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1 Introduction
In RAN #73 meeting, a revised WI proposal on enhancement of NB-IoT  was agreed [1]. One objection of this revised WI is to support of OTDOA positioning for NB-IoT.
· 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 discuss the potential solutions to support OTDOA positioning for NB-IoT.
2 OTDOA Procedure 
In legacy OTDOA, both RRC-CONNECTED and RRC-IDLE UE are supported. UE will report positioning capability and corresponding measurement result to E-SMLC; if the positioning UE is in RRC-IDLE mode, then the UE need to transform to RRC-CONNECTED mode before any OTDOA operation[2]. It is expected that for NB-IoT,  similar OTDOA procedure will be re-used.
Proposal 1：For Rel-14 NB-IoT,  reuse legacy LTE OTDOA procedure.
3 Positioning support using baseline signals
Positioning using a method based on time measurements requires that the timing of at least three or four geographically dispersed base stations is measured. Cellular systems which reuse the same frequency band are designed to create strong isolation between cells, meaning that the signal from the own serving cell should be strong, while interference from the neighboring base stations should be minimized. This means that the requirements for positioning and communication are conflicting. Since LTE is primarily a communication system, time measurements using existing LTE signals need to be done at very low SINR to neighboring base stations, which puts stringent requirements on the UE receiver and also typically results in low positioning accuracy. In the next section , we discuss if the baseline signals are used as NB-IoT PRS (NPRS),  positioning performance is not guaranteed. 
· NPSS
There is one NPSS sequence in NB-IoT , transmission of NPSS from multiple eNBs creates an equivalent multi-path compound signal for the UE. The detection of each eNB’s TOA will be affected by other signals in the multi-path. It is expected the accuracy of TOA will be adversely affected.
· NSSS
For each NB-IoT cell different scrambling sequence is configured for NSSS. Therefore the orthogonality between NSSS cannot be maintained. This will reduce the accuracy of TOA estimation.

Another facer is NPSS/NSSS can only be configured in anchor PRB and not for non-anchor PRB, therefore even if multiple PRBs exist the system still cannot utilize it to gain frequency diversity. 
· NRS
For NRS, differentiation between two antenna port is needed. Therefore the interference between NRS antenna port from different cell will be severe and affect the TOA accuracy. Also , NRS can only be power boosted with data carrier therefore it is difficult to lower interference from neighboring cell.
· LTE CRS
Similar to NRS, the requirement to differentiate antenna port will affect the positioning accuracy. Additionally, for standalone and guard band scenario it cannot be utilized.
· LTE PRS
For standalone and guard band scenario LTE PRS cannot be utilized.
Proposal 2：Baseline signals mentioned in WI cannot be directly utilized as OTDOA PRS for NB-IoT
4 Enhancement for baseline signals
Though baseline signals mentioned in WI cannot be directly utilized as NPRS, some enhancement methods for baseline signals could be considered to improve positioning performance, and if the positioning accuracy can meet the requirements, it is preferred to use the enhanced baseline signals as NPRS. Some enhancement methods for improving positioning accuracy are described in subsections list below.
4.1 Multi-PRBs hopping
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Figure 1 An example of NPRS transmission for multi-PRB

To improve positioning performance，NPRS can be transmitted on multi PRBs if multi-PRB existed for NB-IoT deployment. UE can retune to different PRB for receiving the NPRS transmitted on that PRB. For example, in Figure 2 we give the example for NPRS transmission in multi-PRB. For this case, 4 PRBs are used for NPRS transmission, and  NPRS are transmitted in 4 consecutive frames.
Proposal 3： Multi-PRBs hopping could be supported for OTDOA configuration
4.2 NPRS pattern enhancement
For example, legacy LTE PRS with normal CPis reused as the positioning reference signal for NB-IoT in in-band deployment, and legacy LTE PRS pattern is shown in Figure 2 below.
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Figure 2: Legacy LTE PRS pattern with normal CP

For guard band and standalone deployment, since no LTE CRS and LTE PDCCH transmission, more symbols can be used for NPRS to improve positioning accuracy. In this case, all symbols in the subframe can be used for NPRS transmission, as is shown in the Figure 3 below.Also in guard band and standalone deployment, NPRS power boosting can be configured much larger than in in-band deployment because of the Tx power concentration for at least 1 PRB.
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Figure 3 :Enhanced NPRS pattern
Proposal 4：For OTDOA,  enhancement for baseline signal is needed, including 
（1） NPRS symbol extension；
（2） NPRS power boosting
5 Conclusion

In this contribution, we have discussed the solutions to support OTDOA for NB-IoT. We make the following proposals:
Proposal 1：For Rel-14 NB-IoT,  reuse legacy LTE OTDOA procedure

Proposal 2：Baseline signals mentioned in WI cannot be directly utilized as OTDOA PRS for NB-IoT
Proposal 3： Multi-PRBs hopping could be supported for OTDOA configuration
Proposal 4：For OTDOA,  enhancement for baseline signal is needed, including 
（3） NPRS symbol extension；

（4） NPRS power boosting
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