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1. Introduction
The revised WID for “Further Enhanced MTC for LTE” has been approved in RAN#73 meeting with following agreement for OTDOA positioning in FeMTC [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 RAN1#86 meeting, it was agreed that [6]
· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.
· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.

In this contribution, we share our views on OTDOA enhancements in FeMTC.
2. Narrowband Transmission
In the existing OTDOA positioning, the location server sends the PRS configuration of cells to the target UE for RSTD measurement and reporting. The PRS bandwidth in this PRS configuration information could be 6, 15, 25, 50, 75 or 100 PRBs, and the associated subframe number per PRS occasion could be 1, 2, 4 or 6 [2][3]. Moreover eMTC Rel-13 already has the features of MPDCCH frequency hopping and MPDSCH frequency hopping over multiple narrowbands with 6 PRBs in each narrowband [4]. Therefore in eMTC Rel-13, 
· From standardization perspective, the eMTC UE is able to support OTDOA positioning with 6-PRB-based RSTD measurement and up to 6 PRS subframes per PRS occasion. 
· From implementation perspective, the eMTC UE is able to support OTDOA positioning with up to 36-PRB-based RSTD measurement and up to 6 PRS subframes per PRS occasion if the configured PRS bandwidth is no less than 50 PRBs and moreover this eMTC UE can support frequency-hopping-based RSTD measurement as shown in Fig. 1. 
Due to additional PRS-frequency-hopping-based RSTD measurement, the latter has the potential to get higher RSTD measurement accuracy and consequently higher OTDOA positioning accuracy than the former. Therefore PRS-frequency-hopping-based RSTD measurement is an implementation issue in eMTC Rel-13.   
Observation 1: PRS-frequency-hopping-based RSTD measurement could be an implementation issue in eMTC Rel-13.



Fig. 1 PRS-frequency-hopping-based RSTD measurement 

Currently the eNB only configures one PRS configuration for one cell, and one PRS configuration has one PRS bandwidth indication and one PRS length indication besides PRS configuration index, PRS muting pattern and so on [3]. In order to support the solutions above, the eNB could configure 6 PRS subframes in each PRS occasion. However there might be serious resource waste if it is unnecessary to configure so many PRS subframes for normal LTE UEs. In our understanding, one straightforward solution is to have two PRS configurations for the same cell, one optimized for normal UEs and the other optimized for eMTC UEs, and to enable two OTDOA Cell Information for same cell. One for normal UE and the other for eMTC UE. However specifications have not defined if the eNB can send multiple OTDOA cell information for the same cell to the location server and how the location server should use such information. 
Observation 2: Possible resource waste if configuring narrowband-UE-needed PRS subframe number for OTDOA positioning of both wideband UE and narrowband UE.
Observation 3: It is still an open issue if the location server could recognize the OTDOA information from the eNB containing multiple OTDOA Cell Information for same cell. 
Based on the above observations it is therefore proposed to support PRS frequency hopping for RSTD measurement and support the PRS configuration with one or more PRS subframe number(s) and PRS bandwidth(s) for one cell.
Proposal 1: Support PRS frequency hopping for RSTD measurement of narrowband UE.
Proposal 2: Support PRS configuration with one or more PRS configurations for one cell, for example where one is optimized for wideband UEs and one is optimized for narrowband UEs.
To provide ubiquitous network coverage, eMTC Rel-13 introduces coverage enhancement feature with 15dB additional link budget, enabling about seven times better area coverage [5]. The enhanced coverage can be achieved using a combination of techniques, including power boosting of data and reference signals, repetition/retransmission and relaxing performance requirements. Therefore increasing total number of PRS subframes transmitted might be expected for OTDOA positioning in eMTC UE, especially for coverage enhancement mode B. The potential solutions for the increased PRS transmission include increasing PRS subframe number per PRS occasion and decreasing PRS occasion periodicity. 
Proposal 3: Support increased PRS transmission by increasing PRS subframe number per PRS occasion and/or decreasing PRS occasion periodicity.
Additionally, narrowband UE might have larger synchronization error after long-term downlink/uplink transmission due to time shift. This can be minimized by having the UE measure the PRSs used for RSTD measurement of two cells in close time proximity.  
Proposal 4: Support measuring reference and neighbour cell PRSs in the same PRS occasion.
3. Wideband Transmission
Up to 5MHz bandwidth for PDSCH/PUSCH transmission of Rel-14 BL UEs in CE mode A and RRC connected mode has been agreed in RAN1#86 meeting [6]. It is still in the RAN1 discussion whether Rel-14 non-BL UEs in CE mode A can support up to 5MHz or up to 20MHz bandwidth for PDSCH/PUSCH transmission in RRC connected mode [6]. 
In our understanding, if the FeMTC UEs can utilize wider bandwidth for PDSCH/PUSCH transmission, then these UEs will be able to support RSTD measurement based on wideband PRS transmission. Since PRS bandwidth is one of main factors to limit the RSTD measurement accuracy as well as following OTDOA positioning accuracy, the support of wideband-PRS-based RSTD measurement will be definitely beneficial for OTDOA positioning accuracy improvement of FeMTC UEs. 

Observation 4: The support of wideband-PRS-based RSTD measurement will be definitely beneficial for OTDOA positioning accuracy improvement of FeMTC UEs. 
4. Conclusions
In this contribution, we give our views on OTDOA enhancements for FeMTC with the following observations and proposals:
Observation 1: PRS-frequency-hopping-based RSTD measurement could be an implementation issue in eMTC Rel-13.
Observation 2: Possible resource waste if configuring narrowband-UE-needed PRS subframe number for OTDOA positioning of both wideband UE and narrowband UE.
Observation 3: It is still an open issue if the location server could recognize the OTDOA information from the eNB containing multiple OTDOA Cell Information for same cell. 
Observation 4: The support of wideband-PRS-based RSTD measurement will be definitely beneficial for OTDOA positioning accuracy improvement of FeMTC UEs. 
Proposal 1: Support PRS frequency hopping for RSTD measurement of narrowband UE.
Proposal 2: Support PRS configuration with one or more PRS configurations for one cell, for example where one is optimized for wideband UEs and one is optimized for narrowband UEs.
Proposal 3: Support increased PRS transmission by increasing PRS subframe number per PRS occasion and/or decreasing PRS occasion periodicity.
Proposal 4: Support measuring reference and neighbour cell PRSs in the same PRS occasion.
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