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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#86bis meeting, it was agreed that [2]
· 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

In this contribution, we share our views on PRS muting pattern for OTDOA positioning in FeMTC.
2. PRS Muting Pattern
In LTE Rel-13, the transmission periodicity of PRS occasion could be configured to 160ms, 320ms, 640ms, 1280ms and one PRS occasion could include 1, 2, 4 and 6 consecutive subframes. The minimal unit of PRS muting pattern is one PRS occasion and the length of PRS muting pattern could be 2, 4, 8 and 16. Due to the PRS frequency shift, one PRS subframe can support ToA measurements of up to 6 cells in different frequency domain. Therefore 16 PRS occasions in LTE Rel-13 can support ToA measurement for up to 16*6=96 cells in different time-frequency resources. 
Additionally the location server can provide the PRS/CRS configuration information of up to 25 cells or up to 73 cells depending on UE capability, and moreover the UE shall provide all available measurement results to the location server and shall be able to detect and measure for at least 16 cells. Therefore, as shown in Table 1, if the PRSs from different cells are separated in time-frequency domain, then the shortest period to receive (intra-frequency RSTD measurement)
· PRSs of given 16 cells is from (320+N) ms to (2560+N) ms
· PRSs of given 25 cells is from (640+N) ms to (5120+N) ms 
· PRSs of given 73 cells is from (1920+N) ms to (15360+N) ms 
where N is the PRS subframe number in one PRS occasion, and could be 1, 2, 4 or 6. Therefore it is possible that the PRS receiving time difference from two different cells to one UE is from 320ms to15360ms depending on PRS configuration for each cell.  

Table 1 Shortest period to receive PRSs of given cell number in different time-frequency resources for intra-frequency RSTD measurement
	Total cell number
	Measured cell number per PRS subframe
	Needed PRS occasion number
	ToA estimate time with given PRS occasion periodicity (ms)

	
	
	
	160ms
	320ms
	640ms
	1280ms

	16
	6
	3
	320 + N
	640 + N
	1280 + N
	2560 + N

	25
	6
	5
	640 + N
	1280 + N
	2560 + N
	5120 + N

	73
	6
	13
	1920 + N
	3840 + N
	7680 + N
	15360 + N

	Note: where N is the PRS subframe number in one PRS occasion.



As shown in Fig. 1, if there is synchronization error due to time shift at the UE side, then this synchronization error will be introduced into RSTD from the UE to the location server. However the location server is unable to obtain the exact information about time shift and synchronization error of given UE. So the location server could not compensate it which is caused by the synchronization error at the UE side. But if the UE is able to measure more cells within one PRS occasion as shown in Fig. 2, then the RSTD measurement error due to the time shift at the UE side could be reduced obviously.    
In our understanding, there are two potential solutions to support the feature of PRS transmission of more cells within one PRS occasion.
· Solution 1: PRS muting pattern in frequency domain within one PRS occasion
· Solution 2: PRS muting pattern in time domain within one PRS occasion
Proposal 1: Support finer PRS muting pattern in time and/or frequency domain within one PRS occasion for concentrated RSTD measurement.



Fig. 1 RSTD measurement with existing PRS muting pattern




Fig. 2 RSTD measurement with finer PRS muting pattern

4. Conclusions
In this contribution, we give our views on PRS muting pattern for OTDOA positioning in FeMTC with the following proposal:
Proposal 1: Support finer PRS muting pattern in time and/or frequency domain within one PRS occasion for concentrated RSTD measurement.
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