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In NR, when PUCCH overlaps with PUSCH in the time domain, the UCI is multiplexed in the PUSCH. The UE behavior related to the UCI multiplexing is clear in the specification. However, companies have different understanding on the UE behavior in case the UE does not detect any DL DCI while the T-DAI in the DCI scheduling PUSCH is set to 1 for Type-1 codebook or not set to 4 for Type-2 codebook. In RAN1#106-e, the following agreements on the UE behavior in Rel-15 were reached [1]. In this contribution, our views on this issue are provided.
	Conclusion
For Rel-15, in the case of multiple overlapping PUSCHs with no overlapping PUCCH and if any UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook) the UE behavior is left to UE implementation.
Agreement
· For Rel-15 with more than one non-overlapping PUSCH and no overlapping PUCCH within a span on one slot (both single carrier and UL CA) and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), the UE behavior is up to the UE implementation
· For Rel-15 with one PUSCH and no overlapping PUCCH within a span of one slot and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), there is no consensus for any conclusion on one aligned UE behavior



Discussion
During the discussion in RAN1#106-e, companies held different understanding for the following description in TS38.213 and no consensus could be achieved.  
	TS38.213
A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, a DCI format 1_1 indicating SCell dormancy, or a DCI format including a One-shot HARQ-ACK request field with value 1, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 


In general, there were two understandings.
· Understanding 1: The DL DCI later than the UL DCI is not allowed if there are PUSCH and PUCCH indicated by the DL DCI are in the same slot and UCI multiplexing has been determined. 
· Understanding 2: The DL DCI can be later than a UL DCI as long as there is a second UL DCI later than the DL DCI and the HARQ-ACK is multiplexed in the PUSCH scheduled by the second UL DCI finally.
The scheduling of understanding 2 is shown in the Figure 1 below copied from the summary in RAN1#106-e [2]. In our understanding, this scheduling may cause many tough issues. For example, assuming the UE detects all the DCI in the Figure 1, there are three phases during the UE procedures.
· Phase 1: Before the UE detects DL grant 2, when it receives UL grant 1, it can determine that the HARQ-ACK1 should be multiplexed in the PUSCH 1 and perform the UCI multiplexing immediately and PUSCH 1 preparation. This is a normal case.
· Phase 2: After the UE detects DL grant 2, the UE may determine that this is an error case since it violates the current rule. In this case, it may stop all the operation or even cancel the PUSCH 1 transmission preparation. Anyway, it is up to the UE implementation in error case. 
· Phase 3: After it receives UL grant 2, assuming the UE realizes that it is not an error case, there may be an additional timeline issue since the UE need to re-start the operation from the beginning. For example, re-construct the HARQ-ACK codebook, perform the UCI multiplexing in PUSCH 2 and re-prepare PUSCH 1. Even worse, the UE may clear the related memory after determining the error case in phase 2. In this case, there is only UL grant 2 left from the UE perspective. 
Based on the discussion above, we believe understanding 1 is more reasonable. 


