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1. Introduction
The following agreements related to PUSCH enhancements were achieved in RAN1 AH1901 meeting [1],
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first repetition.
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)
Agreements:
At least for scheduled PUSCH, for the option “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” (also called as “twomulti-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· Alt1: One repetition spans across more than one UL periods.
· This implies that DMRS is required for each UL period.
· Note: it is agreed in previous meetings that one PUSCH instance is not across a slot boundary
· Each repetition occupies contiguous symbols available for potential UL transmission across one or more UL periods
· Alt2: One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· FFS Transmission of the repetitions spanning across more than two slots is not supported.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)
Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots
Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.
Two potential PUSCH enhancements options were proposed in the last meeting. Down-selection between the two is necessary. In this contribution, these options are further discussed.
2. Discussion 
In the last meeting [1], “mini-slot based repetitions” and “multi-segment transmission” are considered as the two potential options at least for scheduled PUSCH enhancements in eURLLC. Although, both options provide a way of increasing the reliability of scheduled PUSCH, “mini-slot based repetitions” is more straightforward and requires less specification work compared with “multi-segment transmission”. Furthermore, “mini-slot based repetitions” can be easily applied to configured grant PUSCH. 
Regarding to “multi-segment transmission”, there are two alternatives for the time domain resource allocation. The first alternative, multiple SLIVs indicating the starting symbol and the duration of each repetition, requires a large amount of L1 signalling overhead. URLLC PDCCH enhancements aim at designing Compact DCI to reduce the DCI payload and increase the PDCCH reliability. This alternative is not applicable. The second alternative, one SLIV including the possibility of modifying SLIV to support the cases with S+L>14, requires a new definition of SLIV which requires extra specification work and increased RRC signalling overhead for configuring the new SLIV. Furthermore, for the transmission within one slot, if a single SLIV indicates the starting symbol and the transmission duration of all the repetitions, it is not aligned with the Rel-15 specification. In Rel-15, such a case is considered as an error case when there are two DL/UL switch points in a slot due to the DL/UL symbol conflict. In addition, TBS determination is another issue with challenge. In case when TBS determination is based on the whole duration, the lowest data rate is limited. On the contrary, in case when TBS determination is based on the first repetition, the data rate can be lower than what is defined in the low SE MCS table in Rel-15, however, TBS determination is not aligned with that in Rel-15 and requires extra specification work.
Based on the above analysis, we have the following proposal,
Proposal 1: Mini-slot based repetitions should be supported for both scheduled and configured grant PUSCH in Rel-16. 
There are several remaining issues for “mini-slot based repetitions”. Dynamic indication of the number of repetitions can avoid unnecessary repetitions, to some extent, it can help improve the spectrum efficiency. On the contrary, dynamic indication of the number of repetition requires extra L1 signalling overhead which will decrease the spectrum efficiency. Whether dynamic indication of the number of repetitions can help improve the spectrum efficiency needs further analysis. On the other side, a unified “mini-slot based repetitions” should be considered for both scheduled and configured grant PUSCH. Clearly, dynamic indication of the number of repetitions cannot be applied to type 1 configured grant PUSCH.
Proposal 2: Dynamic indication of the number of repetitions should not be supported. Design a unified “mini-slot based repetitions” for both scheduled and configured grant PUSCH in Rel-16. 
DMRS sharing has already been discussed in the LTE HRLLC study. Spectrum efficiency is not the only issue with importance for URLLC, the accuracy of channel estimations is also of great importance. Therefore, HRLLC does not support DMRS sharing to ensure channel estimation. For the same reason, DMRS sharing should not be supported for URLLC PUSCH enhancements in Rel-16. In addition, DMRS sharing may severely decrease the reliability of configured grant PUSCH in case of the DMRS of the first PUSCH is miss detected, in such a case gNB cannot get the information of UEID. To design a unified “mini-slot based repetitions” for both scheduled and configured grant PUSCH, DMRS sharing should not be supported.
Proposal 3: DMRS sharing should not be supported for URLLC PUSCH enhancements in Rel-16.
For TBS determination, similar method as Rel-15 should be applied. Since it has been agreed that the DCI indicates the resource for the first repetition, TBS determination should be based on the first repetition as well.
Proposal 4: TBS determination for “mini-slot based repetitions” should be based on the first repetition. The formula in Rel-15 can be reused.
3. Conclusion
In this contribution, we present our views on URLLC PUSCH improvements, based on the above discussion, we have the following proposals:
Proposal 1: Mini-slot based repetitions should be supported for both scheduled and configured grant PUSCH in Rel-16. 
Proposal 2: Dynamic indication of the number of repetitions should not be supported. Design a unified “mini-slot based repetitions” for both scheduled and configured grant PUSCH in Rel-16. 
Proposal 3: DMRS sharing should not be supported for URLLC PUSCH enhancements in Rel-16.
Proposal 4: TBS determination for “mini-slot based repetitions” should be based on the first repetition. The formula in Rel-15 can be reused.
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