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1. Introduction
A WI on the enhancements of NB-IoT has recently been approved [1]:
· 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.
· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1

In the previous RAN1 #86bis meeting, the following items were agreed [2]:
Agreement:
· Introduce a new positioning reference signal for OTDOA in NB-IoT
· Not based on existing Rel-13 NB-IoT signal and not based on LTE CRS.
Working assumptions:
· NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB 
· FFS: With additional REs in guard-band and standalone operation modes
· FFS: Increased density per cell according to coverage
· NB-IoT PRS do not occur in a subframe containing
· NPDCCH
· NPDSCH
· NPBCH
· NPSS/NSSS

This contribution provides our view on OTDOA for NB-IoT UE by considering the usage of new PRS signal for NB-IoT positioning.

2. Discussion
The NB-IoT positioning signals (NPRS) can have a different pattern than the legacy LTE PRS, for example it can occupy a larger number of REs within a PRB.  That is the NPRS pattern can have a larger density than that of PRS. Figure 1 shows a NB-IoT subframe containing NPRS with increased density. The figure shows that for the NPRS location is still following LTE PTS pattern. However, in every PRS location, an additional NPRS is added in the adjacent resource element (in a cyclic manner). In this figure, the NPRS effectively occupy the locations for cell_ID ‘n’ and cell_ID ‘n-1’as it is defined in the legacy PRS. Note that the specification of the NPRS locations is different to that legacy PRS. 

It should be appreciated that a higher density of NPRS may result in smaller number of eNBs transmission in a subframe, for example, instead of accommodating 6 eNBs’ PRS in a PRB (as in legacy LTE), NPRS with twice the density may accommodate 3 eNBs in a PRB. However, UE complexity can potentially be reduced if the UE measures fewer eNodeBs per subframe with the denser NPRS. The same overall number of eNB measurements can be supported by time multiplexing the NPRS for the different eNBs. 

NPRS

[bookmark: _Ref454965393]Figure 1 – NPRS with increased density

Proposal 1: Introduce NPRS transmission with higher density than the legacy PRS. 

In connection to the NPRS with higher density, a sub-occasion PRS transmission can be introduced which brings the advantage of reducing the number of eNBs’ PRS measurement and processing required per time (i.e. reducing UE complexity).

In legacy LTE, a PRS subframe can accommodate 6 sets of PRS locations (i.e. 6 frequency shifts), the UE would be required to measure and process 6 sets of times of arrivals (or 5 RSTD measurements).  Although, the UE can process these RSTD measurements during the PRS period TPRS, it has to buffer the NPRS subframes of the Positioning Occasion.  The buffering requirements and hence complexity can be reduced by introducing Sub-Positioning Occasions (Sub-PO) within a Positioning Occasion.  A Sub-PO consists of Nsub consecutive subframes and multiple Sub-POs each of Nsub subframes forms a Positioning Occasion.  The multiple Sub-POs can be separated by a gap of Gsub subframes.  An example is shown in Figure 2, where a Positioning Occasion consists of two Sub-Positioning Occasions, namely Sub-PO#1 and Sub-PO#2.  These two Sub-POs occupy 4 subframes and are separated by a gap of Gsub = 2 subframes.  The Positioning Occasion still has a period of TPRS subframes, as per legacy LTE.  The number of eNBs’ NPRS that the NB-IoT device is required to measure is divided among the Sub-POs.  For example if a Positioning Occasion contains NPRS for 6 eNBs, these NPRS can be divided among 3 Sub-POs such that in each Sub-PO, only 2 eNBs’ NPRS are measured.  The gap (Gsub) between two Sub-POs provides time for the NB-IoT device to process and calculate the RSTD.  The Sub-POs reduce the number of processing operations that the NB-IoT device is required to perform per unit time by spreading the processing over a longer period and avoids the need to buffer the NPRS soft bits for processing at a later time. Also, if the measurement using one of the sub-PO is sufficient (e.g. Sub-PO#1) then the measurement of the other sub-PO is no longer needed. This operation can reduce UE power consumption.
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[bookmark: _Ref454980117]Figure 2: Sub-Positioning Occasion

Proposal 2: Introduce sub positioning occasions within a positioning occasion where each sub positioning occasion contains a subset of the eNBs’ NPRS transmissions.

The transmission of NPRS is within certain number of consecutive DL subframes, and denotes this as N_NPRS. In order to support coverage enhancement operation, the N_NPRS transmission can be repeated several times. Thus, the total transmission can be N times X subframes.  This repetition is to enable symbol combining of the received NPRS at the receiver, as typically use in NB-IoT coverage enhancement operation.

Proposal 3: The transmission of NPRS within certain number of consecutive DL subframes (N_NPRS) can be repeated to support coverage enhancement.

In the previous meeting, it was discussed to introduce power boosting to the NPRS transmission [2]. An LS from RAN1 is sent to RAN4 for further studies [3]. Power boosting can be applied to the NPRS in both N-PRS anchor carrier and NPRS non-achor carrier (if supported). 

Proposal 4: Support power boosting to the NPRS transmission.

3. Conclusion 
In this contribution we discussed our views on OTDOA based positioning for NB-IoT and made the following proposals:

Proposal 1: Introduce NPRS transmission with higher density than the legacy PRS. 

Proposal 2: Introduce sub positioning occasions within a positioning occasion where each sub positioning occasion contains a subset of the eNBs’ NPRS transmissions.

[bookmark: _GoBack]Proposal 3: The transmission of NPRS within certain number of consecutive DL subframes (N_NPRS) can be repeated to support coverage enhancement.

Proposal 4: Support power boosting to the NPRS transmission.
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