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1 Introduction
[bookmark: _Hlk22834419][bookmark: _GoBack]This contribution discusses remaining issues for PUSCH type A repetitions and applicability of TB processing over multi-slot PUSCH in unlicensed spectrum. 
2 Available slot counting for inter-cell multiple TRPs
In RAN1#107-e [1] it was briefly discussed whether/how to define an available slot counting when a UE is configured for operation with inter-cell multiple TRPs. For inter-cell multiple TRPs where a serving cell PCI and an additional PCI different from the serving cell PCI are configured, the ssb-PositionsInBurst pattern for the additional PCI (other than the serving cell PCI) is indicated in a separate RRC parameter than the ssb-PositionsInBurst pattern for the serving cell PCI. If the UE is configured with available slot counting, the question is whether both ssb-PositionsInBurst patterns for the serving cell PCI and the additional PCI should be considered to determine the availability of the slot for the counting of PUSCH repetitions.

In RAN1#107bis-e [2] it was concluded the following:
	Conclusion
· The CovEnh discussion on the available slot counting for inter-cell mTRPs is deferred until further progress on the collision handling between UL channels/signals and multiple SSBs for inter-cell mTRPs is made in feMIMO session.



In RAN1#108-e [3], in AI 8.1.2.2 it was agreed the following:
	Agreement
For inter-cell mTRP, UE does not transmit PUCCH/PUSCH/PRACH in a slot or SRS in the symbols if in time domain the PUCCH/PUSCH/PRACH/SRS overlaps with an SSB of a serving cell PCI or an SSB associated with the active additional PCI.



The corresponding text captured in TS 38.213 is the following:
	[11.1, TS 38.213]
…
For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE for reception of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or, if the UE is not provided DLorJoint-TCIState or followUnifiedTCIstate, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. 



Based on the above agreement, SSBs associated with the serving cell PCI and with the additional PCI are considered to determine whether the UE can transmit in a slot. Thus, when the UE is configured with available slot counting, ssb-PositionsInBurst patterns associated with both serving cell PCI and additional PCI can be considered to determine the availability of the slot.  In addition, considering both ssb-PositionsInBurst patterns results in better reliability/coverage of the PUSCH transmission as intended by gNB scheduling because the actual number of repetitions would be closer to the scheduled number of repetitions. 

Proposal 1: Counting of PUSCH repetitions type A based on available slots is applicable to inter-cell mTRP
· Both ssb-PositionsInBurst patterns associated with the serving cell PCI and the additional PCI determine the availability of a slot for the counting of repetitions. 

Proposal 2: Adopt the following text proposal to introduce available slot counting for inter-cell multiple TRPs in TS 38.214. 
	[6.1.2.1, TS 38.214]
…
For unpaired spectrum:
-	When AvailableSlotCounting is enabled, and in case K>1, the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by ssb-PositionsInBurst in SSB-MTCAdditionalPCI, if provided, and the TDRA information field value in the DCI format 0_1 or 0_2.
-	A slot is not counted in the number of  slots for PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by ssb-PositionsInBurst in SSB-MTCAdditionalPCI, if provided.
-	Otherwise, the UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2.
-	The UE determines  slots for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by ssb-PositionsInBurst in SSB-MTCAdditionalPCI, if provided, and the TDRA information field value in the DCI format 0_1 or 0_2.
-	A slot is not counted in the number of  slots for a PUSCH transmission of TB processing over multiple slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by ssb-PositionsInBurst in SSB-MTCAdditionalPCI, if provided.



3 TB processing over multiple slots in unlicensed band
In above 52.6 GHz (unlicensed band), the coverage was one of key factor. In addition, due to regulation limitation in unlicensed band, the coverage enhancement would be more necessary comparing to licensed band. However, coverage enhancement left out from discussion in AI 8.2.5. At least, to enhance the coverage, the coverage enhancement techniques introduced in Rel-17 coverage enhancement can be applied in above 52.6 GHz (unlicensed band).  

Proposal 3: RAN1 to support Rel-17 coverage enhancement techniques in unlicensed band.

