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[bookmark: OLE_LINK2]Enhanced Positioning – Positioning performance evaluation
(update of R6-160158)
[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. The positioning performance is evaluated by system simulations. A SINR-dependent model of the measurement error is introduced, see [6]. Also, the impact of network guidance that allows the MS to avoid using co-sited base stations for positioning is evaluated.
This document is an update of R6-160158. Changes (in section 3 and 4.1) are highlighted in red.
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,
· Based on MS selection, selecting the strongest cells visible to the MS, or,
· Based on MS selection with NW guidance, selecting the strongest cells visible to the MS while avoiding co-sited cells.
In this paper these three methods are referred to as “NW assisted selection”, “MS autonomous selection” and “MS autonomous selection with NW guidance” respectively.
The accuracy of the TA multilateration will depend on the number of base stations used, the placement of the base stations, the accuracy of the TA estimates, and the algorithm used to derive the position. The 
[image: ]
Figure 1: Illustration of timing advance trilateration method 

TA accuracy
A model of the MS-BTS distance estimation error has been derived from link simulations in [6]:
· The MS synchronization error eMS [GSM symbol periods] is modelled as the average of N independent Laplace distributed random numbers, where N=5.
· The BTS synchronization error eBTS [GSM symbol periods] is modelled either (in case only access bursts are sent on EC-RACH) as a Laplace distributed random number, or (in case a single block is transmitted on EC-PDTCH in addition to the access bursts on EC-RACH) as the average of two Laplace distributed random numbers.
· From this the MS-BTS distance estimation error is calculated as  ½(eMS+eBTS)CT, where C is the speed of light [m/s] and T is the GSM symbol period [s].
The standard deviation of the Laplace distributions depends on the SINR and the logical channel used. For more details, see [6].
For comparison, the uniform error distributions used in the contribution to RAN6#1 [5] have also been simulated.
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.
MS autonomous selection with NW guidance
This method is the same as the MS autonomous selection, except that only the strongest of a set of cells with co-located base stations may be selected.
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.
[bookmark: _Ref467051768]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

	MS synchronization accuracy
	· SINR-dependent model (see [6]) based on average of 5 EC-SCH readings
· Uniform -1/2 to +1/2 symbol
· Uniform -1/4 to +1/4 symbol 
· Uniform -1/8 to +1/8 symbol

	BTS synchronization accuracy
	· SINR-dependent model (see [6]) based on average of 1 EC-RACH and 1 EC-PDTCH reading
· SINR-dependent model (see [6]) based on 1 EC-RACH reading
· [bookmark: _GoBack]SINR-dependent model based on 1 EC-RACH and 1 extended EC-RACH reading (see [6] and section 3.1)
· Uniform -1/2 to +1/2 symbol
· Uniform -1/4 to +1/4 symbol 
· Uniform -1/8 to +1/8 symbol

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

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

	Maximum number of base stations used for multilateration
	3, 5 or 10



The “maximum number of base stations” in the table above is an upper limit on the number of base stations for which TA estimation is done. The actual number may be lower in case fewer are visible (i.e., above the MCL of 164 dB) to the MS.
[bookmark: _Ref467157315]BTS synchronization error
In addition to the models for BTS synchronization error described in [6] a model for the procedure described in [7], using Extended Access Bursts, has been used. In this case, the MS first sends access bursts on EC-RACH, receives a TA value on EC-AGCH, and then sends its TLLI in an extended access burst(s) on EC-RACH. The BTS is assumed to calculate the average timing of the two transmissions on EC-RACH, which is modelled by averaging the timing error of the two (each being Laplace distributed as described in [6]).
Simulation results
[bookmark: _Ref467051773]Comparison of link simulation based models and uniform models
In the contribution to RAN6#1 [5], uniform distributions of the MS-BTS distance estimation error were used. The positioning performance of the new SINR-dependent models is compared to the uniform models in Figure 3.
 The MS autonomous method with maximum three base stations has been used.
It can be seen that the SINR-dependent model using both EC-RACH and EC-PDTCH is slightly better than the uniform model with -1/8 to +1/8 symbol range while the SINR-dependent model using only EC-RACH is roughly equivalent to the uniform model with -1/8 to +1/8 symbol range. This shows that it is important to model the SINR dependency rather than to assume a worst case spread.
 

[bookmark: _Ref465987876][image: ]

[bookmark: _Ref466037539]Figure 3: CDFs of the positioning error with different models for the MS-BTS distance estimation error. MS autonomous method using 3 base stations.
Comparison of methods for base station selection
In [5] the “MS autonomous selection” and the “NW assisted selection” were simulated with a SINR-independent uniform measurement error model. The results were in favour of the “NW assisted selection”. However, since the “NW assisted selection” may select a BTS with lower SINR over a BTS with higher SINR in order to improve the geometry, the SINR dependency of the measurement error is important to model.
Figure 4 shows the positioning error CDFs of the “MS autonomous selection” (blue line) and the “NW assisted selection” (red line) with the SINR-dependent measurement error model when the maximum number of base stations used is three. It is now less obvious which of the two is better. The green line shows the performance of the “MS autonomous selection with NW guidance” that seems to outperform the other two.
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[bookmark: _Ref465990477]Figure 4: CDFs of the positioning error with different methods for selecting base stations. Maximum number of base stations used is 3.

