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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we focus on issues for PUSCH repetition type B with UCI multiplexing, which is addressed in the R1-2001401.
2. Discussion
2.1. Repeated UL transmissions with UCI
While the previous discusses have focused on a single transmission, the Rel-16 URLLC can configure repeated transmissions (such as mini-slot aggregation). The UL repetition in Rel-16 URLLC is different from the Rel-15 NR because the Rel-16 URLLC reduces latency whereas Rel-15 NR extends the coverage or tunes for the SFI. The Rel-15 behavior is to allow a single type of UCI to repeat and prioritize the PUCCH repetition over the PUSCH repetition in the overlapped slot.
In the Rel-16 URLLC, the UL-SCH can be repeated within a slot. Thus, we consider the UCI transmission while the UL-SCH is repeating. On one hand, the principle to the slot aggregation can be extended to the case of the mini-slot aggregation. The PUCCH is transmitted and the overlapped PUSCH instances among the PUSCH occasion are dropped. Since the UL-SCH is as important as the UCI, this principle should be reconsidered in the Rel-16 URLLC scenario.
On the other hand, a UCI (i.e., HARQ-ACK) can be piggybacked onto overlapped PUSCH instances because the UCI is not repeated and thus the serving gNB may decode UCI once. We believe that the UCI should be multiplexed onto the overlapped PUSCH instances because of tight latency requirements from the URLLC DL traffic.
[bookmark: _Ref24047727][bookmark: _GoBack]Proposal 1: For at least the repeated UL-SCH, the priority of URLLC UL-SCH and URLLC UCI are re-considered.
The UL-SCH is coded and mapped for each PUSCH instance, and each PUSCH instance can be transmitted independently. We believe that each PUSCH instance can be a unit of multiplexing UCI, at least for URLLC. Following the previous agreements (subslot based HARQ-ACK timing), some PUSCH instances that collide PUCCH can carry HARQ-ACK.
[bookmark: _Ref24047732]Proposal 2: For enhanced PUSCH repetition, only some of PUSCH instances multiplex UCI if feasible.
Regarding the multiplex timing, the indicated HARQ-ACK timing can be reused for the Rel-16 PUSCH occasion. The PUSCH instance can be determined by the first overlapped PUSCH instance with the indicated PUCCH resources. When there are many PUCCHs while the PUSCH occasion continues, more than one PUSCH instances can overlaps with respective PUCCH. In this case, we can identify a few alternatives to determine which PUCCH instance to multiplex the HARQ-ACK.
· Alt 1: HARQ-ACK is multiplexed in the first PUSCH instance among the PUSCH occasion.
· Alt 2: HARQ-ACK is multiplexed in the respective overlapped PUSCH instance among the PUSCH occasion.
The Alt 1 is the direct extension of the Rel-15 behavior provided that the PUSCH occasion is regarded as a single transmission. In the Rel-15, the UCI is placed after the front-loaded DM-RS. However, in the Rel-16 PUSCH occasion has each DM-RS resource per PUSCH instance and we do not need to multiplex the HARQ-ACK in the first PUSCH instance. Furthermore, the HARQ feedback time would be given from the first PUSCH instance, which can significantly reduce the processing time. Otherwise, PDSCH should not be assigned. In our view, the HARQ feedback timing can be maintained and HARQ-ACK can be transmitted in the sub-slot by using the respective PUSCH instance.
Each PUSCH instance can be considered an independent transmission because each PUSCH instance has a DM-RS resource and maps a TB. Thus, we can think of the Alt 2, which multiplex each HARQ-ACK with each PUSCH instance(s) that is overlapped. The HARQ feedback timing is kept the same and in turn the processing time needs not unintentionally reduced.
If TDD is considered, then a PUSCH instance can be split into two or more actual PUSCH instance. HARQ-ACK multiplexing onto split PUSCH instance may have RRC impacts for calculating the upper bound of effective code rate. We see not much benefit to piggyback the split PUSCH instance, and would propose to piggyback the full PUSCH instance or transmit PUCCH instead of the split PUSCH instances.
[bookmark: _Ref24047735]Proposal 3: Among the PUSCH occasion, HARQ-ACK is multiplexed in the respective overlapped full PUSCH instance, or in the PUCCH otherwise.
3. Conclusion
In this contribution, we have the following proposals.
Proposal 1: For at least the repeated UL-SCH, the priority of URLLC UL-SCH and URLLC UCI are re-considered.
Proposal 2: For enhanced PUSCH repetition, only some of PUSCH instances multiplex UCI if feasible.
Proposal 3: Among the PUSCH occasion, HARQ-ACK is multiplexed in the respective overlapped full PUSCH instance, or in the PUCCH otherwise.
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