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1. Introduction
A new work item on “Enhancements of NB-IoT” was approved at RAN#71 meeting [1] with the following targets related to OTDOA.
Specify the following features for enhancement of NB-IoT to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item.
Support of UTDOA or OTDOA:
1. Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  
0. 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.
1. Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73

In this contribution, we share our views regarding the OTDOA positioning in NB-IoT.
2. Reference Signal for RSTD Measurement
In the existing OTDOA solutions for LTE/LTE-A network, both cell-specific reference signal (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 poor hearability. Therefore positioning reference signal (PRS) has been introduced in LTE Rel-9 with the function of PRS muting pattern and the ability of higher OTDOA positioning accuracy.
Different from the normal UE in LTE/LTE-A network, the NB-IoT UE could support the channel estimation based on CRS and/or narrowband reference signal (NRS), which is available in all NB-IoT downlink subframes in a cell supporting NPDSCH transmission. Therefore both CRS and NRS could be considered for the RSTD measurement at the NB-IoT UE side.
However, since the legacy LTE/LTE-A network already supports PRS transmission and moreover PRS-based OTDOA has higher positioning accuracy than CRS-based OTDOA, it is proposed to use PRS for RSTD measurement of OTDOA positioning for in-band, guard-band and standalone operation modes, together with muting patterns. Naturally, if needed the LTE PRS design and pattern could be modified to achieve better compatibility and performance with NB-IoT. Introducing new PRS design to support RSTD measurement in a wider bandwidth, more PRS subframes and/or during a shorter time could be for further study. 
Proposal 1: To use PRS for RSTD measurement of OTDOA positioning for in-band, guard-band and standalone operation modes.
Proposal 2: Introducing new PRS design to support RSTD measurement in wider bandwidth, more PRS subframes and/or during a shorter time could be for further study.

3. Wideband PRS Measurement  
Based on the analysis of [2], when the UE uses narrow bandwidth for PRS measurement, the ToA estimation accuracy of the first path will be impacted due to the 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, as increasing the RSTD measurement duration in time can be expected to provide only limited performance benefit, and if the desired location accuracy is not met, increasing the RSTD measurement bandwidth could be considered. In our understanding, there are two potential solutions to support wideband PRS measurement of NB-IoT UE. 
· Solution 1: Wideband PRS measurement in which the NB-IoT UE can measure wideband PRS in one subframe but still use 180 kHz for RSTD reporting. 
· Solution 2: PRS frequency hopping in which the NB-IoT UE can measure PRS in one narrowband (i.e. 180kHz) in one subframe but possible different narrowband in another subframe, as shown in Fig. 1, and use 180 kHz for RSTD reporting. PRS transmission gap might be needed in this solution in order to support low-cost NB-IoT UE. 




Fig. 1 PRS frequency hopping


Proposal 3: Wideband PRS measurement for NB-IoT UE can be considered for further study.

4 Enhanced RSTD Measurement and Reporting Mechanism
In the existing intra-frequency RSTD measurement, the UE shall be able to detect and measure intra-frequency RSTD for at least 16 cells on the same carrier frequency within given time listed in Table 1 [4]. Please note that the time will be almost double if one UE needs to measure both intra-frequency RSTD and inter-frequency RSTD.


Table 1 Measurement time and moving distance of the UE with speed of 30km/h for one RSTD measurement report
	PRS period
	Measurement time
	Moving distance of UE during this measurement

	160ms
	2.56s
	21.3m

	320ms
	2.56s
	21.3m

	640ms
	4.80s
	40.0m

	1280ms
	9.28s
	77.3m



As shown in Table 1, if we reuse the existing RSTD measurement mechanism for OTDOA positioning of NB-IoT UE with the UE speed of 30km/h, then the UE already moved 21.3m – 77.3m during the RSTD measurement for one RSTD measurement reporting. Therefore the mechanism to support quicker RSTD measurement and reporting will be expected for the mid-speed NB-IoT UE with acceptable positioning accuracy, for example finer PRS muting pattern in one PRS occasion to support shorter RSTD measurement time. 
Proposal 4: Enhance the RSTD measurement and reporting mechanism to support the OTDOA positioning of mid-speed NB-IoT UE.

5 Conclusions
In this contribution, we give our views on OTDOA enhancement with the following proposal:
Proposal 1: To use PRS for RSTD measurement of OTDOA positioning for in-band, guard-band and standalone operation modes.
Proposal 2: Introducing new PRS design to support RSTD measurement in wider bandwidth, more PRS subframes and/or during a shorter time could be for further study.
Proposal 3: Wideband PRS measurement for NB-IoT UE can be considered for further study.
Proposal 4: Enhance the RSTD measurement and reporting mechanism to support the OTDOA positioning of mid-speed NB-IoT UE.
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