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1 Introduction
During RAN1 #94bis and #95 meetings, RAN1 made the following agreements regarding PUSCH enhancement for URLLC [1]: 
Agreements [1]:

· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
Agreements [2]:
Support at least one of the following for one TB:

· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots

· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations

· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.

· FFS the definition of available slots

In this document, we discuss potential PUSCH enhancements for URLLC.   
2 Discussion
Time, frequency, and spatial diversity transmission of PUSCH to increase PUSCH reliability can be achieved via 

(a) multiple time-domain repetitions (already supported for slot-level TTI), with mini-slot TTI to reduce the latency.

(b) multiple PUSCH transmissions on different time-frequency resources. Each PUSCH can be scheduled by its own PDCCH, or one PDCCH can schedule multiple associated PUSCHs carrying the same TB.

(c) Transport block (TB) duplication within one PUSCH using multiple TRP/beam/panel. The PUSCH can be scheduled by a single PDCCH or multiple PDCCHs scheduling the same PUSCH (e.g. PDCCH repetition). 

Transmitting multiple UL grants scheduling multiple PUSCH carrying the same TB at each HARQ (re)-transmission stage may significantly increase average DCI signalling overhead for successful delivery of one TB. One UL grant scheduling multiple PUSCHs carrying the same TB can reduce DCI signalling overhead by transmitting scheduling information common to multiple associated PUSCHs only once in one PDCCH. 
Observation 1: Transmitting multiple UL grants scheduling multiple PUSCH carrying the same TB at each HARQ (re)-transmission stage may significantly increase average DCI signalling overhead for successful delivery of one TB.
Proposal 1: Rel-16 NR eURLLC supports one UL grant can schedule multiple PUSCHs carrying the same TB.  
As agreed in RAN1 #94bis meeting, one PUSCH transmission instance should not cross the slot boundary at least for grant-based PUSCH, as allowing PUSCH transmission across the slot boundary may require significant amount of standardization effort, e.g. new DCI signalling for time-domain resource allocation and impact on PUSCH DM RS sequence design. For the case of PUSCH repetition, PUSCH transmission instance across the slot boundary may cause similar concerns (e.g. DM RS sequence). Thus, if the PUSCH repetition occurs both within a slot and in consecutive slots and the remaining symbols in the slot cannot accommodate one PUSCH transmission instance, PUSCH repetition should resume in the next slot.    
Proposal 2: For PUSCH repetition within a slot and in consecutive slots, if the remaining symbols in the slot cannot accommodate one PUSCH transmission instance, PUSCH repetition should resume in the next slot.   
If one DCI format can support different diversity transmission modes described above including PUSCH transmission without diversity, gNB can flexibly select different transmission modes without increasing the number of PDCCH blind decoding at UE. For example, a bit field in a DCI format can indicate a transmission mode, e.g. non-coherent joint transmission for a PUSCH or multiple associated PUSCHs carrying the same TB. This also reduces DCI signaling overhead by transmitting scheduling information common to multiple associated PUSCHs only in one PDCCH. 
Proposal 3: An enhanced DCI format which can support different diversity transmission modes including PUSCH transmission without diversity should be studied. 
3 Conclusion
In summary, we observe and propose the followings for PUSCH enhancements for URLLC:

Observation 1: Transmitting multiple UL grants scheduling multiple PUSCH carrying the same TB at each HARQ (re)-transmission stage may significantly increase average DCI signalling overhead for successful delivery of one TB.
Proposal 1: Rel-16 NR eURLLC supports one UL grant can schedule multiple PUSCHs carrying the same TB.  
Proposal 2: For PUSCH repetition within a slot and in consecutive slots, if the remaining symbols in the slot cannot accommodate one PUSCH transmission instance, PUSCH repetition should resume in the next slot.   
Proposal 3: An enhanced DCI format which can support different diversity transmission modes including PUSCH transmission without diversity should be studied. 
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