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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#100bis_e meeting:
	Agreements:
In case of PUCCH overlapping with PUSCH with repetition Type B, multiplexing timeline conditions in Clause 9.2.5 of TS 38.213 shall be satisfied for all the overlapping actual repetitions. Otherwise it is considered as an error case.

Agreements: 
In case PUCCH overlaps with multiple repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions, UCI is multiplexed on the first overlapping actual repetition that satisfies the multiplexing timeline.

Conclusion:
The number of possible indices for beta offset that dynamic-ForDCIFormat0_2 can indicate is not increased.




There is still no agreement on UCI resource determination. In Rel-16, UCI may collide with an actual repetition which is segmented from a nominal repetition. Three options were mainly discussed during last meeting.
· Option 1: The calculation is based on the nominal repetition, i.e., using the same number of REs as in TBS determination
· Option 1a: with the additional limit of no more than the resources available in the actual repetition
· Option 1b: UE does not expect that the number of REs required by UCI is more than the number of available REs in the actual repetition on which the UCI is multiplexed.
· Option 3: The first part of the equation is based on the nominal repetition, and the second part of the equation is based on the actual repetition.
Compared with option 1a, option 1b requires that the calculated UCI resources based on nominal repetition should not exceed actual available resources which imposes more limitation on scheduling flexibility, especially for UCI multiplexing on CG PUSCH cases. 
The main difference between option 1a and option 3 is whether to allow UCI to occupy all the available resources when the first part of the UCI resource calculation equation exceeds available UCI resources on actual PUSCH repetition. For option 1a, a third component is added to the existing min function for UCI resource calculation as: . In this function, if the ratio of scaled UCI payload size to UL-SCH payload size, i.e.  is larger than ratio of actual repetition length to nominal repetition length, i.e. , the scaling factor  in the second component will not work and all actual repetition resource will be used for UCI transmission. It violates gNB’s intention of the scaling factor  in order to reserve some resource for UL-SCH. Option 3 can ensure the intention of the scaling factor  to reserve resource for UL-SCH. It can be a trade-off between UL-SCH and UCI performance. Therefore, option 3 is preferred to option 1a.
[bookmark: _Ref39840331][bookmark: _Ref39840585]Proposal 1: For UCI resource determination, the first part of the equation is based on the nominal repetition, and the second part of the equation is based on the actual repetition 
TP corresponding to Proposal 1 is provided in TP1 and TP2 in section 4.1 and section 4.2.
2.2 PUSCH transmission with CSI report
PUSCH transmission with CSI only
PUSCH transmission with A-CSI/SP-CSI and UL-SCH data has been discussed and one of three options needs to be selected.
	Proposal 1a: 
For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded. Down-select among the following:
· Option A: there is no scheduling restriction.
· Option B: UE is not expected to be indicated with numberofrepetitions >1.
· Option C: The first nominal repetition is not expected to be segmented into multiple actual repetitions.



The limitation “numberofrepetitions = 1” in option B is not necessary since UE can just ignore the number of the repetitions as in Rel-15. Although the number of repetitions is dynamically indicated in DCI for PUSCH repetition type B, it is possible that gNB cannot indicate the intended combination of S and L with K=1 depending on the configured TDRA entries. Therefore, option B is not preferred.
Comparing option A and option C, option A gives gNB more flexibility in terms of PUSCH resource allocation which allows the first nominal repetition to be segmented into multiple actual repetitions. It may be beneficial for PUSCH resource allocation for SP-CSI, however, this kind of optimization may not be needed considering that gNB has alternative ways to trigger SP-CSI, e.g. trigger SP-CSI on PUCCH, or trigger SP-CSI on PUSCH with repetition type A. After all, PUSCH repetition type B was not designed for SP-CSI on PUSCH.
[bookmark: _Ref37258870][bookmark: _Ref37259001]Proposal 2: For PUSCH repetition type B with CSI report only, CSI is transmitted on the first repetition and the first nominal repetition is not expected to be segmented into multiple actual repetitions.

