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Introduction
The support of positioning for NB-IoT is included in the WID [1] as one of the objectives of the WI approved in RAN #72 meeting:
Positioning:
Introduce E-CID core requirements:
· RSRP/RSRQ measurement [RAN4 only]
· UE Rx-Tx time difference measurement [RAN4 only]

Support of UTDOA or OTDOA:
· 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]  
· 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.
· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73

The RAN1 work is focusing on whether to support UTDOA or OTDOA for NB-IoT. In this contribution, we provide our views on the possible solution for supporting OTDOA for NB-IoT and the reference signals that can be used.
OTDOA in LTE
Observed Time Difference of Arrival (OTDOA) is a downlink positioning method introduced in LTE Rel-9 in which at least three timing measurements of the reference signals transmitted by three different eNB have to be performed by the UE and reported back to the E-SMLC that provided the positioning assistance data for calculation of UE position.
Positioning reference signal (PRS) was also introduced in LTE Rel-9 to facilitate positioning. It is a wideband signal designed in a pattern that is more detectable by UEs that are not served by the eNB that are transmitting the PRS and can provide better measurement timing accuracy than CRS. It is also designed to avoid collision with CRS so that it does not affect CRS for other measurement purposes and that using both CRS and PRS for positioning measurement by the UE is possible. Moreover, the PRS is transmitted in positioning subframes in which no PDSCH data is transmitted and different eNBs has different muting patterns of the positioning subframes so that the PRS is not interfered by the data signals and the PRS of each eNB can be detected more easily with lower interference from the other eNBs transmitting PRS.

OTDOA in NB-IoT
Since a NB-IoT UE can only receive signals within a 180 kHz narrowband at a time, using the legacy wideband PRS just for NB-IoT UEs may be a waste of resource. However, if positioning subframes are configured for legacy UEs, NB-IoT UEs can perform measurements on one of the 180 kHz PRB that contains PRS in the positioning subframes. The legacy positioning subframes occur periodically with a periodicity of 16, 32, 64 or 128 frames, with one occasion of 1, 2, 4 or 6 consecutive positioning subframes.
For in-band NB-IoT, if eNB configures a NB-IoT anchor carrier as part of the resource for legacy PRS transmission, it can only use the configuration with 1 or 2 consecutive subframes per positioning subframe occasion, since NPSS, NSSS, MIB-NB, SIB1-NB have fixed locations and the PRS should avoid using the subframes that contain these signals. To support PRS transmission in a NB-IoT carrier without data signals in the subframes containing PRS, the subframes can be declared invalid by using a downlink bitmap. However, since the minimum PRS periodicity is 160 subframes and the current downlink bitmap for NB-IoT has a maximum length of 40 bits, if eNB uses the NB-IoT anchor carrier as part of the resource for legacy PRS transmission, some of the subframes that should have been valid have to be declared invalid so that the legacy PRS can be transmitted in part of the invalid subframes. Considering a NB-IoT anchor carrier is already overloaded with synchronization signals and system information, it should not be used for positioning purpose. In other words, PRS should not use full downlink bandwidth.

Proposal 1: A NB-IoT anchor carrier is not used for positioning purpose.

Therefore, non-anchor NB-IoT carriers should be used for positioning purpose. However, from the above argument, the same kind of problem exist if legacy PRS are transmitted on non-anchor NB-IoT carriers. In other words, some of the invalid subframes are not used for PRS transmission.
Therefore, a narrowband PRS can be introduced if OTDOA is to be supported for NB-IoT positioning. The narrowband PRS is generally the same as wideband PRS. The differences are that narrowband PRS are transmitted in only one PRB and narrowband PRS can have smaller periodicity with maximum periodicity of 40 subframes. With lower periodicity and possibly more consecutive subframes per positioning subframe occasion, the signal detectability for NB-IoT UEs with worse channel conditions can be increased. In addition, the narrowband PRS can be configured to be partially overlapped with legacy PRS to reduce overall resource overhead. However, the impact of measurement accuracy resulted from lower sampling rate at NB-IoT UEs and narrower PRS bandwidth and how much accuracy can be compensated by more frequent PRS transmission should be further studied.

Observation 1: Narrowband PRS may be introduced for support of OTDOA for NB-IoT and it should be transmitted on non-anchor NB-IoT carriers with smaller periodicity and larger number of consecutive narrowband PRS subframes.

Proposal 2: Feasibility of narrowband PRS should be further studied.

Since NB-IoT UEs do not support measurement gap, a NB-IoT UE in RRC_CONNECTED cannot perform measurement on the narrowband PRS if it is operating on another NB-IoT carrier. Hence, after receiving the assistance data, the NB-IoT UE cannot perform measurement until it is released to RRC_IDLE. This may increase the reporting delay of the measurements. In general, NB-IoT UEs are in low mobility, hence, if lower requirements of reporting delay is specified, the method should be applicable to NB-IoT UEs in lower mobility. However, some mechanism to lower the reporting delay may need to be designed to provide better positioning accuracy if positioning is used for NB-IoT UEs with higher mobility.

Observation 2: OTDOA may be applicable for NB-IoT UEs in lower mobility if reporting delay requirements are relaxed.

Conclusions
This contribution considers OTDOA method for NB-IoT. Based on the discussion, the observations and proposals are listed in the following.

Observation 1: Narrowband PRS may be introduced for support of OTDOA for NB-IoT and it should be transmitted on non-anchor NB-IoT carriers with smaller periodicity and larger number of consecutive narrowband PRS subframes.

Observation 2: OTDOA may be applicable for NB-IoT UEs in lower mobility if reporting delay requirements are relaxed.

Proposal 1: A NB-IoT anchor carrier is not used for positioning purpose.

Proposal 2: Feasibility of narrowband PRS should be further studied.
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