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1. Introduction
In NR-U Rel-16, either type 1 or type 2 channel access procedure is required before uplink transmission. When frequency hopping is configured and two frequency hops locate in different RB sets, it is not clear how to perform the LBT. Moreover, multiple contiguous PUSCHs scheduled by a single DCI are specified in order to save uplink scheduling overhead and channel access. How to support frequency hopping among different PUSCHs has not been specified. In the tdoc, we discuss the support of frequency hopping for single and multiple PUSCHs transmission. 

2. Discussion on frequency hopping for PUSCH repetition type A
For PUSCH repetition Type A in licensed band, Intra-slot frequency hopping is applicable to single slot and multi-slot PUSCH transmission while Inter-slot frequency hopping is applicable to multi-slot PUSCH transmission. In case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,
where i=0 and i=1 are the first hop and the second hop, respectively, and RBstart is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 or as calculated from the resource assignment for MsgA PUSCH and RBoffset is the frequency offset in RBs between the two frequency hops. For UE operating in unlicensed band, UE is required to perform LBT immediately before the transmission. If the two hops are in the same RB set, the transmission of one hop can be regarded as occupying the RB set as a whole from the perspective of channel access. No additional LBT is required before transmission of following PUSCH frequency hop in the slot. If the second hop of a PUSCH is not in the same RB set as the first hop when the UL BWP contain multiple RB sets, it is impossible for a UE to transmit second hop after an additiona LBT considering no gap in time domain between the two hops. An illustrative example is provided in Figure 1.
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[bookmark: _Ref86945777]Figure 1		intra slot frequency hopping for PUSCH repetition type A

In case of inter slot frequency hopping with repetition time K>1, the same symbol allocation is applied across the K consecutive slots. The starting RB during slot  is given by:

	, 
where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place. When the two hops locate in the same RB set, single LBT before all repetitions is enough for multi repetition transmission if the gap between two repetitions is shorter than 16us. Additional one shot LBTs before each repetition might be need if the gap are larger than 16us to continue the COT. However, when the two hops are in different RB sets, CAT4 LBT before each repetition on the corresponding RB set is required because the gaps on each RB set is as long as one slot. On the other hand, UE can be configured with resource allocation type 2 (interlace based) to achieve frequency diversity similar as frequency hopping. So it is not efficient to use inter slot frequency hopping for multi PUSCH repetition type A when two hops are in different RB sets. An illustrative example is given in Figure 2.
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[bookmark: _Ref86947356]Figure 2		inter slot frequency hopping for PUSCH repetition type A

Proposal 1: For shared spectrum operation in FR1, intra slot or inter slot frequency hopping for PUSCH repetition type A can be supported only if the two hops are in the same RB set.

3. Discussion on frequency hopping for PUSCH repetition type B

For PUSCH repetition Type B in licensed band, numberOfRepetitions of nominal repetitions are transmitted contiguously in time domain according to the following description in TS38.214. Either inter-repetititon frequency hopping or inter-slot frequency hopping can be configured for PUSCH repetition type B. For operation in unlicensed band, and considering there is no gap in time domain between consecutive repetitions or between slots, additional LBT before the second hop is not possible if the two hops are in different RB sets. So we propose not to support either inter repetition or inter slot frequency hopping if the two hops are in different RB sets. Illustrative examples are given in Figure 3.
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[bookmark: _Ref86948004]Figure 3		inter repetition and inter slot frequency hopping in PUSCH repetition type B
Proposal 2: For shared spectrum operation in FR1, inter repetition or inter slot frequency hopping for PUSCH repetition type B can be supported only if the two hops are in the same RB set. 

