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LTE Rel-13 introduced improved support for machine-type communications (MTC) in the form of bandwidth-reduced low-complexity and coverage enhanced (BL/CE) UEs. One objective of the Rel-14 WI on Further Enhanced MTC (FeMTC) is to specify the following for OTDOA positioning support for BL/CE UEs [1]:
· OTDOA: core requirements 
· OTDOA: consider improvements of accuracy, UE complexity and power consumption for OTDOA
 In RAN1#86bis, the following has been agreed [2].
Agreement:
· 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
Agreement:
· Frequency hopping of PRS in OTDOA is supported.
· Configurations and details are FFS

In this contribution, we discuss PRS configuration for FeMTC, while the discussion of frequency location determination for FeMTC PRS is treated in our companion contribution [3].
Discussion
MTC is designed to support operation in challenging deployment locations (e.g. basements, underground), this has been addressed by modifying LTE channels for FeMTC. When addressing similar adjustments for FeMTC positioning, reusing the legacy PRS design as much as possible is desirable. 
1.1 Multiple PRS configurations
By using the existing LTE PRS design, MTC devices can support PRS by using the existing PRS of 1.4 MHz BW (or 5 MHz for Cat-M2) using the center frequency. However, this operation mode with PRS of 1.4 MHz would limit the positioning performance of the wideband UEs which are capable of receiving a wider PRS. It is important to ensure good performance for both device types with limited PRS resource overhead. One configuration of how to enable such a trade-off is depicted in Figure 1, where a cell uses multiple PRS configurations without frequency hopping. In each PRS period, 1 subframe of 50 PRBs is configured for LTE PRS, 2 subframes of 25 PRBs are configured for 5 MHz BL UE, and 4 subframes of 6 PRBs with frequency hopping are configured for 1.4 MHz BL UE. With these configurations, the MTC device can receive PRS during a longer time interval in order to get the necessary number of repetitions to accurately detect the PRS, while the legacy UE receives the wideband signal under a shorter time interval. This would reduce the PRS resource overhead in comparison with using a wideband PRS in all subframes.
Proposal 1: Support multiple PRS configurations per cell.
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[bookmark: _Ref466030710]Figure 1: An example PRS configuration without frequency hopping: 1, 2, 4 PRS subframes per positioning occasion for 10 MHz LTE PRS, 5 MHz PRS, and 1.4 MHz PRS, respectively.

Though support of multiple PRS configurations per cell is beneficial, it is not clear whether the benefit of supporting multiple PRS configurations per UE can justify the increased signalling overhead. If multiple PRS configurations per UE is also supported, LPP signalling should be updated accordingly. How to update the signalling is largely a RAN2 topic, but here we briefly mention some needed signalling to enable the support of multiple PRS configurations per UE.
The E-SMLC provides the UE with a list of potential reference cells and neighbor cells to be used for RSTD measurements. The reference and neighbor cell lists should be updated to include two or more PRS configuration sets to be reported to the FeMTC UE. Another set of assisted information which is sent to the UE from the E-SMLC is the expected RSTD and the expected RSTD uncertainty measurement. As the choice of PRS configuration would impact the accuracy of the RSTD, these parameters should be also reported per PRS configuration set. One parameter which is important to be considered here is that based on the choice of PRS configuration set, the number of required repetitions (PRS occasion measurements) in order to achieve decent positioning accuracy would be different, hence the expected response time for each PRS configuration can be also assisted to the UE in order to minimize the complexity and the power consumption at the UE side. 
Proposal 2: If multiple PRS configurations per UE are supported, the network should include the following for OTDOA assistance information and PRS configuration tailored to FeMTC UEs.
· The list of both reference cells and neighbor cells should contain the supported sets of PRS configurations for UE.
· The expected RSTD and the expected RSTD uncertainty should be reported based on the choice of PRS configuration set.
· The expected response time should be reported for each choice of PRS configuration set.

The FeMTC UE performs RSTD measurements based on the assisted information sent by the E-SMLC. The network should be informed about the UE’s selection in order to use the RSTD measurements for positioning estimation in the most proper way. For RSTD measurement, the UE should choose the same PRS configuration set for both reference cell and the neighbor cell. The UE should report both the RSTD and RSTD quality to the E-SMLC, while the selected choice of the PRS configuration set can be optionally reported to the network. 
Proposal 3: For RSTD measurement, the UE should choose the same PRS configuration set for both reference cell and the neighbor cells.
Proposal 4: The selected choice of the PRS configuration set can be optionally reported to the network in the RSTD measurement report. 