PUSCH with UL-SCH and A-CSI
For PUSCH with UL-SCH and A-CSI, and the following three options were discussed.
· Option 1: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition.
· Option 2: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the last actual repetition.
· Option 3: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition that fulfills the CSI multiplexing timeline.
Considering that gNB and UE may have different understandings on the first actual repetition fulfilling the CSI multiplexing timeline, ambiguity on which actual repetition CSI is transmitted on may occur. Option 3 is not preferred. Option 1 can result in smaller CSI reporting latency than option 2. However, if the first actual repetition can’t satisfy CSI multiplexing timeline, obsolete CSI will be reported which is not the desired result. To transmit A-CSI on the last actual repetition can provide higher possibility to report fresh CSI reporting without delaying the UL-SCH transmission. Therefore, option 2 is preferred.
In addition, it is proposed to adopt the same scheme for PUSCH with repetition type A.
[bookmark: _Ref39840362][bookmark: _Ref39840595]Proposal 3: For A-CSI on PUSCH with repetition Type A or repetition Type B with UL-SCH, A-CSI is transmitted on the last actual repetition.
TP corresponding to Proposal 2 and Proposal 3 is provided in the following TP.
	---------------------------------------------- Start of text proposal for 38.214 ---------------------------------------
<unchanged part omitted>
6.1.2	Resource allocation 
6.1.2.1	Resource allocation in time domain
<unchanged part omitted>
For PUSCH repetition Type A, in case K>1, the same symbol allocation is applied across the K consecutive slots and the PUSCH is limited to a single transmission layer. When the UE is scheduled to transmit a transport block and CSI report(s) on PUSCH, the CSI report(s) is transmitted on the last PUSCH repetition. The UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot. The redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, … K-1, is determined according to table 6.1.2.1-2.
<unchanged part omitted>
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot. An actual repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2.
For PUSCH repetition type B with no transport block and with a CSI report(s), the CSI report(s) is transmitted on the first PUSCH repetition and the first PUSCH repetition is not expected to be segmented into multiple actual repetitions. For PUSCH repetition type B with transport block and with a CSI report(s), the CSI report(s) is transmitted on the last actual repetition. 
<unchanged part omitted>
---------------------------------------------- End of text proposal for 38.214 ---------------------------------------




2.3 Behavior for half-duplex CA
Half-duplex operation in CA was discussed in RAN1#100-e and conclusions were captured in R1-2001475. UE behavior for half-duplex CA should be considered for PUSCH transmission. According to the CR in R1-2001475, PUSCH transmission behavior for symbol direction conflict between different CCs for half-duplex FDD CA can be summarized as follow:
· For PUSCH on reference cell,
· For DG PUSCH and higher layer configured PUSCH on reference cell in a set of symbols, PUSCH transmission will not be affected by symbol direction indicated on other cells.

· For PUSCH on other cell(s),
· For DG PUSCH or the first activated type 2 CG PUSCH in a set of symbols, PUSCH transmission will not be affected by symbol direction indicated on other cells.
· For higher layer configured PUSCH in a set of symbols, a symbol can’t be used for PUSCH transmission, when 
· the symbol is indicated semi-static downlink on reference cell, or
· UE is configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on reference cell on the symbol.

For PUSCH on reference cell or other cell(s), when a symbol is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, the symbol can’t be used for PUSCH transmission.

