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Introduction
In RAN1 94bis, one agreement on PUSCH was achieved in the following [1]:
Agreement:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
In this contribution, we shall focus on PUSCH enhancement, especially for mini-slot repetition within one slot .
PUSCH enhancement
1.1 Mini-slot repetition within one slot
In Rel-15, mini-slot repetition among multiple slots is specified, however, mini-slot repetition within one slot is not specified. In the following, mini-slot repetition within one slot is analyzed in terms of reliability and latency.
· Reliability
Uplink system is power limited system, energy accumulation mainly relies on time dimension. Therefore, for uplink system, as long as transmit power, time domain resource and multiple antenna mode keep the same, reliability is very similar regardless of MCS and/or repetition, especially for low code rate transmission. 
Figure 1 shows an example, transmission mode in left figure is MCS 0 and repetition =4 is applied, and transmission mode in right figure is MCS 0 and repetition =1 is applied. Transmit power, time duration and TBsize keep the same for two transmission mode. However, for the same TB size and MCS level but different time duration per one repetition, frequency resource is different for two solution and frequency resource in left figure is 4 times of that in right figure, correspondingly, SINR per RE in left figure is 1/4 of that in right figure. However，SINR per information bit keep the same due to repetition=4 in left figure. Correspondingly, reliability is very similar. 
Further, it can be deduced that lowest MCS in MCS table defined in Rel15 is not bottleneck for higher reliability, e.g 10^-6 for uplink transmission. Power and transmission duration is bottleneck for uplink.



 
Figure 1 Two transmission solution with similar reliability
Observation 1: For uplink system, as long as transmit power and time domain resource keep the same, reliability is very similar regardless of MCS and/or repetition, especially for low code rate transmission. 
Observation 2：Lowest MCS in MCS table defined in Rel15 is not bottleneck for higher reliability, e.g 10^-6 for uplink transmission. Power and transmission duration is bottleneck for uplink.
In addition, if DMRS is assigned in every repetition occasion, then DMRS overhead increase significantly and performance for repetition will decrease. If DMRS sharing is applied among repetition occasion, it will restrict function, such as frequency hopping and precoder cycling.  The final achievable gain is not clear.
Observation 3: Considering DMRS overhead, gain from enhanced operation, e.g frequency hopping and precoder cycling is not clear.
· Latency
For Rel.15 mechanism, mini-slot repetition among multiple slots may lead additional latency due to the same start/length for each slot is repeated across slots. Therefore, back-to-back repetition can be considered.
There are three solutions to perform back-to-back repetition, as shown in figure 2.



 
Figure 2 Back-to-back transmission
1) Multiple schedule
Two UL grants schedule the same TBs twice. It leads additional PDCCH overhead
2) Split transmission by slot boundary
One UL grant schedule one TB, which is segmented by slot boundary. Every part includes the same TB but applies independent MCS. 
3) Back-to-back mini-slot repetition 
One UL grant schedule one TB with semi-static repetition number. Then gNB decides time duration per repetition occasion according to total required time resource to achieve target reliability. Then scatter resource may occur due to orphan symbols are not enough for one repetition occasion.
In addition, repetition is semi-static configuration. If repetition is not always required in term of coverage, but repetition is configured only for the case that transmission starts in the second half-slot, then it will lead PUSCH resource waste when transmission starts in the first half-slot.
[bookmark: _GoBack]Observation 4: Back-to-back transmission is benefit to reduce latency and the following back-to-back transmission can be considered: Multiple schedule, Split transmission by slot boundary and Back-to-back mini-slot repetition 
Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Observation 1: For uplink system, as long as transmit power and time domain resource keep the same, reliability is very similar regardless of MCS and/or repetition, especially for low code rate transmission. 
Observation 2：Lowest MCS in MCS table defined in Rel15 is not bottleneck for higher reliability, e.g 10^-6 for uplink transmission. Power and transmission duration is bottleneck for uplink.
Observation 3: Considering DMRS overhead, gain from enhanced operation, e.g frequency hopping and precoder cycling is not clear.
Observation 4: Back-to-back transmission is benefit to reduce latency and the following back-to-back transmission can be considered: Multiple schedule, Split transmission by slot boundary and Back-to-back mini-slot repetition 
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