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1 Introduction
In RAN1 #80 meeting, possible positioning solutions are analyzed for indoor scenarios in [1][2]. Further discussions are needed to identify possible technologies for OTDOA enhancements. In this contribution, further analysis and evaluation on possible solutions are provided.
2 Enhanced Positioning reference signals
2.1 More dense PRS in time domain

Current PRS patterns only utilize limited RE both in time and frequency domains. Increase PRS density either in time or frequency domain will help to improve RSTD measurement accuracy. Compare to power boosting method, increase PRS density will help to overcome channel fading. However, increase PRS RE density might cause collisions with PDCCH, other reference signals, and neighbor cell PRS. Additional interference control mechanisms may need to be introduced. 
This method will improve RSTD measurement performances, especially in low SNR conditions. However, it is unlikely to meet 3 meter vertical positioning accuracy. 
2.2 New PRS, e.g. new PRS pattern, legacy PRS with CRS, CSI-RS and etc.
Current PRS patterns may not have sufficient good correlation and interference control property for indoor environment. One method is to introduce new PRS patterns to improve RSTD measurement accuracy for PRS. 
Another way to improve indoor positioning accuracy is to utilize other reference signals (PRS, CRS, CSI-RS etc.) along with PRS in order to obtain diversity gains for RSTD measurements. 

This method will improve RSTD measurement performances. However, it is unlikely to meet 3 meter vertical positioning accuracy. Compare to increase PRS density, new PRS pattern needs more efforts to design.
2.3 PRS or PRS-alike transmission in unlicensed band

Devices working on the unlicensed band can send PRS or PRS-alike signals in order to enhance UE RSTD measurement. Considering a lot of PRS transmission devices in unlicensed band are deployed, the number of detected PRS by UE can greatly increase. Wifi or Bluetooth devices could be modified to transmitter PRS, which would save costs.
However, the transmissions of PRS or PRS-like signals in unlicensed need to be highly synchronized. In addition, the exact location of the device needs to be known by E-UTRAN. Generally, unlicensed devices such as WiFi or Bluetooth do not have such capabilities. This method will improve RSTD measurement performances. It may meet 3 meter vertical positioning accuracy if sufficient amount of unlicensed band devices around by simply using CID method.
2.4 The same PCI

In certain het-net deployments, some non-collocated RRHs have the identical PCI with the associated Macro cell so that these RRHs transmit the identical reference signals, and therefore it may cause ambiguousness on reference signal TOA detection.

The feasibility on enhancement with identical cell ID is extensively studied in TR36.855 clause 7. A lot of possible enhancement options have been provided. Since RAN1 only has very limited TU available, it is suggested that RAN1 reuses RAN4 SI conclusions, and not re-discuss it.
It is just a matter regarding to certain scenarios. It is unlikely to meet 3 meter vertical positioning accuracy. 

3 Enhanced RSTD measurements
3.1 Reduce RSTD quantization error
Current RSTD measurement only reports a minimum RSTD resolution of 1Ts absolute value. However, advanced UEs are capable to measure RSTD value with resolution far below 1Ts. Therefore, it is recommended to reduce RSTD quantization error by modification RSTD measurement report. This method will improve RSTD measurement performances. However, it is unlikely to meet 3 meter vertical positioning accuracy alone.
3.2 Measurement performance enhancements under Wide-band PRS
More than 10MHz PRSs have already been defined in RAN1. They have been already evaluated in RAN4 SI TR 36.855 clause 5,

Defined more than 20MHz PRS using carrier aggregation are beneficial. New signaling should be defined to enable PRS carrier aggregation. It is likely that more than 100MHz PRS CA can meet the 3 meter vertical positioning accuracy.
4 Conclusions

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: Use OTDOA for horizontal positioning. Use other methods for vertical positioning. OTDOA based hybrid solutions could be reference solutions for calibration purpose for indoor positioning study in RAN1.
Study further on OTDOA enhancements for indoor positioning. The options include

·  Enhanced Positioning reference signals (PRS)

·  More dense PRS in time domain

·  New PRS, e.g. new PRS pattern, legacy PRS with CRS, DRS and etc

·  PRS or PRS-alike transmission in un-license band

· The same PCI

· Enhanced RSTD measurements

·  Reduce RSTD quantization error

· Measurement performance enhancements under Wide-band PRS
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