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Introduction
In this contribution, we provide remaining issues and proposal on PUSCH enhancement for URLLC.
Issue #1: Gap handling for PUSCH repetition type B
0. Discussion
In the previous email discussion [1], it was discussed how to handling DL/UL switching gap with or without RRC impact. Some companies think invalid symbol pattern can solve the DL/UL switching problem. In our point of view, however, DL-UL switching point can be varying by indicated/configured DL reception. Since invalid symbol pattern is single pattern and semi-static, it is hard to fit with varying DL/UL gap. Thus, invalid symbol pattern is useful, but may be problematic in some cases.
The problem of gap handling is mainly due to configured reception such as PDCCH, periodic CSI-RS and SPS. For dynamic scheduling, gNB may not schedule DL reception in the middle of UL transmission to keep DL/UL switching gap. However, it is not possible to release SS configuration or SPS dynamically for every PUSCH scheduling. For URLLC traffic requirement, UE may have frequent PDCCH monitoring occasion and SPS reception. Therefore, it would be impossible to configure DL reception with the consideration of PUSCH repetition type B. 
To solve this problem, regardless of RRC impact, there are two approaches. One approach is to let UE assume some symbol(s) after the end of DL symbol as invalid for PUSCH transmission. Another approach is for UE not to receive DL reception in some symbol(s) before segmented UL transmission. 
The first approach would be the simplest way. In this approach, UE would assume few symbols after semi-static DL symbol as invalid for PUSCH repetition type B. However, it would bring unnecessary invalid symbol(s). For example, even if UE has no downlink reception in previous DL symbol, UE should split or shrink PUSCH transmission unnecessarily. If UE makes additional invalid symbol based on dynamic DL scheduling or DL symbol indicated by DCI format 2_0, PUSCH segmentation is changed by dynamic signaling. It is not consistent and aligned with design principle of PUSCH repetition type B. PUSCH repetition type B has been designed to have same segmented PUSCH instance regardless dynamic signaling. 
The second approach is basically prioritizing UL transmission than DL reception. In this approach, UE may not receive PDCCH, CSI-RS, and PDSCH in a few DL symbols before PUSCH according to its TA duration. By doing so, the UE wouldn’t need to change PUSCH segmentation but DL/UL switching gap can be guaranteed. gNB can expect which DL reception is ignored at UE side based on available information at gNB side. Since the UE de-prioritizes DL reception by itself, it is not necessary to introduce new RRC parameter. 
Therefore, we prefer the second approach, which is to ignore DL reception in some DL or flexible symbols before actual repetition of PUSCH. 
Proposal 1: For DL-UL gap handling for PUSCH repetition type B, UE can ignore configured DL reception before NRx-Tx from segmented UL transmission including the effect of the timing advance. 
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0. Discussion 
There were discussions on UCI multiplexing for PUSCH repetition type B [2]. There is no doubt that it should be able to multiplexing UCI on PUSCH repetition type B. So, the discussion point would be which actual repetition would carry UCI coming from PUCCH. 
It should be noticed that Release 15 NR already handles such case. In Release 15, multiple PUSCH can be scheduled in a slot and PUSCH can be repeated over multiple slots. However, two different behavior are specified in 38.213 for above cases as following:
· If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Subclause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots.
· If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot.
To sum up, in case of the repetition over multiple slots, UE multiplexes UCI on PUSCH in one or more repetition which fulfils the time line condition. On the other hand, in case of the multiple PUSCH in a slot, UE choose earliest PUSCH occasion in a slot. Considering that UE can be scheduled both PUSCH repetition type A and B in a same slot with same priority, it would be desirable to have consistency. In our point of view, we can regard an actual PUSCH repetition as individual PUSCH transmission in the perspective of UCI multiplexing and apply same rule as in release 15 UCI multiplexing UE behavior.
Proposal 2: For UCI multiplexing on PUSCH repetition type B, same UE behavior as release 15 is applied to each actual PUSCH repetition.
· In case multiple actual PUSCH repetitions in a slot are overlapped with PUCCH, UE choose the earliest actual PUSCH repetition in a slot.
· In case multiple actual PUSCH repetitions over multiple slots are overlapped with PUCCHs, UE multiplexes UCI on PUSCH in an actual repetition that fulfils the time line condition in each slot. 
Conclusion
In this contribution, we discuss on method for enhancing PUSCH transmission for NR URLLC. Our proposals are as follows: 
Proposal 1: For DL-UL gap handling for PUSCH repetition type B, UE can ignore configured DL reception before NRx-Tx from segmented UL transmission including the effect of the timing advance. 
Proposal 2: For UCI multiplexing on PUSCH repetition type B, same UE behavior as release 15 is applied to each actual PUSCH repetition.
· In case multiple actual PUSCH repetitions in a slot are overlapped with PUCCH, UE choose the earliest actual PUSCH repetition in a slot.
· In case multiple actual PUSCH repetitions over multiple slots are overlapped with PUCCHs, UE multiplexes UCI on PUSCH in an actual repetition that fulfils the time line condition in each slot. 
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