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1 Introduction
In RAN#72 plenary meeting, the WID for enhancement of eMTC was agreed, and the following is one of the objectives [1]:

· Positioning [RAN4, RAN1]

· E-CID: RSRP/RSRQ measurement

· E-CID: UE Rx-Tx time difference measurement

· OTDOA: core requirements

· OTDOA: consider improvements of accuracy, UE complexity and power consumption

In this contribution, we discuss the potential solutions to support OTDOA positioning for MTC UEs.
2 Discussions
Observed Time Difference Of Arrival (OTDOA) is based on the UE measuring the time difference observed  between the positioning Reference Signals  of a neighboring cell and those of the serving cell; which is called as Reference Signal Time Difference (RSTD) measurement.  After RSTD measurement, eNB used the result to compute a group of hyperbolic functions. In the ideal case, these function intersect in one unique point which is the position of the target UE.  For example, when three eNBs are used for positioning, after obtaining the distance between UE and the eNB, the position of the UE can be simplified and calculated. Therefore the key to support OTDOA based positioning is to support RSTD measurement and reporting.
Since Rel-9, Positioning Reference Signals (PRS) have been introduced for antenna port 6 since Rel-8 cell-specific reference signals are not sufficient for positioning. The PRS is periodically transmitted along with the cell specific RS in groups of consecutive downlink sub frames. The figure 1 below is the legacy LTE PRS pattern.
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Figure 1  LTE PRS
 Positioning reference signals are transmitted with pre-defined periodicity, at each transmission occasion the position reference signals are sent in multiple consecutive DL subframes. Currently, the PRS bandwidth in this PRS configuration information can be 6, 15, 25, 50, 75 or 100 PRBs, and the associated subframe number per PRS occasion could be 1, 2, 4 or 6. 
For normal (non-wideband) eMTC, the total bandwidth supported by the device is reduced to 1.4Mhz in both downlink and uplink. The cat-m device will always listen to the center 6 PRB for control information, just like any normal device. When the terminal  is scheduled for data traffic, it will be allocated a number of PRBs (up to 6) at any consecutive location within the spectrum of operation. This means that the device will be allocated a 1.4MHz carrier within, for example, a 20MHz carrier.  Currently, in Rel-13, eMTC UE already supports frequency hopping of MPDCCH and MPDSCH over multiple narrowband.  Therefore theoretically , without introducing new physical channel/signal , the eMTC UE can support OTDOA based positioning .
Proposal 1:For Rel-14 eMTC  OTDOA support, existing signal is used as baseline. Additional enhancement to the existing signal need to be justified by significant performance improvement.
However, the reduced bandwidth may have a negative impact on the positioning performance, as the positioning accuracy is depend on the PRS bandwidth measured and the periodicity of signal configured. To meet the positioning requirement discussed in Rel-14, it is expected that the PRS bandwidth larger than 6 PRB will be used together with narrowband hopping support. 
Note one major feature of eMTC is coverage enhancement, where up to 15dB additional MCL is supported. eMTC UEs in enhancement coverage mode may need additional repetition of PRS to accumulate adequate energy for acceptable measurement accuracy. However, excessive repetition is certainly not needed for normal eMTC UE and legacy LTE UEs.
To balance the tradeoff between PRS resource usage and positioning performance, it is expected multiple PRS configuration are needed for the eNB. Additionally, PRS bandwidth in the unit of narrowband may need to be defined.  The PRS configuration can be different for PRS located in different narrowband. For example, in certain narrowband denser transmission of PRS can be configured for coverage enhanced eMTC UE , while the rest of the PRS narrowband sparser transmission can be configured. 
To efficient utilize the PRS signal in the total PRS bandwidth, eMTC UE need to retune to different narrowband for RSTD measurement. Frequency hopping between narrowband can be configured to achieve this purpose, however, it may be more convenient  to configured corresponding positioning “measurement gap” for this RSTD measurement. eMTC UE can take advantage of the measurement gap to iterate different PRS narrowband in the total PRS bandwidth. 
Proposal 2: To support OTDOA for Rel-14 eMTC UE , new PRS configuration  need to be introduced, including PRS narrowband and multiple PRS configurations.
Proposal 3: For RSTD measurement , FFS narrowband hopping configuration or introduction of positioning measurement gap.
3 Conclusions

In this contribution, we have discussed the solutions to support OTDOA for MTC. We make the following proposals:
Proposal 1:For Rel-14 eMTC  OTDOA support, existing signal is used as baseline. Additional enhancement to the existing signal need to be justified by significant performance improvement

Proposal 2: To support OTDOA for Rel-14 eMTC UE , new PRS configuration  need to be introduced, including PRS narrowband and multiple PRS configurations.
Proposal 3: For RSTD measurement , FFS narrowband hopping configuration or introduction of positioning measurement gap.
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