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1. Introduction

In RAN #73 meeting, the following was approved for positioning support in NB-IoT [1], where it was agreed to support OTDOA for NB-IoT. 

	· 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

· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1

· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification


Also, in RAN1 #86bis meeting, some agreements and working assumption was made for OTDOA progress [2]. In this contribution, we discuss and suggest details of OTDOA configuration in the enhancement of NB-IoT.

2. Discussion
2.1. NPRS subframe configuration
NB-IoT UEs can monitor smaller size of bandwidth than legacy LTE UEs. Thus, more subframes should be provided for NPRS transmission to meet the target accuracy. On the other hand, NPRS should avoid the collision with subframes for other purpose. In this point of view, configuration of NPRS time resource should be designed to guarantee the target accuracy and to avoid the collision with subframes for other purposes. In a previous meeting, it was agreed to use bitmap on subframe and/or indication for the occasions for the configuration of NPRS time resource. To support flexibility of NPRS subframe pattern with reduced overheads, it is preferable to compose two methods both for anchor PRB and non-anchor PRB. 
Also, as we mentioned in our companions paper, NPRS period and offset should be compatible with PRS period and offset to avoid collision between NPRS and PRS. PRS occasion should be considered for NPRS subframe configuration.
Proposal 1: Indication of exact subframe should be composed with bit map on subframes and indication for the NPRS occasions both for anchor PRB and non-anchor PRB.

Proposal 2: PRS period and offset should be considered for NPRS subframe configuration.
2.2. NPRS PRB configuration
For OTDOA operation, UE should detect and measure neighbour cell’s NPRS as well as serving cell’s NPRS. To help NB-IoT UE’s neighbour cell NPRS detection, PRB index and NPRS ID for NPRS generation for neighbour cells should be also signalled by anchor PRB.
If one cell can configure multiple PRB for NPRS, the set of possible NPRS PRB indices and their NPRS ID should be provided. To provide NPRS PRB indices, offset value collocated with the anchor PRB can be used both for serving cell. In a same manner, indication of anchor PRB index and offset value for non-anchor NPRS PRB can be used to inform NPRS PRB index information for neighbour cell as well. Also, it is preferable to assume that NPRS ID in a same PRB set shares same NPRS ID to reduce additional overheads. 
Proposal 3: For neighbour cells, PRB index and NPRS ID should be signalled by anchor PRB.
Proposal 4: Same NPRS ID is assumed for PRB in a same cell. 
Depending on the deployment environments and target services, narrow band PRS may not satisfy target performance and introducing frequency diversity for NPRS would be helpful. To achieve frequency diversity, multiple PRBs can be configured for NPRS transmission for a serving cell. Two options can be considered to achieve frequency diversity from multiple PRBs.

Option 1) NPRS is transmitted in a single PRB per subframe by a time-varying manner among multiple configured PRBs

Option 2) NPRS is transmitted in the multiple configured PRBs in a subframe and the selection of PRB for NPRS measurement is up to UE implementation.
Proposal 5: To achieve frequency diversity, multiple PRBs can be configured for NPRS transmission for a serving cell. Two options are considered:
Option 1) NPRS is transmitted in a single PRB per subframe by a time-varying manner among multiple configured PRBs

Option 2) NPRS is transmitted in the multiple configured PRBs in a subframe and the selection of PRB for NPRS measurement is up to UE implementation.
2.3. Reuse of other legacy signals

To enhance the location performance with OTDOA, it can be considered to reuse legacy signals such as NSSS and/or CRS and/or NRS for NB-IoT positioning in addition to the NPRS. For this purpose, UE need to know quasi-collocation between NPRS and NSS/CRS. UE may also need to know transmission power difference between NPRS and NSS/CRS.
Proposal 6: Consider reusing legacy signals such as NSSS and/or CRS and/or NRS for NB-IoT positioning in addition to the NPRS
2.4. CE levels of NPRS
Depending on the distribution of the NB-IoT UEs, some eNBs’ supported CE level may be suitable for the UE’s RSTD measurement while other eNBs’ are not. Therefore, it should be considered whether and how to select NB-IoT eNBs with different NPRS CE levels for RSTD measurement.

Proposal 7: Consider whether and how to select NB-IoT eNBs with different NPRS CE levels for RSTD measurement
3. Conclusion
In this contribution, we discussed and suggested detailed design of reference signals for OTDOA measurement in NB-IoT The proposals of the contribution is as follows.
Proposal 1: Indication of exact subframe should be composed with bit map on subframes and indication for the NPRS occasions both for anchor PRB and non-anchor PRB.

Proposal 2: PRS period and offset should be considered for NPRS subframe configuration.
Proposal 3: For neighbour cells, PRB index and NPRS ID should be signalled by anchor PRB.

Proposal 4: Same NPRS ID is assumed for PRB in a same cell.

Proposal 5: To achieve frequency diversity, multiple PRBs can be configured for NPRS transmission for a serving cell. Two options are considered:

Option 1) NPRS is transmitted in a single PRB per subframe by a time-varying manner among multiple configured PRBs

Option 2) NPRS is transmitted in the multiple configured PRBs in a subframe and the selection of PRB for NPRS measurement is up to UE implementation.
Proposal 6: Consider reusing legacy signals such as NSSS and/or CRS and/or NRS for NB-IoT positioning in addition to the NPRS
Proposal 7: Consider whether and how to select NB-IoT eNBs with different NPRS CE levels for RSTD measurement
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