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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN1#106-e, the handling of HARQ-ACK multiplexing on PUSCH without the indication of corresponding PUCCH was discussed, and the following agreements were agreed
	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


There is no conclusion for Rel-16. In this paper, we discuss the UCI multiplexing on PUSCH without PUCCH.
PUSCH UCI multiplexing without PUCCH
During the discussion in RAN1#106-e, the following alternatives are proposed
	· Alt1：The UE does not multiplex HARQ-ACK information in any PUSCH since there is no overlapping PUCCH and PUSCH
· Alt 3-1: Define a default/reference PUCCH resource, and use that default/reference PUCCH to start the UCI multiplexing procedure. 
· Alt 3-2: 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: 
· 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.


[image: ]
Figure 1 Single PUSCH without indicated PUCCH
Taking Figure 1 as an example, the gNB transmits a DL DCI which schedules a PDSCH and indicates a PUCCH resource for HARQ-ACK feedback. Then gNB transmits an UL DCI with , which implies that the UE should multiplex the HARQ-ACK feedback in PUSCH. If the UE misses the DL DCI but detects the UL DCI with , the UE can determine that it has missed a DL DCI and multiplex HARQ-ACK feedback in the PUSCH. This is how UL DAI works, same principles even since LTE. On the other hand, if the UE receives a UL DCI with , but the UE ignores the UL DAI in the UL DCI and does not multiplex UCI in the PUSCH. This not only will result in PUSCH detection failure at the gNB but also is against the original intention to introduce UL DAI. Therefore, Alt-1 is not preferred. 
	If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format that includes a DAI field, the UE generates the HARQ-ACK codebook as described in clause 9.1.2.1 when a value of the DAI field is  except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when  unless the UE receives only a SPS PDSCH release, or only SPS PDSCH(s), or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the  occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in clause 9.1.2.  if the PUSCH is scheduled by a DCI format that includes a DAI field and the DAI field is set to '0'; otherwise, .


For the type-1 HARQ-ACK codebook, as described in the 9.1.2.2 of 38.213 [1], when the , the UE generates the HARQ-codebook.
	If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field with value  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release or indicating SCell dormancy on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission. 


For the type-2 HARQ-ACK codebook, as described in the 9.1.3.2 of 38.213, when the  and the UE has not received any PDCCH or PDSCH that needs HARQ-ACK feedback, the UE does not multiplex HARQ-ACK in the PUSCH. However, when  or 2 or 3, and the UE has not received any PDCCH or PDSCH that needs HARQ-ACK feedback, the UE would consider that it missed DCI(s) and multiplex HARQ-ACK information in the PUSCH.
For Alt 3-1, since the UE does not receive the indication of PUCCH, the UE has no idea of the number of occupied symbols for PUCCH resource. Using a default/reference PUCCH resource does not work. As one example, the intended PUCCH resource occupies 2 symbols while the reference PUCCH resource occupies 8 symbols. In this case, the PUSCHs overlapping with intended PUCCH resource and reference PUCCH resource can be quite different. Thus it may lead to ambiguity between the gNB and UE on the PUSCH selected to multiplex the UCI. Therefore, Alt3-1is not preferred.
Proposal 1: For Rel-16, in case of single PUSCH without PUCCH, a UE multiplexes HARQ-ACK in PUSCH in the following cases
· For type-1 HARQ codebook, the UL DAI field is equal to 1
· For type-2 HARQ codebook, the UL DAI filed is equal to 1/2/3
In case of multiple overlapping PUSCHs with no overlapping PUCCH, the same issue still exist for Alt-1 and Alt 3-1. Alt 3-2 essentially introduce a completely new rule to select the PUSCH from the PUSCHs overlapping with PUCCH to multiplex the UCI for Rel-16. However, the Rel-15 rules still needs to be implemented. Hence, Alt 3-2 is not preferred due to nontrivial additional UE implementation complexity. 
For Alt 3-3, as selecting one PUSCH within multiple PUSCHs with  following the same PUSCH prioritization rules for UCI multiplexing with PUCCH is a simple and effective for type-1 HARQ-ACK codebook. For example, in figure 2, UE has no idea about the location of PUCCH due to the missing of DL DCI, UE can just get the information from the DAI in the UL DCI. If the UL DAI is 1, then UE knows that it has missed DL DCIs and should multiplex UCI in a PUSCH. Since the gNB cannot always perform accurate prediction, after the gNB schedules a UCI multiplexing PUSCH, there may be another PUSCH overlapping with PUCCH and with higher priority. Thus the UE receives two UL DCIs and both indicate , the UE needs to multiplex UCI in PUSCHs scheduled by these UL DCIs. But we can know that the scheduled PUSCH is overlapped with PUCCH, but multiple PUSCHs may not necessarily be overlapped with each other. In this case, the UE should determine the overlapping PUSCHs using the DAI field in UL DCI, and follow the Rel-15 rules of UCI multiplexing on multiple PUSCHs with PUCCH. 
However, since the UE has no idea how many DL DCIs have been missed in case of unfavorable channel conditions. In this case, the UE has no idea which UL DAI with  belongs to the overlapping PUSCHs group, thus the UE and gNB may have ambiguity in this case. 
Moreover, considering URLLC case, when multiple non-overlapping PUSCHs scheduled by UL DCI with  are overlapped with one PUCCH, the UE has no prior information but the UL DCI. In this case, there is also ambiguity between the UE and gNB. 
In addition, in mixed numerology case, similar issue may also occur, since one slot of PUSCH may corresponds multiple slots of PUCCH, thus the UE cannot distinguish whether there is one PUSCHs overlapping group.
Observation 1: A UE cannot distinguish whether there is one single overlapping PUSCHs group or not according to UL DCI with DAI field value equal to 1 under the multiple DL DCI missing case, mixed numerology case, URLLC case.
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Figure 2 Multiple PUSCHs UCI multiplexing without PUCCH
For type-2 HARQ-ACK codebook, the same principle can be used. And the value of DAI field in DCI should be the same, the different values of DAI fields in multiple overlapping PUSCHs are not expected by the UE.
 [image: ]
Figure 3 Multiple overlapping PUSCHs without PUCCH for type-2 HARQ-ACK codebook
Proposal 2: For Rel-16, in case of multiple overlapping PUSCHs with no overlapping PUCCH 
· 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.
· The DAI field value of multiple PUSCH should be the same
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the questions left for UCI multiplexing without PUCCH for Rel-15 and Rel-16 in last meeting. Based on above discussions, the following proposals are given.
Proposal 1: For Rel-16, in case of single PUSCH without PUCCH, a UE multiplexes HARQ-ACK in PUSCH in the following cases
· For type-1 HARQ codebook, the UL DAI field is equal to 1
· For type-2 HARQ codebook, the UL DAI filed is equal to 1/2/3
Observation 1: A UE cannot distinguish whether there is one single overlapping PUSCHs group or not according to UL DCI with DAI field value equal to 1 under the multiple DL DCI missing case, mixed numerology case, URLLC case.
Proposal 2: For Rel-16, in case of multiple overlapping PUSCHs with no overlapping PUCCH 
· 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.
· The DAI field value of multiple PUSCH should be the same
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