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1 [bookmark: _Ref521334010]Introduction
PUSCH transmission enhancement was introduced in Rel-16 as a part of URLLC enhancements. In this contribution, we analyze some FFS issues for PUSCH enhancement and corresponding text proposals are provided.
2 Discussions
2.1 [bookmark: OLE_LINK15][bookmark: OLE_LINK16]UCI multiplexing on PUSCH repetition type B
Following agreements on UCI multiplexing on PUSCH were made in RAN1#101-e meeting:

Agreement :
The following TP for TS 38.213 Clause 9 is endorsed (note that the TP is based on the TS 38.213 CR endorsed in RAN1#100bis-e):
	TP for TS 38.213 Clause 9
9	UE procedure for reporting control information
< Unchanged parts are omitted >
If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots, the UE expects an earliest actual repetition of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition with a duration of more than 1 symbol that would overlap with the PUCCH transmission. The UE does not expect that all the actual repetitions that would overlap with the PUCCH transmission have a duration of a single symbol.
< Unchanged parts are omitted >




For the last sentence of the above TP, we think further clarification is needed for the case that all the overlapping actual repetitions with a single symbol are segmented from nominal repetitions with L>1. 
It was agreed that an actual repetition with a single symbol is omitted except for the case of L =1 in RAN1#100e meeting. Therefore, depending on the assumption when UE omits the actual repetition, there may be two different understandings in case all the overlapping actual repetitions with a single symbol are segmented from nominal repetitions with L>1. 
· Understanding 1: It is an error case.
· Understanding 2: All the actual PUSCH repetitions are omitted and PUCCH is transmitted. 
It is proposed to clarify the intended UE behaviour.
Proposal 1: If all the actual PUSCH repetitions that would overlap with the PUCCH transmission have a duration of a single symbol and all the actual repetitions are segmented from nominal repetitions with L>1, clarify the intended UE behaviour between the two understandings.
· Understanding 1: It is an error case.
· Understanding 2: All the actual PUSCH repetitions are omitted and PUCCH is transmitted. 
2.2 GP handling after SS/PBCH block or Type-0 CSS symbols
A new RRC parameter numberInvallidSymbolsForDL-UL-Switching was agreed to be introduced for GP handling in RAN1#100bis e-meeting. There was discussion on whether to apply numberInvallidSymbolsForDL-UL-Switching to the symbols after SSB and Type-0 CSS in the last meeting but no conclusion was made.
Some companies consider it not mandatory for UE to receive SSB/type-0 PDCCH when transmitting PUSCH repetition type B. Rx-Tx switching time is not needed in this case hence no need to define gap after SSB and type-0 CSS symbols. However, we think GP symbols are used not only for Rx-Tx switching time, but also for DL-UL interference avoidance. Assuming there is no gap from gNB perspective, considering the propagation delay and timing advance, there would be clear UL-DL interference. Moreover, since SSB and type-0 CSS symbols are treated in the same way as semi-static DL symbols, the motivation for introducing GP symbols after the last semi-static DL symbols can also apply to SSB and type-0 CSS symbol cases. Therefore, we propose to reserve configured number of GP symbols for SSB and type-0 CSS symbols like semi-static DL symbol cases. 
Proposal 2: Apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH block are invalid symbols for PUSCH repetition Type B transmission.
Proposal 3: Apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol that is indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set are invalid symbols for PUSCH repetition Type B transmission.

