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Introduction
In the RAN1#106b-e meeting, the following agreement was made on PUCCH enhancements for coverage enhancement [1].
	Agreement at RAN1#106b-e:
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering. One option of the following options is to be selected.
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”
· Option 4: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”
Note: option 1 and 2 assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval is the same as an actual TDW. 


In this contribution, we provide our views on PUCCH enhancements for coverage enhancement.
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Inter-slot frequency hopping with inter-slot bundling.
In the RAN1#106b-e meeting, it was agreed to select one of three options (Option 1, 2 and 4) for the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions. Three options include a sequential order for a UE to perform “hopping interval determination”, “configured TDW determination”, and “actual TDW determination”. Both Option 1 and 2 assume a hopping interval can be different than an actual TDW, while Option 4 assumes a hopping interval is the same as an actual TDW.
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Figure 1. Hopping interval determination options.
In Figure 1, DDDSU of TDD configuration is illustrated as an example. In the figure 1, the value 0 means mapping to the 1st frequency hop and 1 means mapping to the 2nd frequency hop in that slot. It is assumed that the UE is configured as L=2 and indicated as K=16, where L is the length of configured TDW and K is the number of repetitions for PUSCH transmission. Also, it is assumed that AvailableSlotCounting in Rel-17 is disabled, thus configured TDW is determined based on the consecutive physical slots. 
With Option 1, the hopping interval can be separately determined with configured TDW. It is assumed that hopping interval is configured as 5 consecutive physical slots. Accordingly, the number of slots associated with two hops is well-balanced so that it is expected to achieve high frequency diversity gain. However, this option results in occurrence of frequency hopping boundary in the middle of consecutive slots for UL transmission (highlighted as ‘red’ color) that would make joint channel estimation impossible.
With Option 2, the hopping interval may depend on configured TDW, then a UE can determine hopping interval as same with configured TDW. Thus, the UE determines the hopping interval for every L=2 consecutive slots from the first slot where the PUSCH transmission is indicated. In this option, PUSCH transmissions with different slots can be multiplexed well. However, similarly as in Option 1, this option also results in occurrence of frequency hopping boundary in the middle of consecutive slots for UL transmission (highlighted as ‘red’ color) that would make joint channel estimation impossible. 
With Option 4, a UE can determine the hopping interval as same with actual TDW. Thus, a UE determines consecutive slots for UL transmission within the configured TDW as the same hopping interval, where consecutive slots for UL transmission can be less than L if there are no consecutive L slots among the slots for UL transmission. Since consecutive slots for UL transmission within the configured TDW are bundled to the same frequency hop, there is no frequency hopping boundary in the middle of consecutive slots for UL transmission. Therefore, Option 4 can provide higher availability of joint channel estimation. 
Based on the above discussions, we support that the hopping interval can be determined via Option 4 for inter-slot frequency hopping with inter-slot bundling. It can maximize the availability of joint channel estimation that is directly related with coverage enhancement, while the other options have potential drawbacks on joint channel estimation in TDD scenarios.
· Proposal 1: For inter-slot frequency hopping with inter-slot bundling, a hopping interval can be the same as an actual TDW (Option 4). 
Conclusion
In this contribution, we provided our views on PUCCH enhancements for coverage enhancement and the following was proposed:
· Proposal 1: For inter-slot frequency hopping with inter-slot bundling, a hopping interval can be the same as an actual TDW (Option 4).
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