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Most of the critical issues for PUCCH enhancements have been resolved. In this contribution, we provide our views on remaining issues of enhancements for PUCCH.
Dynamic PUCCH repetition factor indication
In the last RAN1-107bis e-meeting, there was still no consensus on whether or not to support dynamic PUCCH repetition factor indication for HARQ-ACK for SPS PDSCH. And it was proposed to clarify this issue in Rel-15 first. Our accompany contribution discusses this issue in AI 7.1 in [1].
As already mentioned many times in previous meeting/discussion, we have the same understanding with most companies that the first SPS PDSCH associated with the activation DCI is treated as a dynamic scheduled PDSCH repetition. Therefore, we support dynamic PUCCH repetition factor indication is also applied to HARQ-ACK for the first SPS PDSCH associated with the activation DCI. In this sense, we prefer the formulation provided by FL proposed conclusion 0, as provided by FL during RAN1#106b-e. 
	In NR Rel-17, the dynamic PUCCH repetition factor indication mechanism agreed in RAN1 106e does not apply to HARQ-ACK for SPS PDSCH except for the following two cases
· HARQ-ACK for the first SPS PDSCH associated with the activation DCI. 
· HARQ-ACK corresponding to the SPS release DCI 
Note: HARQ-ACK for the first SPS PDSCH associated with the activation DCI and HARQ-ACK corresponding to the SPS release DCI are categorized as PUCCH with associated scheduling DCI.


Proposal 1: RAN1 concludes that dynamic PUCCH repetition indication is supported for HARQ-ACK for the first SPS PDSCH associated with the activation DCI and HARQ-ACK corresponding to the SPS release DCI, while not supported for HARQ-ACK for the remaining SPS PDSCHs other than the first SPS PDSCH.
Frequency hopping design for PUCCH/PUSCH
Regarding the frequency hopping design for PUCCH/PUSCH, there is still no agreement. But two Options are provided for down-selection in this meeting as following.
	FL proposal 3a: For inter-slot frequency hopping for PUCCH/PUSCH with DMRS bundling, down-select (in RAN1#107bis-e) between the following two options 
· Option 1: Physical slot index is used to determine inter-slot frequency hopping for PUCCH/PUSCH repetitions with DMRS bundling.
· Option 4: Physical slot index is used to determine inter-slot frequency hopping for PUSCH repetitions with DMRS bundling. Relative slot index is used to determine inter-slot frequency hopping for PUCCH repetitions with DMRS bundling. 



If the physical slot index is used to determine inter-slot frequency hopping for PUCCH/PUSCH repetitions with DMRS bundling, the start of a hopping pattern may not be aligned with the start of a configured TDW. The situation is severe if the same length are configured for TDW and hopping interval as the misalignment would be always kept once configured. As shown in Figure-1 below, if the TDW starts at slot#3 based on the scheduling, many actual TDWs will be created, which will degrade the performance gain of DMRS bundling. This can be resolved by restricting the first PUSCH transmission to align with the frequency hopping boundary. However, it would be not easy to achieve this in practice, especially when configured frequency hopping interval is large. But there is no such issue if relative slot index is used instead. The start of a hopping pattern will always be aligned with the start of a configured TDW.
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Figure-1. Illustration of configured TDW and hopping pattern (physical slot index based solution)
Since the physical slot index is counted within a radio frame, there will be some issues if the PUCCH/PUSCH repetitions span across the frame boundary and the hopping interval is not configured appropriately, which will result in no frequency hopping or unequal hopping interval. Two examples are shown in Figure-2 to illustrate such issue. For the first example, the number of repetitions N = 24 and hopping interval H = 12 slots. For physical slot index based solution, the hopping position has to re-start at each radio frame boundary, which ends up with no frequency hopping (i.e., always Hop#0). For the second example, due to similar reason, the hopping interval would have different lengths, which may degrade the performance. 
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Figure-2. Illustration of hopping pattern for physical slot index based solution
In this sense, we do not prefer to use physical slot index to determine inter-slot frequency hopping for PUCCH/PUSCH repetitions with DMRS bundling. But both Option 1 and Option 4 would use physical slot index at least to determine inter-slot frequency hopping for PUSCH repetitions with DMRS bundling. If there is no other options for further consideration, we slightly prefer Option 4, since the problems mentioned above will not exit at least for PUCCH. And it also follows the same principle as in Rel-15/16.
Proposal 2: For inter-slot frequency hopping for PUCCH/PUSCH with DMRS bundling.
· Physical slot index is used to determine inter-slot frequency hopping for PUSCH repetitions with DMRS bundling. 
· Relative slot index is used to determine inter-slot frequency hopping for PUCCH repetitions with DMRS bundling. 
Default value for hopping interval
In the RAN1#107bis-e, several options were provided on how to determine the hopping interval if both the hopping interval and TDW length are not configured. 
· Option 1: half duration of PUCCH/PUSCH repetitions
· Option 2: default window length of the configured TDW
· Option 3: half of default window length of the configured TDW
· Option 4: a single slot (fallback to Rel-15/16 inter-slot frequency hopping)
Based on the two current agreements below: 
(1) if L is not configured, the default value of L = min (maximum duration, duration of all PUSCH/PUCCH repetitions). 
(2) if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
Option 2 seems more straightforward. However, if the default TDW length equals to the duration of all PUSCH repetitions, the gain from frequency hopping is lost, though the gain achieved from DMRS bundling can be maximized. On the other hand, Option 4 can ensure the best diversity gain while would lost the DMRS bundling gain. As shown in our previous simulation results [2] , inter-slot frequency hopping together with inter-slot DMRS bundling (Option 1 or Option 3) can achieve the best performance comparing to DMRS bundling only (Option 2) and inter-slot hopping only (Option 4). With Option 1 or Option 3, at least 2 frequency hops can be guaranteed and thus the gain of frequency hopping can be achieved. If the maximum duration is larger than or equal to the duration of all PUSCH repetition, the default value of configured TDW (L) equals to the duration of PUCCH/PUSCH repetitions. In this case, Option 1 and Option 3 are the same. If the maximum duration is smaller than the duration of PUSCH/PUCCH repetitions, Option 1 and Option 3 will be different. An example is shown in Figure-3 to compare Option 1 and Option 3. In this example,  the duration of PUSCH/PUCCH repetitions is assumed to be 8 and the maximum duration is 6. As can be seen in Figure-3, more segments are created for Option 3, which will decrease the gain achieved from DMRS bundling while similar diversity gain is expected for both options. Therefore, Option 1 is more preferred.
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Figure-3. frequency hopping pattern for Option 1 and Option 3
Proposal 3: If both hopping interval and configured TDW are not configured, the default hopping interval is equal to half of the duration of all PUSCH/PUCCH repetitions. (Option 1)
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: Dynamic PUCCH repetition indication is supported for HARQ-ACK for the first SPS PDSCH with associated with the activation DCI and HARQ-ACK corresponding to the SPS release DCI, while not supported for HARQ-ACK for the remaining SPS PDSCHs other than the first SPS PDSCH.
Proposal 2: For inter-slot frequency hopping for PUCCH/PUSCH with DMRS bundling.
· Physical slot index is used to determine inter-slot frequency hopping for PUSCH repetitions with DMRS bundling. 
· Relative slot index is used to determine inter-slot frequency hopping for PUCCH repetitions with DMRS bundling. 
Proposal 3: If both hopping interval and configured TDW are not configured, the default hopping interval is equal to half of the duration of all PUSCH/PUCCH repetitions.
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