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Discussion
1. Introduction
The discussion on UE feedback enhancement mechanisms had started from RAN1 #102 e-meeting, and the following features are introduced as the outcome of the work during the past 1.5 years [1]:

· SPS HARQ-ACK deferral for TDD operation

· PUCCH repetition for sub-slot based PUCCH configurations including PUCCH repetition support for PUCCH formats 0 and 2, and dynamic PUCCH repetition indication

· Support for Type 1 HARQ-ACK codebook for sub-slot based PUCCH configuration

· HARQ-ACK re-transmission enhancements including two modes:

· Triggering of one of multiple configured enhanced Type 3 HARQ-ACK codebooks

· One-shot HARQ-ACK re-transmission on PUCCH 

· PUCCH cell switching for TDD operation including two operation modes:

· Dynamic PUCCH cell switching based on dynamic indication in the DCI scheduling PDSCH

· Semi-static PUCCH cell switching based on an RRC configured time-domain pattern 

The remaining issues that need to be solved include [1]:
· Value range and used DCI field(s) for the indication of the HARQ offset for one-shot HARQ-ACK re-transmission

· Type 1 HARQ-ACK codebook generation for PUCCH cell switching

· The support of simultaneous configuration of feature combinations such as:
· Simultaneous configuration of SPS HARQ-ACK deferral and PUCCH repetition operation

· Simultaneous configuration of SPS HARQ-ACK deferral and dynamic PUCCH cell switching

· Simultaneous configuration of semi-static PUCCH cell switching and PUCCH repetition operation

In this contribution, we provide our views on some of the remaining issues for UE HARQ-ACK feedback enhancements.
2. Discussion
Value range and DCI field for indication of the HARQ offset for one-shot HARQ-ACK re-transmission
For one-shot HARQ-ACK re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as n = m - HARQ_retx_offset. The value range for HARQ re-tx offset is fixed in the specification, and the maximum and minimum values are to be determined.
HARQ re-tx offset could have the granularity 1 slot/sub-slot and consecutive integer values. For maximum HARQ re-tx offset value, similar as the maximum SPS HARQ-ACK deferral value, 32 is needed to cover DL UL distance taking into account 2 symbols sub-slot based PUCCH granularity. The minimum value could be negative to support early triggering before the initial PUCCH transmission if the UE has the capability according to the following working assumption. The negative value does not need to be as large as 32 expecting gNB does not predict long, i.e. could be -15 provided that the total states can be indicated by the DCI field. 
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

A new 1-bit DCI field in DCI format 1_1 and in DCI format 1_2 is introduced for triggering indication of one-shot HARQ re-transmission. When the trigger bit is set to 1, the triggering DCI is not able to schedule PDSCH, thus there are much unused bits for HARQ re-tx offset indication. If the UE does not have the early triggering capability, the minimum value of HARQ re-tx offset should not be negative, and the 5 bit MCS field of transport block 1 is used to indicate the HARQ re-tx offset ranges from 1 to 32. If the UE has the early triggering capability, the 5 bit MCS field and the NDI bit of transport block 1 together is suggested to be used to indicate the HARQ re-tx offset ranges from -15 to 32.
Proposal 1: For one-shot HARQ-ACK re-transmission, confirm the working assumption about early triggering before the initial PUCCH transmission, and
· If the UE does not have the early triggering capability, the 5 bit MCS field of transport block 1 in the triggering DCI is used to indicate the HARQ re-tx offset ranges from 1 to 32. 

· If the UE has the early triggering capability, the 5 bit MCS field and the NDI bit of transport block 1 together in the triggering DCI is used to indicate the HARQ re-tx offset ranges from -15 to 32.
Type 1 HARQ-ACK codebook for PUCCH cell switching

Regarding Type 1 HARQ-ACK codebook construction for PUCCH cell switching, there was a FL proposal discussed in the last RAN1 meeting:
Mod Proposed Conclusion: The Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 

· of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching; and

· of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 

· FFS: when both dynamic and semi-static switching are enabled

Since it was concluded no consensus to support simultaneous configuration of semi-static PUCCH cell switching and dynamic PUCCH cell switching in Rel-17, the FFS could be removed.
For dynamic PUCCH cell switching, k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell. And there was consensus in the last meeting Type 1 HARQ-ACK codebook construction is based on the k1 set(s) of the dynamically indicated PUCCH cell.
For semi-static PUCCH cell switching, the time domain pattern configuration as well as k1 interpretation is based on the numerology of PCell / PSCell / PUCCH-SCell. For the mix SCS scenario, the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. When multiple target PUCCH cell slots is overlapping with a single PCell slot, the first target PUCCH slot overlapping with the PCell slot is ultilized for UCI transmission. As a consequence of the restriction for mixed SCS/ PUCCH slot length scenario, a single PUCCH slot/sub-slot on PCell is mapped to single PUCCH slot/sub-slot on the target PUCCH cell. Therefore, the k1 set of the PCell could be used for Type 1 HARQ-ACK codebook. The editor in the last meeting had a concern that the Rel-17 Type 1 CB pseudo-code for IIoT and for Beyond 52GHz discards slots where the UE cannot transmit HARQ-ACK (no Type 1 CB generation if the slot on PCell is DL), which may be resolved with some tweaking in the pseudo-code to account for the cell switching according to the proposal or considering the SCell for the k1 sets. However, how to deal with the case when different k1 sets or PUCCH slot length are configured for different cells is not clear by using the SCell k1 sets for Type 1 CB construction. Thus the FL proposal is preferred.

Proposal 2: The Type 1 HARQ-ACK codebook construction is based on the k1 set(s) of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching, and the k1 set(s) of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching.
3. Conclusion
In this contribution, our proposals regarding UE feedback enhancements for HARQ-ACK remaining issues are listed as follows:

Proposal 1: For one-shot HARQ-ACK re-transmission, confirm the working assumption about early triggering before the initial PUCCH transmission, and

· If the UE does not have the early triggering capability, the 5 bit MCS field of transport block 1 in the triggering DCI is used to indicate the HARQ re-tx offset ranges from 1 to 32. 

· If the UE has the early triggering capability, the 5 bit MCS field and the NDI bit of transport block 1 together in the triggering DCI is used to indicate the HARQ re-tx offset ranges from -15 to 32.
Proposal 2: The Type 1 HARQ-ACK codebook construction is based on the k1 set(s) of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching, and the k1 set(s) of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching.
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