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Introduction
In last RAN1 #101 e-meeting, the following was agreed on UCI piggyback on PUSCH:
Agreement
For CSI report(s) triggered by DCI on PUSCH repetition Type B without UL-SCH, 
· CSI report(s) is carried on the first nominal repetition.
· For A-CSI and the first PUSCH carrying SP-CSI after activation, the first nominal repetition is expected to be the same as the first actual repetition.
· For PUSCH carrying SP-CSI other than the first one after activation,
· If the first nominal repetition is not the same as the first actual repetition, the first nominal repetition is not transmitted; 
· Otherwise, whether/how the first nominal repetition is dropped follows Rel-15 behavior for PUSCH repetition Type A with SP-CSI multiplexing.
· All the other nominal repetitions are discarded, and these repetitions are not considered (i.e., treated as non-existing) when determining UCI multiplexing on PUSCH. 
Agreement
For CSI report(s) triggered by DCI on PUSCH repetition Type B with UL-SCH, CSI report(s) is transmitted on the first actual repetition.
Agreement
For UCI multiplexed on PUSCH repetition Type B without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 is calculated based on the nominal repetition following Rel-15 principles
Agreement
For PUCCH with repetitions overlapping with PUSCH repetition Type B, the UE transmits the PUCCH in the overlapping slots, the UE does not transmit the actual PUSCH repetitions that overlap with the PUCCH.
Agreement 
For UCI multiplexed on PUSCH repetition Type B with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 is calculated by modifying the Rel-15 formula as follows:
· Option 1a: The calculation is based on the nominal repetition, with the additional limit that the total number of coded modulation symbols per layer for UCI is no more than the resources available in the actual repetition.


In addition, there were some discussions on invalid symbols for PUSCH type B repetition related to SSB and CORESEAT 0. The following agreements were made in RAN 101e-meeting:
Agreement
In case of half-duplex TDD CA operation, symbols that are indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks in any of multiple serving cells are considered invalid symbols for PUSCH repetition Type B, and segmentation occurs around these invalid symbols.
Agreement
In case of half-duplex TDD CA operation, a symbol is considered as an invalid symbol for PUSCH repetition Type B with Type 1 CG PUSCH or Type 2 CG PUSCH other than the first activated PUSCH and all its repetitions on other cell, if the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on the reference cell, or the UE is configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on the reference cell in the symbol.
Conclusion
Further optimization regarding the handling of the invalid symbols provided by numberInvallidSymbolsForDL-UL-Switching for the issues discussed in Proposals 5 of R1-2004524 is not considered in Rel-16.


In this paper, we discussed UCI multiplexing issue and invalid symbols after SSB and CORESET 0. 

UCI multiplexing on PUSCH
The number of coded modulation symbols in a PUSCH transmission in a slot depends is linked to the spectral efficiency of either the UL-SCH or, if no UL-SCH, of the CSI. Relevant agreements from RAN1#91 and RAN1#92bis are as below.

	Agreement: (RAN1#91)
· For UCI on PUSCH with UL-SCH, the amount of resources used for HARQ-ACK is calculated based on the following equation.
 
where  is the number of ACK/NACK bits,  is the scheduled bandwidth for PUSCH transmission in the current PUSCH transmission period for the transport block, expressed as a number of subcarriers. , and  are obtained from the PDCCH scheduling the PUSCH transmission.  is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS. REs occupied by PTRS are also excluded. 
· FFS: if an upper bound on the number of symbols for HARQ-ACK resource is needed

Agreement: (RAN1#92bis)
For HARQ-ACK, CSI part 1, and CSI part 2 (if exists) transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 (exists), are determined as follows:





SE is the spectrum efficiency which is code rate * modulation order




The specification in [2] computes the number of coded modulation symbols as follows for PUSCH repetition Type B.

