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1 Introduction
In the RAN1 #96b meeting [1], the following agreements were achieved for PUSCH enhancements. 

Agreements:

For both option 4 and 6, frequency hopping is supported

· FFS details

In this contribution, we focus on discussing the inter-PUSCH hopping and intra-PUSCH hopping, and provide our attitudes based on the analysis.
2 Analysis for the frequency hopping
It should be noted that Option 4 and Option 6 are developed on top of Option 1 and Option 2. Considering that inter-slot hopping has been already agreed for both Option 1 and Option 2 during the study item, it is intuitive that Option 4 and Option 6 should also support inter-slot hopping. Therefore, in the following we provide the analysis for inter-PUSCH hopping and intra-PUSCH hopping.
Inter-PUSCH hopping
Inter-PUSCH hopping can be regarded as the alternative solution to achieve the intra-slot hopping pattern. For both Option 4 and Option 6, the PUSCH repetitions can be with equal length or unequal lengths depending on the positions of the UL periods, slot boundary or the SLIV(s) signaled by the DCI. When the PUSCH repetitions are with equal length, inter-PUSCH hopping can be supported as agreed for Option 1. When the PUSCH repetitions are with unequal lengths, inter-PUSCH hopping can also be supported to achieve diversity gain.
In addition, as the nominal PUSCH could be splitted by the slot/DL boundary for Option 4, it should be further discussed whether the hopping occurs for per actual PUSCH after splitting or occurs for per nominal PUSCH (i.e., the splitted PUSCHs are within one hop) for inter-PUSCH hopping pattern. E.g., Figure 1 shows two nominal PUSCHs signaled by the gNB, wherein the second nominal PUSCH is splitted into two actual PUSCHs by the slot boundary. If the hopping occurs for per actual PUSCH, different hops may have unequal PUSCH length, and there is a risk of losing diversity gain in case a short PUSCH is in a different frequency from the other long PUSCHs as shown in Case 1. On the other hand, the diversity gain can be better guaranteed as each hop have the same length as shown in Case 2.
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Figure 1 Two inter-PUSCH hopping patterns for Option 4
Observation 1: Inter-PUSCH hopping can be regarded as the alternative solution to achieve the intra-slot hopping pattern.
Proposal 1: Inter-slot hopping and inter-PUSCH hopping can be supported for both Option 4 and Option 6 (if supported).
Proposal 2: The hopping could occur in the unit of nominal PUSCH in Option 4 for inter-PUSCH hopping.
Intra-PUSCH hopping
Considering that intra-PUSCH frequency hopping may cause additional DMRS overhead especially for the short PUSCH length so that the benefit of intra-PUSCH hopping may be marginal due to the loss of coding gain. As an alternative, the gNB can signal relatively short PUSCH length and enable inter-PUSCH hopping to achieve a similar effect with the Rel-15 intra-slot hopping.

Moreover, for PUSCH repetition pattern of a long PUSCH plus a very short PUSCH, it needs further optimization whether and how to allow intra-PUSCH hopping for the very short PUSCH if intra-PUSCH frequency hopping is enabled. E.g., if the very short PUSCH includes no more than 3OS, there would be at least one hop including only DMRS symbol without data symbol. Thus there would be further specification efforts on discussing and optimizing the intra-PUSCH hopping pattern for various PUSCH repetition patterns with unequal lengths.
Observation 2: The benefit of intra-PUSCH hopping may be marginal due to the loss of coding gain considering the additional DMRS overhead.
Observation 3: The intra-slot diversity gain can be alternatively achieved by adopting inter-PUSCH hopping with relatively short PUSCH length.
Proposal 3: It is not necessary to support intra-PUSCH hopping.
3 Conclusions

In this contribution, we discussed the inter-PUSCH hopping and intra-PUSCH hopping, and provided our attitudes based on the analysis. Based on the discussions, the observations and proposals are given as follows: 
Observation 1: Inter-PUSCH hopping can be regarded as the alternative solution to achieve the intra-slot hopping pattern.

Observation 2: The benefit of intra-PUSCH hopping may be marginal due to the loss of coding gain considering the additional DMRS overhead.

Observation 3: The intra-slot diversity gain can be alternatively achieved by adopting inter-PUSCH hopping with relatively short PUSCH length.

Proposal 1: Inter-slot hopping and inter-PUSCH hopping can be supported for both Option 4 and Option 6 (if supported).

Proposal 2: The hopping could occur in the unit of nominal PUSCH in Option 4 for inter-PUSCH hopping.

Proposal 3: It is not necessary to support intra-PUSCH hopping.
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