Figure 1 An example of the scheduling in understand 2
Proposal 1: RAN1 to clarify that a DL DCI cannot be transmitted after a UL DCI if the indicated PUCCH and PUSCH are overlapping in the same slot. 
For the HARQ-ACK multiplexing in the PUSCH, the value of T-DAI in the UL DCI is set to the same value of the T-DAI in the last DCI scheduling the PDSCH when scheduling PUSCH. 
· If there is no DL DCI missing, the UE can get the same T-DAI value in the two DCIs. The UE should perform UCI multiplexing in the PUSCH. There is no issue on the HARQ-ACK codebook size alignment between the UE and the network. 
· If the last DCI scheduling the PDSCH is missing, the UE can be aware of this since the last DL DCI received by the UE and the UL DCI have the different T-DAI values. However, there is no issue on the HARQ-ACK codebook size alignment between the UE and the network as well since the UE uses the T-DAI value in the UL DCI to generate HARQ-ACK codebook instead of the T-DAI value in the last received DL DCI according to the current specification. In this case, the network and the UE have the same understanding on the UCI size and PUSCH. That is the reason why T-DAI field is introduced in the UL DCI.
· If there is no HARQ-ACK multiplexed in the PUSCH, the T-DAI in the UL DCI is set to the largest DAI value (i.e., 4) for Type-2 codebook or ‘0’ for the Type-1 codebook. 
Observation 1: The purpose of the T-DAI in the UL DCI is to address the DL DCI missing such that the network and the UE have the same understanding on the UCI size.
If there is a single PUSCH in a slot, it is obvious that this PUSCH is the only candidate for UCI multiplexing if needed. The network should set the T-DAI in the UL DCI as discussed above. If the UE does not detect any DL DCI, one of the proposals discussed in RAN1#106-e was up to UE implementation. Obviously, it is against the purpose of introducing the T-DAI field in the UL DCI. If there is no PUCCH resource for HARQ-ACK overlapping with PUSCH, the network should set the correct T-DAI value according to the current specification to let UE not perform UCI multiplexing. If the T-DAI is set to other values, it implies there is HARQ-ACK multiplexed in the PUSCH. The UE should perform HARQ-ACK multiplexing with the assumption of PUCCH resource for HARQ-ACK overlapping with PUSCH in the time domain by using the indicated T-DAI.
Proposal 2: In Rel-16, if a UE detects a single PUSCH in a slot scheduled by a DCI with the indicated T-DAI value not equal to 0 for Type-1 codebook or 4 for Type-2 codebook, the UE should perform HARQ-ACK multiplexing in the PUSCH with the assumption that PUCCH resource for HARQ-ACK information overlaps with the PUSCH in the time domain. 
For the scenario of more than one non-overlapping PUSCH in a slot, the following alternatives were discussed in RAN1#106-e.
	For Rel-16, RAN1 to down-select from one of the three options:  Alt #1 and Alt #3 where:
· Alt #1: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE does not multiplex HARQ-ACK information in any PUSCH. 
· Alt #3-2: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.
· Follow the tDAI in the lastly received UL grant for the group to multiplex HARQ-ACK on the PUSCH scheduled by the lastly received UL grant, and ignore the tDAIs in other UL grants scheduling other PUSCHs in the group.
· Alt #3-3: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.
· Select one PUSCH within multiple PUSCH with DAI=1 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-1 HARQ-ACK codebook.
· Select one PUSCH within multiple PUSCH with DAI≠4 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-2 HARQ-ACK codebook
· PUSCH selection method:The DAI field value of multiple PUSCH should be the same. 


As discussed in RAN1#106-e, the cons of Alt 1 is that it is against the purpose of the introduction of T-DAI in UL DCI. In addition, it also bring the network blind detection issue since the network cannot be aware of whether the UE detects the DL DCI successfully. Therefore, the UE multiplexes the HARQ-ACK in the PUSCH is better in this case. This can also keep a common solution between the single PUSCH case and multiple PUSCHs case. Between Alt 3-2 and Alt 3-3, the latter one is slightly preferred since it follows the PUSCH prioritization in the current specification, which was agreed after a long discussion. 
Proposal 3: For the scenario of more than one non-overlapping PUSCH in a slot, if UL T-DAI is not set to 4 for Type 2 codebook or is set to 1 for Type 1 codebook, the UE selects a PUSCH following the current PUSCH prioritization rule and multiplexes HARQ-ACK information in the selected PUSCH with the assumption that the PUCCH resource for the HARQ-ACK information overlaps with the selected PUSCH. 
Conclusion
According to the discussion above, we have the following observation and proposals.
Observation 1: The purpose of the T-DAI in the UL DCI is to address the DL DCI missing such that the network and the UE have the same understanding on the UCI size.
Proposal 1: RAN1 to clarify that a DL DCI cannot be transmitted after a UL DCI if the indicated PUCCH and PUSCH are overlapping in the same slot. 
Proposal 2: In Rel-16, if a UE detects a single PUSCH in a slot scheduled by a DCI with the indicated T-DAI value not equal to 0 for Type-1 codebook or 4 for Type-2 codebook, the UE should perform HARQ-ACK multiplexing in the PUSCH with the assumption that PUCCH resource for HARQ-ACK information overlaps with the PUSCH in the time domain. 
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