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1. Introduction

In this contribution, we discuss potential techniques for PUSCH coverage enhancement.       
2. Discussion
2.1. Repetition

Repetition is a simple and straightforward way to enhance the PUSCH coverage. In Rel-15, slot aggregation has been supported and PUSCH aggregation factor can be 2, 4 or 8. The aggregation factor is configured with RRC signaling. In Rel-16, dynamic PUSCH repetition is further supported for URLLC and the PUSCH repetition number can be indicated in the scheduling DCI. In our view, these techniques can serve as the baseline for Rel-17 PUSCH coverage enhancement.

Proposal 1: Slot aggregation and dynamic PUSCH repetition can serve as the baseline for Rel-17 PUSCH coverage enhancement.    

For PUSCH slot aggregation or PUSCH repetition, its impact on the frame structure shall be considered. During PUSCH slot aggregation procedure, PUSCH transmission would be skipped in a DL slot and the PUSCH would be transmitted in uplink slots or flexible slots. That would mean when PUSCH slot aggregation is triggered, all the flexible slots would be restricted as uplink slots. Since the maximum slot aggregation factor is 8, it would mean that such restriction would cause that the direction of at most 8 flexible slots to be uplink, as shown in Figure 1. It is difficult for the gNB to change the transmission direction as downlink even when there is downlink traffic in between the aggregation slots.  Methods on how to solve such restriction issue shall be considered.
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Figure 1 Frame structure restriction due to slot aggregation

Observation 1: PUSCH slot aggregation would restrict flexible slots as uplink, which reduces the downlink transmission chances. 
2.2. DMRS enhancement 
In Rel-15, NR has supported flexible DMRS configuration for PUSCH transmission. The number of DMRS symbols and the density of DMRS can be properly configured based on UE’s channel states. For PUSCH repetition, there is still potential for DMRS enhancement.

Since PUSCH coverage enhancement is targeted for UEs working in low SINR range. The channel estimation would be the bottleneck for PUSCH decoding at the gNB. Therefore, cross-slot estimation can be considered to enhance the channel estimation performance. In order to make it possible to enable cross-slot estimation, the antenna ports and the PUSCH transmission spatial parameters shall be consistent during the repetitions.
In addition, how to balance the channel estimation performance and the DMRS overhead shall be considered. Since PUSCH would be repeated across multiple slots. The DMRS can be optimized across slots. For example,   for UE with low velocity or in static states, the DMRS can be put in some of the PUSCH slots while there is no DMRS in other PUSCH slots, the reduced DMRS overhead may convert into PUSCH performance enhancement. Similarly, the DMRS pattern among different PUSCH slots can be different. 
Proposal 2: Cross-slot estimation, DMRS-less and non-uniform DMRS can be considered for PUSCH repetition.
2.3. Spatial diversity

Currently, during PUSCH slot aggregation procedure, the same PUSCH spatial filter parameters shall be used in all the PUSCH slots. In order to harvest the spatial diversity gain, different PUSCH spatial filter parameters and different antenna ports can be applied for different PUSCH slots.  
Proposal 3: During PUSCH repetition, different PUSCH spatial filter parameters and different antenna ports can be applied for different PUSCH slots
3. Conclusions
In this contribution, we discussed potential techniques for PUSCH coverage enhancement and we have the following observation and proposals:   
Observation 1: PUSCH slot aggregation would restrict flexible slots as uplink, which reduces the downlink transmission chances. 

Proposal 1: Slot aggregation and dynamic PUSCH repetition can serve as the baseline for Rel-17 PUSCH coverage enhancement.    

Proposal 2: Cross-slot estimation, DMRS-less and non-uniform DMRS can be considered for PUSCH repetition.

Proposal 3: During PUSCH repetition, different PUSCH spatial filter parameters and different antenna ports can be applied for different PUSCH slots
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