The following TP is the proposed corresponding to Proposal 2 and Proposal 3 for TS38.214.
---------------------------------------------- Start of text proposal for 38.214 ----------------------------------
[bookmark: _Toc11352142][bookmark: _Toc20318032][bookmark: _Toc27299930][bookmark: _Toc29673203][bookmark: _Toc29673344][bookmark: _Toc29674337][bookmark: _Toc36645567]6.1.2	Resource allocation 
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<unchanged part omitted>
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission. 
-	For operation in unpaired spectrum, symbols indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered as invalid symbols for PUSCH repetition Type B transmission.
-	For operation in unpaired spectrum, symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set are considered as invalid symbol(s) for PUSCH repetition Type B transmission.
-	For operation in unpaired spectrum, if numberInvalidSymbolsForDL-UL-Switching is configured, numberInvalidSymbolsForDL-UL-Switching symbol(s) after the last symbol that is indicated as downlink in each consecutive set of all symbols that are indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated are considered as invalid symbol(s) for PUSCH repetition Type B transmission. The symbol(s) given by numberInvalidSymbolsForDL-UL-Switching are defined using the reference SCS configuration referenceSubcarrierSpacing provided in tdd-UL-DL-ConfigurationCommon.
-	For operation in unpaired spectrum, if numberInvalidSymbolsForDL-UL-Switching is configured, numberInvalidSymbolsForDL-UL-Switching symbol(s) after the last symbol that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered as invalid symbol(s) for PUSCH repetition Type B transmission. The symbol(s) given by numberInvalidSymbolsForDL-UL-Switching are defined using the reference SCS configuration referenceSubcarrierSpacing provided in tdd-UL-DL-ConfigurationCommon.
-	For operation in unpaired spectrum, if numberInvalidSymbolsForDL-UL-Switching is configured, numberInvalidSymbolsForDL-UL-Switching symbol(s) after the last symbol that is indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, are considered as invalid symbol(s) for PUSCH repetition Type B transmission. The symbol(s) given by numberInvalidSymbolsForDL-UL-Switching are defined using the reference SCS configuration referenceSubcarrierSpacing provided in tdd-UL-DL-ConfigurationCommon.
<unchanged part omitted>
---------------------------------------------- End of text proposal for 38.214 ----------------------------------

3 Conclusion
This contribution discussed remaining issues on PUSCH enhancements and following proposals are proposed.
Proposal 1: If all the actual PUSCH repetitions that would overlap with the PUCCH transmission have a duration of a single symbol and all the actual repetitions are segmented from nominal repetitions with L>1, clarify the intended UE behaviour between the two understandings.
· Understanding 1: It is an error case.
· Understanding 2: All the actual PUSCH repetitions are omitted and PUCCH is transmitted. 
Proposal 2: Apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH block are invalid symbols for PUSCH repetition Type B transmission.
Proposal 3: Apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol that is indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set are invalid symbols for PUSCH repetition Type B transmission.

The following TP is the proposed corresponding to Proposal 2 and Proposal 3 for TS38.214.
	---------------------------------------------- Start of text proposal for 38.214 ----------------------------------
6.1.2	Resource allocation 
6.1.2.1	Resource allocation in time domain
<unchanged part omitted>
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission. 
-	For operation in unpaired spectrum, symbols indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered as invalid symbols for PUSCH repetition Type B transmission.
-	For operation in unpaired spectrum, symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set are considered as invalid symbol(s) for PUSCH repetition Type B transmission.
-	For operation in unpaired spectrum, if numberInvalidSymbolsForDL-UL-Switching is configured, numberInvalidSymbolsForDL-UL-Switching symbol(s) after the last symbol that is indicated as downlink in each consecutive set of all symbols that are indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated are considered as invalid symbol(s) for PUSCH repetition Type B transmission. The symbol(s) given by numberInvalidSymbolsForDL-UL-Switching are defined using the reference SCS configuration referenceSubcarrierSpacing provided in tdd-UL-DL-ConfigurationCommon.
-	For operation in unpaired spectrum, if numberInvalidSymbolsForDL-UL-Switching is configured, numberInvalidSymbolsForDL-UL-Switching symbol(s) after the last symbol that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered as invalid symbol(s) for PUSCH repetition Type B transmission. The symbol(s) given by numberInvalidSymbolsForDL-UL-Switching are defined using the reference SCS configuration referenceSubcarrierSpacing provided in tdd-UL-DL-ConfigurationCommon.
-	For operation in unpaired spectrum, if numberInvalidSymbolsForDL-UL-Switching is configured, numberInvalidSymbolsForDL-UL-Switching symbol(s) after the last symbol that is indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, are considered as invalid symbol(s) for PUSCH repetition Type B transmission. The symbol(s) given by numberInvalidSymbolsForDL-UL-Switching are defined using the reference SCS configuration referenceSubcarrierSpacing provided in tdd-UL-DL-ConfigurationCommon.
<unchanged part omitted>
---------------------------------------------- End of text proposal for 38.214 ----------------------------------