4. Discussion on frequency hopping for multi PUSCH scheduled by single DCI
In NR-U Rel-16, UE can be scheduled by a DCI format 0_1 to transmit at most eight contiguous PUSCHs in time domain if pusch-TimeDomainAllocationListForMultiPUSCH in pusch-Config contains row with multi SLIVs. It has been further extended to licensed band operation in both FR1 and FR2-1 during the UE capability discussion. In Rel-17 WI of extending NR operation to 71GHz, gNB is able to schedule multiple non-contiguous PUSCHs by single DCI. How to perform frequency hopping within a PUSCH and across multiple PUSCHs have not been discussed yet. 
Considering individual TBs are carried in each PUSCH, the concept of intra slot frequency hopping from PUSCH repetition type A can be taken as reference because it allow frequency diversity for each scheduled PUSCH. Moreover, there might be multiple PUSCHs in a slot which is different from PUSCH repetition type A. The intra slot frequency hopping should be extended to intra PUSCH frequency hopping. The number of symbols in the first hop of the th PUSCH scheduled by DCI format 0-1 is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot. As for the inter PUSCH or inter slot PUSCH frequency hopping, they may result in unbalanced decoding performance across multiple PUSCHs, which is not preferred. An illustrative example is given in Figure 4
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[bookmark: _Ref86948956]Figure 4		intra PUSCH frequency hopping for multiple PUSCH transmission scheduled by single DCI
Proposal 3: For multiple PUSCHs scheduled by single DCI in FR1 and FR2 without shared spectrum operation, intra PUSCH frequency hopping should be supported.
As only contiguous allocation is supported in Rel-16, it is not possible to leave gap between hops within a PUSCH or between multiple PUSCHs for LBT on different RB sets. UE should not be indicated intra PUSCH frequency hopping for unlicensed band operation in FR1 if two hops are in different RB sets. On the other side, in 60GHz unlicensed band operation when LBT is required, UE will perform LBT on the carrier bandwidth covering both hops. There is no restriction to use intra PUSCH frequency hops. 
Proposal 4: For shared spectrum operation in FR1, Intra PUSCH frequency hopping could be supported if the two hops are in the same RB set. 

5. Discussion on frequency hopping for multi CG-PUSCH in NR-U Rel-16
In NR-U Rel-16, a UE can be configured with cg-nrofSlots consecutive slots within a configured grant period. Within each allocated slot, there are cg-nrofPUSCH-InSlot consecutive PUSCH allocations, where the first PUSCH allocation follows the higher layer parameter timeDomainAllocation for Type 1 PUSCH transmission or the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI for Type 2 PUSCH transmissions, and the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps. On the allocated PUSCH transmission occasions wthin a slot and across slots, a UE can transmit multiple PUSCHs with different TBs. In such case, intra PUSCH frequency hopping can be indicated if two hops are in the same RB sets, similar as the case of multiple PUSCH transmission scheduled by single DCI.  
Proposal 5: When UE is configured with cg-nrofSlots and cg-nrofPUSCH-InSlot and repK =1, intra PUSCH frequency hopping can be supported if the two hops are in the same RB set. 
A UE can also repeat PUSCH in the repK earliest consecutive transmission occasion candidates within the same configuration. Although the repetition scheme is catorgorized into PUSCH repetition type A, the frequency hopping scheme defined for PUSCH repetition type A can not be used directly because there might be multiple repetitions in a slot according to cg-nrofPUSCH-InSlot. The inter repetition frequency hopping and inter slot frequency hopping defined for PUSCH repetition type B can be used in such case if the two hops are in the same RB set. Illustrative examples are given in Figure 5.
Proposal 6: When UE is configured with cg-nrofSlots and cg-nrofPUSCH-InSlot and repK >1, inter repetition frequency hopping or inter slot frequency hopping for the same TB defined for PUSCH repetition type B can be supported if the two hops are in the same RB set.
[image: ]
[bookmark: _Ref86949984]Figure 5		inter repetition and inter slot frequency for configured grant PUSCH transmission when with cg-nrofSlots, cg-nrofPUSCH-InSlot and repK >1 are configured.

6. Conclusion
Based on the discussion above, we have following proposals.
Proposal 1: For shared spectrum operation in FR1, intra slot or inter slot frequency hopping for PUSCH repetition type A can be supported only if the two hops are in the same RB set.
Proposal 2: For shared spectrum operation in FR1, inter repetition or inter slot frequency hopping for PUSCH repetition type B can be supported only if the two hops are in the same RB set. 
Proposal 3: For multiple PUSCHs scheduled by single DCI in FR1 and FR2 without shared spectrum operation, intra PUSCH frequency hopping should be supported.
Proposal 4: For shared spectrum operation in FR1, Intra PUSCH frequency hopping could be supported if the two hops are in the same RB set. 
Proposal 5: When UE is configured with cg-nrofSlots and cg-nrofPUSCH-InSlot and repK =1, intra PUSCH frequency hopping can be supported if the two hops are in the same RB set. 
Proposal 6: When UE is configured with cg-nrofSlots and cg-nrofPUSCH-InSlot and repK >1, inter repetition frequency hopping or inter slot frequency hopping for the same TB defined for PUSCH repetition type B can be supported if the two hops are in the same RB set.
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