformly distributed over the sample duration. This assumption is still to be verified by link simulations.
For the reference scenario the accuracy of synchronizing to the DL frame structure is assumed to be 1/2 symbol for the MS, based on the current requirement, see [3]. For the base station it is assumed that the TA is estimated on symbol level. 
Apart for the reference scenario, also 1/4 symbol and 1/8 symbol accuracy has been investigated.
NW assisted selection
The placement of the base stations will be chosen based on the best geometry to the serving cell.
Assume that only three base stations are to be used for multilateration (in this case trilateration), then one of the base stations is assumed to always be the serving cell. The selection of the two remaining cells is based on the ideal angle from the serving cell. Since the network does not know where the MS is located the MS position is assumed to be according to the measured TA value in a direction of the main lobe of the cell.
The selection process can be detailed in the following steps (and is also illustrated in Figure 2):
1. Get TA for serving cell [blue square]
2. Estimate MS position to be in the direction of the main lobe of the serving cell according to the measured TA [red diamond]
3. Out of all cells visible to the MS (within the MCL) [13 green lines; one to each base station] select the one closest to 2/3 [the purple line pointing to the left]
4. Out of the remaining visible cells, select the one closest to 4/3 [the purple line pointing downwards]
Hence, no consideration is taken to the SINR experienced by the MS in this selection, but could probably improve the location estimation if done properly (there will be a trade-off between good geometry of the selected cells, and the accuracy provided by the TA estimate). If less than three cells are visible to the MS, the location is based on cell ID and TA see Section 2.6.
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[bookmark: _Ref458369663]Figure 2: NW assisted cell selection
MS autonomous selection
No consideration is with this method taken to the geometry of the cells, and it is assumed that the MS will select base stations based on descending signal strength. If less than three cells are visible to the MS, the location is based on cell ID and TA see Section 2.6.
Reference selection
The reference selection method in the simulations is based on the TA + cell ID method. This means that the TA is estimated in the serving cell and the MS position is determined to be the distance of the estimated TA in the direction of the main lobe in the cell.
[bookmark: _Ref458370998]Multilateration method
The method used for the multilateration was Gauss-Newton.
Simulation assumptions
The simulation assumptions in [4] have been followed.
GSM specific assumptions are shown in Table 1.
[bookmark: _Ref458370398]Table 1: GSM specific simulation assumptions
	Parameter
	Value

	TA accuracy MS – all uniformly distributed
	±1/2 symbol (reference)
±1/4 symbol
±1/8 symbol

	TA accuracy BS – all uniformly distributed
	±1/2 symbol (reference –symbol rate sampling)
±1/4 symbol (2x up-sampling)
±1/8 symbol (4x up-sampling)

	MCL
	164 dB (33 dBm EC-GSM-IoT devices)

	Building penetration loss
	On (see [4], Model 1, 0.5 inter-site correlation)

	# base stations used for multilateration
	3 to 20



Only combinations where the same MS and BS TA accuracy have been assumed are simulated.
Simulation results
Current synchronization requirements
In Figure 3 the reference performance of “cell ID+TA” is shown together with results for multilateration using at most 3, 5 or 10 base stations.
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[bookmark: _Ref458370230]Figure 3: Multilateration – current TA accuracy
As can be seen, using 3 base stations and multilateration compared to cell ID + TA provides a significant improvement, specifically when using network assisted base station selection (“NW ass. sel.”). The positioning accuracy is heavily dependent on the number of base stations used for the selection with positioning percentile at 100 m accuracy is at 6th percentile for cell ID+TA while at 39th percentile for network assisted selection of up to 10 cells.
Tighter MS synchronization requirement
Part of the WI is to investigate tightening of the MS requirements for synchronization. In Figure 4 the positioning accuracy is investigated with different assumptions on MS synchronization accuracy. One can see that multilateration is the main reason for a vast improvement compared to the TA method, but also that a tightening of the MS requirement from ½ symbol to ¼ symbol significantly improves the accuracy. The improvement is however smaller going from ¼ symbol accuracy to 1/8 symbol accuracy.
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[bookmark: _Ref458442809]Figure 4: Improved MS synchronization accuracy – 5 BS multilateration
The results can also be investigated by isolating the percentile reached at 100 m accuracy (target accuracy by the WID) in different configurations. The number of base stations are scanned from 3 to 20, and again only the MS accuracy is varied. 
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Figure 5: Improved MS synchronization accuracy, 100m percentile
Similar conclusions can be drawn by looking at this figure. For a position accuracy of ≤100 m for 50% of the MSs (50th percentile), the number of base stations required for example for the network assisted positioning method is 17, 10 and 8 for 1/2th, 1/4th and 1/8th symbol accuracy for the MS synchronization respectively.
Tighter MS synchronization requirement and tighter BTS synchronization
The base station synchronization could also be tightened, which is investigated here. Only the same tightening at MS and BTS are investigated, using the same symbol accuracy assumptions as in the previous section.
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Figure 6: Improved MS and BS synchronization accuracy, 100m percentile
One can see that in this case the tightening to 1/8 symbol accuracy has a profound positive impact compared to 1/4 symbol. Also the impact from 1/2 symbol accuracy to 1/4 symbol accuracy is more profound compared to only tightening the MS synchronization requirement.
Conclusion
The document has focused on the performance objective of the Positioning Enhancement WI for GERAN where it was agreed to “evaluate the accuracy of proposed positioning enhancements such as TA multilateration, with and without tighter assessment of timing by MS, and compare with existing positioning methods with the same hardware support as for the proposed enhancement”.
It has been seen that TA multilateration can provide significant improvements in terms of positioning accuracy compared to the current method with the same hardware requirements, i.e. the cell ID + TA method. These improvements are visible without improvements in synchronization accuracy, but if also synchronization accuracy is considered the improvements are even greater. Most benefits are seen if both MS and network improves its synchronization accuracy (otherwise the system is limited by the worse performing link).
If for example comparing the current cell ID + TA method with the current synchronization estimation accuracy, 6% of the positioning requests are within 100 m accuracy, while the corresponding figure for MS autonomous selection of up to 5 cells for multilateration with 1/8 symbol accuracy (current accuracy of ½ symbol) is 92%.
The underlying assumptions on synchronization accuracy are still to be verified by link simulations.
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