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1 Introduction
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 of the objectives of the Rel-14 WI on Further Enhanced MTC (FeMTC) [1] is to specify the following improvements for higher data rate support for BL/CE UEs:

· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Specify HARQ-ACK bundling in CE mode A in HD-FDD

· Up to 10 DL HARQ processes in CE mode A in FD-FDD

RAN1 has made the following agreements on frequency hopping for larger channel bandwidth [2]:

· FFS whether to support frequency hopping for PDSCH/PUSCH channel bandwidths >5 MHz

· PDSCH/PUSCH frequency hopping is supported for BL/CE UE operating 5 MHz maximum PDSCH/PUSCH channel bandwidth.

· Reuse Rel-13 frequency hopping RRC parameters.

· FFS how to handle center PRB in odd system bandwidths

· FFS whether wrap-around can occur

· It is up to eNB implementation to ensure that frequency hopping error cases with wrap-around (e.g. for PUSCH or for PDSCH with UE bandwidth smaller than system bandwidth) do not occur.

· This does not preclude specifying a UE behavior for these cases.

· PDSCH/PUSCH frequency hopping can be dynamically enabled and disabled via DCI in CE Mode A.

In this contribution we discuss further aspects of the frequency hopping for larger max channel bandwidth.
2 Discussion
RAN1 has agreed that PDSCH/PUSCH frequency hopping is supported for BL/CE UEs configured with 5 MHz maximum PDSCH/PUSCH channel bandwidth but it is not yet agreed whether to support it also for PDSCH/PDSCH channel bandwidths larger than 5 MHz.
Proposal 1 PDSCH/PUSCH frequency hopping in CE mode is supported for all supported channel bandwidths (including >5 MHz).
Proposal 2 PDSCH for BL/CE UE is never mapped to the center PRB in odd system bandwidth.

RAN1 has agreed that it is up to the eNB implementation to ensure that frequency hopping error cases with wrap-around do not occur. However, there are some wrap-around cases that can be supported that should not be considered “frequency hopping error cases”.
Proposal 3 PDSCH frequency hopping wrap-around is supported in CE mode for non-BL UE configured with 20 MHz max PDSCH channel bandwidth.

Proposal 4 PDSCH frequency hopping wrap-around is supported in CE mode for 5-MHz BL UE configured with 5 MHz max PDSCH channel bandwidth in max 5 MHz system bandwidth.
As opposed to a 1.4-MHz BL UE, a 5-MHz BL UE should be able to monitor its MPDCCH narrowband for MPDCCH transmissions while simultaneously being scheduled with PDSCH in another narrowband if the two fall within a frequency region spanning no more than 5 MHz. This would simplify the scheduling of multiple UEs and increase the likelihood of being able to schedule PDSCH continuously to the UE.

Proposal 5 At least in FDD, the MPDCCH narrowband and a scheduled PDSCH transmission to a 5-MHz BL UE fall within a PRB region of max 25 contiguous PRBs, the UE shall continue to monitor the MPDCCH narrowband while receiving the PDSCH transmission.

Furthermore, as opposed to a 1.4-MHz BL UE, a 5-MHz BL UE may be able to monitor the PSS/SSS/PBCH region in the central 72 subcarriers of the LTE system bandwidth while simultaneously monitoring its MPDCCH narrowband if the narrowband is one of the 6 center-most narrowbands. This could help reduce the need for intra-frequency measurement gaps which could for example facilitate efficient and robust mobility support for voice and video services.

Proposal 6 At least in FDD, the MPDCCH narrowband is one of the 6 center-most narrowbands, the 5-MHz BL UE can simultaneously monitor its MPDCCH narrowband and the PSS/SSS/PBCH region without intra-frequency measurement gaps.

3 Conclusion

We have the following proposals.
Proposal 1
PDSCH/PUSCH frequency hopping in CE mode is supported for all supported channel bandwidths (including >5 MHz).
Proposal 2
PDSCH for BL/CE UE is never mapped to the center PRB in odd system bandwidth.
Proposal 3
PDSCH frequency hopping wrap-around is supported in CE mode for non-BL UE configured with 20 MHz max PDSCH channel bandwidth.
Proposal 4
PDSCH frequency hopping wrap-around is supported in CE mode for 5-MHz BL UE configured with 5 MHz max PDSCH channel bandwidth in max 5 MHz system bandwidth.
Proposal 5
At least in FDD, the MPDCCH narrowband and a scheduled PDSCH transmission to a 5-MHz BL UE fall within a PRB region of max 25 contiguous PRBs, the UE shall continue to monitor the MPDCCH narrowband while receiving the PDSCH transmission.
Proposal 6
At least in FDD, the MPDCCH narrowband is one of the 6 center-most narrowbands, the 5-MHz BL UE can simultaneously monitor its MPDCCH narrowband and the PSS/SSS/PBCH region without intra-frequency measurement gaps.
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