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1 Introduction

In RAN1#75, it has been agreed that repetition of PDSCH, PUSCH and (E)PDCCH across multiple sub-frames is supported for UEs in enhanced coverage mode of low cost MTC. The agreements are as follows:
Agreements:
· For UEs in enhanced coverage mode for MTC,

· Repetition of PDSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
· For UEs in enhanced coverage mode for MTC,

· Repetition of PUSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
In this contribution, we discuss frequency diversity transmission for PDSCH, (E)PDCCH and PUSCH channels and provide some proposals at the end.
2 Frequency diversity transmission for PDSCH and EPDCCH
In RAN1#75, repetition in time domain has been agreed for PDSCH and EPDCCH for UEs in coverage enhanced mode. In addition, different repetition levels in time domain targeting different coverage levels (e.g. 5dB, 10dB and 15dB) would be specified. However, for the worst case, the amount repetitions would be too excessive which would degrade the cell spectral efficiency as well as consuming more power at the UE. Therefore, additional techniques that reduce number of repetitions in time domain are necessary such as RS power boosting, PSD power boosting, cross-subframe channel estimations and frequency diversity transmissions.
Frequency diversity transmission has been supported for LTE since Release-8 such as DL distributed transmission and UL frequency hopping. However, for low cost MTC, the WI [2] explicitly states to specify “Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband,”. Based on that, the DL data channel is restricted to 1.4MHz (i.e. 6RBs) in baseband where there is a very limited or no frequency diversity gain if distributed transmission similar to Release-8 is employed.
One feasible way to achieve large frequency diversity gain for PDSCH/EPDCCH is to apply frequency hopping between subsequent repetitions in time domain while restricting the DL data channel to 6RBs in baseband for a given UE in a subframe.
On the other hand, cross-subframe channel estimation on the same consecutive RBs in time domain may achieve further gain from improved channel estimation. Therefore, by getting a right balance between the cross-subframe channel estimation and frequency hopping, it should be possible to harvest both of these gains. One example is to transmit PDSCH/EPDCCH on the same PRB-pair(s) for two consecutive subframes, then hop the next PRB-pair(s) into different frequency locations for the following two subframes and so on as shown on Figure 1 below.
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Figure 1. Frequency hopping/cyclic shift of PRB-pair(s) in every two subframes
Proposal 1: For PDSCH and EPDCCH, consider frequency hopping between subsequent repetitions across multiple subframes in time domain.

3 Frequency diversity transmission for PUSCH 
For PUSCH, uplink frequency-hopping with predefined hopping pattern has been specified in Release-8. Unlike DL distributed transmission, the existing uplink frequency-hopping already works across multiple subframes in time domain. The only issue is that the existing frequency-hopping may not work with cross-subframe channel estimation as the hopping pattern is updated in each subframe. Hence if cross-subframe channel estimation is to be supported for UL PUSCH transmission, the existing frequency-hopping would need some modification. 
However, before supporting this, one has to analyse carefully how legacy UEs with existing frequency-hopping and MTC UEs with cross-subframe channel estimation and a modified frequency-hopping could work together, more specifically how to avoid the collisions among them in the same cell.

In our analysis, the frequency-hopping patterns (i.e. cyclic shifts) would not be updated at the same time for legacy UEs and MTC UEs. For example, frequency-hopping pattern is updated in every subframe for legacy UEs while it will be updated every two subframes for MTC UEs. Therefore it is not possible to avoid collision of resources in a subframe.
Based on that, it is preferable to keep the current frequency hopping mechanism without any modifications for both legacy UEs and MTC UEs.
However, in order to improve the accuracy of the channel estimation for PUSCH, increasing DMRS density should be considered for PUSCH [5].
Proposal 2: For PUSCH, consider keeping the existing UL Frequency hopping without modification, and increasing DMRS density. 

Conclusion

In this contribution, we have discussed the frequency diversity transmission for PDSCH, (E)PDCCH and PUSCH channels in coverage enhanced of low cost MTC UEs and we have the following proposals: 
Proposal 1: For PDSCH and EPDCCH, consider frequency hopping between subsequent repetitions across multiple subframes in time domain.

Proposal 2: For PUSCH, consider keeping the existing UL Frequency hopping without modification, and increasing DMRS density. 
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