For the PUSCH transmission in the unlicensed band, UE can receive HARQ-ACK information for a transport block of a corresponding HARQ process number. In addition, UE can determine whether the HARQ-ACK information is valid based on the timeline of PDCCH reception. The timeline for validity of HARQ-ACK was defined to take into account the processing time for decoding a first PUSCH by gNB. However, when TB processing over multiple slots is configured, we are not sure whether gNB will decode a first PUSCH of TB processing over multiple slots properly, because a TB was processed over multiple slot PUSCH with continuous rate-matching. Hence, for the TB processing over multiple slots, the new timeline for validity of HARQ-ACK information should be considered according to multiple slots for TB processing over multiple slots as following text proposal. 

Proposal 4: Adopt the following text proposal to determine the validity of HARQ-ACK information for PUSCH transmission in TS 38.213.
	[10.5, TS 38.213]
…
For a PUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission, or of any repetition of the PUSCH transmission, by a number of symbols provided by cg-minDFI-Delay.
For a PUSCH transmission with a configured grant of TB processing over multiple slots, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission in a last slot from any TB processing over multiple slots, by a number of symbols provided by cg-minDFI-Delay.
For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission by a number of symbols provided by cg-minDFI-Delay or, if the PUSCH transmission is over multiple slots, 
- after a last symbol of the PUSCH transmission in a first slot from the multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is ACK. 
- after a last symbol of the PUSCH transmission in a last slot from the multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is NACK.
For a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission in a last slot from a TB processing over multiple slots by a number of symbols provided by cg-minDFI-Delay or, if the repetition of TB processing over multiple slots is over multiple slots,
- after a last symbol of the PUSCH transmission in a last slot from the first TB processing over multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is ACK. 
- after a last symbol of the PUSCH transmission in a last slot from the last actual TDW by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is NACK.
UE does not expect to be configured with different cg-minDFI-Delay-r16 among multiple ConfiguredGrantConfig in one BWP.


4 Conclusion
This contribution discusses the details and techniques for PUSCH enhancements. The made in this contribution are summarized as below:

Proposal 1: Counting of PUSCH repetitions type A based on available slots is applicable to inter-cell mTRP
· Both ssb-PositionsInBurst patterns associated with the serving cell PCI and the additional PCI determine the availability of a slot for the counting of repetitions. 

Proposal 2: Adopt the following text proposal to introduce available slot counting for inter-cell multiple TRPs in TS 38.214. 
	[6.1.2.1, TS 38.214]
…
For unpaired spectrum:
-	When AvailableSlotCounting is enabled, and in case K>1, the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by ssb-PositionsInBurst in SSB-MTCAdditionalPCI, if provided, and the TDRA information field value in the DCI format 0_1 or 0_2.
-	A slot is not counted in the number of  slots for PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by ssb-PositionsInBurst in SSB-MTCAdditionalPCI, if provided.
-	Otherwise, the UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2.
-	The UE determines  slots for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by ssb-PositionsInBurst in SSB-MTCAdditionalPCI, if provided, and the TDRA information field value in the DCI format 0_1 or 0_2.
-	A slot is not counted in the number of  slots for a PUSCH transmission of TB processing over multiple slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by ssb-PositionsInBurst in SSB-MTCAdditionalPCI, if provided.



Proposal 3: RAN1 to support Rel-17 coverage enhancement techniques in unlicensed band.

Proposal 4: Adopt the following text proposal to determine the validity of HARQ-ACK information for PUSCH transmission in TS 38.213.
	[10.5, TS 38.213]
…
For a PUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission, or of any repetition of the PUSCH transmission, by a number of symbols provided by cg-minDFI-Delay.
For a PUSCH transmission with a configured grant of TB processing over multiple slots, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission in a last slot from any TB processing over multiple slots, by a number of symbols provided by cg-minDFI-Delay.
For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission by a number of symbols provided by cg-minDFI-Delay or, if the PUSCH transmission is over multiple slots, 
- after a last symbol of the PUSCH transmission in a first slot from the multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is ACK. 
- after a last symbol of the PUSCH transmission in a last slot from the multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is NACK.
For a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission in a last slot from a TB processing over multiple slots by a number of symbols provided by cg-minDFI-Delay or, if the repetition of TB processing over multiple slots is over multiple slots,
- after a last symbol of the PUSCH transmission in a last slot from the first TB processing over multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is ACK. 
- after a last symbol of the PUSCH transmission in a last slot from the last actual TDW by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is NACK.
UE does not expect to be configured with different cg-minDFI-Delay-r16 among multiple ConfiguredGrantConfig in one BWP.
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