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Introduction
In RAN1#98-#100e, some conclusions and agreements on PUSCH were achieved, however there were still some remaining issues, UCI multiplexing and configured grant timer. In this document, we focus on these remaining issues.
Discussion
1.1 UCI multiplexing
· UCI multiplexing resource size calculation
In Rel-15, UCI multiplexing resource size is determined by the following formula:
[image: ]
where[image: ] denotes the available RE number of the current PUSCH piggybacking the UCI, and [image: ] denotes the TBS of the PUSCH, the resource for UCI depends the TBS of PUSCH and available RE number. 
For PUSCH repetition enhancement in Rel-16, there are two types of PUSCH, nominal PUSCH and actual PUSCH. Actual PUSCH maybe segmented by nominal PUSCH and the length of actual PUSCH is not larger than the length of nominal PUSCH.  It is an open issue which PUSCH type is used to calculate UCI multiplexing resource.
· Option1: UCI multiplexing resource size calculation is based on actual PUSCH repetition
Pros: Avoiding that resource for UCI multiplexing is larger than actual PUSCH repetition resource
Cons:  Small resource for UCI multiplexing leads unnecessary UCI dropping;
            High code rate for UCI decreases UCI reliability.
· Option2: UCI multiplexing resource size calculation is based on nominal PUSCH repetition
Pros: Ensure UCI reliability without increasing code rate of UCI;
         Avoid unnecessary UCI dropping
Cons: In some cases, calculated resource for UCI multiplexing maybe larger than actual PUSCH repetition resource.
Comparing with option 1 and option 2, Option 2 prioritizes UCI transmission, which is a conventional principle, especially for the case that UCI and data has the same priority. Considering that data transmission reliability can be ensure by sufficient repetition number or retransmission scheduled by dynamic grant, prioritizing UCI is reasonable. So it is suggested that UCI multiplexing resource size calculation is based on nominal PUSCH repetition.
Proposal1: UCI multiplexing resource size calculation is based on nominal PUSCH repetition.
However, to avoid case that calculated resource for UCI multiplexing is larger than actual PUSCH repetition resource in option 2, the following UCI multiplexing resource determination can be considered.
· UCI multiplexing resource determination
Similar as above issue, due to there are two types of PUSCH, nominal PUSCH and actual PUSCH in PUSCH repetition type B,  it is an open issue which of PUSCH types is used to determine overlapping.
· Option 1 Overlapping determination is based on actual PUSCH repetition
· Option 2 Overlapping determination is based on nominal PUSCH repetition
Comparing with option 1 and option 2, Option 1 is easier to satisfy PUSCH/PUCCH multiplexing timeline conditions due to actual PUSCH repetition does not start earlier than nominal PUSCH repetition. As shown in Figure 1, the first symbol of nominal PUSCH 1 is earlier than the first symbol of actual PUSCH 2 and it is more likely to not meet the timeline condition based on the first symbol of nominal PUSCH 1 than actual PUSCH 2. So it is suggested that UCI overlapping determination is based on actual PUSCH repetition.
[image: ]
Figure 1 Collision of PUCCH and PUSCH
Proposal 2: When UCI is piggybacked, the determination of overlapping should be based on actual PUSCH repetition.
For PUCCH overlapped with multiple actual PUSCH (including nominal PUSCH and segmented actual PUSCH), piggybacked PUSCH is the first actual PUSCH satisfying the following conditions:
Condition 1: The staring symbol of piggybacked actual PUSCH satisfies PUSCH/PUCCH multiplexing timeline to ensure UE can process data and UCI.
Condition 2: The UCI capacity of piggybacked actual PUSCH is not smaller than required UCI multiplexing resource to maximize UCI transmission reliability and information completeness.
If any above of condition is not satisfied, overlapped actual PUSCH(s) are dropped and PUCCH is transmitted.
Proposal 3: When PUCCH overlapped any actual PUSCH repetition, UCI is piggybacked in the first overlapped actual PUSCH repetition satisfying PUSCH/PUCCH multiplexing timeline and UCI multiplexing capacity requirement. If no overlapped actual PUSCH satisfies PUSCH/PUCCH multiplexing timeline and UCI multiplexing capacity requirement, then overlapped actual PUSCH(s) are dropped and PUCCH is transmitted
1.2 Configured grant timer
In Rel-15, configured grant timer starts or restarts for each repetition. In Rel-16, there are two types of repetition: actual repetition and nominal repetition. The time resource allocation of actual repetition is impacted by SFI and slot boundary, which is not known in Mac layer. So Mac cannot start or restart configured grant timer for each actual repetition. Considering RV sequence is applied for each nominal repetition. So Configured grant timer starts or restarts for each nominal repetition.
Proposal 4: Configured grant timer starts or restarts for each nominal repetition.
Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Proposal1: UCI multiplexing resource size calculation is based on nominal PUSCH repetition.
Proposal 2: When UCI is piggybacked, the determination of overlapping should be based on actual PUSCH.
Proposal 3: When PUCCH overlapped any actual PUSCH repetition, UCI is piggybacked in the first overlapped actual PUSCH repetition satisfying PUSCH/PUCCH multiplexing timeline and UCI multiplexing capacity requirement. If no overlapped actual PUSCH satisfies PUSCH/PUCCH multiplexing timeline and UCI multiplexing capacity requirement, then overlapped actual PUSCH(s) are dropped and PUCCH is transmitted.
Proposal 4: Configured grant timer starts or restarts for each nominal repetition.
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