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1 Introduction
In TSG-RAN#83 plenary meeting, the scope of new WID on physical layer enhancements for NR URLLC was defined [1]. Two main enhancements are identified to be related to UCI enhancements for URLLC, i.e., more than one PUCCH for HARQ-ACK transmission within one slot and at least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE. Moreover, the intra-UE prioritization and multiplexing is agreed to be studied in the new WID on support of NR Industrial Internet of Things (IoT) [2], and it is identified that the UCI multiplexing for traffic with different priorities should be jointly studied in RAN1 and RAN2. This paper focuses on the handling of the PUCCH and PUSCH collision cases, including URLLC UCI and eMBB PUSCH collision, eMBB UCI and URLLC PUSCH collision, URLLC UCI and URLLC PUSCH collision, and collision for more than two PUCCH/PUSCH. 
2 Collision of one PUCCH and one PUSCH
Similar to the PUCCH and PUCCH collision, the prerequisite of the following discussions is how to identify the priority of different UCIs/data, and the detailed discussion on this topic could be found our companion paper [3]. In R15, a timeline is also defined to handle PUCCH overlapping with PUSCH, and only if the timeline is satisfied for overlapping PUCCHs, UCI piggyback is performed. In R16, since URLLC UCI and/or data could be scheduled urgently, the timeline would not be satisfied in some cases, as shown in Figure 1.
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Figure 1 PUCCH and PUSCH overlap with timeline not satisfied
2.1 URLLC PUCCH overlaps with eMBB PUSCH
If the timeline is not satisfied, then it is reasonable to drop the eMBB PUSCH. But if the timeline is satisfied, whether to perform MUX and how to guarantee the low-latency and high reliability for URLLC UCI should be considered.

Generally speaking, MUX is preferred when the timeline is satisfied with following enhancements: Firstly, if frequency hopping (FH) is enabled for the eMBB PUSCH, it is better to map URLLC UCI only on the first hop for latency reduction. Secondly, since the beta-offset in DCI format 0_1 can only adjust the beta-offset values according to the data type, it is reasonable to configure different beta-offset values for URLLC UCI and eMBB UCI to achieve different effective code rates, resulting in differentiated reliability guarantees. 

Proposal 1: Enhanced UCI mapping methods for URLLC PUCCH overlapping with eMBB PUSCH should be supported, e.g., only mapping on the first hop and/or configuring different beta-offsets for eMBB UCI and URLLC UCI.
Another problem occurs when URLLC SR overlaps with eMBB PUSCH. Currently, this issue is mainly discussed in RAN2, and if RAN2 enables SR triggering when the PUCCH overlaps with PUSCH, enhanced MUX methods should be studied to guarantee the SR transmission.
2.2 eMBB PUCCH overlaps with URLLC PUSCH
For an urgent URLLC data transmission, PUSCH can be scheduled on an overlapping resource with ACK/NACK with a much small scheduling delay, and hence cannot satisfy the timeline requirement. In such a case, PUSCH for URLLC should be prioritized. Meanwhile, even if the timeline is satisfied, piggybacking eMBB UCI on URLLC PUSCH may consume too much resources and hence would reduce the transmission reliability of URLLC data. The simple solution is to drop UCI and to only transmit the high priority URLLC PUSCH. However, the eMBB UCI may have a small payload, e.g., ACK/NACK, and piggybacking this UCI would not consume much resources. Then it is expected to deliver both ACK/NACK and URLLC data with only a very little degradation of the data reliability. Besides, the UCI would even be URLLC UCI, and hence it is rough to directly drop UCI no matter the UCI payload and/or UCI type. We can design a complex rule for UCI multiplexing on URLLC PUSCH, but as an alternative effective, a dynamic disable mechanism could be designed to indicate UE not to piggyback UCI on PUSCH. This could be achieved by adding one new indicator in DCI or re-using existing bit field. 

