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Introduction
This contribution discusses remaining issues for HARQ-ACK reporting enhancements in order to complete the specifications for Rel-17 IIoT. 

Discussion
1 
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Retransmission of HARQ-ACK CB
The following were agreed in RAN1#107-e. 
	Agreement
Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unused DCI field in the DCI is used for HARQ slot offset indication
· FFS: The indication of whether the PDSCH is not scheduled will reuse Rel-16 type-3 HARQ ACK CB UE behavior

Conclusion
There is no consensus to support the simultaneous configuration of the Rel-16 Type 3 HARQ-ACK CB and Rel-17 one-shot re-tx HARQ triggering for a UE in Rel-17. 

Conclusion
There is no consensus to support the simultaneous configuration of the Rel-17 Enhanced Type 3 HARQ-ACK CB and Rel-17 one-shot HARQ re-tx triggering for a UE in Rel-17. 

Agreement
For one-shot triggering of HARQ re-transmission, introduce a new 1-bit DCI field in DCI format 1_1 and in DCI format 1_2 (if DCI format 1_2 is configured with one-shot triggering of HARQ-ACK re-transmission).

Working Assumption 
For one-shot triggering of HARQ re-transmission, in addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· The support for the triggering before the initial PUCCH transmission slot is subject to separate UE capability indication

Agreement
For one-shot HARQ-ACK re-transmission, the value range for HARQ re-tx offset is fixed in the specification




Based on the above, the remaining issues are:
a)  Whether or not to confirm the WA, and
b)  The range of slots for indicating the original slot of the HARQ-ACK codebook that is to be retransmitted.

Regarding the WA, the following is specified (clause 9, TS 38.213). Although, after a UE receives a DCI format scheduling a PUSCH, reception of cancelation for multiplexing HARQ-ACK in a PUSCH is not identical to reception of a PDCCH/DCI format resulting to HARQ-ACK for multiplexing in the PUSCH, the implications are same on the UE operation for preparing the PUSCH. Therefore, the cancelation of multiplexing a HARQ-ACK codebook in a slot in order to retransmit is at a later slot cannot occur after the reception of an UL grant if the UE would multiplex the HARQ-ACK codebook in a corresponding PUSCH in a given slot. 

	A UE does not expect to detect a DCI format scheduling a PDSCH reception or having associated HARQ-ACK information report without scheduling a PDSCH reception, 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. 



Observation 1: For cancelation of a HARQ-ACK report in a first slot, a PDCCH providing a DCI format with cancelation indication (and triggering the HARQ-ACK report in a second slot) cannot be received after a PDCCH providing a DCI format scheduling a PUSCH in the first slot if the UE would multiplex the HARQ-ACK report in the PUSCH.

In Rel-16, an UL CI can cancel PUSCH and SRS transmissions but does not apply to PRACH or PUCCH transmissions. For the PUCCH, a reason is that typically the number of required RBs is small (e.g. a code rate of 1/3 is achieved with transmission over 1 RB and 10 symbols for a payload of 64 bits). Therefore, similar to not having to cancel a PUCCH transmission using UL CI in Rel-16, a PUCCH transmission with HARQ-ACK from a first UE does not need to be cancelled because of potential collision of a higher priority transmission from another UE.

Observation 2: A PUCCH transmission from a first UE does not need to be cancelled due to time-frequency overlapping with a transmission of higher priority from a second UE.

The only use case for cancelling a HARQ-ACK report in a first slot (and triggering the HARQ-ACK report in a second slot) is when a UE would have another higher priority transmission that is overlapping in time with the PUSCH/PUCCH transmission that includes the HARQ-ACK report and the scheduler cannot avoid the collision. The overall probability of such event is marginal. Even if it occurs and the UE drops the PUSCH/PUCCH of lower priority, the HARQ-ACK report can be triggered at a later time since the additional latency will be only 1-2 slots (and  needs to be fulfilled).  

Observation 3: Use cases and benefits from canceling a HARQ-ACK report prior to its target slot are marginal.

Based on the above observations and on the requirement for additional UE complexity for implementing cancelation of a HARQ-ACK report, we propose to revert the WA.

Proposal 1: Revert the WA for supporting “one-shot triggering of HARQ re-transmission before the initial PUCCH transmission slot”.


The range of slots for indicating the original slot of the HARQ-ACK codebook to be retransmitted affects the UE complexity for buffering requirements of HARQ-ACK codebooks. For FDD, the number of HARQ-ACK codebooks that the UE needs to store is equal to the range of slots. For TDD, and considering typical DL-heavy configurations in actual deployments, such as the DDDDU configuration, the flexibility of the network to trigger a HARQ-ACK codebook retransmission is practically same as the one of FDD. There is no reason for the range of slots to be large as a network basically has as many opportunities to trigger a HARQ-ACK codebook retransmission as the number of slots. A value of 8 for the range of slots provides all flexibility a network may conceivably require while keeping the UE buffering requirements manageable. The field(s) used to indicate the slot of the HARQ-ACK codebook to be retransmitted practically has no technical relevance as any field(s) can be used and it is a simple matter of choice. Considering the support by DCI format 1_2 and that only the MCS field (for the first TB) is then guaranteed to have at least 3 bits, the MCS field can be used.

