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1 [bookmark: _Ref521334010]Introduction
In RAN1#107-e meeting, most remaining issues on PUCCH coverage enhancement had come to consensus and the following agreements were achieved according to the discussion [1]. 
	Agreement 
For a PUCCH resource to transmit a PUCCH without an associated scheduling DCI (e.g. P/SP-CSI or SR), if the PUCCH resource is configured with RRC parameter “nrofSlots-r17”, “nrofSlots-r17” is ignored and the RRC parameter “nrofSlots” is used for determining the repetition factor of the specific PUCCH resource.

Agreement
The following use case 5 of PUCCH DMRS bundling is not supported in Rel-17
· Use case 5: PUCCH repetitions across non-consecutive slots.
· Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
· Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions

Agreement  
For PUCCH DMRS bundling, when appliable, reuse the procedure developed for PUSCH DMRS bundling to determine configured TDW(s) and actual TDW(s).
· FFS: events for PUCCH actual TDW(s)

Agreement 
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, based on the following option 1.

· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bunding is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured



In this contribution, we provide our views on the detailed design of inter-bundling frequency hopping for PUCCH enhancement.
2 Discussion
For inter-slot frequency hopping with inter-slot bundling, it has been agreed to determine the hopping interval prior to the configured TDW and support separate RRC configurations for hopping interval and the window length of the configured TDW in RAN1#107-e meeting. The remaining issues are the default value of the hopping interval and the design of frequency hopping pattern.
Considering the default hopping interval is determined to be the same as the configured TDW length if hopping interval is not configured, when neither of hopping interval or configured TDW length is configured, it is natural for the default hopping interval to be equal to the default window length L of the configured TDW where L is the minimum number between the maximum duration and the duration of all PUSCH/PUCCH repetitions. There is no need to introduce additional default behavior.
Proposal 1: The default hopping interval is equal to the default window length of the configured TDW, i.e. the minimum of maximum duration and the duration of all PUSCH/PUCCH transmissions, if neither of hopping interval or configured TDW length is configured.
The existing inter-slot frequency hopping pattern is determined by physical slot indices to facilitate the resource allocation and UE multiplexing. Cell-level UE multiplexing is also an important reason to determine the hopping interval first. From this perspective, hopping pattern based on physical slot indices should be inherited for inter-bundling frequency hopping. In this case, the hopping point is only relative to the hopping interval and the physical slot indices. For instance, in case of inter-bundling frequency hopping, the starting RB in each hop is given by:

Where  is the physical slot index and  denotes the length of the hopping interval which can be seperately configured for PUSCH and PUCCH. In addition,  can reuse the configuration for inter-slot frequency.  
Proposal 2: Frequency hopping patterns for both PUCCH and PUSCH are determined based on physical slot indices separately.
Another essential issue is how to indicate a UE to perform inter-slot frequency hopping with inter-slot bundling. It should be discussed for both PUSCH/PUCCH transmissions. A straightforward method is to add a new RRC candidate option for the new hopping behavior in PUSCH/PUCCH configurations. For example:
· For PUSCH, ‘interBundling’ can be introduced as one of the enumerated alternatives of frequencyHopping IE in PUSCH-Config, e.g. {intraSlot, interSlot, interBundling}. Similar change can be applied to other frequency hopping related IEs in PUSCH-Config, such as frequencyHoppingDCI-0-2-r16 and frequencyHoppingDCI-0-1-r16.
· For PUCCH, a new IE named ‘interBundlingFrequencyHopping’ can be introduced in the PUCCH-FormatConfig with an ‘enabled’ option. In addition, gNB would not perform joint channel estimation on PUCCH format 0 since it is transmitted without DMRS. Hence, it should be noted that the new IE may not apply to PUCCH format 0. 
Proposal 3: Inter-bundling frequency hopping can be explicitly configured for PUSCH and PUCCH via introducing a new candidate alternative in frequency hopping configuration related IEs in PUSCH-Config and a new frequency hopping IE in PUCCH-FormatConfig, respectively.
3 Conclusion
In this contribution, we provided our view on method for PUCCH coverage enhancement with the following proposals:
Proposal 1: The default hopping interval is equal to the default window length of the configured TDW, i.e. the minimum of maximum duration and the duration of all PUSCH/PUCCH transmissions, if neither of hopping interval or configured TDW length is configured.
Proposal 2: Frequency hopping patterns for both PUCCH and PUSCH are determined based on physical slot indices separately.
Proposal 3: Inter-bundling frequency hopping can be explicitly configured for PUSCH and PUCCH via introducing a new candidate alternative in frequency hopping configuration related IEs in PUSCH-Config and a new frequency hopping IE in PUCCH-FormatConfig, respectively.
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