Meanwhile, assuming UCI piggyback is mandatory, we can adjust the resource allocation between UCI and data through flexible selection of beta-offset values. But unfortunately, the current beta-offset values are restricted to be larger or equal to one, indicating more resources allocated to UCI and hence less protection of data. As a result, we should extend the range of current beta-offset values to include at least beta-offset < 1. Note that if beta-offset = 0 is feasible, then we can use beta-offset to disable the UCI piggyback directly.
Proposal 2: Enhanced UCI piggyback method to prioritize URLLC PUSCH transmission should be supported, e.g., disabling UCI piggyback through indication in DCI and/or enabling smaller beta-offset.
2.3 URLLC PUCCH overlaps with URLLC PUSCH
For the case when URLLC PUCCH overlaps with URLLC PUSCH, if the timeline is satisfied, UCI piggyback should be performed. Otherwise, if the timeline is not satisfied, the UE should prioritize one uplink transmission and drop the other. Simply, the UE can prioritize the dynamically scheduled uplink channel over configured ones and/or the later scheduled channels over the early scheduled ones.
3 Collision of more than one PUCCH/PUSCH

3.1 More than one PUCCHs overlap with one PUSCH

If all the overlapping PUCCHs carry eMBB UCI, then this case has been handled by R15. We mainly focus on the case when more than one HARQ-ACK overlaps with one PUSCH. The first issue is whether to adopt joint coding/mapping or separate coding/mapping. Generally speaking, if two HARQ-ACKs are eMBB HARQ-ACK and URLLC HARQ-ACK, or of different priorities, it is better to enable separate coding and mapping for these two HARQ-ACKs. For separate mapping, how to determine the separate beta-offset values to determine the occupied resource elements and how to define the mapping order and mapping locations need further studies.

Proposal 3: For more than one HARQ-ACKs overlapping with one PUSCH, support separate coding/mapping for HARQ-ACKs of different priorities.
Besides, how to determine the codebook sizes for these HARQ-ACKs needs to be discussed. If all these HARQ-ACKs are codebook Type-1, then the codebook size could be fixed and we can use one DAI bit-filed to decide whether these HARQ-ACKs could be piggybacked on PUSCH. If all these HARQ-ACKs are Type-2 codebooks, we can reuse the method used for PUSCH repetition, i.e., use one DAI_UL to indicate the maximum DAI_totals for all HARQ-ACK codebooks. If parts of the HARQ-ACKs are Type-1 and parts of HARQ-ACKs are Type-2, then two DAI bit-fields are needed in the UL grant for these two types of codebooks respectively.
3.2 One PUCCH overlaps with more than one PUSCH
This case has also been studied in R15 and the solution is to piggyback UCI on PUSCH with A-CSI report, or PUSCH on smallest cell ID or PUSCH starting first. But the prerequisite is all overlapping PUSCHs and PUCCH satisfy the timeline. One special case is that some of the overlapping PUSCHs do not satisfy the timeline while others satisfy the timeline, as shown in Figure 2. Then one direct solution is to add a selection process, i.e., only piggyback UCI on PUSCHs satisfying the timeline. Another consideration is the PUSCH characteristic, if the early PUSCH is of 1 OS and 2 OS with frequency hopping, then we cannot piggyback UCI on this PUSCH. Similarly, if the early PUSCH is URLLC PUSCH while the next is eMBB PUSCH, then for eMBB UCI, it is better to piggyback eMBB UCI on eMBB PUSCH to reserve more resources for URLLC data transmission.
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Figure 2 PUCCH overlaps with more than one PUSCHs and only parts of PUSCHs satisfy timeline
Proposal 4: For one PUCCH overlapping with more than one PUSCHs part of which satisfies timeline and the others do not satisfy, UCI is piggybacked on one PUSCH satisfying the timeline.
4 Conclusions 
In this contribution, we discussed the handling of the PUCCH and PUSCH collision cases, including URLLC UCI and eMBB PUSCH collision, eMBB UCI and URLLC PUSCH collision, URLLC UCI and URLLC PUSCH collision, and collision for more than two PUCCH/PUSCH. Based on the discussions, following observations and proposals are provided:
Proposal 1: Enhanced UCI mapping methods for URLLC PUCCH overlapping with eMBB PUSCH should be supported, e.g., only mapping on the first hop and/or configuring different beta-offsets for eMBB UCI and URLLC UCI.
Proposal 2: Enhanced UCI piggyback method to prioritize URLLC PUSCH transmission should be supported, e.g., disabling UCI piggyback through indication in DCI and/or enabling smaller beta-offset.
Proposal 3: For more than one HARQ-ACKs overlapping with one PUSCH, support separate coding/mapping for HARQ-ACKs of different priorities.
Proposal 4: For one PUCCH overlapping with more than one PUSCHs part of which satisfies timeline and the others do not satisfy, UCI is piggybacked on one PUSCH satisfying the timeline.
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