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1. Introduction

New Rel-13 study item was approved for mobile positioning enhancement [1]. One of the targets for the enhancement is to match as close as possible the new proposed 9-1-1 indoor performance requirements, which include two performance challenges compared to the previous LTE release: 

· The horizontal positioning accuracy is set to <50m for 67% chance. 
· Besides the horizontal accuracy, the vertical (elevation) accuracy is added and set to <3m for 67% chance. 
As the key technology in LTE positioning, OTDOA is expected to remain in such enhancement study. This paper shows some considerations for the evaluation methodology based on OTDOA technique.  
2. Considered issues in OTDOA-based positioning evaluation 
Baseline algorithm to determine the UE’s 3D location

Given the UE’s OTDOA measurements as well as the known 3D locations of all reference and neighboring eNBs, different algorithms can be used under different accuracy benchmarks and of course different complexities. For example, assume the locations for reference eNB and N neighboring eNBs are 
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(1≤i≤N) respectively. The UE’s location is at 
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. Then the distance difference (assuming LOS) corresponding to each OTDOA measurement,
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 for 1≤i≤N, where c is the light speed. Based on these N equations, one could derive at least following two algorithms:
·  Ordinary least square (LS)
The N equations given above for mi can be further formulated as 
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 for 1≤i≤N. One of these N equations is consumed to cancel the variable 
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. In other words, the UE location 
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is determined by N-1 linear equations. This algorithm should be the simplest; however, no numerical relationship is assumed between cancelled variable 
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 and remaining variable vector 
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, which could easily introduce estimation errors. 
·  Least square with quadratic constraint (LS-QC)
The same N equations on <
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> from ordinary LS solution are maintained. Meanwhile, the additional quadratic constraint of 
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 is applied. The best value for 
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can be found by using Lagrange multiplier method. The algebra analysis shows that the computation of 
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involves the diagonalization of one N-by-N real symmetric matrix, plus solving the Lagrange multiplier (λ) from an equation in form of 
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, where λi and ai for 1≤i≤N are known values derived from all 
[image: image19.wmf]i

P

v
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There certainly exist some other algorithms (e.g., total least square) to find the UE location. Though the choice is an implementation issue, it is better to agree upon specific one as the baseline solution in the evaluation study. 
Height distribution of reference and neighboring eNBs
In the previous RAN1 study for UE positioning, only locations on horizontal plain were targeted, and PRS eNBs are usually spread out horizontally. Therefore the eNB height was less concerned. This becomes no longer right when it comes to include vertical positioning. It is not only because certain specific eNB height distribution may cause the algorithm listed above to fail (e.g., if all 
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have the same z-axis value, ordinary LS solution would suffer rank deficiency), but also based on a general observation that a more extending distribution of eNBs on z-axis gives better vertical location accuracy. On the other hand, it is not always feasible in real-world deployment to have the eNB heights as desired, due to landscape limitations and/or local regulations. RAN1 might need to consider different eNB height configurations, including the one that is more performance-friendly and the one that is less performance-friendly.   
Resolution of UE’s measurement report
If the UE location is calculated on network side as currently is in LTE, UE needs to report the quantized OTDOA measurements to network. According to [2], the quantization resolution is as low as 1Ts, which means the network may encounter the quantization error up to 0.5Ts (assuming the network adopts the mid-point within each quantization step). This error corresponds to about 5m of distance, which is small compared to horizontal accuracy requirement (50m) but is not negligible as far as vertical accuracy (3m) is concerned. Because this quantization error can be additive to the propagation shift and measurement error, its impact to positioning performance should be considered in the evaluation.      
3. Preliminary evaluation 

In order to better describe the issues listed in section 2, some simple tests are performed. These tests assume N (N=6,16) neighboring eNBs besides the reference eNB on hexagon cell layout. The reference eNB locates at coordination (0,0,15m), while the six out of N neighboring eNBs locate on the first tier around the reference cell and the rest neighboring eNBs locate as much evenly as possible on the second tier (for N>6 only). The cell radius R is set to 100m. The height of i-th (1≤i≤N) neighboring eNB is set to minH+(maxH-minH)/(K-1)*max((i*5 mod K+1)-1,0), where minH, maxH and K have following four configurations:
·  minH=maxH=20m 

·  minH=15m, maxH=40m, K=6

·  minH=5m, maxH=80m,  K=6
·  minH=5m, maxH=80m,  K=16 (for N=16 only)
The tests assume single ray LOS propagations from all eNBs as well as the perfectly accurate UE measurement. Therefore the only positioning error comes from the quantization in the UE’s OTDOA measurement report. The tested UE locations are separated from each other by 2m on x-y coordinates and by 0.5m on z axis, and fill up the prism region given by
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and 0≤z≤30. The CDF of positioning errors on horizontal plain and elevation are used for testing results. Note that here the CDF curves represent the percentage of locations satisfying certain performance criteria, rather than the performance indication associated with a specific location. 
·  Fig 1 shows the difference made by two different algorithms (LS vs LS-QC), assuming N=16 neighboring eNBs. It is clear that LS-QC improves the performance on top of LS. What’s more, the worse the LS solution works, the larger such improvement from LS-QC is.  

·  Fig 2 shows the impact made by different eNB height configurations, for the given number (N=16) of neighboring eNBs together with LS-QC algorithm. It shows that different eNB height configurations considered here have almost no impact to horizontal accuracy, but play an important role on elevation accuracy. The larger range on eNB height, the higher accuracy on vertical positioning. However, for the given eNB height range, increasing number of different height values within that range, from 6 to 16, does not seem to improve elevation accuracy.  
·  Fig 3 shows that increasing number of neighboring eNBs could improve horizontal 2D performance, but not quite on elevation performance for the given eNB height configuration.   
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Figure 1  LS vs. LS-QC performance (N=16 eNBs)
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Figure 2 Performance compared on eNB height configurations (16 eNBs w/ LS-QC)
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Figure 3 Performance compared on number of eNBs (based on LS-QC)
It can be also observed that, even if there is no NLOS path and no UE measurement error, the quantization in the measurement report could still drag elevation performance below the desired performance point (<3m for 60%) under the given simulation setup.  In order to reach the desired performance benchmark, the total combined measurement error, including the one introduced by quantization, should be further reduced.    
4. Conclusions
Based on the analysis in the paper, we have following proposals for OTDOA based positioning evaluation:  
Proposal-1: To agree upon an evaluation algorithm (e.g., LS or LS-QC) calculating the UE position based on OTDOA measurements. 
Proposal-2: To carefully choose eNB height configuration in the evaluation methodology, if the positioning algorithm is sensitive to eNB height configuration.
Proposal-3: To include in evaluation the impact of quantization of OTDOA measurement report.   
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