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Introduction
This document provides our view on the remaining issues for the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH / PUSCH repetitions.
Discussion
In RAN1#107e, following agreement was made.
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.
The remaining issue is to solve FFS on the above agreement.
One of FFS is whether frequency hopping pattern is based on physical slot or relative slot. In our view, following options can be considered.
· Option 1: Frequency hopping pattern is determined by physical slot indices for both PUSCH and PUCCH.
· Option 2: Frequency hopping pattern is determined by physical slot indices for PUSCH and is determined by relative slot indices for PUCCH.
· Option 3: Frequency hopping pattern is determined by physical slot indices if hopping interval is configured. Frequency hopping pattern is determined by relative slot indices if hopping interval is not configured.
Option 1 can have unified pattern between PUSCH and PUCCH. Option 2 has similar behaviour as in Rel.15/16. Configured TDW is determined by relative slot indices, i.e., first slot of PUSCH repetition is index 0 for configured TDW. Then, even if hopping interval is not configured and default hopping interval is the same as the configured TDW length, the hopping pattern may not be aligned to configured TDW if hopping pattern is determined by physical slot indices as shown in Fig.1. Option 3 can align the frequency hopping interval and configured TDW as shown in Fig.2 and then, it provides better channel estimation gain.
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(a) PUSCH repetition with physical slot counting
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(b) PUSCH repetition with available slot counting
Fig.1: Frequency hopping pattern based on physical slot indices
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(a) PUSCH repetition with physical slot counting
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(b) PUSCH repetition with available slot counting
Fig.2: Frequency hopping pattern based on relative slot indices
On the details of frequency hopping design, frequency hopping pattern based on physical slot indices is realized as following.
· The starting RB during slot  is given by 
· 
·  is the current slot number within a radio frame
·  is the starting RB within the UL BWP as calculated from the resource block assignment information
·  is the frequency offset in RBs between the two frequency hops
·  is the length of hopping interval
Frequency hopping pattern based on relative slot indices is realized as following.
· The starting RB during slot  is given by
· 
·  is the relative slot number. The slot indicated to the UE for the first PUSCH/PUCCH repetition has number 0 and each subsequent slot until the UE transmits the PUSCH/PUCCH in  slots is counted regardless of whether or not the UE transmits the PUSCH/PUCCH in the slot.
On “FFS: If both hopping interval and TDW length are not configured,” if DMRS-bundling is enabled, default hopping interval should be same as the default TDW length. If DMRS-bundling is not enabled, Rel.15/16 hopping pattern should be applied.
In addition, the length of frequency hopping interval and configured TDW should support the length aligned with dl-UL-TransmisisonPeriodicity, which takes the value of {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10} and {ms3, ms4}. This is because if hopping interval and configured TDW length are the same as the period of TDD {DL+S+UL} slots, hopping pattern can be same regardless of hopping pattern is determined by physical slot or relative slot indices.
Based on above discussion, we think at least Option 3 condition should be satisfied. For Option 1 and 2, if the length aligned with dl-UL-TransmisisonPeriodicity is supported, the condition can be satisfied. Therefore, our proposal is as follows.
Proposal 1: Either of following option is taken.
· Option 1: Frequency hopping pattern is determined by physical slot indices for both PUSCH and PUCCH.
· The length aligned with dl-UL-TransmissionPeriodicity should be supported for the length of hopping interval and configured TDW.
· Option 2: Frequency hopping pattern is determined by physical slot indices for PUSCH and is determined by relative slot indices for PUCCH.
· The length aligned with dl-UL-TransmissionPeriodicity should be supported for the length of hopping interval and configured TDW.
· Option 3: Frequency hopping pattern is determined by physical slot indices if hopping interval is configured. Frequency hopping pattern is determined by relative slot indices if hopping interval is not configured.
Proposal 2: Frequency hopping pattern based on physical slot indices is realized as following.
· The starting RB during slot  is given by 
· 
·  is the current slot number within a radio frame
·  is the starting RB within the UL BWP as calculated from the resource block assignment information
·  is the frequency offset in RBs between the two frequency hops
·  is the length of hopping interval
Proposal 3: Frequency hopping pattern based on relative slot indices is realized as following.
· The starting RB during slot  is given by
· 
·  is the relative slot number. The slot indicated to the UE for the first PUSCH/PUCCH repetition has number 0 and each subsequent slot until the UE transmits the PUSCH/PUCCH in  slots is counted regardless of whether or not the UE transmits the PUSCH/PUCCH in the slot.
Proposal 4: If both hopping interval and TDW length are not configured,
· If DMRS-budling is enabled, default hopping interval should be same as the default TDW length.
· If DMRS-budling is not enabled, Rel.15/16 hopping pattern should be applied.

Conclusion
In this contribution, we provide our view on the interaction between inter-slot frequency hopping and DMRS bundling. We made following proposals.
Proposal 1: Either of following option is taken.
· Option 1: Frequency hopping pattern is determined by physical slot indices for both PUSCH and PUCCH.
· The length aligned with dl-UL-TransmissionPeriodicity should be supported for the length of hopping interval and configured TDW.
· Option 2: Frequency hopping pattern is determined by physical slot indices for PUSCH and is determined by relative slot indices for PUCCH.
· The length aligned with dl-UL-TransmissionPeriodicity should be supported for the length of hopping interval and configured TDW.
· Option 3: Frequency hopping pattern is determined by physical slot indices if hopping interval is configured. Frequency hopping pattern is determined by relative slot indices if hopping interval is not configured.
Proposal 2: Frequency hopping pattern based on physical slot indices is realized as following.
· The starting RB during slot  is given by 
· 
·  is the current slot number within a radio frame
·  is the starting RB within the UL BWP as calculated from the resource block assignment information
·  is the frequency offset in RBs between the two frequency hops
·  is the length of hopping interval
Proposal 3: Frequency hopping pattern based on relative slot indices is realized as following.
· The starting RB during slot  is given by
· 
·  is the relative slot number. The slot indicated to the UE for the first PUSCH/PUCCH repetition has number 0 and each subsequent slot until the UE transmits the PUSCH/PUCCH in  slots is counted regardless of whether or not the UE transmits the PUSCH/PUCCH in the slot.
Proposal 4: If both hopping interval and TDW length are not configured,
· If DMRS-budling is enabled, default hopping interval should be same as the default TDW length.
· If DMRS-budling is not enabled, Rel.15/16 hopping pattern should be applied.
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