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1 Introduction

One of the goals stated in the indoor positioning enhancements SID [1], is to evaluate potential 3GPP positioning enhancements for indoor users: 

Evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals [RAN1]
This contribution presents evaluation results on the significant impact of the assumptions of the UE receiver model on the performance of OTDOA positioning results. First the simple UE receiver model which has been used by Ericsson for the baseline evaluation results is presented, and then an improved model which has considered an SINR based threshold is presented and finally their performance is evaluated and compared with each other.  The contribution includes a text proposal on UE receiver model to be included in TR 37.857.
2 Simple UE receiver model

Currently, UEs may have simple or complex models for estimating the TOAs, however their procedure is unknown to the network. There are different TOA estimation algorithms (receiver models) being used in practice. Every algorithm has its own pros and cons. An algorithm (receiver model) that is suitable for one scenario may be inadequate for another scenario. Even for the same receiver model, there are usually parameters that need to be adjusted appropriately in order to receive the desired TOA estimation accuracy. Moreover, the computational complexity of the models can differ significantly. Here we explain the simple UE receiver model which was used by Ericsson to present the baseline evaluation results. 
At the UE receiver, to calculate the channel impulse response (CIR), the cross-correlation values between the received signal, [image: image2.png]


 and the transmitted PRS, [image: image4.png]


 are computed as follows:
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where K is the length of the received signal and (*) denotes the complex conjugate. K is the number of samples per subframe times the number of consecutive PRS subframes. The cross correlation is computed per positioning occasion. In order to make use of multiple positioning occasions, the measurements can be combined accordingly: 
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where S is the set of CIR estimates, and S is constrained by the number of receiver antennas and the number of positioning occasions. Note that the absolute value of the CIR corresponds to the power delay profile (PDP) of the channel; the operation in (2) is therefore an averaging of the PDP of the positioning occasions and antenna elements. The final estimate can be calculated in a threshold based approach as:
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The last step can be generalized as obtaining the distinct peaks by looking for downward zero-crossings in the first derivative, and picking one based on some policy, which can be based on some threshold. In this case, the choice of a proper threshold ζ is very crucial on the performance of the UE receiver and finding an appropriate threshold is not trivial. For the baseline simulation results of the muting scenario, we set a threshold half of the maximum peak. Figure 1 presents time estimation by a threshold-based UE receiver model in which the estimated time is very close to the exact time. The horizontal solid line indicates the threshold. Figures 2 shows situations where a fixed-threshold (static) based UE receiver model fails to estimate a proper TOA. 
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Figure 1. Exemplifying a threshold-based UE receiver model in which the threshold is set to half of the maximum peak.
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(a)                                                                                 (b)

Figure 2. Exemplifying a situation where having (a) a lower threshold value, (b) a higher threshold value would have improved the TOA estimation considerably.
3 Improved UE receiver model
In some situation, the TOA estimation accuracy can significantly improve under relatively complex receiver operations whereas in certain cases there may be little or no incentive to employ a complex receiver. Therefore, it is not possible to devise a universal algorithm with fixed parameter settings that perform well in all cases. 
The more advanced UE receiver which has the ability to precisely estimate the TOAs for most of the required cells and perform more accurate RSTD measurements can expect to receive a much more accurate positioning estimation. In general, a TOA estimation algorithm at the UE receiver can be divided into two main steps:

1. Estimate the channel impulse response 
2. Detect the first channel tap (corresponding to the time or arrival of the first signal that is received)

