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1	Introduction
During last meeting the issue of HARQ-ACKs multiplexing on a PUSCH was discussed when the UE misses DL assignments corresponding to the HARQ-ACKs while the UL grant scheduling the PUSCH indicates UL-DAI for HARQ-ACK multiplexing [1].
For Rel-15, the following was concluded in RAN1#106-e:
	Conclusion 
· For Rel-15, in the case of multiple overlapping PUSCHs with no overlapping PUCCH and if any  UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.q. 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.



The continued discussions in RAN1#107-e, led to the following outcomes for Rel-16:
	Agreement 

· For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the  UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior

Agreement
· For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.
· Continue discussion on UE behavior with respect to multiplexing HARQ-ACK in PUSCH for the following case in Rel-16.
· More than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if for at least one of the PUSCHs the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook)



In this contribution we discuss our view on the UE behavior for HARQ-ACK multiplexing on PUSCH without overlapping PUCCH.
2	Discussions
The UL DAI field in the DCI is intended to provide a control mechanism to ensure that the UE multiplexes a determined number of HARQ-ACK bits obtained from the indicated UL-DAI in a PUSCH even if the UE misses one or all the corresponding DL assignments. Otherwise, there would be misalignment on the multiplexed HARQ-ACK in PUSCH and failure in decoding the PUSCH in case of DL miss detection. It is important to note that NR specifications imposes a severe scheduling restriction on gNB because of UL-DAI as described in clause 9 of TS 38.213 since Rel-15:
	Scheduling restriction due to UL-DAI (Clause 9 of TS 38.213):
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. 


Therefore, ignoring HARQ-ACK multiplexing in a PUSCH when indicated by UL-DAI in case of missing all the DL assignments, not only defeats the purpose of UL-DAI, but negates any motivation for the imposed scheduling restrictions. Unfortunately, the outcome of the discussions so far leans towards invalidating the underlying design purpose for UL DAI.

[bookmark: _Toc95679271]The UL DAI field in the DCI is intended to provide a control mechanism to ensure that the UE multiplexes a determined number of HARQ-ACK bits obtained from the indicated UL-DAI in a PUSCH even if the UE misses one or all the corresponding DL assignments.
[bookmark: _Toc95679272]Ignoring HARQ-ACK multiplexing in a PUSCH when indicated by UL-DAI in case of missing all the DL assignments, not only defeats the purpose of UL-DAI, but negates any motivation for the corresponding imposed scheduling restrictions due to UL-DAI.

Reflecting on the discussions in previous meeting, we believe that it is important to clarify the following:
· Why does gNB indicate UL-DAI for HARQ-ACK multiplexing for multiple PUSCHs scheduled in a PUCCH slot?
Due to the scheduling restrictions in case multiple UL grants corresponding to PUSCHs in a PUCCH slot are detected, the HARQ-ACK codebook size is not changed after the first UL grant due to the scheduling restriction. However, when the gNB schedules a first PUSCH for HARQ-ACK multiplexing, the gNB may plan to schedule other PUSCHs for other purposes, e.g., data transmission even though the codebook size is not changed.  
If the gNB does so, the followings should be respected to benefit the UL-DAI based control mechanism principal explained above:
· The gNB must consider that the UE may miss any of the UL grants or DL assignments. That is why the gNB indicates UL-DAI for other PUSCHs to get an information for HARQ-ACK report via one of the PUSCHs that its UL grant is not missed. 
· However, this planning requires that the UE may multiplex HARQ-ACK in any of the PUSCHs depending on detection of the involved DL assignments and UL grants. Therefore, the gNB should provide enough processing time for HARQ-ACK multiplexing for all these PUSCHs because due to mis-detection, any of them with associated UL-DAI could be the candidate for HARQ-ACK multiplexing. 
· When there are multiple PUSCHs at UE side with UL-DAI, the PUSCH prioritization rule for HARQ-ACK multiplexing, specified in TS 38.213 since Rel-15, is applied to determine the PUSCH for HARQ-ACK multiplexing.

	PUSCH prioritization rule for HARQ-ACK multiplexing (Clause 9 of TS 38.213) 
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI formats and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.