	For HARQ-ACK transmission on an actual repetition of a PUSCH with repetition Type B with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as , is determined as follows:

…

For CSI part 1 transmission on an actual repetition of a PUSCH with repetition Type B with UL-SCH, the number of coded modulation symbols per layer for CSI part 1 transmission, denoted as , is determined as follows: 

…

For CSI part 2 transmission on an actual repetition of a PUSCH with repetition Type B with UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as , is determined as follows:




The above 
a) are not according to agreements as UCI is multiplexed in only one repetition while  is over  repetitions (spectral efficiency of UL-SCH in one repetition is reduced by  for a given BLER target – e.g. if BLER target is 10% and there are 4 self-decodable repetitions, BLER of a single repetition is ~50%) - the numerator needs to be scaled by  to capture the PUSCH spectral efficiency in one repetition
b) would lead to either increased UCI BLER, with varying degrees as  varies, or to a frequent over-dimensioning of resources and an inability to use the larger values of  as currently it is effectively , and 
c) would require different gNB implementation for UCI reception in a PUSCH depending on whether or not the PUSCH is with Type B repetitions.   

Proposal #1: Correct the number of UCI coded modulation symbols for PUSCH with repetition Type B by scaling the numerator by the number of repetitions . 
  
Invalid symbol(s) after SSB and CORESET 0
In RAN 1 # 100bis e-meeting, an RRC parameter was introduced to indicate a number of symbol(s) after semi-static DL symbol(s) as invalid symbol(s) for PUSCH type B repetition. In NR, the symbols for SSB are assumed to be DL and a UE does not transmit on these symbols The only difference to semi-static DL is, the semi-static DL reception on these symbols can be canceled by configured them as semi-static flexible and indicated as dynamic flexible symbols through DCI. If a UE is not required to receive SSB during PUSCH Type B repetition, there is no problem for the UE to transmit PUSCH right after symbols carrying SSB, i.e., not apply the gap configured by RRC signaling. If the UE transmits starting after the last SSB symbol, since gNB can reserve some gap for DL transmission to UL reception by timing advance, there is no problem for the gNB to receive the UL transmission. In addition, the gNB can simply configure these symbols as semi-static DL instead, or use invalid symbol pattern to indicate some symbols as invalid symbols for PUSCH type B repetition. Therefore, some clarification is needed whether a UE that is not required to receive SSB during a PUSCH Type B repetition does not transmit during the DL to UL switching period.
Proposal #2: A UE that is not required to receive an SSB can transmit a PUSCH Type B repetition starting from a first UL or flexible symbol after the SSB.
Similar, for a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, or indicated as uplink by DCI.  However, compared with the symbols transmitting SSB, these symbols may be able to indicate as UL by DCI, if these symbols are configured as flexible. Also, in Rel-15, for PRACH collision with CORESET 0, PRACH will be transmitted on the symbols of CORESET 0 if these symbols are indicated as flexible. On the other hand, for FR 1, CORESET 0 is always in the beginning of each slot and for FR 2, symbol(s) for CORESET 0 are same as SSB ones or right before SSB ones. Therefore, there is no need to create a gap after CORESET 0, same as in Rel-15 for PRACH transmission. A gNB can configure the symbols as semi-static DLs or as invalid symbols for UL, or avoid the symbols for PUSCH type B repetition in general. For example, the Rel-15 specifications below for PRACH already capture the Rel-16 specifications for PUSCH type B repetitions while there is no restriction regarding CORESET 0. 
For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, 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. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.
For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in Sublcause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. 
[bookmark: _GoBack]Proposal #3: There is no need to apply a gap after CORESET 0 for PUSCH type B repetitions. 
Conclusion
This paper discussed on UCI multiplexing on PUSCH and invalid symbols for PUSCH type B repetition. The following proposals were proposed:
Proposal #1: Correct the number of UCI coded modulation symbols for PUSCH with repetition Type B by scaling the numerator by the number of repetitions . 
Proposal #2: A UE that is not required to receive an SSB can transmit a PUSCH Type B repetition starting from a first UL or flexible symbol after the SSB.
Proposal #3: There is no need to apply a gap after CORESET 0 for PUSCH type B repetitions. 
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