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According to chairman’s guidance for this agenda item in the RAN1#105-e meeting [1], in this contribution we provide our views on the details of PUCCH carrier switching and retransmission of cancelled HARQ-ACK.
Feedback enhancements for HARQ-ACK
2.1 PUCCH carrier switching for HARQ-ACK feedback
The motivations for applying PUCCH carrier switching are twofold. One motivation is to introduce more available UL opportunities to reduce latency with the combination of different DL/UL configurations over carriers. The other is to dynamically select the best PUCCH carrier to achieve flexible load balancing and frequency selective gain.
Specifically, it is more difficult to meet the latency requirement in unpaired spectrum,  because there would only be fewer UL opportunities available to transmit the HARQ-ACK information than the paired spectrum, especially in DL heavy configurations. One example is illustrated in the upper plot of Figure 1, the TDD configuration is 4:1 for cell 1 with SCS=60 kHz, and a PDSCH is assumed to be received during symbols 9~12 in slot 0. According to the PDSCH processing time for capability 1, the UE is able to feed back the PUCCH after 17 symbols. This means that the gNB could use K1=2 to indicate a PUCCH recource in symbols 3~8 in slot 2 for transmitting the corresponding HARQ-ACK. But this could not be realized because this PUCCH would overlap with DL symbols and has to be omitted. Therefore, the gNB must indicate K1=4 to transmit this HARQ-ACK feedback，which means that about 0.32ms additional latency is introduced just for the HARQ-ACK feedback. This is too much extra delay for being able to satisfy overall latency bounds of 0.5ms or 1ms.
In the CA case, supporting to use the earliest UL transmission opportunity on another CC can help to reduce the HARQ feedback delay. For example, in Figure 1, it is assumed that cell 1 and cell 2 are two aggregated cells, where both cell 1 and cell 2 are TDD carriers. The UE could choose to send feedback in symbol 8 in slot 0 of cell 2, which would obviously decrease the latency compared to using symbol 3~8 in slot 4 of cell 1. 
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Figure 1 - An example for dynamic PUCCH cross-carrier scheduling for TDD carriers
According to the PDSCH processing time for capability 1, the UE is able to feed back the PUCCH after 17 symbols for 60 kHz and after 8 symbols for 15 kHz. The absolute time for 17 symbols with 60 kHz SCS is shorter than 8 symbols with 15 kHz SCS, which means for the cases that there is a valid symbol to transmit PUCCH on cell 1 based on the 17-symbol delay, feedback in a cell with 60kHz would have lower latency. 
In addition to latency reduction, dynamic PUCCH carrier switching can achieve some other benefits like load balancing or using the carrier with best channel quaility for PUCCH transmission.
Proposal 1: Support PUCCH carrier switching in Rel-17.
In the previous meeting, four alternatives were discussed on how to realize the carrier switching:
· Alt. 1- PUCCH carrier switching is based dynamic indication in DCI
· Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
· Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules 
· Alt. 2C - PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
As what we mentioned in the beginning, alternative 1 can introduce more available UL opportunities to reduce the latency and can achieve flexible load balancing and frequency selective gains. From the perspective of flexibility and handling of burst interference, alternative 1 is the best option out of the given alternatives. Alternative 1 can be supported by simple extension of the current PUCCH resource indication mechanism. For example, the DCI can be used to explicitly indicate which carrier to use for the PUCCH, and the HARQ codebook can be constructed based on those DCIs that indicate the same carrier.
For SPS PDSCH, the value indicated in the SPS activating DCI can be used, or if needed a combination of alternative 1 and alternative 2B can be applied for SPS PDSCH. For example, if the indicated slot/sub-slot or the PUCCH resource cannot carry the PUCCH based on the current K1 and/or PUCCH resource indication for SPS PDSCH, another carrier can be selected for the PUCCH transmission based on a pre-configured rule as described below for Alt.2B. In addition, SPS PUCCH carrier switching can be jointly considered with SPS deferral. 
For Alt.1A, it makes sense to use dynamic switching for DG PUCCH and semi-static switching for semi-static PUCCH. In addition, if the two PUCCHs would collide in the same slot/sub-slot, the semi-static UCI can be multiplexed on the DG PUCCH resource according to the principles specified in Rel-15.