We believe that the expected UE behaviour should be consistent with the current specifications and respects the principles for UL-DAI based control mechanism. 
It should also address the issues related to timeline that was extensively discussed during the last meeting since the UL-DAI based control mechanism by definition results for the UE to assume any PUSCH other than intended one for HARQ-ACK multiplexing. Therefore, if the mechanism is used, enough time should be provided to the UE to be able to handle HARQ-ACK multiplying for any PUSCH.
Moreover, one aspect that in our view created confusion in that last meetings was to treat differently a PUSCH with e.g. UL-TDAI=4 for Type-2 codebook. We believe that the value of UL-TDAI itself should only be taken into account at the last stage. In other words, it is important to consider first the PUSCHs with UL-TDAI, and not a PUSCH with a given UL-TDAI. Among those PUSCHs, we should apply the same procedures for PUSCH prioritization for UCI multiplexing similarly to the case when a PUCCH with KARQ-ACK is present. When a PUSCH is selected, then we can determine whether/how to multiplex HARQ-ACK on. 

We capture the above principles in the following: 
Expected UE behaviour:
· When a UE determines that there is at least one PUSCH with corresponding UL-TDAIs within a span of a PUCCH slot (both single carrier and UL CA), if the UE determines that there is no PUCCH with HARQ-ACK in the PUCCH slot:
1. The UE expects that multiplexing timeline is fulfilled for all the PUSCHs with corresponding UL-TDAI within the PUCCH slot.
2. The UE selects one PUSCH following the same PUSCH prioritization rules described in Clause 9 of TS 38.213.
· If the UL-TDAI corresponding to the selected PUSCH is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the selected PUSCH. Otherwise, the UE does not multiplex any HARQ-ACK in the selected PUSCH.

We have illustrated multiple examples in Figure 1 to Figure 6 to demonstrate the UE expected behaviour for different cases. More examples are shown in Appendix. In these examples, the following considerations are taken into account: 
· In example cases A, B, C, D, E, F and their corresponding variants:
1. Case A, B, C, D, E, F, each illustrates the main scenario where there is no miss-detection at UE.
· Each variant of a case illustrates examples where UE misses at least a DL assignment and/or a UL grant.
2. For all cases, the timeline multiplexing is fulfilled when scheduling all the PUSCHs irrespective of being multiplexed with HARQ-ACK or not.
3. Case A and D illustrate scheduling with multiple non-overlapping PUSCHs.
4. Case B and E illustrate scheduling with a group of overlapping PUSCHs.
5. Case C and F illustrate scheduling with two groups of overlapping PUSCHs.
6. Case A, B, C illustrate scheduling with the same UL-DAI for all the UL grants, while Case D, E, F illustrate scheduling with different UL-DAI is used in different UL grants.
7. The illustrations for Case A including its variants are applicable to both non-CA and UL CA. 
· For non-CA, PUSCH A1 and B1 are scheduled on PCell.
· For UL CA, PUSCH A1 is scheduled on PCell and PUSCH B1 is scheduled on SCell.
8. The illustrations for Case B, C, D, E, F including their variants are applicable to UL CA.
· PUSCH A1 and B1 are scheduled on PCell
· PUSCH A2 and B2 are scheduled on SCell.
· Note that to simplify the discussion without affecting the general procedures and risk for inconsistency, the A-CSI is not triggered by any of the UL grants for the corresponding candidate PUSCHs, i.e. PUSCH A1, PUSCH B1, PUSCH A2, PUSCH B2. 
It is clearly shown in all these examples that in this manner a unified UE behaviour is achieved even for the case when a PUCCH with HARQ-ACK is detected. It is also shown that for a given scheduling case by gNB (A, B, C, D, E or E), the gNB expects different outcomes depending on the risk for a DCI miss detection. However, the principle of UL-DAI based control mechanism by ensuring a determined number of HARQ-ACK bits being multiplexed in a PUSCH is achieved. The content of the HARQ-ACK bits may be different but that should be handled based on gNB implementation.
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[bookmark: _Ref95673086]Figure 1: Illustration of non-overlapping PUSCHs (non-CA and UL CA) with same UL-TDAI with and without overlapping PUCCH, corresponding to Case A and A-0, respectively, from UE perspective. Note that for both Case A and Case A-0, the gNB schedules DCI1, DCI2, DCI A1, and DCI B1 but the UE receives all the scheduled DCIs for Case A but misses DCI1 and DCI2 for Case A-0. 
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Figure 2: Illustration of a group of overlapping PUSCHs (UL CA) with same UL-TDAI with and without overlapping PUCCH, corresponding to Case B and B-0, respectively, from UE perspective. Note that for both Case B and Case B-0, the gNB schedules DCI1, DCI2, DCI A1, and DCI A2 but the UE receives all the scheduled DCIs for Case B but misses DCI1 and DCI2 for Case B-0.
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Figure 3: Illustration of two groups of overlapping PUSCHs (UL CA) with same UL-TDAI with and without overlapping PUCCH, corresponding to Case C and C-0, respectively, from UE perspective. Note that for both Case C and Case C-0, the gNB schedules DCI1, DCI2, DCI A1, DCI A2, DCI B1. DCI B2 but the UE receives all the scheduled DCIs for Case C but misses DCI1 and DCI2 for Case C-0.
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Figure 4: Illustration of non-overlapping PUSCHs (non-CA and UL CA) with different UL-TDAI with and without overlapping PUCCH, corresponding to Case D and D-0, respectively, from UE perspective. Note that for both Case D and Case D-0, the gNB schedules DCI1, DCI2, DCI A1, and DCI B1 but the UE receives all the scheduled DCIs for Case D but misses DCI1 and DCI2 for Case D-0.
[image: ]
[image: ]
Figure 5: Illustration of a group of overlapping PUSCHs (UL CA) with different UL-TDAI with and without overlapping PUCCH, corresponding to Case E and E-0, respectively, from UE perspective. Note that for both Case E and Case E-0, the gNB schedules DCI1, DCI2, DCI A1, and DCI A2 but the UE receives all the scheduled DCIs for Case E but misses DCI1 and DCI2 for Case E-0.
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[bookmark: _Ref95673096]Figure 6: Illustration of two groups of overlapping PUSCHs (UL CA) with different UL-TDAI with and without overlapping PUCCH, corresponding to Case F and F-0, respectively, from UE perspective. Note that for both Case F and Case F-0, the gNB schedules DCI1, DCI2, DCI A1, DCI A2, DCI B1. DCI B2 but the UE receives all the scheduled DCIs for Case F but misses DCI1 and DCI2 for Case F-0.

