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1. Introduction
A new work item on “Enhancements of NB-IoT” was approved at RAN#72 meeting [1] with following agreement in RAN#73 meeting for OTDOA positioning in NB-IoT [2].
OTDOA is supported 

· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB

· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

In this contribution, we share our views on existing downlink reference signals for OTDOA positioning in NB-IoT.

2. Discussion
The existing downlink reference signals in NB-IoT Rel-13 includes narrowband primary synchronization signal (NPSS), narrowband secondary synchronization signal (NSSS) and narrowband reference signal (NRS) in in-band, guard-band and stand-alone operation modes as well as cell-specific reference signal (CRS) in in-band operation mode as shown in Fig. 1. 
· NPSS: NPSS has fixed transmission period with one NPSS subframe per 10ms, and uses fixed 11-bit Zadoff-Chu sequence for NPSS sequence generation. Therefore it is difficult for the UE to differentiate NPSS from multiple cells but at the same time-frequency resources. So NPSS is unsuitable as downlink reference signal for OTDOA positioning.
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NSSS: NSSS has fixed transmission period with one NSSS subframe per 20ms, and uses narrowband-cell-ID-related 131-bit Zadoff-Chu sequence and Hadamard scrambling sequence for NSSS sequence generation. So it is possible for the UE to differentiate NSSS from multiple cells but at the same time-frequency resources. However, since NSSS should be transmitted and moreover only transmitted in the fixed 9th subframe of even system frames, the hearability of NSSS is limited. It should be FFS that if NSSS could meet the positioning accuracy of NB-IoT applications.  
· NRS: NRS is transmitted in all NB-IoT downlink subframes which may be used for broadcast or dedicated downlink transmission [4], uses pseudo-random sequence as NRS sequence, and supports cell-specific frequency shift and cell-specific initialization sequence generation [5]. So the hearability of using NRS as downlink reference signal for OTDOA is better than the hearability of using NSSS. However due to fewer resources in one PRB, the NB-IoT UE will need longer time for RSTD measurement. 

· CRS: In in-band operation mode, the CRS could be transmitted in the NB-IoT bands for all downlink subframes expect MBSFN subframe, and configured to the NB-IoT UEs for downlink demodulation and/or measurement with NRS together. Therefore, if NRS could be configured for RSTD measurement of NB-IoT UEs, then CRS should be supported too. 
Observation 1: NPSS is unsuitable as downlink reference signal for OTDOA positioning.

Observation 2: If NSSS could be used as downlink reference signal for OTDOA positioning is FFS due to its limited hearability.
Observation 3: NRS (plus CRS) is more suitable than NSSS as downlink reference signal for OTDOA positioning.
In the existing OTDOA solutions for LTE/LTE-A network, both CRS and positioning reference signal (PRS) can be used for RSTD measurement. Although CRS is available for all downlink subframes in FDD and all downlink subframes and DwPTS in TDD in a cell supporting PDSCH transmission, CRS is still unable to provide high OTDOA positioning accuracy due to its limited hearability. Therefore PRS has been introduced since LTE Rel-9 with the function of PRS muting pattern and the ability of higher OTDOA positioning accuracy. Since CRS and NRS have almost similar solutions for sequence generation and frequency shift, same problem will be happened in NRS. 
Observation 4: PRS has the potential to achieve higher OTDOA positioning accuracy than NRS (plus CRS).

However the existing PRS is designed for the UE with at least 1.4MHz bandwidth to meet the E911 requirement, and is transmitted sparsely with up to 6 consecutive PRS subframes per PRS occasion and 160 ms to 1024ms as PRS occasion period as well as configurable PRS muting pattern for hearability improvement. Therefore if needed the LTE PRS design and pattern could be modified to achieve better compatibility and performance with NB-IoT.

Observation 5: Further PRS enhancement will be needed for OTDOA positioning in NB-IoT.
Based on the above observations it is therefore proposed to use PRS for OTDOA positioning with further enhancement.
Proposal 1: PRS could be used for OTDOA positioning in NB-IoT but needs further enhancement for higher positioning accuracy.
3. Conclusions

In this contribution, we give our views on reusing existing reference signal for OTDOA positioning with the following observations and proposal:

Observation 1: NPSS is unsuitable as downlink reference signal for OTDOA positioning.

Observation 2: If NSSS could be used as downlink reference signal for OTDOA positioning is FFS due to its limited hearability.

Observation 3: NRS (plus CRS) is more suitable than NSSS as downlink reference signal for OTDOA positioning.
Observation 4: PRS has the potential to achieve higher OTDOA positioning accuracy than NRS (plus CRS).

Observation 5: Further PRS enhancement will be needed for OTDOA positioning in NB-IoT.
Proposal 1: PRS could be used for OTDOA positioning in NB-IoT but needs further enhancement for higher positioning accuracy.
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Fig. 1 Example of RE mapping for NPSS, NSSS, NRS and CRS in in-band operation mode
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