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1	Introduction
PUSCH enhancements were included as one of the objectives in the NR URLLC L1 SID [1]:
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

This contribution provides the proposal based on the offline discussion on the PUSCH enhancements .(The related agreements in earlier meetings are listed in Appendix A for reference.) 

2	Proposal
[bookmark: _Toc415085486][bookmark: _Toc503902285]Mini-slot based repetitions have been discussed by most of the companies. The companies that clearly stated the preference to support it include Huawei [3], vivo[4], ZTE[6], LGE[8], CATT[9], Spreadtrum[14], Nokia[15], Panasonic[16], InterDigital[17], DOCOMO[18], Motorola[19]. The potential advantages that have been identified by the companies include the following (note that this does not mean consensus from all the companies):
· Lower latency (Huawei[3], vivo[4], LGE[8], Nokia[15], Docomo[18])
· It has reduced latency compared to slot-based repetitions in Rel-15.
· Comapred to a single PUSCH transmission with the same total transmission duration, the gNB can potentially successfully decode the packet after the first repetition or the first few repetitions, as opposed to decoding after the full duration. The success rate of the first repetition can be quite high due to the overall high reliability.
· Mini-slot level diversity (beam/precoder/QCL diversity) (ZTE[6], Docomo[18], Qualcomm[20])
· Lower data rate (ZTE[6])
· Data rate that is lower than what is defined in the low SE MCS table in Rel-15 is necessary to achieve the required reliability in certain use cases.
· More granularity for spectral efficiency/scheduling flexibility (Spreadtrum[14])
· The combinations of the existing MCS entries and different number of repetitions provide more effective spectral efficiency values for scheduling.
· Better frequency diversity (Nokia)
· There is fundamental drawback in the PUSCH intra-slot frequency hopping in Rel-15, which may not be able to provide frequency diversity for a code block if there are multiple code blocks in a TB (in which case, a code block may be transmitted entirely in one hop). Mini-slot based repetition can provide proper frequency diversity if at least inter-PUSCH repetition hopping is supported.
One contribution (Samsung[13]) considers it unnecessary to support mini-slot based repetitions for scheduled PUSCH, because existing mechanisms with slot-based repetition can already meet the latency and reliability requirements for all use cases.
One contribution (Qualcomm[20]) is open to consider the support of mini-slot based repetitions.

Alternatively, 2-segement PUSCH transmission scheduled by a single DCI has been discussed by Ericsson[2], Intel[7] and OPPO[11]. This is illustrated in Figure 1 (borrowed from [2]). The main motivation is to support:
· Cross slot boundary transmission for reduced latency.
The durations of the two segments depend on the relative position of the starting OFDM symbol and the slot boundary.
UL data with N-symbol duration is configured or scheduled to cross the slot border.
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UL data is split into two repetitions. The first PUSCH starts at the configured or assigned starting symbol and ends at the end of the present slot. The second PUSCH starts at the beginning of the subsequent slot and ends at the symbol corresponding to the original configured or scheduled length.
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Figure 1 Illustration of 2-segment PUSCH transmission

Another possible solution is to have two separate UL grants that schedule two PUSCH transmissions in two slots (OPPO[11]) to achieve the 2-segment PUSCH transmission shown in Figure 1. Currently this is not possible because a UE is not expected to transmit two back-to-back PUSCH transmissions in Rel-15.
All three proposals had been discussed, and the following is proposed:
[bookmark: _Hlk530121552][bookmark: _GoBack]Proposal:
Support dynamic UL grant(s) scheduling PUSCH transmissions for one TB that can span across multiple slots, where the PUSCH transmission(s) in the subsequent slot(s) starts at the first available symbol for the PUSCH, and the first available symbol for the PUSCH can be different from the starting symbol of the first PUSCH transmission in the first slot. 
· Each PUSCH transmission follows one of the existing RV indices.
· FFS the definition and the availability of the first available symbol for the PUSCH in the subsequent slot(s)
· FFS one or more PUSCH transmissions for the TB within a slot
· FFS a single UL grant or multiple UL grants
· FFS the interaction with the slot format
· FFS the time-frequency resource allocation indication
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Appendix A: Previous agreements on potential enhancements for PUSCH

RAN1#94bis
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.