In contrast to this, Figure 5 shows the same CDFs but for the case where up to 10 base stations may be used for positioning. In this case, the “MS autonomous selection” is the best. Avoiding co-sited base stations (i.e., the “MS autonomous selection with NW guidance”) degrades performance due to the possibility that base stations with lower SNR could be used instead of using multiple co-sited base stations with higher SNR.
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[bookmark: _Ref465991488]Figure 5: CDFs of the positioning error with different methods for selecting base stations. Maximum number of base stations used is 10.
When only three base stations are used, the situation that some of them are co-sited gives an under-determined problem. Therefore, avoiding co-sited base stations improves performance. On the other hand, when 10 base stations are used, the problem is over-determined even if some of them are co-sited. Replacing these co-sited base stations with other base stations with lower SNR will only degrade performance.
[bookmark: _Ref467160400]Impact of number of used base stations
In this section the positioning accuracy impact of number of used base stations is investigated. The best method for selecting base stations is identified for the case of 3, 5 and 10 base stations (i.e., the “MS autonomous selection with NW guidance” is the best method when three base stations are used and the “MS autonomous selection” otherwise).
The positioning performance CDFs are shown in Figure 6. It can be noted that when NW guidance is used in the case of three base stations, the gain of increasing the number of base stations is moderate.
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[bookmark: _Ref465993721]Figure 6: Impact of maximum number of used base stations.
Positioning accuracy versus number of transitted bursts
Figure 3 showed that the positioning accuracy is better when a single block is transmitted on EC-PDTCH in addition to the transmissions on EC-RACH. This is expected since the TA estimation in the BTS is based on more bursts. However, it is of course interesting to know whether the same positioning accuracy could be achieved by transmitting additional bursts on EC-RACH instead. This can be done by modifying the UL Coverage Class thresholds for EC-RACH. Alternatively, or in addition, the method of sending TLLI in an extended access burst(s) on EC-RACH (see [7]) can be used.
Therefore, the following three methods are compared in this section:
· One transmission of access burst(s) on EC-RACH (denoted “EC-RACH” in the legend)
· One transmission of access burst(s) on EC-RACH followed by one transmission of extended access bursts on EC-RACH, see [7] (denoted “EC-RACH+EC-RACH” in the legend)
· One transmission of access burst(s) on EC-RACH followed by one transmission of a single data block on EC-PDTCH (denoted “EC-RACH+EC-PDTCH” in the legend)
As in the simulations in other sections, the number of blind physical layer transmissions (i.e., coverage class selection) is based on SNR. To explore different trade-offs between energy consumption and positioning accuracy, the CC thresholds for EC-RACH are swept.
Another factor that impacts the number of transmitted bursts is the number of base stations involved in the TA multilateration. Here, different number of base stations used per positioning (3, 5 or 10) are compared. The base station selection method is the same as in section 4.3 (i.e., “MS autonomous selection with NW guidance” is used when three base stations are used and the “MS autonomous selection” is used otherwise).
Figure 7 and Figure 8 show the 67th and 95th percentile, respectively, of the positioning error versus number of transmitted bursts by the MS. 
The following observations can be made:
· For a given number of transmitted bursts, the three methods give roughly the same accuracy. A tendency of steeper curves for the “EC-RACH” method can be seen, which is likely explained by that the bursts to a higher degree can be I/Q combined in this case, since all are transmitted at once on EC-RACH. Comparing the “EC-RACH+EC-RACH” and “EC-RACH+EC-PDTCH” for a given desired positioning accuracy, they appear to be approximately equivalent in terms of number of transmitted bursts. 
· When the number of BTS is increased, the number of transmitted bursts increases much faster than the accuracy improves. I.e., it is more energy-efficient to focus on a few strong base stations. This can be explained by that higher coverage classes are likely needed when additional base stations are accessed.
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[bookmark: _Ref467158947]Figure 7: 67th percentile of the positioning error versus number of transmitted bursts.
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[bookmark: _Ref467160539]Figure 8: 95th percentile of the positioning error versus number of transmitted bursts.
Conclusion
This paper has investigated the positioning accuracy for three different timing advance Multilateration methods: Network assisted, MS autonomous and MS autonomous with network guidance. It has been shown that the MS autonomous with network guidance method has the best performance when three base stations are used for the positioning procedure and that the gain of increasing the number of base stations is moderate. In addition, the lower battery consumption realized by the MS when using only three base station per positioning event is a significant advantage compared to using five or ten base stations. 
Another aspect that has been shown in this paper is that it is important to correctly model the TA estimation error and use a SINR-dependent model in order to obtain reliable results. Therefore, is it proposed to agree the following working assumption. 
Working assumption 2: When modelling the TA estimation error in system level simulations an SINR dependent model is used. 
Another aspect that is important to note is that with the assumptions taken in this paper as well as in the supporting link level simulations paper [6] that a very good positioning accuracy of 50 m at the 67% can be achieved using three base stations.  One key contributing factor to this accuracy is the fact that the MS averages a set of 5 EC-SCH readings to achieve a good synchronization accuracy and but it can also be noted that the synchronization accuracy is SINR dependent.  This means that for the SMLC node to be able to more accurately estimate the overall positioning error it would be advantageous for the SMLC node not only assume the worst case synchronization estimation error but the actual synchronization error as estimated by the MS 
Finally, the energy consumption of different methods, including the use of extended access bursts (see [7]), was evaluated by system simulations. As an indication of the energy consumption, the number of bursts transmitted by the MS was measured. It was concluded that for a given number of transmitted bursts, the three methods give roughly the same accuracy. It was also observed that increasing the number of base station for TA multilateration does not improve the accuracy proportionally. I.e., it is more energy-efficient to focus on a few strong base stations. 
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