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Introduction
This contribution discusses two proposed enhancements for Rel-15 eMTC: the “bandwidth expansion” presented in [1], and the result of RAN4 discussion on RSTD gaps. 

Discussion on bandwidth expansion
In [1] the idea of “stitching together” different 6-PRB PRS after frequency hopping was presented. The contribution discusses the possibility of coherently combining these two signals with an RF retuning in the middle, which creates phase discontinuity. In Figure 1 we plot the time-domain results of sampling a 1-tap channel (no noise and/or fading assumed) under the following cases:
1) 2 x 6-PRB PRS with no phase error (i.e., equivalent to observing 12 PRBs simultaneously).
2) 2 x 6-PRB PRS with a phase error of pi between the two sets of 6-PRB
3) 6-PRB PRS
[image: cid:image009.png@01D32760.29991BC0]
Figure 1 Resulting time domain samples after 1) Putting two 6-PRB PRS together, with no phase error. 2) Putting two 6-PRB PRS together, with a phase error of pi. 3) 6 PRB PRS
We observe from Figure 1 that moving to wider bandwidth has the effect of reducing the “width” of the time-domain sinc when the phase error between the two sets of 6-PRBs is equal to zero. For the case of a phase error of pi, then the peaks of the time domain signal move away from the true peak value.

The ‘random phase’ operation in the frequency domain can be written as passing the signal through a with DFT response X[f] = 1 + (r-1) U[f], with r the random phase, and U[f] a rectangular pulse of length N/2 (in this case, 72 = 6PRBs), so the time domain would be (delta + (r-1) sinc). For the case where the phase is -1, we have the delta completely cancelled out, and the two sidelobes would appear.





Observation: The introduction of the random phase error after hopping is equivalent to a time-domain filtering that may move the true TOA to a different time.


Discussion on RSTD gaps

In RAN4#84 the following was agreed related to Rel-14 FeMTC [2]:

Dense PRS configuration:
· Discuss need for new gaps for dense PRS configurations under Rel-15.

Thus, an update for the Rel-15 eFeMTC WID is needed to incorporate this agreement. Note that the gaps are needed (especially for low complexity UEs) in order to enable denser PRS configurations.

Proposal: Update the Rel-15 eFeMTC WID to include the discussion on gaps for dense PRS configurations

A proposed update of the WID is as follows:

New requirements:
· Support higher UE velocity [RAN4 lead, RAN2]
· Specify support in CE mode A for higher velocities (e.g. [200] km/h) without physical layer changes.
· Lower UE power class [RAN4 lead, RAN2]
· Evaluate and, if appropriate, specify new UE power class(es) and signaling support without physical layer changes, to support lower maximum transmit power with appropriate MCL relaxations.
· New gaps for dense PRS configurations [RAN4 lead, RAN2]
· [bookmark: _GoBack]Evaluate and, if appropriate, specify new gaps taking into account periodicity and PRS occasion length of dense PRS configuration.
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