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1 Introduction
One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.
The WID suggests that the coverage improvement for the physical data channels PDSCH and PUSCH should be realized through repetition/bundling and/or PSD boosting. In this contribution we discuss our view on how to achieve the coverage enhancement for PDSCH and PUSCH.

2 Discussion

In contribution [2] we discuss the required link budget improvement for each physical signal/channel in FDD. The reference link budget is for a data rate of 20 kbps in both downlink and uplink. Compared to this reference, the operating point needs to be lowered about 15.0 dB in uplink and not far from that also in downlink (14.3dB for a low-complexity UE, 10.3 dB for a normal UE).
Ideally, this 15-dB coverage enhancement corresponds to about 32 times repetition, which brings down the data rate to in the order of 20/32 kbps = ~600 bps. However, according to simulations performed in study item [3][4]
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[5], with practical channel estimation etc. the required number of repetitions may become significantly larger, especially in uplink. If the required number of repetitions becomes e.g. 64 rather than 32, the resulting data rate becomes ~300 bps rather than ~600 bps. This is still within a useful range for many MTC applications, though.

In many of the PDSCH/PUSCH simulations performed during the study item, the repetitions were realized as HARQ retransmissions. In case the repetitions are realized as a fixed number of blind repetitions rather than HARQ retransmissions, the resulting required number of repetitions becomes even larger. However, blind repetitions may result in lower latency than HARQ retransmissions since the delays associated with HARQ-ACK feedback can be avoided. A combination of blind repetition (TTI bundling) and HARQ retransmissions may give a reasonable trade-off between latency, overhead and throughput.
Proposal:
· Consider a combination of TTI bundling and HARQ retransmission for PDSCH and PUSCH.
Performance in enhanced coverage mode is sensitive to channel estimation quality. Significant performance gains may be achieved with multi-subframe channel estimation. Especially in uplink, denser DMRS signal may be highly beneficial from a spectral efficiency, latency and power consumption point of view.

Proposals:
· Aim for solutions that facilitate multi-subframe channel estimation.
· Consider introduction of denser DMRS for PUSCH as FFS.
It can be discussed whether there is a need to support uplink power control. One option is to assume that the UE is more or less always transmitting at its maximum transmit power when it operates in enhanced coverage mode, otherwise it wouldn’t be in enhanced coverage mode.
Proposal:
· Discuss the need for uplink power control in enhanced coverage mode.
Downlink power control is largely a network implementation aspect. However, it may be useful to get an understanding of how much the PDSCH power can be boosted. There may be limitations from RF point of view.

Proposal:
· Discuss how much PDSCH power can be boosted. Consider asking RAN4 for guidance.
3 Conclusions

In this contribution we discuss our view on how to achieve the coverage enhancement for PDSCH and PUSCH. We have the following proposals:
Proposals:
· Consider a combination of TTI bundling and HARQ retransmission for PDSCH and PUSCH.
· Aim for solutions that facilitate multi-subframe channel estimation.
· Consider introduction of denser DMRS for PUSCH as FFS.
· Discuss the need for uplink power control in enhanced coverage mode.
· Discuss how much PDSCH power can be boosted. Consider asking RAN4 for guidance.
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