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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#107 [1], several issues for PUCCH coverage enhancement were discussed, and following agreements were made:
	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 applicable, 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 perform 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”.
· FFS: DMRS bundling should be restarted in case of frequency hopping event.
· FFS: whether same or separate RRC configuration(s) for hopping interval and configured TDW.
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”.
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 bundling 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.


According to these agreements, this contribution continues to discuss the remaining issues, i.e., events for PUCCH actual TDWs and frequency hopping pattern enhancement for PUCCH and PUSCH.

2. Discussion on PUCCH coverage enhancement
2.1 Events for PUCCH Actual TDWs
Based on the agreement in AI 8.8.1.3 in RAN#107-e [1], the events for PUSCH actual TDWs are concluded as follows:
· Dropping/cancellation based on Rel-15/16 collision rules;
· DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum;
· Other uplink transmission in the middle of two PUSCH/PUCCH transmissions;
· Gap between two PUSCH/PUCCH transmissions exceeds 13 symbols;
· TA adjustment;
· Frequency hopping;
· UL beam switching for multi-TRP operation.
In our understanding, there is no difference between PUSCH and PUCCH for the events for actual TDWs. Therefore, the events for PUCCH actual TDWs should follow the events for PUSCH actual TDWs.
Proposal 1: The agreed events for PUSCH actual TDWs should be also applicable to PUCCH actual TDW.

2.2 Frequency Pattern Enhancement
Based on the agreement in RAN#107-e [1], there are several FFS needed to be further discussed. 
· FFS: different FH pattern determination for PUCCH and PUSCH.
For the PUSCH repetition, the frequency pattern is determined by physical slot indices, but for the PUCCH repetition, frequency hopping pattern is determined by relative physical slot index, where the reference slot is the slot of the first PUCCH repetition. However, the PUSCH and PUCCH could not be transmitted at the same time, so it is not a critical issue.
Observation 1: It seems not a critical issue to have different FH pattern for PUCCH and PUSCH.

· FFS: details of FH pattern design.
Based on the discussion in RAN#107-e [2], the main motivation for this FFS is to enhance the number of hopping offsets. But in our understanding, it is not related to joint channel estimation. 
Observation 2: Enhancement of the number of hopping offsets is not related to joint channel estimation.
As discussed above, it is not necessary to enhance the frequency hopping pattern.
Proposal 2: Further enhancement of frequency hopping pattern is not necessary.

3. Conclusions
In this contribution, we provide overview on possible RAN1 specification impact on PUCCH coverage enhancement with following proposals:
Observation 1: It seems not a critical issue to have different FH pattern for PUCCH and PUSCH.
Observation 2: Enhancement of the number of hopping offsets is not related to joint channel estimation.

Proposal 1: The agreed events for PUSCH actual TDWs should be also applicable to PUCCH actual TDW.
Proposal 2: Further enhancement of frequency hopping pattern is not necessary.
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