To implement an improved UE receiver model compared to the simple case which we have used earlier, we first find the distinct peaks of the channel impulse response, and then pick the peak based on a threshold which varies according to the cell’s SINR. We have grouped cells based on their SINR values and assigned a certain threshold to each group. Our observation is that while SINR is high, the threshold can be set much lower than our previously fixed value to detect an earlier peak. This has been shown in Figure 3, where the magenta line indicates the estimated time by the improved UE receiver and the channel impulse response belongs to a cell with SINR > 20dB. 
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Figure 3. Our improved UE receiver has low threshold value for cells with high SINR.
On the other hand, for cells with low SINR, the threshold can be set much higher than our previously fixed value to avoid earlier noise peaks. This has been shown in Figure 4, where the magenta line indicates the estimated time by the improved UE receiver and the channel impulse response belongs to a cell with SINR < -13dB.
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Figure 4. Our improved UE receiver has high threshold value for cells with low SINR.
4 Performance evaluation

In order to evaluate the performance of the two receivers, in this section we provide the results for the scenario with outdoor macro + 4 small cells deployment. To implement the improved UE receiver model, we simply divided the cells into the following five categories shown in Table 1 based on their SINR for the muting scenario, and assigned a certain threshold for each group. This threshold was set to 0.5 for all cells in the simple receiver we used earlier.
Table 1: SINR based grouping

	Group Number
	SINR Region (dB)
	Threshold

	1
	SINR <-13
	1

	2
	-13 < SINR < -8
	0.7

	3
	-8 < SINR < -3
	0.5

	4
	-3 < SINR < 2
	0.4

	5
	SINR > 2
	0.3


The improved UE receiver model has the following characteristics:

· According to Table 1, each SINR region is 5 dB wide and does not require very accurate SINR estimation, therefore, this grouping is easily realizable in practice . 
· In a muted PRS scenario where there is no or very little interference, the thresholds can be set (or the regions can be defined) based on the received signal power levels, since the noise power can be assumed to be the same for all measured cells. 
· There is also potential to further improve the performance by optimizing the SINR regions depending on how accurate SINR can be estimated
Figure 2 presents the CDF curves of the TOA error of 24 cells estimated for each UE. The number of studied UEs is 70, which is ten times less than our previously presented results. Table 2 presents the TOA error percentiles of 40%, 50%, 70%, 80% and 90% of the two UE receivers. The results show between 25% and 36% reduction and improvement in TOA error while the improved UE receiver is used.
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Figure 5. The CDF comparison of the TOA error of the two UE receiver models.
Table 2: TOA error [m]
	Scenario
	Method
	40%
	50%
	70%
	80%
	90%

	Macro + 4 small cells
	Simple UE Receiver
	8
	12
	26
	38
	68

	Macro + 4 small cells
	Improved UE Receiver
	6
	8
	17
	26
	43


Figure 6 presents the horizontal positioning error CDF curves for the two UE receivers. Note that if the UE receiver was able to estimate the exact time estimates of 24 cells, the positioning estimation could be accurately provided for all UEs in scale of at most 30cm away from the true position. Table 3 presents the horizontal positioning error percentiles of 40%, 50%, 70%, 80% and 90% of the two UE receivers. The results show between 27% and 45% reduction and improvement in horizontal positioning error while the improved UE receiver is used.
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Figure 6. The CDF comparison of the horizontal positioning error of the two UE receiver models and the exact time estimates.
Table 3: Horizontal positioning error [m]
	Scenario
	Method
	40%
	50%
	70%
	80%
	90%

	Macro + 4 small cells
	Simple UE Receiver
	10
	13
	18
	22
	37

	Macro + 4 small cells
	Improved UE Receiver
	7
	8
	13
	16
	20


As the network is more aware of the interference and/or received signal power (or path loss) better than the UE, it is motivated to have assistance from the network side in the view of assigning the SINR thresholds and grouping for the situation the UE is experiencing. UE is in a good position to measure interference and noise on undesired sub-carriers, but it would be hard for it to measure interference and noise on desired sub-carriers and thus the network assistance can be beneficial.

This study gives two observations.

Observation 1: Exploiting the SINR values of the cells in modeling the UE receiver (e.g. picking a proper threshold) can increase the OTDOA performance and the estimated positions.

