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1 Introduction

In RAN1 #78bis meeting, possible positioning solutions are analyzed for indoor scenario in [1]. OTDOA is the technology which seems the most interesting solution to companies and TBS is also a possible solution proposed by some companies.
In this contribution, the analysis on possible solutions is provided, focusing on OTDOA and TBS.
2 Discussion
The indoor positioning enhancement study could be divided into two categories, which are also implied in the SID, enhancement based on RAT-dependent schemes and based on RAT-independent schemes. 3GPP had lots of studies on the RAT-dependent schemes, e.g. OTDOA and ECID in R9, UTDOA in R11, and RFPM in R12, and some RAT independent schemes, e.g. A-GNSS in R9 and Beidou in R12. However special environments are not fully studied when introducing these above methods, and therefore it is understandable now to consider the challenging scenarios as an updating to these existing methods. Following are the analysis on possible enhancements on OTDOA, UTDOA and TBS schemes.
· Possible enhancement for OTDOA

In R9 the positioning accuracy of OTDOA is required to fulfil the FCC 2D requirement, i.e. 50m @67% and 150m @95%. From the system level and link level simulation, we found that the better positioning performance could be achieved from more PRS subframes number, higher PRS SINR, wider PRS bandwidth, or more positioning anchor points, that is, from the simulation observation the OTDOA positioning solution could be enhanced from some aspect: PRS enhancements and dense deployment. Furthermore, regarding the vertical positioning requirement, it will be helpful if some measurement quantity could be used to obtain the altitude information. Thus following possible enhancements were identified for OTDOA,
(1) PRS enhancements: in order to combat against the indoor penetration loss, power boosting might be used and the sequence of PRS could be improved, e.g. increased density on time/frequency domain.

Currently, the PRS robustness is associated with the OTDOA measurement accuracy and then impact to the positioning accuracy. Wider bandwidth PRS transmission and reception, increased time/frequency RE number, improved PRS sequence and etc will be helpful to improve the positioning accuracy.

Wider bandwidth PRS: could improve the reporting granularity and help to accurately find the first arrival path based on the better sequence correlation performance. (Note: Currently in RAN4 only up to 10MHz RSTD measurement requirement was specified, and therefore wider bandwidth e.g. 20MHz could also be considered)
Increased time/frequency RE number and improved PRS sequence: could improve the correlation performance of sequence to find the first arrival path. 
(2) Small cell deployment: if small cells could be deployed into buildings, the accurate measurement will probably be achieved, and furthermore floor identification could be performed easily if per-floor RRHs are deployed.

If small cells or RRH could be deployed dense in the indoor scenario, UE could be located at least within the coverage of this small cell. It seems feasible to deploy at least one small cell in each floor, and then if UE could identify the correct floor, the vertical positioning accuracy could meet 3 meter accuracy (3 meter is a typical height for one floor in the normal building, and FCC had a proposal of 3 meter for vertical positioning accuracy requirement), and then the 2D OTDOA and/or Cell ID (e.g., multiple cells in each floor) could be implemented for locating UE of this floor.
In RAN1 #78bis meeting, two scenarios are agreed for further study, as below,

· Outdoor deployment scenario, at least for the case of macro + outdoor small cell only

· Outdoor macro + indoor small cell deployment scenario

For outdoor macro + indoor small cell deployment scenario, the floor identification could depend on the density of indoor small cell, e.g. as shown in figure 1.


[image: image1.emf]Small cell 4

Small cell 3

Small cell 2

Small cell 1

Floor 1

Floor 2

Floor 3

Floor 4

Macro cell 1

Macro cell 2


Figure 1. small cells are deployed as at least 1TP/floor

In figure1, target UE could be easily located in floor 3 as it is served by small cell 3, and therefore the vertical information could be achieved. For 2D positioning, macro cells and small cells could be used to perform the OTDOA positioning. 
(3) Barometer: if smart phone is equipped with barometer, the vertical information could be achieved in a straightforward manner. The possible problems might be how to map the absolute altitude to specific floor and how to compensate the indoor barometric from outdoor one. With help of barometer, 2D OTDOA could be used to locate UE of a specific floor.
New measurement quantity might be introduced if barometer was a candidate solution for indoor positioning, and the requirement of barometric measurement might be specified also.
Since OTDOA was discussed in 3GPP from R9, and the signal sequence, deployment and calculation method was also studied sufficiently, the study on OTDOA enhancement for indoor case will be more straightforward. Thus, we propose to prioritize this indoor positioning enhancement in RAN1 based on OTDOA as an reference solution.
· Possible enhancement for UTDOA

(1) SRS enhancements: similar as PRS enhancement for OTDOA, wider BW for SRS might be adopted for indoor scenarios to compensate the penetration loss. It is not precluded if new uplink signal for indoor positioning could be developed.

(2) Dense LMU deployment: The high accuracy could be probably achieved by using dense LMU deployment in the indoor scenarios. Also, per-floor LMUs will be helpful on floor identification.

UTDOA was specified in R11 and LMU deployment can help to cover indoor areas. It is also straightforward to enhance the positioning based on current UTDOA mechanism. 

· Possible enhancement for Terrestrial Beacon Systems
Based on the motivation and back ground slides in [2], the TBS could be considered as a solution of pseudo-satellite schemes, and similar with A-GNSS solutions the key enhancement for TBS depends on the anchor points density and locations. Moreover, based on the analysis in [1], the enhancement by using TBS focuses on the RF part of RAN4 instead of RAN1.
3 Conclusion

From the analysis above, OTDOA needs study on physical sequence improvements and measurement optimization, which is highly relevant with RAN1 work, and therefore our proposal is,
Proposal: OTDOA or OTDOA based hybrid solutions could be reference solutions for calibration purpose for indoor positioning study in RAN1.
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