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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 new downlink reference signal design for OTDOA positioning in NB-IoT.

2. NPRS Design for OTDOA Positioning
As discussed in [3][4], although NRS, CRS and PRS could be considered for OTDOA positioning in NB-IoT, further signal enhancement would be expected for guaranteed positioning accuracy. PRS-based OTDOA has higher positioning accuracy within shorter measurement time than CRS-based OTDOA in the existing network due to its special muting pattern design for hearability improvement. Therefore the new reference signal (i.e. NPRS) for OTDOA positioning in NB-IoT could be designed based on existing PRS in LTE network but with further enhancement for NB-IoT. 

Proposal 1: NPRS design for OTDOA positioning in NB-IoT could be based on the features of existing PRS in LTE network but with the consideration of further enhancement for NB-IoT.

Based on our analysis of [5], when the UE uses narrow bandwidth for PRS measurement, the ToA estimation accuracy of the first path will be impacted due to lower sampling rate and uncoupled multiple paths at the UE side. So the narrow bandwidth is the main factor to limit the OTDOA positioning accuracy in NB-IoT besides the NLoS-based RSTD measurement. Hence, although increasing the RSTD measurement duration in time can be expected to provide some performance benefit, increasing RSTD measurement bandwidth (for example by NPRS frequency hopping) could be considered if the desired location accuracy is not met. Additionally, the aggregated measurement for more cells might be preferred in order to minimize the impact of synchronization error at the UE side on the RSTD measurement accuracy. 

Proposal 2: Compared to existing PRS, additional features valuable to be considered for NPRS include dense NPRS transmission, aggregated RSTD measurement and NPRS frequency hopping. 

Dense NPRS Transmission
In the existing LTE network, the PRS could be transmitted in one PRS occasion per 160ms, 320ms, 640ms or 1280ms PRS periodicity, where one PRS occasion includes up to 6 consecutive PRS subframes. Therefore in our opinion, the easy way to support dense NPRS transmission with minimal effort is to increase NPRS subframe number in one NPRS occasion and/or decrease NPRS occasion periodicity.   
Proposal 3: More NPRS subframes in one NPRS occasion and/or shorter NPRS occasion periodicity to support dense NPRS transmission. 
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Fig. 1 Dense NPRS transmission

Aggregated RSTD Measurement
The aggregated RSTD measurement means that the NPRS used for RSTD measurement of two cells should be transmitted in close time proximity, for example the NPRSs of these two cells are transmitted in one subframe or neighbouring subframes. In our understanding, one potential solution to support aggregated RSTD measurement for more cells is finer NPRS muting pattern for each NPRS occasion.
Proposal 4: Finer NPRS muting pattern for each NPRS occasion to support aggregated RSTD measurement.
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Fig. 2 Finer NPRS muting pattern
NPRS Frequency Hopping
The initial motivation of NPRS frequency hopping is to increase the bandwidth of NB-IoT UE for NPRS measurement and meanwhile keep the requirement of one PRB per subframe for downlink transmission as shown in Fig. 3. In NB-IoT Rel-13, the UE could support multi-carrier configuration with up to one PRB available for downlink transmission in one subframe but possible different PRBs in different subframes. Therefore, although NPRS frequency hopping will increase UE complexity in some degree, this additional complexity might be acceptable for NB-IoT UE due to already supported PRB-switching feature in NB-IoT Rel-13.
Proposal 5: Use NPRS frequency hopping for further positioning accuracy improvement.
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Fig. 3 NPRS Frequency Hopping
3. Conclusions

In this contribution, we give our views on NPRS design for OTDOA positioning with the following proposals:

Proposal 1: NPRS design for OTDOA positioning in NB-IoT could be based on the features of existing PRS in LTE network but with the consideration of further enhancement for NB-IoT.

Proposal 2: Compared to existing PRS, additional features valuable to be considered for NPRS include dense NPRS transmission, aggregated RSTD measurement and NPRS frequency hopping. 

Proposal 3: More NPRS subframes in one NPRS occasion and/or shorter NPRS occasion periodicity to support dense NPRS transmission. 

Proposal 4: Finer NPRS muting pattern for each NPRS occasion to support aggregated RSTD measurement.
Proposal 5: Use NPRS frequency hopping for further positioning accuracy improvement.
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