Observation 2: The assumptions on the UE receiver model have a significant impact on the performance of OTDOA.
Based on the analysis, we have the following proposal:

Proposal 1: Include the network-assisted dynamic UE receiver model as a potential OTDOA enhancement in the TR 37.857. 
5  Discussion
The selection of the most suitable receiver model and its associated parameters is not an easy task for a UE that has access to limited information and has limited capabilities. A safer choice is to implement a fixed algorithm that is robust against wide range of uncertainties and has little chances of failing completely. However, a fixed receiver model (algorithm) lacks the ability to adapt to the varying situations and thus can’t provide best achievable performance. Therefore, a relevant enhancement is allowing E-SMLC to indicate the preferred parameters (e.g. SINR based thresholds) and strategies on how to estimate the TOA to the UE based on the UE’s scenario experience and its capabilities. By giving network assistance to a UE in properly and semi-dynamically selecting and tuning its TOA estimation algorithm (UE receiver model), it is possible to increase the accuracy of the TOAs and hence the RSTD measurements. The network assistance can be initiated either by the request from a UE or by the network itself. The UE also has the possibility to reveal the information related to the employed receiver model and the associated parameters, to the network with the hope of validating its current choice and gaining support for further improvements in the model/parameter selection. With a network-assisted UE receiver, the E-SMLC gets better control over the applied UE receiver model and the accuracy of the time estimations, and a more uniform performance from UE receivers of different types can be expected.
Proposal 2: OTDOA is enhanced by allowing the E-SMLC to indicate the parameters and strategies on how to estimate the TOA to the UE based on the UE’s scenario experience and capabilities.
6 Conclusions
In this contribution we have discussed the impact of UE receiver model and how it is beneficial to have a network-assisted dynamic UE receiver model, and have the following proposal:
Proposal 1: Include the network-assisted dynamic UE receiver model as a potential OTDOA enhancement in the TR 37.857.
Proposal 2: OTDOA is enhanced by allowing the E-SMLC to indicate the parameters and strategies on how to estimate the TOA to the UE based on the UE’s scenario experience and capabilities.
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7.1.1.4.2 Network-assisted Dynamic UE Receiver Model 

Currently, UEs may have simple or complex models for estimating the TOAs, however their procedure is unknown to the network. There are different TOA estimation algorithms (receiver models) being used in practice. Every algorithm has its own pros and cons. An algorithm (receiver model) that is suitable for one scenario may be inadequate for another scenario. Even for the same receiver model, there are usually parameters that need to be adjusted appropriately in order to receive the desired TOA estimation accuracy. Moreover, the computational complexity of the models can differ significantly. In some situation, the TOA estimation accuracy can significantly improve under relatively complex receiver operations whereas in certain cases there may be little or no incentive to employ a complex receiver. Therefore, it is not possible to devise a universal algorithm with fixed parameter settings that perform well in all cases. 
The selection of the most suitable receiver model and its associated parameters is not an easy task for a UE that has access to limited information and has limited capabilities. A safer choice is to implement a fixed algorithm that is robust against wide range of uncertainties and has little chances of failing completely. However, a fixed receiver model (algorithm) lacks the ability to adapt to the varying situations and thus can’t provide best achievable performance. Therefore, a relevant enhancement is allowing E-SMLC to indicate the preferred parameters (e.g. SINR thresholds) and strategies on how to estimate the channel impulse response to the UE based on the UE’s scenario experience and its capabilities. By giving network assistance to a UE in properly and semi-dynamically selecting and tuning its TOA estimation algorithm (UE receiver model), it is possible to increase the accuracy of the TOAs and hence the RSTD measurements. The network assistance can be initiated either by the request from a UE or by the network itself. The UE also has the possibility to reveal the information related to the employed receiver model and the associated parameters, to the network with the hope of validating its current choice and gaining support for further improvements in the model/parameter selection. With a network-assisted UE receiver, the E-SMLC gets better control over the applied UE receiver model and the accuracy of the time estimations, and a more uniform performance from UE receivers of different types can be expected.
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