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1 Introduction

In previous RAN1 meetings (including this meeting) simulation results for UTDOA were presented [1]-[3]. This contribution discusses a few aspects related to the assumptions and simulation results presented in these papers. In the contribution we highlight a few inconsistent and unrealistic assumptions and corresponding simulation results.

2 Discussion

The simulation results in [1] are based on the physical layer processing steps outlined in Figure 1 below (from [1]). During Jeju RAN1 59 meeting, it was commented that frequency domain filtering can be applied on the cooperating LMUs (similar to the reference LMU filtering). This was captured in Mr Chairman’s notes and also discussed and agreed in offline email discussion. However, the simulation results in [2] are based on the same physical layer detection curves as in [1]. That clearly has impact on the detection sensitivity and therefore UTDOA accuracy results. Alternative detection curves (with frequency domain filtering) can be found in [4].

It should be noted that simulation results in [1],[2] and [4] do include noise on the reference LMU signal, although the summary section in [2] states that noise on the reference signal has not been addressed.
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Figure 1 – Physical Layer abstraction of TDOA processing step [1].

The UTDOA accuracy results in [1] and [2], explore the system level accuracy for ISD 5km with a 20dB penetration loss deployment scenario.  That analysis does not seem to be valid due to required path loss model modifications that are necessary for increases in antenna heights needed to support the larger coverage areas. Based on the simulated approach, it is clear that there are very large areas with no VOIP coverage. That can be clearly seen from Figure 2 below (from [1]). This figure indicates that UE is power controlled to MAX power at 95% of the cases. It is clear from FCC requirements [5], that no positioning estimate is expected in areas where no voice coverage exists. In addition, no other positioning method (OTDOA or AOA+TA) was evaluated in 5km ISD to best of our knowledge.


[image: image2]
Figure 2: cdf of UE transmit power for an ISD of 5km and EPA 3 channel model with penetration loss of 20dB.

The relationship between power control and interference modeling is discussed in detail in [1] and [2]. Based on the analysis in [1], there are two problematic zones for UTDOA locations.  Figure [3] below (from [1]) illustrates these zones (shaded in red).
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Figure 3: Illustration of problematic zones resulting from interaction of power control and interference (zones are not drawn to scale).
The first interesting zone is when the UE is located very close to the serving cell site and transmits with low power. It is possible that in this case not enough cooperating LMUs will be available for a UTDOA calculation, however in this case fallback to CellID based positioning (lat/long of serving cell) will provide good enough location estimate (region size is in the order of 10% of ISD).  This has already been stated in contribution [6].

The other interesting zone is on the cell edge. In this zone, UEs are power limited and that impacts both voice coverage and also UTDOA coverage. The size of this zone increases as the IoT levels increase. The interference model described in [2] suggests that IoT level for loaded system (80% load with 100 UE’s per sector) will result in average IoT of ~11dB for the entire period of UTDOA data collection (seconds). 

The analysis in [2] does not detail whether voice coverage can be maintained on all points of the grid for cases 1 and especially case 3 or ISD of 5km deployment.  Inter-cell interference has significant impact on LTE system performance for cell edge users. As a result, careful management of inter-cell interference on cell-edge users is applied. The scheduling strategy of the eNB may take into account inter-cell interference coordination, where interference from adjacent cells is taken into account to increase user service coverage.  Significant specification effort has been done for LTE to allow inter-cell coordination over the X2 interface. The eNB may apply frequency domain scheduling (effectively reuse factor>1 on the cell edge) or use more aggressive power control or better cell planning.  One more aspect that is not simulated is frequency hopping that helps especially for not heavy loaded system. 

To summarize, the interference model described in [2] has to be accompanied with voice coverage analysis before considering UTDOA positioning and include realistic inter-cell interference management techniques. System accuracy should be evaluated only where it has been determined that there is adequate voice service coverage.

One addition aspect mentioned in [1] and [2] is that the weighted HDOP calculation is an optimistic bound on location error. In fact, the weighted HDOP is equal to the RMS positioning error of the Taylor series method[7] which is sub-optimal and therefore slightly pessimistic. 

3 Conclusion

To be able to progress and conclude the UTDOA evaluation, we need to agree on realistic simulation assumptions. Specifically:

· Frequency domain filtering can be applied at coop LMUs.

· ISD 5km deployment is not part of the agreed deployment scenario for UTDOA evaluation (or other positioning methods)

· Interference models and IoT levels have to be realistic and allow voice service coverage.

· UTDOA accuracy should be assessed only when there is guaranteed voice service coverage.

With realistic interference model (over long period of time), we have shown that we can meet FCC requirements even when a single RB is used for UTDOA. Using more than 1 RB (2 or 4) will improve results even more and can be discussed. 
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