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One of the objectives of the REL-14 NB-IoT enhancements work item is to improve the positioning support based on OTDOA [1]. In RAN1#87, many agreements on OTDOA have been achieved. In this contribution, we discuss the remaining issues of OTDOA enhancements for NB-IoT. The issue of how to determine the neighbor cell NPRS position is discussed in a separate contribution, as it requires more discussion [2]. 
Discussion
Collision handling 
With Part A indication, NPRS are transmitted in invalid subframes. The subframes used by NPSS/NSSS/NPBCH are however not part of the valid/invalid subframe definition. With Part B indication, NPRS are not restricted to invalid subframes. According to the current RAN1 agreements, it is yet to decide on how to handle the collision between NPRS subframes and the subframes used by NPSS/NSSS/NPBCH and SIB1-NB. 
On non-anchor carrier, NPSS/NSSS/NPBCH and SIB1-NB are not present. In this case, the collision issue does not exist. On anchor carrier carrying NPSS/NSSS/NPBCH and SIB1-NB, NPRS should not be configured in the subframes used by NPSS/NSSS/NPBCH and SIB1-NB to aovid impacting the transmission of NPSS/NSSS/NPBCH and SIB1-NB. 
NPSS is transmited in subframe 5 in every radio frame. NPBCH is transmited in subframe 0 in every radio frame. NSSS is transmited in subframe 9 in every even radio frame. SIB1-NB is transmited in subframe 4 and its presence in a radio frame depends on the sceduling information transmitted in NPBCH. In the existing OTDOA, UE does not know the system frame number of neighbor cells and thus cannot identify if the number of a system frame of a neighbor cell is even or odd. Also, UE is not aware of the SIB1-NB sceduling information of neighbor cells. Therefore, we propose that NRPS are not configured in subframes 0, 4, 5, and 9 on anchor carrier, regardless of the presence of NSSS in subframe 9 and the presence of SIB1-NB in subframe 4.
Proposal 1: NPRS are not configured in subframes 0, 4, 5, and 9 on anchor carrier.
Proposal 2: NPRS can be configured in subframes 0, 4, 5, and 9 on non-anchor carrier.
OTDOA assistance data
In RAN1#87, it was agreed that “For in-band operation, the length-2 NPRS sequence is truncated from Rel-14 PRS sequence corresponding to the LTE PRB of the NB-IoT carrier.” Therefore, UE needs to know the LTE PRB index of the NB-IoT carrier to determine NPRS sequence. This parameter has not been included in the L1 parameter list. The information about the LTE PRB index of the NB-IoT carrier should be included in the OTDOA Assistance Data.
Proposal 3: For in-band operation, OTDOA Assistance Data should include the information about the LTE PRB index of NB-IoT carrier.
NPRS antenna port
The antenna port used for NPRS is not defined in the agreements. The definition of NPRS antenna port may adopt a similar approach as the one adopted for NRS.
For NRS the narrowband reference signals are transmitted on newly defined antenna ports 2000 to 2001. If the higher layer parameter operationModeInfo indicates ‘00’, i.e., inband same PCI, the antenna ports for narrowband reference signals are equivalent to the antenna ports for the LTE CRS. This allows UE to use NRS and CRS. 
For NPRS it is proposed that a new antenna port 2006 is introduced.
Proposal 4: For NPRS it is proposed that a new antenna port 2006 is introduced
NPRS have been designed to maximize the synergies with LTE PRS. If NPRS and PRS are transmitted at the same time, UE may utilize both for RSTD measurement. Therefore, as in the case of NRS and CRS, it is proposed that if the deployment is inband, the antenna port for NPRS is equivalent to the antenna port for the LTE PRS, i.e., antenna port 6. 
Proposal 5: If the deployment is inband the antenna port for NPRS is equivalent to the antenna port for the LTE PRS.
Conclusions
In this contribution, we have discussed the remaining issues of OTDOA for NB-IoT. Based on the analysis and observations, we make the following proposals. 
Proposal 1: NPRS are not configured in subframes 0, 4, 5, and 9 on anchor carrier.
Proposal 2: NPRS can be configured in subframes 0, 4, 5, and 9 on non-anchor carrier.
Proposal 3: For in-band operaiton, OTDOA Assistance Data should include the information about the LTE PRB index of NB-IoT carrier.
Proposal 4: For NPRS it is proposed that a new antenna port 2006 is introduced.
Proposal 5: If the deployment is inband the antenna port for NPRS is equivalent to the antenna port for the LTE PRS.
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