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1. Introduction
In this contribution, we discuss two open issues in OTDOA positioning for Rel-14 eMTC/FeMTC UEs. 
2. Open issues and potential resolutions 
2.1. SFN acquisition to read PRS assistance data

According to 36.355 [1], location server needs to include at least one cell, in the PRS assistance data, whose SFN can be obtained by the target device (UE). Otherwise positioning operation will fail.
“NOTE 1:
The location server should include at least one cell for which the SFN can be obtained by the target device, e.g. the serving cell, in the assistance data, either as the assistance data reference cell or in the neighbour cell list. Otherwise the target device will be unable to perform the OTDOA measurement and the positioning operation will fail.”
If serving cell is not one of the cells in PRS assistance data, then UE will need to acquire MIB of at least one of the PRS cells to obtain its SFN. However, MIB acquisition time can be very long, especially in CE mode B SNR conditions (upto 2.56 seconds) [2]. Naturally, MIB acquisition will delay RSTD measurements. 
Observation 1: MIB acquisition delay can have significant impact on delay in RSTD measurements, if serving cell is not one of the cells in PRS assistance data.

One way to avoid this delay is to always include serving cell as one of the PRS cells in the PRS assistance data. However, since PRS is not required to be transmitted by all the cells, the above-mentioned solution may not always work. Another, more robust, solution is that SFN offset in the PRS assistance data is provided relative to the serving cell, even if serving cell is not one of the PRS cells. 

Proposal 1: SFN offsets in the PRS assistance data should be provided relative to the serving cell, even if serving cell is not one of the PRS cells.

Another approach is to add the delay of MIB acquisition to the total RSTD delay if the serving cell is not one of the cells in PRS assistance data, thereby allowing the UE to acquire the SFN of the one of the PRS cells. It should be noted that the acquisition of MIB of another cell will imply that the BL/CE UE may have to tune-away from its MPDCCH. One approach, similar to CGI reading [2], is to allow autonomous interruption for reading MIB.
Proposal 2: Prior to start of PRS measurements, UE is allowed autonomous interruption to read the MIB of one the cells, if serving cell is not included in the PRS assistance data. Total RSTD delay should be increased by the time to acquire MIB. 

Like CGI reading, autonomous interruptions during RSTD measurements will also result in dropping of all the PDSCH during MIB acquisition.
Observation 2: All the PDSCH will likely be dropped due to autonomous interruption for reading MIB prior to the start of PRS measurements.
Since both the solutions, i.e., Proposal 1 and 2 have impact on RAN2 procedures and timers, we propose to send an LS to RAN2 informing of the acceptable solutions to address the need of MIB acquisition prior to RSTD measurements.

Proposal 3: Send an LS to RAN2 informing them of issues relating to MIB acquisition by BL/CE UEs prior to RSTD measurements, if serving cell is not one of the cells in PRS assistance data.

2.2 Multiple PRS configurations
RAN1 has the following agreement regarding multiple PRS configuration [2]

Figure 1 shows one possible way a cell can simultaneously transmit PRS on 3 different BW. In addition to cell transmitting PRS on multiple PRS BW, RAN2 agreed on define UE capability [4] that will allow UE to indicate whether it can simultaneously support more than one PRS configuration
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Thus, a natural question is: “In addition to specifying requirements with single PRS configuration, does RAN4 need to specify requirements for UE supporting multiple PRS configurations when more than one PRS configuration is configured by the cell and assistance data corresponding to it is provided to the UE?” To answer this question, first we must first understand why a cell would like to transmit multiple PRS BW simultaneously. The answer is obvious – unlike legacy UE, FeMTC UE’s can be bandwidth limited and different UEs can support different BWs. We already know that as the PRS Bandwidth reduces, the number of PRS subframes required to ensure minimum performance increases. Also, as the PRS BW reduces, the RSTD accuracy worsens. If the cell can transmit only one PRS BW, then 

· Overhead of PRS is very high, if transmitted PRS BW is large and NPRS is large

· UEs supporting smaller PRS BW will not meet minimum requirements if transmitted PRS BW is large, but NPRS is small

· UEs supporting larger PRS BW will not meet the best accuracy they can achieve if transmitted PRS BW is small, and NPRS is large

· None of the UEs will meet minimum requirements if transmitted PRS BW as well as NPRS is small

Thus, to support UEs with different maximum PRS BW support as well as to achieve a balanced trade-off between PRS overhead and RSTD accuracy, each cell can transmit multiple PRS BWs simultaneously.  
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Figure 1: Cell transmitting PRS on 3 different BW is simultaneously 

Now, even though RAN2 allows the UE to declare capability of supporting multiple PRS configurations simultaneously, from performance perspective, using multiple PRS configuration does not appear to be beneficial. The argument is as follows: Since support of multiple PRS configuration from UE side is an optional feature, there will be some UEs in the network that will support only one PRS configuration at a time. Now, suppose there are UEs in the network that support maximum PRS BW of 25RB and single PRS configuration. To enable those UEs to meet minimum requirements (detect cells maintaining low false alarm rate and achieve desired accuracy), the network will likely transmit a certain minimum number of PRS subframes over PRS BW = 25RB within the PRS measurement period. Any other UE which supports maximum PRS BW of 25RB and more than one PRS configuration can also meet the minimum requirements because there are enough PRS subframes available. Any additional PRS subframes with PRS BW smaller than 25RB will provide only marginal improvement or no improvement in accuracy, because accuracy of the measurement worsens as the BW reduces. Also, if UE is required to use PRS with smaller bandwidth for RSTD measurement, UE will lose the opportunity for unicast transmission on those subframes. Based on the above argument, we have the following proposal 

Proposal 4: All RAN4 requirements are developed assuming the UE is provided PRS assistance data of only one PRS configuration
3. Conclusion 
In this contribution, we discuss two of the open issues in OTDOA positioning for eMTC/FeMTC UEs. Here are the observations and proposals. 
Issue 1: Need for SFN acquisition to read PRS assistance data

Observation 1: MIB acquisition delay can have significant impact on delay in RSTD measurements, if serving cell is not one of the cells in PRS assistance data.

Proposal 1: SFN offsets in the PRS assistance data should be provided relative to the serving cell, even if serving cell is not one of the PRS cells.

Proposal 1: SFN offsets in the PRS assistance data should be provided relative to the serving cell, even if serving cell is not one of the PRS cells.

Proposal 2: Prior to start of PRS measurements, UE is allowed autonomous interruption to read the MIB of one the cells, if serving cell is not included in the PRS assistance data. Total RSTD delay should be increased by the time to acquire MIB. 

Observation 2: All the PDSCH will likely be dropped due to autonomous interruption for reading MIB prior to the start of PRS measurements.

Proposal 3: Send an LS to RAN2 informing them of issues relating to MIB acquisition by BL/CE UEs prior to RSTD measurements, if serving cell is not one of the cells in PRS assistance data.

Issue 2: Multiple PRS configurations

Proposal 4: All RAN4 requirements are developed assuming the UE is provided PRS assistance data of only one PRS configuration
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RAN1#87 and RAN1#88 agreement on configuration of multiple PRS configurations 


One cell can transmit multiple PRS time-frequency configurations with possibly up to 3 different PRS bandwidths


Configuration information multiple PRS time-frequency configurations with possibly up to 3 different PRS bandwidths per cell can be signaled to the UE, each information associated with a set of configuration parameters including PRS configuration index, number of PRS subframes per occasion, muting pattern, and new optional parameters
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