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1
Introduction
In this contribution, we consider some remaining issues related to the PUSCH. In particular, we address PUSCH performance improvement techniques, power control, redundancy version, and ACK/NACK for PUSCH.
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PUSCH Performance
The following techniques have been considered for PUSCH coverage enhancement – multiple-SF channel estimation, frequency hopping, DMRS density increase, narrrowband transmission or UL PSD boosting, CDMA transmission, PUCCH structure, and shorten CRC. Out of these techniques, multi-subframe channel estimation and frequency hopping have been agreed to be supported. In this case, the residual frequency error has an impact on the performance since it affects the number of subframes that can be used for channel estimation. Results from [1] show that multi-subframe channel estimation provides significant gain of approximately 1dB with residual frequency error of 100Hz and 2.5-3dB with residual frequency error of 20Hz. 
Furthermore, [1] also shows that a large number of subframes would be required to meet the 18dB coverage enhancement gain. For 23dBm UE, approximately 100 transmissions are required with either 2X DMRS or narrowband transmission. With further reduction in the maximum power of the UE, the required number of subframes for repetition would be increased significantly (e.g. >200 transmissions for 20dBm UE). As a result, the system capacity will be reduced significantly with large number of coverage limited UEs. To avoid this, narrowband transmission may be considered since multiple UEs can be multiplexed into the same PRB, thus the capacity in coverage limited scenario is not significantly impacted. Hence, narrowband transmission can be used to improve capacity in coverage-limited scenarios.
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Power Control
LC-MTC UEs not in enhanced coverage will follow the existing power control procedure. For UEs in enhanced coverage, there may be no need to perform power control (i.e. UE transmits at maximum power). Since the repetition number for PUSCH will be dynamically indicated based on a set of values configured higher values, the eNB would have some flexible to ensure that the appropriate repetition number is used. In addition, since currently it is not expected that more than one UE will be scheduled in the same PRBs in enhanced coverage (i.e. MU-MIMO), near-far problem is not expected to be an issue. To increase capacity, CDMA-type of operation has been proposed. However, it has been shown that a similar increase in capacity can be achieved via FDM-type of operation (e.g. RE-level assignment) which does not suffer from near-far problem to the same extent. Furthermore, change of transmit power can lead to phase discontinuity, which may decrease gain from multi-subframe channel estimation. Therefore, UEs in enhanced coverage should transmit at maximum power 
4

Redundancy Version
One remaining issue is the redundancy version (RV) to be used with repetition or TTI bundling. Several options are possible – RV value changes every subframe, RV value changes every N subframes, and using only 1 RV value during repetition. The idea behind cycling every N TTI or to always use the same RV is to allow IQ combining across subframes.  Further, Chase combining requires smaller buffer size. However, it is clear that using only one RV is not preferred since there would be no incremental redundancy gain with large TBS. This is especially crucial for the PUSCH as only 1 PRB will generally be used. Therefore, the redundancy version should be changed every N TTI. However, it is for FFS the value of N.

Proposal 1: Redundancy version number should be changed very N subframes during repetition.
5
ACK/NACK for PUSCH
ACK/NACK for PUSCH is discussed in details in [2]. Based on the discussion in [2], it is seen that explicit ACK/NACK signalling via the DCI may not save significant amount of overhead compared to implicit signalling and might limit flexibility in scheduling. Therefore, it is proposed that ACK/NACK is implicitly indicated via the NDI field in a DCI for UEs operating CE. This is the same procedure as for UEs in normal coverage.

Proposal 2: ACK/NACK is implicitly indicated via the NDI field in a DCI.
6
Conclusion
In this contribution, we consider some remaining PUSCH issues and make the following proposals –

Proposal 1: Redundancy version number should be changed very N subframes during repetition.
Proposal 2: ACK/NACK is implicitly indicated via the NDI field in a DCI.
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