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Introduction
At the RAN#86 meeting, the new Rel-17 SI on NR coverage enhancement was approved. One of the objective of this study item is to identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements. The target channel includes PUSCH and PUCCH. 
In this contribution, we provide our considerations on the PUSCH coverage enhancements.
Discussion 
According to our initial evaluation in the companion contributions [1][2], the PUSCH under the required data rate [3] is the most limited channel within the system. Multiple enhancement methods were studied during the LTE period. And in the last meeting, companies provide their views and methods on the enhancements of PUSCH. Those methods could be categorized into multiple aspects.
Power domain
The transmit power of UE located at the cell edge is very limited. During the study, the transmit power of UE is usually assumed as the maximum transmit power. Higher power UE whose maximum power is 26dBm could bring an additional 3dB power gains. If increasing the maximum power cannot work in the all cases, increasing the power spectrum density could be another way. Reducing the scheduled PRB number could increase the power density, but it could be realized through implementation. Sub-PRB scheduling is a way to reduce the transmit bandwidth to increase the power density in the frequency domain. But this method could only work for the small data rate scenarios. Since the frequency bandwidth is constrained in 6 subcarriers, the achievable data rate could not be high. The DMRS power boosting could improve the channel estimation and then increase the data rate. But there is a limitation that in the DFT-s-OFDM waveform, the power of symbols within one slot should be constant. 
Proposal 1: 
The increase of power spectrum density should be considered in the study. 

Frequency domain
The usage of the frequency diversity could improve the coverage and even the data rate. Frequency hopping was studied in the eMTC. And around 2dB coverage gains could be observed through the simulation. NR specification support frequency hopping in both PUSCH and PUCCH with a limited hop number. The frequency hopping will impact the system resource scheduling, since the frequency hopping may induce resource fragments. And the frequency hopping is conflict with cross-slot channel estimation. Cross-slot estimation could improve the performance of channel estimation. But it requires that the reference signals working on the same frequency resources. Another way of enhancements is the frequency selective scheduling, which enables the UE to work on the best frequency band with a premise of a timely CSI feedback and flexible scheduling. 
Proposal 2: 
Utilizing the frequency selectivity should be considered in the study.

Time domain
Transmission repetition could be considered as an enhancement in the time domain. Repetition could improve the coverage and reliability of transmission in the cost of more time domain resources. But it could not improve the data rate since the same data is transmitted repetitively. But during the repetition transmission, cross channel estimation could be used which allows the system to use a higher modulation order and higher code rate. Current specification only supports the repetition in a continuative slot transmission. But the phase continuity could be interrupted if the downlink transmission happens between the two uplink slots. This limits the usage scenario of the cross-slot channel estimation.  
Proposal 3:
The enhancement to the repletion and channel estimation should be considered in the study.

Reduce the overhead
Reducing the overhead could improve the data rate, such as reduce the DMRS density while transmission. But the reduction of DMRS should not impact the performance of channel estimation. This happens only in some specific scenarios, e.g. low mobility, in which the coherent time could be longer. In a same spirit, finding more resource and utilize the fragment resources could also be considered.
Proposal 4:
Reducing the overheads and utilize more fragment resource should be considered to improve the data rate.

Conclusions
In this contribution, we provide our views on the PUSCH coverage enhancements. The proposals are as follows,
Proposal 1: 
[bookmark: _GoBack]The increase of power spectrum density should be considered in the study. 
Proposal 2: 
Utilizing the frequency selectivity should be considered in the study.
Proposal 3:
The enhancement to the repletion and channel estimation should be considered in the study.
Proposal 4:
Reducing the overheads and utilize more fragment resource should be considered to improve the data rate.
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