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Discussion
1. Introduction
The discussion on UE feedback enhancement mechanisms started from RAN1 #102 e-meeting, and the following schemes were identified to be further studied [1]:

· Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 

· SPS HARQ skipping for ‘skipped’ SPS PDSCH

· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.

· Retransmission of cancelled HARQ

· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH

· Type 1 HARQ codebook based on sub-slot PUCCH config 

· PUCCH carrier switching for HARQ feedback

However, due to the limited time left for Rel-17 finalization, the recommendation on no further discussions on SPS HARQ-ACK skipping and size reduction was endorsed in RAN #92-e [2].
Based on the progress of the discussion [3], we provide our views on some of the remaining issues for UE HARQ-ACK feedback enhancements in this contribution.
2. Discussion
2.1 Avoid SPS HARQ-ACK dropping for TDD
In the last RAN1# 106e meeting, much aspects on deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next valid PUCCH were discussed with good progress. One of the remaining issues for HARQ-ACK deferral is whether the total deferred and non-deferred HARQ-ACK bits can be unable to be accommodated in the determined target slot. There was view that the PUCCH resources can be configured by the gNB to be very large and UE does not expect the overload in the target slot to happen owing to the deferred HARQ-ACK. Considering an example where there are many DL slots before a semi-static flexible slot with several UL symbols, or UL slot(s), SPS periodicity is short and K1 is configured to 1 slot, thus multiple SPS HARQ-ACK need to be deferred. The example is illustrated in below Figure 1. Since PUCCH resource is configured by RRC semi-statically, the view requires gNB to configure in each UL slot large enough PUCCH resource to accommodate the multiple deferred SPS HARQ-ACK in one slot. The first UL slot with valid PUCCH resource, e,g. UL slot n+4 would be determined as target UL slot and are crowded with the deferred HARQ-ACK on the PUCCH resource. In the later UL slot, e.g. UL slot n+5, the PUCCH resource would be not used if there is no UCI other than the multiple deferred SPS HARQ-ACK to be transmitted. 
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Figure 1 Multiple SPS HARQ-ACK deferred to the next PUCCH

Observation: Expecting the total deferred and non-deferred HARQ-ACK bits can be accommodated in the determined target slot may lead to unbalanced HARQ-ACK load in UL slots and PUCCH resource waste.
When the PUCCH resource(s) configured by gNB RRC signalling can not accommodate the total deferred and non-deferred HARQ-ACK bits, it means the number of total UCI bits to be transmitted is larger than 2 on PUCCH format 0,1 resource, or the code rate on the PUCCH format 2,3,4 resource is larger than the maximum code rate. In this case, to avoid unnecessarily dropping of deferred HARQ-ACK and pursuit minimum latency, only part of the deferred HARQ-ACK bits that can be accommodated is transmitted. The transmitted deferred HARQ-ACK bits are selected based on the PDSCH ending timing order, i.e. are corresponding to PDSCH with earlier ending. The other deferred/non-deferred HARQ bits corresponding to later PDSCH ending can be dropped or further deferred.
Proposal 1: For SPS HARQ-ACK deferral, the target slot/sub-slot is determined for the HARQ-ACK bits based on the PDSCH ending timing order. When determining the target slot/sub-slot for deferred HARQ-ACK bit(s) corresponding to a PDSCH, if the number of total total deferred (with earlier PDSCH ending) and non-deferred UCI bits is larger than 2 on PUCCH format 0,1 resource, or the code rate on the PUCCH format 2,3,4 resource begins to be larger than the maximum code rate in a slot/sub-slot with valid PUCCH resource, the slot/sub-slot is not determined as target slot/sub-slot. Continue to check next slot/sub-slot with valid PUCCH resource if the maximum deferral time has not been met.
2.2 PUCCH carrier switching for HARQ feedback

For PUCCH carrier switching, four possible scenarios were discussed during RAN1 #106e and RAN#93e [4] with Case 2-1, Case 2-2, and Case 3 involving SUL:

· Case 1: PUCCH carrier switching among different cells not being configured with SUL

· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL.

· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both

· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL

Besides the CA case, enabling PUCCH carrier switching for the Case 2-1, Case 2-2, and Case 3 involving SUL makes the benefits of the feature be applicable to more commercial scenarios with limited specification effort.
Proposal 2: For PUCCH carrier switching, the scenarios supported in Rel-17 include:
· Case 1: PUCCH carrier switching among different cells not being configured with SUL

· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL.

· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both

· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL

Regarding the options to support PUCCH carrier switching, dynamic indication in DCI scheduling a PUCCH and RRC configured PUCCH carrier timing pattern were agreed to be supported. 
For PUCCH carrier switching based on dynamic indication in the DCI, introducing a new dedicated DCI field for the DCI scheduling PDSCH won great support in the last meeting. Another thing to be considered is fixed DCI size needs to be ensured which should be not depended on the DCI indicated PUCCH carrier. In the DCI, the size of some fields depends on the PUCCH configuration by RRC signaling, and the PUCCH configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). Such as PDSCH-to-HARQ_feedback timing indicator whose bit number is determined by the number of entries in the higher layer parameter dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCI-Format1-2 for DCI format 1_2, and PUCCH resource indicator whose bit number is determined by higher layer parameter numberOfBitsForPUCCH-ResourceIndicatorForDCI-Format1-2 for DCI format 1_2. To make the DCI size to be unrelated to the indicated carrier, the alternatives include:
Alt 1: UE does not expected that different number of K1 values or different numberOfBitsForPUCCH-ResourceIndicatorForDCI-Format1-2 values are configured for different PUCCH carriers which could be switched.
Alt 2: If the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 or 1_2, or the bit width of the PUCCH resource indicator in DCI format 1_2 for one PUCCH carrier is not equal to the same field for another PUCCH carrier, a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH carrier are the same.
Between the two alternatives, alternative 2 is slightly preferred since it is more flexible for gNB configuration.

