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1. Introduction

In RAN#73 the FeMTC WI [1] was updated to include OTDOA enhancements. OTDOA based positioning support is also being added for NB-IOT based on the WI [2].
The following has been agreed for OTDOA enhancements for FeMTC
· For Rel-14 feMTC OTDOA  positioning reference signal, enhancements to the legacy LTE PRS patterns and sequences can be considered but need to be justified by significant performance improvement compared to legacy
· Strive for the possibility for the legacy PRS REs to overlap with the Rel-14 PRS REs
· Rel-14 PRS configuration includes
· All legacy parameters, i.e., bandwidth, periodicity, subframe offset, number of consecutive subframes, etc.
· FFS transmission in invalid subframes
· Sets of values of the parameters are FFS
· Determination of frequency location remains FFS
· Details of Rel-14 PRS configuration parameter settings are FFS
· Details of Rel-14 PRS muting pattern are FFS
· FFS how many Rel-14 PRS configurations are needed per cell
· FFS how many Rel-14 PRS configurations are needed per UE
· RSTD measurement of PRS in different sets of PRBs in the frequency domain is supported
· FFS details
· Frequency hopping of PRS in OTDOA is supported.
· Configurations and details are FFS
The following has been agreed for NB-IOT OTDOA.
· 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 assumption :- 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
In this contribution we provide our views on how we can increase OTDOA performance while at the same time keeping a low overhead and reduced power consumption.
2. Characteristics of eMTC/NB-IOT UE that affect positioning
The main features that affect positioning design for eMTC/NB-IOT are as follows:
· Narrowband processing: Creates reduced resolution in multipath channels and reduced energy. eMTC UEs can support BW of 6RBs, 5MHz, and 20Mhz while NB-IOT UEs only support BW of 1RB.
· Single Rx antenna: Due to decreased diversity and energy gain, the necessary number of observations for the same RSTD accuracy is increased.
· Extended coverage: Due to deployment constraints and enhanced coverage requirements, the eMTC/NB-IOT UE may be in worse coverage conditions that the regular UE
· Coexistence with wideband UEs: The eMTC deployment is always in-band while NB-IOT could also be deployed in-band, i.e., the eMTC/NB-IOT UEs could coexists in the same cell with wideband UEs. Thus, the OTDOA enhancements should also take into account the fact that wideband UEs are present in the cell. 
3. Different PRS bandwidth
One option to optimize the eMTC/NB-IOT performance while keeping a low overhead is to allow PRS of multiple bandwidth values in the same carrier. For example, assume that an eMTC UE needs 4 subframes to measure RSTD, and the wideband UE needs 2 subframes. In this case, the network can configure 2 subframes with 10MHz PRS (that are used by the wideband UEs, and may be reused by the narrowband UEs), followed by another two subframes with 1.4MHz PRS. Alternatively or additionally, different periodicities, muting patterns and number of repetitions may be configured for the different bandwidth values. One example is shown in Figure 1, where the periodicity of 10MHz PRS, 1.4MHz PRS, and 180KHz PRS is different. The resource blocks outside the PRS bandwidth can be reused for other signals and channels.



Figure 1 PRS transmission of 10MHz, 1.4MHz, and 180KHz PRS in the same cell
Observation 1: Allowing for multiple PRS bandwidth in the same cell allows for increasing the eMTC/NB-IOT positioning performance while keeping a low overhead.
Proposal 1: Allow transmission of PRS of different bandwidths from the same cell. For each bandwidth value, the periodicity, number of repetitions and muting pattern can be separately configured.
For Rel-14, RAN1 has agreed to introduce a new class of UE with 5MHz bandwidth. For this case, PRS can be transmitted with 3 different bandwidths corresponding to wideband UEs, FeMTC UEs and eMTC UEs. In Figure 2 we show how the three different bandwidths (or more, if needed) can coexist in the same cell.


Figure 2 Coexistence of 10MHz, 5MHz and 1.5MHz PRS in the same cell
One constraint of current PRS is that, even for reduced bandwidth, it is always centered, e.g. for 1.4MHz the PRS uses the center 6 PRB. For eMTC applications, where the number of PRS repetitions is expected to be larger, the network may benefit from additional scheduling flexibility, e.g. placing the PRS in a non-centered manner.
Proposal 2: RAN1 should consider non-centered transmission of PRS for increased flexibility.
For eMTC/NB-IOT UEs, even though they can only support limited BW (eg. NB-IOT only supports 1RB BW), they should be made aware of the PRS configurations for other bandwidth as well to enable them to use narrowband portion of the wider bandwidth PRS. Also, they should be made aware of the full bandwidth allocation of the PRS pattern (rather than just the presence in a narrowband) so that the UE implementation has flexibility to pick the portion of the PRS it uses to balance between frequency diversity gain and coherent combining gain.
Proposal 3: UEs should be made aware of the PRS configuration including the bandwidth corresponding to its bandwidth as well as for the larger bandwidth
Summary
Observation 1: Allowing for multiple PRS bandwidth in the same cell allows for increasing the eMTC/NB-IOT positioning performance while keeping a low overhead.
Proposal 1: Allow transmission of PRS of different bandwidths from the same cell. For each bandwidth value, the periodicity, number of repetitions and muting pattern can be separately configured.
Proposal 2: RAN1 should consider non-centered transmission of PRS for increased flexibility.
Proposal 3: UEs should be made aware of the PRS configuration including the bandwidth corresponding to its bandwidth as well as for the larger bandwidth
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