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Introduction
One of the objectives of this SI is to evaluate the baseline performance of the agreed simulation scenarios for the existing positioning techniques including OTDOA. The time of arrival estimation has a great impact on the positioning accuracy performance of OTDOA. One main factor on how to estimate TOA is the assumptions taken in the UE receiver for performance evaluation. 
In this contribution, we emphasize the significant impact of the UE receiver model in performance generation. In order to obtain useful baseline evaluation results across companies for OTDOA, the UE receiver assumptions should at least be known. Preferably the same UE receiver model should be used for evaluation.  
UE Receiver Model

In order to get accurate positioning, line of sight (LOS) detection is important. To detect the first channel tap, we compute the cross-correlation values between the received signal  and the transmitted positioning reference signal  as follows:




where K is the search window for the positioning and *() denotes the complex conjugate. The search window should be large enough to cover all the taps. In our simulation, the K is chosen to be 4096 which is twice of our chosen IFFT block size, and was adequate for the studied scenarios. The cross correlation is computed per positioning occasion. In order to make use of multiple positioning occasions, we combine the measurements accordingly 



where S is the set of cross correlation estimates, and S is constrained by the number of receiver antennas and the number of positioning occasions. The PRS configuration can be seen as a trade-off between performance and cost. Also, configurations with similar costs can correspond to different performance. For example, a configuration with multiple consecutive PRS subframes and sparse PRS occasions can imply the same cost as a configuration with one PRS subframe and dense PRS occasions. In our baseline evaluation study [1],  we consider the latter kind of configuration with one PRS subframe and a PRS occasion periodicity of 160 ms. The UE requirements stipulates the use of data from 16 PRS occasions [ref TS 36.133, Section 8.1.2.5], and even though the UE is free to use more PRS occasions for the timing estimation, we consider 8 PRS occasions in the receiver model. Finally, the first tap is estimated with the predetermined threshold value as:



The threshold value  has to be carefully chosen when considering the multipath propagation. In the simulation set-up of this contribution, we do not optimize the threshold value. Depending on the choice of PRS interference scenario (ideal muting and no muting [1]) one of these threshold values are considered in (3): 

a)   for the ideal muting case, which implies that the first-tap is estimated as the earliest tap that is at least half as strong as the highest peak. 
b)  for the no muting case, which implies that the first-tap is estimated as the strongest peak.
Furthermore, we add the constraint on the time estimate that  should have a negative derivative; this is to make sure that we have found the top of the correlation peak.

Proposal 1: The baseline performance results should be accompanied by the description of the UE receiver model. 
Proposal 2: UE receiver model for performance evaluation should be discussed and aligned in order to generate comparable results across companies. The proposed UE receiver model is a good candidate. 

Enhanced UE Receiver

In Section 2, we described a basic UE receiver implementation. The baseline performance simulation results in the companion contribution [1] were obtained under this simple receiver implementation. However, the current TOA estimation algorithm, although simple in implementation, in some situations is observed to be sub-optimal. 
Figure 1 presents a scenario where our UE receiver model performs satisfactorily. 
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Figure 1. Exemplifying a situation where our simple UE receiver model performs well.

Figure 2 and Figure 3 show two situations where by having a lower and a higher threshold respectively, we would have improved the TOA estimation considerably. Our simple UE receiver fails in these two situations. 
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Figure 2. Exemplifying a situation where having a lower threshold value would have improved the TOA estimation considerably.
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Figure 3. Exemplifying a situation where having a higher threshold value would have improved the TOA estimation considerably.

In the following sections, we highlight some issues with the current TOA estimation and give some simple ideas on how the TOA estimation in the receiver model can be improved. 


Improved threshold selection for peak detection
Figures 2 and Figure 3 show that choosing an optimized threshold value could improve the TOA estimation performance. One could for example use an SINR based threshold instead of a fixed threshold. In other words, the value of the threshold can be varied to tradeoff between LOS detection and robustness to interference and noise. The no muting case is expected to have low SINR, therefore we chose the strongest tap in this case, i.e. in (3). The receiver model should be taken into account when studying the results in [1]. An advanced receiver model can improve the positioning performance. One could for example make use of multiple PRS subframes differently than a simple averaging operation.
Based on our baseline simulation results presented in [1], we can claim that this simple UE receiver performs quite well for the ideal muting scenario. We believe that for getting an improvement in the “no muting” scenario”, we have to have a more advanced UE receiver model.


