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Introduction
In the RAN1 #94bis meeting, there are the following agreements about PUSCH enhancements to support URLLC:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
In the previous meeting, further assumptions and methodology to evaluate the available performance of URLLC in Rel.15 and necessary enhancements for URLLC were basically approved. There wasn’t enough time to discuss the L1 enhancements for Rel-16 URLLC. In this contribution, we will discuss the potential enhancements to PUSCH for URLLC.
Discussion
PUSCH repetition
The current slot-based PUSCH repetition and retransmission could not satisfy the latency requirements of URLLC. Then PUSCH repetition with mini-slot level is considered to handle the trouble of latency while keep the reliability advantage of repetition. The proposed mechanisms in the last meeting such as repetition pattern, mini-slot level frequency hopping, support repetition crossing slot boundary, indication of the number of repetitions, and multi-TRP based repetition could all be studied.
Proposal 1: Study repetition pattern, mini-slot level frequency hopping, support repetition crossing slot boundary, indication of the number of repetitions, and multi-TRP based repetition for PUSCH repletion with mini-slot level.
Out of PUSCH scheduling
According to the current specification [1][2] and agreed CR:
 “The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j”
“A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the ending symbol of the first PUSCH by a PDCCH that does not end earlier than symbol i.” 
“If the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.”
This restricts the scheduling flexibility much. Especially for URLLC data scheduling, it is possible the PDCCH for URLLC occurs after an already transmitted PDCCH for eMBB while the corresponding URLLC PDSCH/PUSCH should be transmitted before the PDSCH/PUSCH of eMBB considering the urgent latency requirement. In addition, it is also possible that PDSCH/PUSCH of URLLC has to be transmitted during the interval of already started PUSCH/PUSCH of eMBB. That partially overlapped PUSCH between eMBB and URLLC also make sense to meet the low latency requirements of URLLC. Besides PDSCH/PUSCH scheduling, the order of HARQ-ACK feedback in the current specification also restricts the scheduling flexibility. As a result, out-of-order PDSCH/PUSCH scheduling and HARQ-ACK report for PDSCH as shown in the Figure 1 should be supported.
Proposal 2: Support out-of-order PDSCH/PUSCH scheduling and HARQ-ACK report for PDSCH.


[bookmark: _Ref528947072]Figure 1 out-of-order PDSCH/PUSCH scheduling and HARQ-ACK report for PDSCH
The following texts are described in [1]: 






















 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion  If a PUSCH transmission is scheduled by a DCI format 0_0 or DCI format 0_1,  is a number of symbols for active UL BWP  of carrier  of serving cell  after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 




It is noted that the accumulation power control mechanism is with the assumption that on all the PDCCH-to-PUSCH, is in order because the text implicitly denotes the the TPC command values between the PDCCH for PUSCH in transmission occasion  and the PDCCH for PUSCH transmission occasion  are summed up as the power adjustment value for deciding the PUSCH transmit power in transmission occasion  and . Similar observation can be obtained of the PDCCH-to-PUCCH timing relationship according to the accumulation power control mechanism description.
As a result, with out-of-order PUCCH scheduling and HARQ-ACK report for PDSCH supported, the accumulation of PUSCH and PUSCH power control adjustment in closed loop should be reconsidered.
Proposal 3: Reconsider the accumulation TPC command for closed loop PUSCH/PUCCH power control with out-of-order out-of-order PUCCH scheduling and HARQ-ACK report supported.
Conclusion
In this contribution, we discussed the potential enhancements to PUSCH for URLLC. The following proposals are reached:
Proposal 1: Study repetition pattern, mini-slot level frequency hopping, support repetition crossing slot boundary, indication of the number of repetitions, and multi-TRP based repetition for PUSCH repletion with mini-slot level.
Proposal 2: Support out-of-order PDSCH/PUSCH scheduling and HARQ-ACK report for PDSCH.
[bookmark: _GoBack]Proposal 3: Reconsider the accumulation TPC command for closed loop PUSCH/PUCCH power control with out-of-order out-of-order PUCCH scheduling and HARQ-ACK report supported.
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