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1 Introduction

Significant progress has been made to define operations of Rel-13 LC/CE UE. While data transmission has been extensively discussed, the positioning needs of MTC UE have not been discussed.

In this contribution we discuss PRS reception in UE positioning with OTDOA method.

2 Discussion
Positioning in LTE is supported by the architecture in Figure 1, with direct interactions between a UE and a location server (E-SMLC) is via the LTE Positioning Protocol (LPP). Moreover, there are also interactions between the location server and the eNodeB via the LPPa protocol, to some extent supported by interactions between the eNodeB and the UE via the Radio Resource Control (RRC) protocol.  
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Figure 1. LTE positioning architecture.

The existing LTE positioning techniques are discussed with respect to Rel-13 LC/CE UE.
2.1 Assisted GNSS (A-GNSS)
In this method, GNSS information is retrieved by the UE, and is further supported by assistance information provided to the UE from E-SMLC.
For a LC/CE UE bundled with GNSS capability, A-GNSS method can be used as usual. However, this method may not be available for applications that require very low-cost devices, since a GNSS receiver will increase the cost of such device.

· Enhanced Cell ID (E-CID). Essentially cell ID information to associate the UE to the serving area of a serving cell, and then additional information to determine a finer granularity position.
· For LC/CE UE, the E-CID method can be used the same as other types of UE. The 
· Assisted GNSS. 
2.2 Enhanced Cell ID (E-CID)
The UE reports the serving cell’s cell ID, the radio link Timing Advance, the detected neighbor cells and Rx levels, to the location server (E-SMLC). The location server then approximates the UE location based on the measurement reports.
For LC/CE UE, the E-CID method can be used the same as for other UEs. On the other hand, the measurement reports (e.g., RSRP, RSRQ) may not be as accurate as a normal UE, due to the reduced bandwidth of 6 PRB. 
Hence the position information of LC/CE UE is available via the E-CID method, possibly with lower accuracy.
2.3 OTDOA (Observed Time Difference of Arrival)
With the OTDOA method, the UE estimates the time difference of reference signals from different base stations and sends to the E-SMLC for multi-lateration. The UE measures the relative difference between the reference cell and another specific cell, defined as reference signal time difference (RSTD) measurement. Every such RSTD determines a hyperbola and the intersection point of these hyperbolas can be considered as the UE position. 

The OTDOA method relies on PRS reception for generating RSTD. The period of one positioning occasion can be configured to every 
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= 160, 320, 640 and 1280 milliseconds. The bandwidth of PRS may be smaller than the system bandwidth. In this case, the PRS PRBs occupy the central PRBs.
For LC/CE UE, the OTDOA method can be used the same as for other UEs. Due to the reduced RF bandwidth of 1.4 MHz, for a given subframe, the UE is limited to receiving PRS within a narrowband within the overall system bandwidth, when the PRS spans more than 6 PRBs. Thus the RSTD measurement accuracy is likely degraded compared to a UE with larger RF bandwidth. 

Hence the position information of LC/CE UE is available via the OTDOA method, possibly with lower accuracy.

2.4 UTDOA (Uplink TDOA)
With the UTDOA method, the UE is requested to transmit SRS which is to be detected by multiple location measurement units (e.g. an eNB) at known positions. These measurements are forwarded to E-SMLC for multilateration.
For Rel-13 LC/CE UE, the availability of UTDOA hinges on the availability of SRS. 

· For CE mode B, it has been agreed that SRS is not transmitted by LC/CE UE. Hence the UTDOA method is not available for UEs in CE mode B. 

· For CE mode A, it is FFS if SRS should be supported by LC/CE UE. If SRS is decided not to be supported by UE in CE mode A, then the UTDOA method is not available for UEs in CE mode A either. 
On the other hand, UTDOA requires UE transmits repeated SRS transmission with high power, in order to reach neighbour cells in addition to the serving cell. This is contradictory to the need of long battery lifetime of the LC/CE UE. Thus UTDOA is not a suitable positioning method for LC/CE UE after all.
3 Conclusions
In this contribution we discussed the issue of positioning LC/CE UE with the methods in LTE. The discussion shows that all LTE positioning methods are available for LC/CE UE, with potentially the exception of UTDOA.
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