Based on the above discussions, we propose the following:

[bookmark: _Toc95679273]When a UE determines that there is at least one PUSCH with corresponding UL-TDAIs within a span of a PUCCH slot (both single carrier and UL CA), if the UE determines that there is no PUCCH with HARQ-ACK in the PUCCH slot:
· [bookmark: _Toc95679274]The UE expects that multiplexing timeline is fulfilled for all the PUSCHs with corresponding UL-TDAI within the PUCCH slot.
· [bookmark: _Toc95679275]The UE selects one PUSCH following the same PUSCH prioritization rules described in Clause 9 of TS 38.213. 
· [bookmark: _Toc95679276]If the UL-TDAI corresponding to the selected PUSCH is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the selected PUSCH. Otherwise, the UE does not multiplex any HARQ-ACK in the selected PUSCH.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The UL DAI field in the DCI is intended to provide a control mechanism to ensure that the UE multiplexes a determined number of HARQ-ACK bits obtained from the indicated UL-DAI in a PUSCH even if the UE misses one or all the corresponding DL assignments.
Observation 2	Ignoring HARQ-ACK multiplexing in a PUSCH when indicated by UL-DAI in case of missing all the DL assignments, not only defeats the purpose of UL-DAI, but negates any motivation for the corresponding imposed scheduling restrictions due to UL-DAI.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When a UE determines that there is at least one PUSCH with corresponding UL-TDAIs within a span of a PUCCH slot (both single carrier and UL CA), if the UE determines that there is no PUCCH with HARQ-ACK in the PUCCH slot:
	The UE expects that multiplexing timeline is fulfilled for all the PUSCHs with corresponding UL-TDAI within the PUCCH slot.
	The UE selects one PUSCH following the same PUSCH prioritization rules described in Clause 9 of TS 38.213.
	If the UL-TDAI corresponding to the selected PUSCH is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the selected PUSCH. Otherwise, the UE does not multiplex any HARQ-ACK in the selected PUSCH.
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