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1 Introduction
During RAN1#99 meeting, details of inter-PUSCH-repetition frequency hopping (FH) and whether to support intra-PUSCH-repetition FH in PUSCH repetition Type B were left for further study as shown below: 
Agreements:

For PUSCH repetition type B, support the following frequency hopping:

· Inter-PUSCH-repetition FH

· Details FFS

· Inter-slot FH

· FFS Intra-PUSCH-repetition FH
In this document, we discuss remaining details of frequency hopping for PUSCH repetition Type B. 
2 Discussion
In PUSCH repetition Type B, one nominal repetition may result in more than one actual repetitions due to invalid symbols. For both FDD and TDD, gNB may need to configure an invalid symbol pattern taking into account usages of flexible symbols (in TDD) and/or configured high priority uplink channels (e.g. high priority PUCCH). Thus, a given actual repetition of a PUSCH transmission may have a small number of symbols. Accordingly, intra-repetition FH within the actual repetition may cause inefficiency in resource utilization due to reference signal overhead. Intra-repetition FH within a nominal repetition may exploit similar-level of frequency diversity as inter-repetition FH across actual repetitions. Therefore, if the inter-repetition FH across the actual repetitions is supported, it may not be necessary to support intra-repetition FH for PUSCH repetition Type B.  
Observation 1: Intra-repetition within an actual repetition may cause inefficiency in resource utilization due to reference signal overhead.

Observation 2: Inter-repetition FH across actual repetitions may achieve similar-level of frequency diversity as intra-repetition within a nominal repetition. 

Proposal 1: Intra-repetition frequency hopping is not supported for PUSCH repetition Type B.
Proposal 2: Inter-repetition frequency hopping is applied across actual repetitions of a PUSCH transmission.

3 Text Proposal
The text proposal for TS 38.214 reflecting the above proposals 1 and 2 in Section 2 is presented below. 
Proposal 3: RAN1 adopts the following text proposal:
---------------    Start of Text Proposal for 38.214   ------------------------------------------------------------------------------
6.3.2
Frequency hopping for PUSCH repetition Type B

For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHopping-PUSCHRepTypeB provided in configuredGrantConfig for [Type 1] configured PUSCH transmission. [The frequency hopping mode for Type 2 configured PUSCH transmission follows the activating DCI format]. One of two frequency hopping modes can be configured:

-
Inter-repetition frequency hopping

-
Inter-slot frequency hopping
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHopping-PUSCHRepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].
For a PUSCH scheduled by DCI format 0_1 or a PUSCH based on a Type 2 configured UL grant activated by DCI format 0_1 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a Type 2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 in pusch-Config.

-
When the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant.

-
When the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.

For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.
In case of inter-repetition frequency hopping, the starting RB of the actual repetition k is given by:
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where k is an actual repetition idex for the PUSCH transmission, 
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 is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and 
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is the frequency offset in RBs between the two frequency hops.
In case of inter-slot frequency hopping, the starting RB during slot 
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 follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1.

--------------------------   End of Text Proposal for 38.214   ----------------------------------------------------------------------
4 Conclusion
In summary, we have the following observations and proposals regarding frequency hopping in PUSCH repetition Type B:

· Observation 1: Intra-repetition within an actual repetition may cause inefficiency in resource utilization due to reference signal overhead.

· Observation 2: Inter-repetition FH across actual repetitions may achieve similar-level of frequency diversity as intra-repetition within a nominal repetition. 
· Proposal 1: Intra-repetition frequency hopping is not supported for PUSCH repetition Type B. 

· Proposal 2: Inter-repetition frequency hopping is applied across actual repetitions of a PUSCH transmission.
· Proposal 3: RAN1 adopts the above presented Text Proposal for TS 38.214.
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