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1 Introduction
At the RAN1#79 meeting the following agreement on the support of narrow bandwidth for MTC was reached in [1]:
For coverage enhancements, bundled transmissions are considered. RAN1 is considering time domain channel estimation filtering across multiple subframes. The design of the time domain channel estimation filtering depends on the phase continuity assumptions across the subframes within a bundle, even when the mobile is stationary. 
RAN1 would like to ask RAN4 to provide guidance on:

1. Phase continuity assumptions at least for UL to allow channel estimation filtering across multiple subframes in a bundled transmission where transmission power does not change within the bundle. 

In addition, RAN1 would like to ask RAN4 to provide guidance on:

2. Potential benefit of restricting supported modulation order for MTC to QPSK for UL and/or DL

3. Maximum power level of new power class
In RAN4#74 these questions were discussed in [4] and an LS with a  partial response was provided to RAN1 in [5].

This contribution addresses the above issues with regard to the operation of a Rel-13 low complexity UE (LC CE) and Rel-13 coverage enhanced UE (CE UE). Note that for the discussion is this contribution, we discuss both Rel-13 low complexity (LC) UEs and Rel-13 coverage enhanced (CE) UEs.
2 Discussion
Based on the RAN1 guidance provided in [2], that Release 13 LC UE operations will:

Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications,

the following assumptions are taken into account for the discussion that follows.

In addition to the UE supporting up to 6 RB’s, it is also assumed that the UE can be scheduled with less than 6 physical resource blocks (PRBs) and that a  minimum allocation of 1 PRB for both the uplink (UL) and downlink (DL) is supported. Furthermore it is expected that retuning of the frequency of MTC UE will be required to support frequency multiplexing of users and to support frequency hopping.
2.1 Phase Continuity
The most stringent impact on phase continuity will be due to transmission of a single RB repeated in time contiguously across multiple subframes. As long as the power remains constant across the multiple subframes, the phases will be constant as well.
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For this scenario it is expected that there will be no phase discontinuity when remaining on the same frequency for a duration on the order of 100 subframes. It should be noted that for QPSK modulation transmitting at maximum power it is not expected that the phase continuity will be a concern when the narrowband Release 13 UE is operating in enhanced coverage. Typically the source of UE transmit phase discontinuities will be sudden changes in transmitter settings, most notably PA gain changes. Since extended coverage mode requiring bundled transmissions will likely be performed at maximum, i.e. constant, transmit power, it is anticipated that no phase discontinuities will occur that would hamper the UL cross-subframe channel estimation.
Observation #1:

· As long as the UE transmit power and the center frequency are not changed, no phase jump in the transmitted signal is expected. For a Release 13 LC UE at maximum transmit power in enhanced coverage, it is not expected that phase continuity will be an issue.
2.2  Restriction of Modulation Level
This issue was discussed at RAN4#74 and RAN4 indicated in its response LS to RAN1 that “RAN4 needs to perform further study to provide guidance on potential benefit of restricting supported modulation order for MTC to QPSK for UL and/or DL” [5]. 
LTE DL has mandatory support of QPSK, 16QAM and 64QAM. LTE UL has mandatory support of QPSK and 16QAM. Restricting the modulation level would thus involve removing support for DL 64QAM and/or DL 16QAM and/or UL 16QAM.
Also note that the question from RAN1 does not concern UEs in enhanced coverage (it is quite obvious that UEs in very bad coverage will not use higher order modulations). The question concerns whether Rel-13 low complexity UEs should support higher order modulations in general. Many Rel-13 low complexity UEs are expected to be in normal coverage rather than in enhanced coverage
The benefits from a device cost or power consumption point of view of restricting the modulation level by removing support for one or more of DL 64QAM, DL 16QAM and UL 16QAM would have to be rather substantial in order to offset the spectral efficiency gain from the higher order modulations (especially from DL 16QAM). Companies have been looking into these issues since 2011 in different study and work items and to our understanding the potential benefits from restricting the modulation level are not very significant. Therefore we propose to not further consider restriction of the modulation levels.
.
Observation #2:

· No significant benefit has been observed with restricting modulation. 
2.3 Maximum Power Level 
From [3], the maximum transmit power is 23 dBm for all bands but band 13. For support of a new bandclass for Release 13 LC UEs, the WID mandates that the transmit power should be as high as possible while still enabling an integrated power amplifier in the Release 13 LC UE. 
It should be noted that according to the RAN1 working assumption, if the maximum transmit power of the new UE power class is less than 20 dBm, the resulting uplink coverage loss from the transmit power reduction may not be fully compensated. This could mean that if the maximum transmit power is significantly lower than 20 dBm, there may be a corresponding uncompensated overall coverage loss (since the uplink is expected to be the coverage limiting link).
In this context, one feasible approach is to consider 20 dBm transmit power as a baseline requirement.

Proposal #1:

· The maximum transmit power for the new UE power class is 20 dBm.
3 Conclusion

This paper discussed the impact of narrowband MTC functionality on the RAN4 requirements of a Release 13 LC UE and highlighted the corresponding impacts. In summary, the following major observations and proposals are made:
Observation #1: As long as the UE transmit power and the center frequency are not changed, no phase jump in the transmitted signal is expected. For a Release 13 LC UE at maximum transmit power in enhanced coverage, it is not expected that phase continuity will be an issue.
Observation #2: No significant benefit has been observed with restricting modulation.
Proposal #1: The maximum transmit power for the new UE power class is 20 dBm
4 References

[1] R1-145455, “LS on Additional Aspects for MTC”, Qualcomm
[2] R1-145451, “LS on Support of Narrowband Operation for MTC”, Qualcomm
[3] TS36.101 3GPP E-UTRA User Equipment Radio Transmission and Reception
[4] R4-150662, “Additional Aspects for MTC”, Ericsson
[5] R4-151247, “Response LS on Additional Aspects for MTC”, Qualcomm
Subf 1





Subf 2





Subf n





Transmission power








