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Introduction
[bookmark: _Hlk22834419]This contribution discusses remaining aspects related to enhancements for PUCCH. 

DM-RS bundling across PUCCH repetitions
Inter-slot frequency hopping with DM-RS bundling
In RAN1#107-e [1] it was agreed the following:

	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





After RAN1#107bis-e meeting [3], there are still the following pending issues for the frequency hopping design when DM-RS bundling is enabled:
· For PUCCH – whether frequency hopping pattern is determined by physical or relative slot indices
· For PUSCH -  whether frequency hopping pattern is determined by physical or relative slot indices
· Default value of frequency hopping interval, if not configured
· Number of frequency hops

Regarding the FFS on how to determine a FH pattern for PUCCH repetitions with DM-RS bundling enabled, it seems that there is no technical justification for changing the Rel-16 behavior that determines the frequency hopping pattern based on the relative slot index ensuring an efficient use of the PUCCH resources. 

For additional flexibility and potentially better performance, it can be considered a frequency hopping interval that is larger than a single slot. The advantage of using a frequency hopping interval of multiple slots would be to perform DM-RS bundling over the multiple consecutive slots. It is noted that in Rel-17 it is not possible to perform DM-RS bundling over non-consecutive slots (for both PUSCH and PUCCH).

For PUCCH/PUSCH repetitions with DM-RS bundling enabled, if the hopping interval is not provided and the TDW length is not provided, the frequency hopping interval should be simply defined as half the number of repetitions. For example, with a maximum number of repetitions equal to 8 for PUCCH, 2 hops and frequency hopping interval of 4 slots would provide most of the diversity gain available. Also, the frequency hopping cannot be equal to the number of repetitions which would be equivalent to not using frequency hopping.

[bookmark: _GoBack]Regarding the number of hops, it is not clear that there would be meaningful gains in most cases with a number of frequency hops larger than 2. Thus, we support to keep the number of hops equal to 2 for PUCCH/PUSCH repetitions with DM-RS bundling enabled.


Proposal 1: 
For PUCCH repetitions with DM-RS bundling enabled, the frequency hopping pattern is determined based on a relative slot index as in Rel-16 (and as in Rel-17 when DM-RS bundling is not enabled).


Proposal 2: 
For PUSCH repetitions with DM-RS bundling enabled, the frequency hopping pattern is determined based on a physical slot index as in Rel-16 (and as in Rel-17 when DM-RS bundling is not enabled).


Proposal 3: 
For PUCCH and PUSCH repetitions with DM-RS bundling enabled, if configuration of frequency hopping interval is not provided and configuration of TDW length is not provided, the default value of the frequency hopping interval is half the number of repetitions. 


Proposal 4: 
For PUCCH and PUSCH repetitions with DM-RS bundling enabled, the number of frequency hops is two.


RRC parameters
RRC parameters PUCCH-Frequencyhopping-Interval and PUSCH-Frequencyhopping-Interval were introduced in RAN1#107bis-e [2]. It remains to be agreed the value range for both parameters.

Considering the value range that is agreed for the number of repetitions for PUCCH, which is {2,4,8}, it is reasonable a value range of the frequency hopping interval equal to half the number of repetitions. Thus, for PUCCH the value range can be {2,4}. For PUSCH the value range for the number of repetitions is {1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32}, and the value range of the frequency hopping interval can be {1, 2, 3, 4, 6, 7, 8, 10, 12, 14, 16}.


Proposal 5: 
· Value range for PUCCH-Frequencyhopping-Interval is “{2, 4}”
· Value range for PUSCH-Frequencyhopping-Interval is “{1, 2, 3, 4, 6, 7, 8, 10, 12, 14, 16}”


Conclusion
This contribution discusses the remaining details for PUCCH coverage enhancement. The proposals made in this contribution are summarized as below:

Proposal 1: 
For PUCCH repetitions with DM-RS bundling enabled, the frequency hopping pattern is determined based on a relative slot index as in Rel-16 (and as in Rel-17 when DM-RS bundling is not enabled).

Proposal 2: 
For PUSCH repetitions with DM-RS bundling enabled, the frequency hopping pattern is determined based on a physical slot index as in Rel-16 (and as in Rel-17 when DM-RS bundling is not enabled).

Proposal 3: 
For PUCCH and PUSCH repetitions with DM-RS bundling enabled, if configuration of frequency hopping interval is not provided and configuration of TDW length is not provided, the default value of the frequency hopping interval is half the number of repetitions. 

Proposal 4: 
For PUCCH and PUSCH repetitions with DM-RS bundling enabled, the number of frequency hops is two.

Proposal 5: 
· Value range for PUCCH-Frequencyhopping-Interval is “{2, 4}”
· Value range for PUSCH-Frequencyhopping-Interval is “{1, 2, 3, 4, 6, 7, 8, 10, 12, 14, 16}”
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