1.2 PRS subframe configuration parameters
As aforementioned, MTC addresses coverage for deployments in challenging environments such as deep indoor location. The enhanced coverage requirements are addressed by a number of techniques such as more repetitions. It should also be noted that cost reduction techniques (e.g., single receive RF chain) have been applied to MTC UEs. Therefore, we propose in [3] that (F)eMTC devices should be allowed to use more PRS subframes for RSTD measurements.
The increased number of repetitions will increase the time-to-fix and can also create a larger synchronization error. The synchronization error occurs since the device measures over a large period of time, the measurement period should thus be limited in order to prevent a high synchronization error when forming the RSTDs between two cells. In order to provide a reasonable time-to-fix and robustness to synchronization error one should introduce more PRS subframes under a shorter time interval compared with current PRS configuration. This can be achieved by increasing the number of consecutive subframes and lowering the PRS occasion periodicity. Currently, the maximum number of consecutive subframes within a PRS occasion is 6, and the minimum PRS occasion periodicity is 160ms. However, note that additional PRS configuration parameters have been agreed for PRS-based TBS [4]. In particular, new values for PRS periods are {5, 10, 20, 40, 80} subframes, and the number of consecutive PRS subframes in a period can be an integer between 1 and 160 subframes.
To support denser PRS transmission in time, we could extend the set of PRS period values to be {10, 20, 40, 80, 160, 320, 640, 1280} subframes and the number of PRS subframes per period can be 1, 2, 4, 6, and 10 subframes. Note that PRS period of 10 or 40 subframes match the 10-bit and 40-bit BL/CE subframe (previously known as valid subframe) bitmap configuration parameters in Rel-13 eMTC. This may facilitate coordination of subframe bitmap indication and PRS configuration. 
Proposal 5: Support denser PRS configurations in time domain 
· PRS period is chosen from the set {10, 20, 40, 80, 160, 320, 640, 1280} subframes, and the number of PRS subframes per period is chosen from the set {1, 2, 4, 6, 10} subframes.

PRS muting
LTE PRS transmission supports time muting, Specifically, to enable better detectability of PRS from a weaker cell that shares the same frequency shift with the PRS from a stronger cell, PRS in the stronger cell may be muted. LTE PRS muting pattern is specified by a bit string of 2, 4, 8, or 16 bits. All the PRS in one PRS occasion are either all ON or all OFF as indicated by the corresponding bit in the bit string. Effectively, this time muting leads to a larger radio reuse (beyond reuse 6 from PRS resource element mapping pattern) in the network, and thus helps mitigate interference at the cost of possibly increased positioning latency. The optimal tradeoff between PRS hearability and positioning latency depends on deployment scenarios, and it is up to the network to decide on how to trade off the two metrics. For Rel-14 PRS, we do not see any need to deviate from this LTE PRS muting mechanism.
Proposal 6: Reuse LTE PRS muting mechanism with a bit string of 2, 4, 8, or 16 bits for Rel.-14 PRS configuration.

1.3 UE capabilities
There are several MTC/FeMTC UE types available now in Rel.14, having different bandwidths and capabilities in terms of for example sampling rate, support for frequency hopping, etc. The network should be aware of these capabilities prior to provide any OTDOA assistance information to the specified UE. This information would allow the location server to send an assisted information tailored to that specific UE and avoid any unnecessary data, which cannot be supported by the UE. This signaling would remain the same as LTE legacy, while some fields should be modified. 
Observation 1:  UE capabilities should be known at the network for proper OTDOA assistance and PRS configuration selection.
Proposal 7: The UE capabilities including the ones indicated below, should be signalled to the location server in case of request. 
· Maximum supported PRS bandwidth (e.g. 6 or 25 PRBs)
· Frequency hopping support
· Maximum PRS configuration set size

Conclusions
In this contribution, we have discussed PRS configurations for FeMTC and made the following observation.
Observation 1:  UE capabilities should be known at the network for proper OTDOA assistance and PRS configuration selection.

We have the following proposals.
Proposal 1: Support multiple PRS configurations per cell.
Proposal 2: If multiple PRS configurations per UE are supported, the network should include the following for OTDOA assistance information and PRS configuration tailored to FeMTC UEs.
· The list of both reference cells and neighbor cells should contain the supported sets of PRS configurations for UE.
· The expected RSTD and the expected RSTD uncertainty should be reported based on the choice of PRS configuration set.
· The expected response time should be reported for each choice of PRS configuration set.
Proposal 3: For RSTD measurement, the UE should choose the same PRS configuration set for both reference cell and the neighbor cells.
Proposal 4: The selected choice of the PRS configuration set can be optionally reported to the network in the RSTD measurement report. 
Proposal 5: Support denser PRS configurations in time domain 
· PRS period is chosen from the set {10, 20, 40, 80, 160, 320, 640, 1280} subframes, and the number of PRS subframes per period is chosen from the set {1, 2, 4, 6, 10} subframes.
Proposal 6: Reuse LTE PRS muting mechanism with a bit string of 2, 4, 8, or 16 bits for Rel.-14 PRS configuration.
Proposal 7: The UE capabilities including the ones indicated below, should be signalled to the location server in case of request. 
· Maximum supported PRS bandwidth (e.g. 6 or 25 PRBs)
· Frequency hopping support
· Maximum PRS configuration set size
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