Proposal 2: The MCS field in a DCI format triggering a retransmission of a HARQ-ACK report is used to indicate one of the eight immediately previous slots where a UE provided the HARQ-ACK report. 

PUCCH cell switching
Outstanding issues include the following:
a) Applicable k1 set for Type-1 HARQ-ACK codebook in case of RRC-based PUCCH cell switching
b) Support of PUCCH repetitions

For the Type-1 codebook construction, one issue is that the current pseudo-code excludes UL slots where the UE cannot transmit a PUCCH. That issue was introduced for the Rel-17 support of multi-PDSCH scheduling and of “sub-slot”-based HARQ-ACK report and the simple fix is to add the condition of including when the PUCCH transmission is on the PUCCH SCell. 

Proposal 3: For removing rows from the TDRA table, amend the text in the pseudo-code as follows:
“if HARQ-ACK information for PDSCH time resource derived by row  in slot  cannot be provided in slot , including when the PUCCH transmission in slot  is on a PUCCH-sSCell as described in clause 9.A, ”. 

For DCI-based PUCCH cell switching, it is preferable to keep the same Type-1 HARQ-ACK codebook as for RRC-based cell switching (or even as in Rel-16) and avoid having the UE and the gNB process two Type-1 HARQ-ACK codebooks for respective two k1 sets (PCell and PUCCH-sSCell). The k1 set for the Type-1 HARQ-ACK codebook generation should be the k1 set for the PCell, as when there is no PUCCH cell switching, regardless of DCI-based or RRC-based PUCCH cell switching, especially considering that the Type-1 HARQ-ACK codebook does not depend on detection of DCI formats and as PUCCH cell switching does not intend to change contents or double the Type-1 HARQ-ACK codebooks that a UE/gNB processes (it is noted that this does not relate to the indication of the slot for the PUCCH transmission by a DCI format where the contents of the DCI format are interpreted according to the indicated cell).

Proposal 4: The k1 set of the PCell is used for Type-1 HARQ-ACK codebook generation (single/same Type-1 HARQ-ACK codebook regardless of DCI-based or RRC-based PUCCH cell switching). 


PUCCH repetitions
RRC-based PUCCH cell switching is directly applicable regardless of whether a PUCCH transmission is with or without repetitions. It is for repetitions of a PUCCH transmission that the main purpose of PUCCH cell switching (latency reduction) is more beneficial. For the typical DL-heavy TDD configurations, PUCCH repetitions are problematic not only due to latency but also due to the limitation of HARQ processes. For example, for the DDDDU configuration and 16 HARQ processes, no more than 4 repetitions can be supported if a UE is to be schedulable in every slot. Further, there is a “chicken-and-egg” problem as the HARQ-ACK payload typically needs to be larger in case of PUCCH repetitions (need HARQ-ACK for more DL slots than in case of no repetitions) which in turn requires a larger link budget. There is no specification impact other than not precluding RRC-based PUCCH cell switching if a PUCCH transmission is with repetition.    

In RAN1#107-e, it was discussed whether to limit repetitions of a PUCCH transmission only on the cell of the initial transmission [1]. That is clearly worse than not supporting PUCCH cell switching in case of repetitions as PUCCH cell switching is for TDD systems and inter-band CA and, for coverage reasons, the PUCCH-sSCell will be on a higher frequency band than the PCell. 

Proposal 5: RRC-based cell switching is supported regardless of whether a PUCCH transmission is with or without repetitions. 




Conclusions
This contribution considered remaining issues on HARQ-ACK feedback enhancements and proposes the following. 
Proposal 1: Revert the WA for supporting “one-shot triggering of HARQ re-transmission before the initial PUCCH transmission slot”.

Proposal 2: The MCS field in a DCI format triggering a retransmission of a HARQ-ACK report is used to indicate one of the eight immediately previous slots where a UE provided the HARQ-ACK report. 

Proposal 3: For removing rows from the TDRA table, amend the text in the pseudo-code as follows:
“if HARQ-ACK information for PDSCH time resource derived by row  in slot  cannot be provided in slot , including when the PUCCH transmission in slot  is on a PUCCH-sSCell as described in clause 9.A, ”. 

Proposal 4: The k1 set of the PCell is used for Type-1 HARQ-ACK codebook generation (single/same Type-1 HARQ-ACK codebook regardless of DCI-based or RRC-based PUCCH cell switching). 

Proposal 5: RRC-based cell switching is supported regardless of whether a PUCCH transmission is with or without repetitions. 
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