Improvements by limiting the number of RSTD reports

Figures 2 and 3 present the extreme situations that can be avoided. In our baseline performance evaluations [1], we tried to avoid these extreme cases using the following technique:
1- In the “no muting” scenario, we allow maximum 10 RSTD from the UE, meaning that only 10 cells will contribute in the OTDOA method. The situation in Figure 3 is typically associated with the “no muting” interference scenario.
2- We vary the number of cells entering the OTDOA, based on an SINR threshold.  

The above mentioned techniques related can be potentially improved based on further studies.


Improved threshold selection

In Section 2, we have described a simple UE receiver whose performance is sub-optimal in general. Figures 2 and 3 show that choosing an optimized threshold value could improve the TOA estimation performance. These figures illustrate scenarios where the UE receiver threshold choice can significantly impact the TOA estimation. In our simulations, we tried to avoid most of these worst case scenarios by the following techniques:
3- In the “no muting” scenario, we allow maximum 10 RSTD from the UE, meaning that only 10 cells will contribute in the OTDOA method. Figure 3 is mostly caused in the “no muting” interference scenario.
4- We vary the number of cells entering the OTDOA, based on an SINR threshold.  

One could for example use an SINR based threshold instead of a fixed threshold. In other words, the value of the threshold can be varied to tradeoff between LOS detection and robustness to interference and noise. The no muting case is expected to have low SINR, therefore we chose the strongest tap in this case, i.e. in (3). The receiver model should be taken into account when studying the results in [1]. An advanced receiver model can improve the positioning performance. One could for example make use of multiple PRS subframes differently than a simple averaging operation.
As demonstrated by our baseline simulation results presented in [1], this simple UE receiver performs ell for the ideal muting scenario. However, in order to achieve improvement in the “no muting” scenario”, we have to have a more advanced UE receiver model.

Improved post-processing of correlation output
In the companion paper [2], we have provided some discussion on the auto-correlation properties of the current PRS. In Figure 2 below, we show the result of correlating a PRS with itself (auto-correlation). According to the figure, the auto-correlation of the PRS gives rise to some undesired side peaks that makes it harder for the current TOA estimation algorithm (described in Section 2) to detect the desired main peak. However, we note that the slides lobes/peaks occur at a constant time interval. An improved UE receiver can make use of this knowledge to reduce the ambiguity created by the side peaks.

  [image: ]

Figure 2. Autocorrelation output of current PRS pattern with normal CP


Avoiding inter-carrier interference

The sub-carriers within an OFDM symbol are orthogonal when transmitted. However, in the received signal, the sub-carriers generally  have lost orthogonality leading to inter-carrier interference. When the sub-carriers lose orthogonality, the inter-PRS interference would increase leading to degraded cross-correlation performance. A carefully designed receiver can avoid this issue by considering only those sub-carriers in the correlation procedure that are relevant to the desired PRS. Such an implementation can be especially helpful in denser deployments where an ideal PRS muting is hard to achieve. 

Improved RSTD Quality Assessment
Assessing the quality of the RSTD measurements is also a part of the receiver model. These quality assessments are reported to the location server which helps in computing a more reliable position estimate. In a companion contribution [3], we have discussed the importance of these reports and the potential enhancements related to them that can better capture other relevant parameters such as SNR and stronger NLOS situations. 

In the current reporting procedure, it would be useful to discuss and agree on a baseline method that maps uncertainties in the TOA estimate to the quality assessment report. Note that in our companion paper [1], the link quality assessment is based on peak values of the correlation output, which can be potentially enhanced by considering other factors, and thus help to improve the overall position estimate. 

Based on the discussion in Section 3, we have the following observations.
Observations:
Observation 1: The UE receiver model used in evaluations has a significant impact on the performance CDF.
Observation 2: The proposed UE receiver model is simple and effective for the evaluations. 
Observation 3: An advanced receiver model can improve the positioning performance.

Conclusion
In this contribution we discussed the impact of UE receiver assumptions on the positioning results. Different receiver models may lead to very different simulation results. This makes it difficult to compare results between companies and draw proper conclusion for the study item. Based on the discussion, we have the following observations and proposals.

[bookmark: _GoBack]Proposal 1: The baseline performance results should be accompanied by the description of the UE receiver model. 
Proposal 2: UE receiver model for performance evaluation should be discussed and aligned in order to generate comparable results across companies. The proposed UE receiver model is a good candidate. 

Observations:
Observation 1: The UE receiver model used in evaluations has a significant impact on the performance CDF.
Observation 2: The proposed UE receiver model is simple and effective for the evaluations. 
Observation 3: An advanced receiver model can improve the positioning performance.
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