Proposal 3: For dynamic indication of PUCCH carrier in DCI, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 or 1_2, or the bit width of the PUCCH resource indicator in DCI format 1_2 for one PUCCH carrier is not equal to the same field for another PUCCH carrier, a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH carrier are the same.
For semi-static PUCCH carrier switching, as it was discussed, the time-domain pattern configuration can be based on the following properties: 

· A single time-domain pattern is configured per PUCCH cell/carrier group

· The granularity of the time-domain pattern is one slot of the reference cell/carrier
· FFS: how to determine the reference cell/carrier 

· Note: the notation of a reference cell/carrier may not need to be introduced in the RAN1 specification depending on how the reference cell/carrier is to be determined. 

· The time-domain pattern is applied periodically
· the time-domain pattern periodicity is RRC configured, using candidate values of applicable periodicities from dl-UL-TransmissionPeriodicity and dl-UL-TransmissionPeriodicity-v1530 (i.e. {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms3, ms4, ms5, ms10})
· The pattern defines for each slot of the reference cell/carrier at least the applicable PUCCH cell/carrier
It was understood that the gNB will need to guarantee by configuration of the time-domain pattern for PUCCH carrier switching, that the PUCCH carrier switching points are to be aligned with PUCCH slot/sub-slot boundaries of a PUCCH cell/carrier. To guarantee it, using a PUCCH cell/carrier having the smallest SCS among PUCCH cells/carriers as the reference cell/carrier for the time-domain pattern is preferred. 

Otherwise, if using PCell / PScell as reference cell for time-domain pattern, not only gNB needs additional consideration when configuring the time-domain pattern for the alignment, but also more RRC signalling overhead. Because when PCell/PScell is not the cell having smallest SCS, the granularity of the time-domain pattern is finer than that of the preferred way, but the finer granularity is of no use. To make the aligned carrier switching points with slot/sub-slot boundaries of a PUCCH cell/carrier with smaller SCS, the same PUCCH carrier should be configured by gNB within a slot/sub-slot of a PUCCH cell/carrier with smaller SCS.
Proposal 4: For the time-domain pattern configured for semi-static PUCCH carrier switching, the reference cell/carrier is the PUCCH cell/carrier having the smallest SCS among PUCCH cells/carriers.
For the PDSCH to HARQ-ACK offset k1, it is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH carrier switching pattern. As the PUCCH carrier is determined after determining the PUCCH slot using k1, the reference cell for the k1 interpretation can be the PCell / PScell which remains the same as PUCCH carrier switching disabled case.
Proposal 5: For PDSCH to HARQ-ACK offset k1 interpretation for semi-static PUCCH carrier switching, the reference cell/carrier is the PCell / PScell. 
3. Conclusion
In this contribution, our observation and proposals regarding UE feedback enhancements for HARQ-ACK are listed as follows:
Observation: Expecting the total deferred and non-deferred HARQ-ACK bits can be accommodated in the determined target slot may lead to unbalanced HARQ-ACK load in UL slots and PUCCH resource waste.
Proposal 1: For SPS HARQ-ACK deferral, the target slot/sub-slot is determined for the HARQ-ACK bits based on the PDSCH ending timing order. When determining the target slot/sub-slot for deferred HARQ-ACK bit(s) corresponding to a PDSCH, if the number of total total deferred (with earlier PDSCH ending) and non-deferred UCI bits is larger than 2 on PUCCH format 0,1 resource, or the code rate on the PUCCH format 2,3,4 resource begins to be larger than the maximum code rate in a slot/sub-slot with valid PUCCH resource, the slot/sub-slot is not determined as target slot/sub-slot. Continue to check next slot/sub-slot with valid PUCCH resource if the maximum deferral time has not been met.
Proposal 2: For PUCCH carrier switching, the scenarios supported in Rel-17 include:
· Case 1: PUCCH carrier switching among different cells not being configured with SUL

· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL.

· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both

· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL

Proposal 3: For dynamic indication of PUCCH carrier in DCI, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 or 1_2, or the bit width of the PUCCH resource indicator in DCI format 1_2 for one PUCCH carrier is not equal to the same field for another PUCCH carrier, a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH carrier are the same.
Proposal 4: For the time-domain pattern configured for semi-static PUCCH carrier switching, the reference cell/carrier is the PUCCH cell/carrier having the smallest SCS among PUCCH cells/carriers.

Proposal 5: For PDSCH to HARQ-ACK offset k1 interpretation for semi-static PUCCH carrier switching, the reference cell/carrier is the PCell / PScell. 
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