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1. Introduction
In the further enhanced MTC (feMTC) work item (WI) description [1], one of the objectives is positioning improvement for BL/CE (eMTC) UEs based on Observed Time Difference of Arrival (OTDOA) techniques. Improvements of positioning accuracy, UE complexity and power consumption should be considered.

In the previous RAN1 #86bis meeting [2], the following agreements were made:
· 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

This contribution provides our view on OTDOA based positioning for feMTC UE by combining the usage of legacy LTE PRS and the newly proposed PRS for feMTC.

2. Discussion

OTDOA is one of the Radio Access Technology (RAT) dependent positioning techniques which has been widely deployed in LTE networks. In principle, the device/user equipment (UE) receives reference signals from multiple eNode-Bs and then performs timing difference of arrival (TDOA) measurements. The measurement results are transmitted using the LTE positioning protocol (LPP) from a UE to the location server (LS) via the eNode-B. The location server performs positioning estimation.

LTE eNB periodically transmits legacy PRS signal with certain PRS configurations (e.g. number of consecutive DL PRS subframes (N_PRS), and PRS periodicity (T_PRS)). Both parameters are reconfigurable such that N_PRS can be up to 6 ms and T_PRS can be from from 160 ms to 1280 ms. 

Here, we can consider to have another set of PRS, i.e. E-PRS, in addition to the existing legacy PRS. The E-PRS is a new set of PRS that is designed for feMTC so that the PRS bandwidth is limited to the feMTC supported BW (e.g. 1.4 MHz, 5 MHz). 

Basically, E-PRS serves two purposes:
· Provides PRS coverage for MTC devices operating in coverage enhanced mode (e.g. Mode B operation in fe-MTC)
· Allows an MTC device to perform additional RSTD measurements from eNBs that are further away, thereby increasing the number of reference points (i.e. eNBs) and improve the positioning accuracy.

Proposal 1: Introduce E-PRS transmission where the E-PRS can have a longer transmission duration than that of the legacy PRS.

We consider the E-PRS transmission is right after the legacy PRS transmission (Figure 2). Therefore, feMTC device can use them in one single process. The E-PRS can of course also be placed before the legacy PRS but if it is placed after the legacy PRS then both the legacy and feMTC UE can share the same starting Positioning Occasion.  The transmission of E-PRS for feMTC wider bandwidth (e.g. 5 MHz) can partly be used by the MTC device with smaller bandwidth (e.g. 1.4. MHz). The location of E-PRS is for example in the central narrowband. However, it can be in any other narrowband region. However, in such a case, the E-PRS allocation must be coordinated with other neighbour eNBs and also known by the UEs in the cell. This is to ensure that the feMTC UEs can receive E-PRS from multiple eNBs at the same time. 




[bookmark: _Ref462838978]Figure 1: E-PRS transmission right after the legacy PRS.


Proposal 2: E-PRS transmission is subsequently right after the transmission of legacy LTE PRS. The transmission of E-PRS for feMTC wider bandwidth (e.g. 5 MHz) can partly be used by the MTC device with smaller bandwidth (e.g. 1.4. MHz).

Other potential enhancement to E-PRS is to enable frequency hopping operation across narrowband, which can benefit from frequency diversity and improve the timing measurement accuracy. The frequency allocation of E-PRS supporting frequency hopping can be reconfigurable. The frequency hopping operation of E-PRS is illustrated in the following Figure 2. In case of feMTC with 1.4 MHz, the frequency hopping options can be relatively more compared to feMTC with 5 MHz. For example, it can perform frequency hopping operation within 5 MHz narrowband.



[bookmark: _Ref465999627]Figure 2: E-PRS with frequency hopping operation.

Proposal 3: E-PRS support the frequency hopping operation between narrowbands.

The transmission of legacy PRS is within certain number of consecutive DL subframes, and known as N_PRS. In order to support coverage enhancement operation, the combined PRS transmission and E-PRS transmission can be repeated several times. Thus, the total transmission can be (N_PRS + N_E-PRS) 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 4: The transmission of both PRS and E-PRS within certain number of consecutive DL subframes can be repeated multiple times to support coverage enhancement.

The E-PRS density in a narrowband for a particular cell can be higher than that for PRS.  For example, instead of 6 sets of PRS in a subframe, we can have 3 sets of E-PRS per subframe.  This can reduce the number of OTDOA measurements per time at the UE, i.e. instead of evaluating OTDOA for 6 cells at a time, it evaluates 3 cells at a time.  Furthermore if there are less than 6 cells to evaluate it is beneficial that the density of E-PRS is increased rather than increasing the repetition of the E-PRS.

Proposal 5: Consider increasing the E-PRS density for a cell by reducing the number of cells transmitting E-PRS in a subframe.
3. Conclusion 
In this contribution we discussed our views on several possible options to improve OTDOA based positioning for feMTC UE and made the following proposals:

Proposal 1: Introduce E-PRS transmission where the E-PRS can have a longer transmission duration than that of the legacy PRS.

Proposal 2: E-PRS transmission is subsequently right after the transmission of legacy LTE PRS. The transmission of E-PRS for feMTC wider bandwidth (e.g. 5 MHz) can partly be used by the MTC device with smaller bandwidth (e.g. 1.4. MHz).

Proposal 3: E-PRS support the frequency hopping operation between narrowbands.

Proposal 4: The transmission of both PRS and EPRS within certain number of consecutive DL subframes can be repeated to support coverage enhancement.


Proposal 5: Consider increasing the E-PRS density for a cell by reducing the number of cells transmitting E-PRS in a subframe.
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