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1 Introduction
In TSG-RAN#83 plenary meeting, the intra-UE prioritization and multiplexing is agreed to be specific in the new WID on support of NR Industrial Internet of Things (IoT) [1], and it is identified that the UCI multiplexing for traffic with different priorities should be jointly discussed 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/PUSCHs. 
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 service type of different UCIs/data. The identification method of URLLC UCI has been discussed in our companion paper [2]. With respect to PUSCH, we can use the RNTI for service differentiation, at least for dynamic scheduled PUSCH. For configured PUSCH, we can refer to SR, i.e., use the period or linked logical channels to implicitly determine the service type [3]. For example, if the period of a configured PUSCH transmission is smaller than a threshold, the configured PUSCH is treated as URLLC PUSCH. Alternatively, if the priority of logical channels linked to a configured PUSCH is larger than a threshold, the configured PUSCH is linked to URLLC service.
Observation 1: For dynamic PUSCH, use RNTI of the scheduling DCI for service differentiation.

In R15, a timeline is 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, 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. Of course, dropping eMBB PUSCH is the simplest way, but it may be too aggressive. Note that the UCI is mapped on PUSCH from the first symbol after DMRS, the latency may be not affected in most of cases. Meanwhile, a large beta-offset can be used to allocate more resources for UCI transmission and hence the reliability may not degrade. Hence, MUX is preferred when the timeline is satisfied with some minor 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, even if the URLLC UCI is only mapped on the first hop, its transmission could be delayed, and hence it is better to drop eMBB PUSCH when the symbol for UCI mapping is later than the ending symbol of the original PUCCH resource. Finally, in R15 NR, the beta-off set is used to adjust the number of resources for UCI transmission and hence the reliability of UCI transmission on PUSCH. It is reasonable to configure different beta-offset values for URLLC UCI and eMBB UCI.

Proposal 1: Enhanced UCI mapping methods for URLLC PUCCH colliding with eMBB PUSCH should be supported, e.g., only mapping URLLC UCI on the first hop and 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 discussed 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. On the other hand, since the eMBB UCI may have a large payload size and the existing beta-offset value is no smaller than one, piggybacking eMBB UCI on URLLC PUSCH may consume too much resources. Hence even when the timeline is satisfied, piggyback eMBB UCI on URLLC PUSCH would reduce the transmission reliability of URLLC data. 
The simple solution is always 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. As a trade-off, it is expected to design a new MUX rule. One option is to enable smaller beta-offset, e.g., beta-offset < 1, to enable a small number of resources allocated for UCI. Furthermore, beta-offset = 0 could be enabled to thoroughly disable UCI piggyback. Alternatively, some extra conditions for eMBB UCI piggybacked on URLLC PUSCH could be specified. For example, only eMBB HARQ-ACK could be piggybacked, or only eMBB UCI with payload size smaller than a threshold could be piggybacked. 
Proposal 2: Enhanced UCI piggyback method to prioritize URLLC PUSCH transmission should be supported, e.g., enabling beta-offset < 1 to reduce the resources allocated for eMBB UCI and even beta-offset = 0  to implicitly disable UCI piggyback.
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 eMBB PUCCH and URLLC PUCCH overlapping 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 two PUCCHs carrying URLLC UCI and eMBB UCI respectively overlap with one PUSCH. The first issue is whether to adopt joint coding/mapping or separate coding/mapping. As mentioned in Section 2.1, different beta-offset values would be used for these two kinds of UCIs, and hence it seems separate coding and mapping is more appropriate. 
Proposal 3: When eMBB UCI and URLLC UCI are piggybacked on one PUSCH, support separate coding and mapping for these two UCIs.
Besides, how to determine the codebook sizes for two HARQ-ACK codebooks piggybacked on the same PUSCH 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 MUX order when timeline is partially satisfied
When more than two PUCCHs/PUSCHs collide, it is possible that only some of PUCCHs/PUSCHs satisfy the timeline. Then how to define the MUX order is a complex work. Similar to the analysis for the collision among more than two PUCCHs, one solution is handle the collision satisfying timeline first. Alternatively, the UE can handle the collision sequentially in time or first handle the collision of eMBB PUCCHs/PUSCHs. The detailed design could be discussed after the decision made on the MUX rule for the collision between one PUCCH and one PUSCH.
As a special example, Figure 2 shows that one PUCCH collides with two PUSCHs while the timeline is only satisfied between the PUCCH and the later PUSCH. In such a case, we can simply handle the collision satisfying timeline first, i.e., piggyback UCI from the PUCCH resource onto the first PUSCH satisfying the timeline. 
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Figure 2 PUCCH overlaps with more than one PUSCHs and only parts of PUSCHs satisfy 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:
Observation 1: For dynamic PUSCH, use RNTI of the scheduling DCI for service differentiation.
Proposal 1: Enhanced UCI mapping methods for URLLC PUCCH colliding with eMBB PUSCH should be supported, e.g., only mapping URLLC UCI on the first hop and 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., enabling beta-offset < 1 to reduce the resources allocated for eMBB UCI and even beta-offset = 0  to implicitly disable UCI piggyback.
Proposal 3: When eMBB UCI and URLLC UCI are piggybacked on one PUSCH, support separate coding and mapping for these two UCIs.
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