To summarize the impact of symbol direction conflict between different CCs for half duplex CA on PUSCH repetition type B, the following is proposed:
[bookmark: _Ref39840463][bookmark: _Ref39840601][bookmark: _Ref37259005]Proposal 4: 
· For type 1 CG PUSCH and type 2 CG PUSCH other than the first activated PUSCH on the other cell in a set of symbols with PUSCH repetition type B, if one of the symbols is indicated as semi-static downlink on reference cell, or if the UE is configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on reference cell in the symbol, the symbol is invalid for PUSCH transmission and a PUSCH repetition is segmented around the symbol. 
· For PUSCH on reference cell or other cell(s), if one of the symbols is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, the symbol is invalid for PUSCH transmission and a PUSCH repetition is segmented around the symbol.
2.4 Interaction with DL/UL Directions for PUSCH repetition Type B
Following agreements on 2.5	Interaction with DL/UL Directions for PUSCH repetition type B were made in Ran1#100bis_e meeting:
	Agreements:
For operation in unpaired spectrum, symbols that are indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered invalid symbols for PUSCH repetition Type B, and segmentation occurs around these invalid symbols.
Agreements:
For operation in unpaired spectrum, symbols indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS are considered as invalid symbols for PUSCH repetition Type B, and segmentation occurs around these symbols.
Agreements:
For operation in unpaired spectrum, introduce a new RRC parameter numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last semi-static DL symbol that are invalid symbols for PUSCH repetition Type B.
· The candidate values include {1, 2, 3, 4}.
· If not configured, it means no symbols are explicitly defined for DL-to-UL switching.



TPs for above agreements have not been discussed during last meeting. Corresponding TP for those agreements and Proposal 4 is provided in the following TP.

	---------------------------------------------- Start of text proposal for 38.214 ---------------------------------------
<unchanged part omitted>
6.1.2	Resource allocation 
6.1.2.1	Resource allocation in time domain
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, a symbol that is indicated for reception of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon is considered as an invalid symbol for PUSCH repetition Type B transmission.
· For operation in unpaired spectrum, a symbol that is indicated for a CORESET for Type0-PDCCH CSS set by pdcch-ConfigSIB1 in MIB, is considered as an invalid symbol for PUSCH repetition Type B transmission.
· For operation in unpaired spectrum, if RRC parameter numberInvallidSymbolsForDL-UL-Switching is configured, it indicates the number of symbols after the last semi-static DL symbol that are invalid symbols for PUSCH repetition Type B.
If a UE
· is configured with multiple serving cells and is provided half-duplex-behavior-r16 = ‘enable’, and
· is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
· indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
· is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells, 
then UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows: 
· a symbol that is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon is considered as an invalid symbol for PUSCH repetition Type B transmission.
· a symbol that is indicated as semi-static downlink on reference cell, or indicated for higher layers configured reception of PDCCH, PDSCH, or CSI-RS on reference cell, is considered as an invalid symbol for Type 1 CG PUSCH repetition Type B transmission and Type 2 CG PUSCH repetition type B (other than the first activated PUSCH) on the other cell.


2.5 TP for PUSCH power headroom report
For Type 1 power headroom report based on an actual PUSCH transmission as described in section 7.7.1 in TS38.213, if a UE is configured with multiple cells for PUSCH transmissions, and the UE provides power headroom report for PUSCH transmission on CC1, the PUSCH transmission on active BWP b1 may cross slot boundary for PUSCH repetition type B. Current spec can’t cover this case that the PUSCH transmission may overlap with multiple slots on CC2 when two CCs have the same SCS configuration. Following TP for TS38.214 is proposed to resolve the issue.
Proposal 5: Adopt the following TP for 38.213 clause 7.7.1.
	[bookmark: _Toc12021458][bookmark: _Toc20311570][bookmark: _Toc26719395][bookmark: _Toc29894826][bookmark: _Toc29899125][bookmark: _Toc29899543][bookmark: _Toc29917280]---------------------------------------------- Start of text proposal for 38.214 ---------------------------------------
<unchanged part omitted>
7.7.1	Type 1 PH report
If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH transmission then, for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], the UE computes the Type 1 power headroom report as 
[image: ] [dB]
where [image: ], [image: ], [image: ], [image: ], [image: ], [image: ] and [image: ] are defined in Clause 7.1.1. 
If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] is smaller than a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP [image: ] that overlaps with multiple slots on active UL BWP [image: ], the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP [image: ] that fully overlaps with the slot on active UL BWP [image: ]. If a UE is configured with multiple cells for PUSCH transmissions, where a same SCS configuration on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP [image: ] , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot on active UL BWP [image: ] that overlaps with the PUSCH transmission slot on active UL BWP [image: ].
<unchanged part omitted>
---------------------------------------------- End of text proposal for 38.214 ---------------------------------------