For Alt.2B, there might be different ways to define the semi-static rule. For example, the UE can firstly determine the slot for PUCCH transmission according to the indicated k1 value based on the SCS of the PCell, then the UE will determine if any SCell with the same SCS as PCell is available. If yes, then the corresponding cell will be used to transmit PUCCH unless PUCCH is not available on this cell, e.g. if the PUCCH collides with semi-static DL symbols. In this case the UE will choose the one with the closest SCS for PUCCH transmission and the PUCCH will be transmitted on the earliest slot on the cell with smaller SCS. However, in general Alt.2B is not as flexible as Alt.1, therefore it is not preferred to only rely on Alt.2B. 
For Alt.2C, it is less flexible than Alt.1. And if the slot format is changed due to dynamic SFI before the timing pattern is reconfigured by RRC signaling, then the UE may not be able to transmit the HARQ-ACK on the carrier indicated by the pattern either. In one situation, if the timing pattern is configured and a SCell is indicated for a given slot/sub-slot, but the PUCCH on the indicated SCell is unavailable due to dynamic SFI, e.g., overlapping with DL symbols, the PUCCH can’t be transmitted only according to the configured pattern. In another case, if the pattern is configured and a SCell is indicated for a given slot/sub-slot, but meanwhile the PUCCH on PCell becomes available again due to dynamic SFI, there might be unnecessary carrier switching if the carrier is only determined by the pattern. What is the worst in this case is that the PUCCH on the indicated SCell is unavailable due to dynamic SFI which will lead to unnecessary PUCCH dropping. Considering these two situations, we think that Alt. 2C does not work well by itself and should be complemented by some other methods. For example, Alt. 2B can be used additionally to Alt. 2C, or the availability of PCell could be checked to avoid unnecessary carrier switching or unnecessary PUCCH dropping. But by adding these necessary complements, the complexity of Alt. 2C will be further increased. 
As a summary, Alt.1 has the advantage of flexibility and dynamic PUCCH load balancing and offers further gains due to the utilization of frequency selectivity. Alt.2B can be applied to both the dynamic scheduling case and the SPS scheduling case, but gNB has less flexibility. Alt.2C is a bit more flexible compared to Alt.2B but needs further complements and hence the increased complexity should be further studied. 
Proposal 2：Dynamic PUCCH carrier switching with the DCI to indicate the carrier for PUCCH transmission should be supported in Rel-17 for HARQ-ACK feedback.
· A predefined rule can be used for further determining the carrier for PUCCH transmission in case of SPS PDSCH HARQ-ACK feedback.  
2.2 Retransmission of cancelled HARQ
According to the discussion in the RAN1#102-e meeting, two cases were mentioned for the retransmission of cancelled HARQ-ACK. One is for retransmission of cancelled low priority HARQ-ACK due to collision with high priority UCI, and the other is for retransmission of cancelled high priority HARQ-ACK due to CI. From our perspective, the retransmission of cancelled low priority HARQ-ACK due to a collision with high priority UCI is not necessary in this stage, because the benefit is not clear since RAN1 already has the objective to perform HP/LP multiplexing in agenda 8.3.3. Depending on the multiplexing scheme, the use case for a re-transmission of the cancelled/dropped HARQ-ACK may be very small. For the retransmission of cancelled high priority HARQ-ACK, the benefit is very small since it would probably exceed the delay budget. In addition, since it is HP HARQ-ACK the gNB would try to indicate a proper K1 to avoid the cancellation, thus the case of cancelling HP HARQ-ACK is rare. 
Since the motivation or benefit is not clear, we should avoid spending too much effort or time on optimizing it if it really needs to be supported. Therefore, we would prefer to determine the codebook size based on RRC configuration and no dynamic signaling involved.  In addition, the codebook construction can be simply based on HARQ processes.
Proposal 3：If Type 3 CB(s) with smaller size (compared to Rel-16) is to be supported in Rel-17, 
· The codebook size is determined by RRC configuration.
· The codebook construction uses HARQ processes as a bases.
Conclusions
According to the discussions, following proposals and observations are provided:
Proposal 1: Support PUCCH carrier switching in Rel-17.
Proposal 2：Dynamic PUCCH carrier switching with the DCI to indicate the carrier for PUCCH transmission should be supported in Rel-17 for HARQ-ACK feedback.
· A predefined rule can be used for further determining the carrier for PUCCH transmission in case of SPS PDSCH HARQ-ACK feedback.  
Proposal 3：If Type 3 CB(s) with smaller size (compared to Rel-16) is to be supported in Rel-17,
· The codebook size is determined by RRC configuration.
· The codebook construction uses HARQ processes as a bases.
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[1] RAN1 Chairman’s Notes, RAN1#104b-e, e-Meeting, 12th April – 20th April, 2021.
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