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1. Introduction
In RAN#73 the FeMTC WI [1] was updated to include OTDOA enhancements. OTDOA based positioning support is also being added for NB-IOT based on the WI [2].
The following has been agreed for OTDOA enhancements for FeMTC in RAN#87.
· PRS bandwidths include {1.4, 3, 5, 10, 15, 20} MHz
· No change w.r.t. legacy LTE PRS bandwidths
· 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
· Supported legacy PRS periodicities are {160, 320, 640, 1280} subframes that are jointly signaled with starting subframe offsets in PRS configuration indices
· No change w.r.t. legacy LTE PRS indices
· Supported number of PRS subframes per PRS occasion are {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes
· Reuse LTE PRS muting mechanism with a bit string of {2, 4, 8, 16} bits, with each bit applied to one legacy PRS period
· No change w.r.t. legacy LTE PRS muting pattern
· Add additional configuration parameters to support more frequent PRS transmissions and PRS frequency hopping
· Legacy PRS configuration (including R14 enhancements) can also be delivered to (F)eMTC UEs
· To support more frequent PRS transmission in time, add the following parameters to support multiple PRS occasions in a legacy PRS period
· PRS occasion interval in a PRS period: {10, 20, 40, 80} subframes
· If this is not configured, there is only one PRS occasion in a legacy PRS period.
· If activated, PRS frequency hopping is configured with the following parameters (similar to Rel-13 eMTC FH):
· Number of bands for frequency hopping X: {2, 4}
· The first band is in the center
· The positions of the remaining X-1 bands:
· The starting position of each of X-1 bands is indicated separately: narrowband {0,1,…,max-1}
In this contribution we provide our views on the remaining details of frequency hopping and TxD support for FeMTC PRS.
2. Frequency hopping interval
The following agreements relate to the number of PRS subframes and hopping bands in a PRS occasion.
· Supported number of PRS subframes per PRS occasion are {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes
· Number of bands for frequency hopping X: {2, 4}

To accommodate uniform split of the PRS subframes in a PRS occasion across the hopping bands we propose periodicity of {1,2,3,5,10,20} be supported for frequency hopping. The same set can be used for both FDD and TDD. 
Proposal 1: Frequency hopping interval is selected from the set {1,2,3,5,10,20} subframes for both FDD and TDD. The hopping pattern starts at the start of the PRS transmission within a PRS occasion.

3. TxD Support
Some of the main use cases for eMTC involve stationary users at very low SNRs. In these cases, coherently combining the PRS across multiple subframes would provide a significant performance gain and deeper coverage to PRS. Positioning accuracy can also be improved by eNBs using transmit diversity. A simple approach to extract the transmit diversity gain is to use different beam-pattern across different subframes and repetitions, in effect sweeping across the precoding choices. To facilitate coherent combining at the UE while using TxD, the subframes where the same precoding would be used should be clearly specified. The UE should know which subframes have the same beams so UE can extract both the coherent combing gain by using coherent combining across subframes using the same beam and the TxD gains by, for example, non-coherently combining across subframes with different beams. We hence propose that we define a new parameter called PRS beam occasion. The same beam is used within a PRS beam occasion but network could choose different beams across different PRS beam occasions. Note that the LTE PRS already supports such TxD schemes by specifying that the UE can only assume same channel for PRS that lie within one PRS occasion.
Proposal 2: The same precoder is used for all PRS in one PRS beam occasion but across different PRS beam occasions the precoder could be different. The PRS beam occasion could be signaled as a new parameter. Alternately, it can be set to be equal to the PRS occasion.


4. Collision of PRS with LTE Signals (PSS/SSS/PBCH)
It is possible that some configurations of PRS lead to collision of PRS with mandatory LTE signals such as PSS/SSS/PBCH. Assuming PRS is present on those subframes would lead to degraded performance at UE. As in LTE, we propose that PRS is punctured on REs where it collides with PSS/SSS/PBCH signals.
Proposal 3: PRS is punctured on REs where it collides with PSS/SSS/PBCH signals.

5. Summary
The proposals made in this contribution for frequency hopping interval, TxD support, and coexistence with LTE signals for FeMTC OTDOA are summarized below.
Proposal 1: Frequency hopping interval is selected from the set {1,2,3,5,10,20} subframes for both FDD and TDD. The hopping pattern starts at the start of the PRS transmission within a PRS occasion.
Proposal 2: The same precoder is used for all PRS in one PRS beam occasion but across different PRS beam occasions the precoder could be different. The PRS beam occasion could be signaled as a new parameter. Alternately, it can be set to be equal to the PRS occasion.
Proposal 3: PRS is punctured on REs where it collides with PSS/SSS/PBCH signals.
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