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1
Introduction
In this contribution, we consider some remaining issues related to PUSCH transmission for MTC. In particular, we address the issues of –
· Redundancy version (RV) cycling every Z subframes – value of Z
· FFS whether or not a TB can be mapped to X>1 subframes as a bundle
· How many PRBs to use in large coverage
· For a UE transmitting PUSCH or PUCCH with repetitions, the PUSCH or PUCCH transmission power remains constant over X > 1 subframes – value of X

· Adaptive or non-adaptive PUSCH retransmission

2

Redundancy Version
In RAN1#82bis, it has been agreed that, in case of PUSCH transmission from LC UEs and UEs operating coverage enhancement, the redundancy version (RV) is cycled every Z subframes. The idea behind cycling every Z subframes is to allow IQ combining across subframes.  In [1], it was shown that at residual frequency error of 100Hz, it is only feasible to combine reference signals across 2-3 subframes. Using 4 subframes degrades performance. However, this is without further correction of the frequency error by the eNB. With additional frequency correction, it should be possible to combine up to 4 subframes. Therefore, it is proposed that the redundancy version should be changed every 4 subframes at the maximum.
Proposal 1: Redundancy version number should be changed every 4 subframes during repetition.
3
TB Mapping to Multiple Subframes
It has been shown that the coding gain and overhead reduction from using larger TBS is significant for UE in large coverage. As a result, it would be better to allocate as large a transport block as possible to the UE subject to the maximum TBS of 1000 bits and the BSR. However, if the TBS is too large relative to the assigned number of PRBs, not all systematic bits may be transmitted based on the current rate-matching procedure even with RV cycling. As a result, it has been proposed that the transport block may be mapped to multiple subframes as a bundle, then repetition with RV cycling is applied to the bundle. This allows, e.g. 1 PRB to be used with large TBS without any coding loss. However, this method will require significant changes to the specification including the DCI design. Furthermore, the coding loss can be compensated by allocating more PRBs to the UE. However, performance will still be worse as the SNR is lower.
Proposal 2: A transport block is mapped to only one subframe. 
4
PUSCH Transmission Power
For a UE transmitting PUSCH with repetitions, the PUSCH transmission power remains constant over X > 1 subframes. This is to ensure phase continuity and allow for multi-subframe channel estimation. It would be beneficial for the same transmission power to be used as long a possible. 
Furthermore, UE in coverage enhancement is not expected to be configured with non-contiguous UL resource allocations, and simultaneous PUCCH and PUSCH. Thus, it would only be transmitted on one channel at a time and there would be no need to change its transmission power. Therefore, it is proposed that the PUSCH transmission power remains constant over entire repetitions.
Proposal 3: For a UE transmitting PUSCH with repetitions, the PUSCH transmission power remains constant over entire repetitions.
5
PUSCH Retransmission
For the PUSCH, it is FFS whether to support adaptive and/or non-adaptive PUSCH HARQ retransmission. As discussed in [2], for retransmission the eNB would have to use another M-PDCCH to the UE. This would allow for an adaptive retransmission. 
Proposal 4: Support adaptive HARQ retransmission for PUSCH.
6
Conclusion
In this contribution, we consider some remaining PUSCH issues and make the following proposals –

Proposal 1: Redundancy version number should be changed every 4 subframes during repetition.
Proposal 2: A transport block is mapped to only one subframe. 

Proposal 3: For a UE transmitting PUSCH with repetitions, the PUSCH transmission power remains constant over entire repetitions.

Proposal 4: Support adaptive HARQ retransmission for PUSCH.
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