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1 Introduction

The directions of potential indoor positioning enhancements are listed in [1]. Up to RAN1 #79, the evaluation methodologies that are common to various positioning technologies were discussed and agreed as working assumption [2]. In addition, the technology dependent evaluation assumptions were discussed and agreed for OTDOA only [3]. 

Accordingly, this paper focuses on the potential enhancements for OTDOA technique, with brief introductions of our views for other positioning technologies.

2 Potential enhancements to OTDOA
Enhancement on PRS hearability and measurement accuracy
In order to compensate the indoor penetration loss, which is one of the key issues to differentiate indoor positioning from outdoor case, the power, time/frequency domain density and/or time-domain repetition of the PRS can be increased. We prefer to study the enhancement on time-domain before considering enhancement on frequency domain, since increasing the frequency-domain density results in smaller reuse factor of PRS. So far we did not see it is necessary to modify the existing PRS pattern.  
Enhancement on reference cell selection

The OTDOA principle lies inside following equation:
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where 
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 is the distance difference derived from arrival timing difference. To obtain a simpler optimization solver with linear equations, the typical OTDOA algorithm proceeds to take square of both sides of equation (1) and reach the following equation (2) with unknown variables 
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The solution for equation (2) is straight-forward, either with or without taking into account the constraint between 
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 [4]. However, with the both sides of equation (1) squared, the resultant equation (2) in fact covers two cases: 
[image: image14.wmf]i

i

P

P

P

P

v

v

v

v

-

=

D

+

-

0

 and 
[image: image15.wmf]i

i

P

P

P

P

v

v

v

v

-

-

=

D

+

-

0

. With the errors in OTDOA measurements
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, the optimal solution of equation (2) could be more likely bound to the latter case (the wrong one) instead of the former one (the correct one). One way to reduce the chance for the latter case to take into effect is to keep 
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 non-negative, which means the reference cell should be selected in a way that the arrival timing of PRS from reference cell is earlier than the one from neighbouring cell. This further requires the reference cell is determined per-UE basis and is done after the UE measurements of arrival timings. 
The benefit of such reference cell selection is verified by a 40-drop simulation with single cluster of 10 outdoor small cells. The UEs are uniformly located across 1-to-5 floor heights and all over the cluster coverage area. The UEs are assumed to lock upon the strongest arrival path (not necessarily the first arrival path though) without any measurement jitters. 
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Figure 1 Performance comparison among different reference cell selections
Figure 1 shows the 2D performances for three different methods used in simulation for reference cell selection. 

· “ref. random” curve corresponds to the independent and random selection of reference cell from 10 small cells for each UE.

· “ref. nearby” curve corresponds to the independent and random selection of reference cell from the four small cells that are closest to the UE. This simulation case is intended to mimic the condition that, if UE’s serving cell does not provide positioning functionality, the network can roughly know the UE location according to its serving cell location and choose a nearby small cell eNB as reference. However, this simulation condition could be optimistic comparing to real practice, because in real world the network can only ensure the selected nearby small cells are closest to UE’s serving cell, not necessarily to UE itself. 
· “ref. earliest” curve corresponds to the selection of reference cell that has the earliest arrival timing at UE.   

The obvious gain on 2D positioning accuracy is observed if the reference cell is selected in the way as suggested. 
Given the benefit in determination of the reference cell after UE taking the PRS measurements, it seems not quite necessary for the network to firstly assign a reference cell to the UE when setting up the OTDOA session, as currently specified. Then the question is whether the reference cell should be determined by UE or the network. Due to the nature of OTDOA, it does not impact OTDOA performance if all detected arrival timings (TOA) for both reference cell and neighbouring cells are offset by an arbitrary but common value. Therefore, even after the UE calculates the OTDOA values for all neighbouring cells based on a selected reference cell, whose detected arrival timing can be considered as a common offset, the network can still in theory re-select the reference cell and adjust the reported OTDOA values accordingly. This seems to well support the conclusion that the final determination of reference cell (the one functioning in equation (1)) can be done on network side as an implementation issue, no matter what reference cell was previously selected in the measurement/report procedures, which also mean those intermediate choices of reference cell are not necessary in theory. However, the OTDOA’s capability of re-selecting the reference cell is generally true and applicable to OTDOA framework determined in previous 3GPP releases, which however apparently intends to give the UE more power in reference cell selection, by firstly assigning a reference cell to UE and later allowing the UE to change that reference cell. The further study is needed upon the technical reasons behind the existing logic of reference cell selection, and whether it is the time to change that logic, even though such change might not have big impact to current specification.       
No matter whether the suggested method of reference cell selection has specification impact or is an implementation issue, we propose to include it into RAN1 evaluation methodology as well as RAN4 testing condition for OTDOA. 
Enhancement on OTDOA measurement reporting

As pointed out in [4], the quantization error lying inside the OTDOA measurement reporting could become the bottleneck in reaching the FCC new requirements for emergency calls, especially the elevation accuracy. Even though this quantization error can be relatively smaller than the other types of errors such as UE measurement error and node synchronization error, it needs to be taken care of sooner or later if the FCC requirements need to be fulfilled by OTDOA technique.   
3 Potential enhancements to other positioning technologies

Barometer sensing of altitude 

Using barometer for elevation positioning relies on two steps: accurate measurement of atmospheric pressure and accurate knowledge of mapping between atmospheric pressure and the altitude. Unfortunately the second step may be more heavily influenced by nature conditions such as the real-time changes of temperature and air flow, which can be independent among buildings and floors and difficult to track. The study on how to ensure the accuracy of both steps is out of RAN1 scope. Therefore, it is not appropriate for RAN1 to endorse any conclusion regarding to barometer sensing. 
4 Conclusion

To summarize, we propose to consider following enhancements for the OTDOA-based indoor positioning:
· To increase the time-domain density or repetition factor of the PRS; 

· To have reference cell to be determined based on the UE measurements of PRS arrival timings; 
· FFS whether such determination should be done in UE or network. 
· To reduce the quantization error in the timing measurement report.    
In addition, we do not think RAN1 needs to endorse any conclusion regarding to elevation positioning based on barometer sensing. 
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