2.6 Number of repetitions per slot
For the number of repetitions in a slot, there is no need to impose any limitation since it can be adjusted by different combinations of nominal repetition length L and number of repetitions K.  Considering a nominal repetition may be segmented into multiple actual repetitions due to slot boundary or invalid symbols, scheduling flexibility is greatly limited especially in CG PUSCH cases in order to guarantee the limitation of number of repetitions per slot.  
[bookmark: _Ref37259006]Proposal 6: No limitation on the number of repetitions per slot.
3 Conclusion
This contribution discussed remaining issues on PUSCH enhancements and following proposals are proposed.
Proposal 1: For UCI resource determination, the first part of the equation is based on the nominal repetition, and the second part of the equation is based on the actual repetition 
Proposal 2: For PUSCH repetition type B with CSI report only, CSI is transmitted on the first repetition and the first nominal repetition is not expected to be segmented into multiple actual repetitions.
Proposal 3: For A-CSI on PUSCH with repetition Type A or repetition Type B with UL-SCH, A-CSI is transmitted on the last actual repetition.
Proposal 4:
· For type 1 CG PUSCH and type 2 CG PUSCH other than the first activated PUSCH on the other cell in a set of symbols with PUSCH repetition type B, if one of the symbols is indicated as semi-static downlink on reference cell, or if the UE is configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on reference cell in the symbol, the symbol is invalid for PUSCH transmission and a PUSCH repetition is segmented around the symbol. 
· For PUSCH on reference cell or other cell(s), if one of the symbols is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, the symbol is invalid for PUSCH transmission and a PUSCH repetition is segmented around the symbol.
Proposal 5: Adopt the following TP for 38.213 clause 7.7.1.
	---------------------------------------------- Start of text proposal for 38.214 ---------------------------------------
<unchanged part omitted>
7.7.1	Type 1 PH report
If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH transmission then, for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], the UE computes the Type 1 power headroom report as 
[image: ] [dB]
where [image: ], [image: ], [image: ], [image: ], [image: ], [image: ] and [image: ] are defined in Clause 7.1.1. 
If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] is smaller than a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP [image: ] that overlaps with multiple slots on active UL BWP [image: ], the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP [image: ] that fully overlaps with the slot on active UL BWP [image: ]. If a UE is configured with multiple cells for PUSCH transmissions, where a same SCS configuration on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP [image: ] , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot on active UL BWP [image: ] that overlaps with the PUSCH transmission slot on active UL BWP [image: ].
<unchanged part omitted>
---------------------------------------------- End of text proposal for 38.214 ---------------------------------------


Proposal 6: No limitation on the number of repetitions per slot.
4 [bookmark: _Hlk35270834]Annex
4.1 TP1
---------------------------------------------- Start of text proposal for 38.212 ---------------------------------------
6.3.2.4.1.1	HARQ-ACK

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

	
where

-	 is the number of HARQ-ACK bits;



-	if , ; otherwise  is the number of CRC bits for HARQ-ACK determined according to Clause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block, =0; otherwise,  is the -th code block size for UL-SCH of the PUSCH transmission;

-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;




-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;

-	 is configured by higher layer parameter scaling;

-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.

For HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as , is determined as follows for PUSCH repetition type B:
[bookmark: _Hlk35271229]	
where
-	 is the number of HARQ-ACK bits;
-	if ,; otherwise  is the number of CRC bits for HARQ-ACK determined according to Clause 6.3.1.2.1;
-	;
-	  is the number of code blocks for UL-SCH of the PUSCH transmission;
-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the r-th code block, ; otherwise,  is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
[bookmark: _Hlk35271044]-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the nominal PUSCH repetition assuming no segmentation;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the nominal PUSCH repetition assuming no segmentation and  is the total number of OFDM symbols of the nominal PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	for any OFDM symbol that does not carry DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the actual PUSCH repetition;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the actual PUSCH repetition, and  is the total number of OFDM symbols of the actual PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the actual PUSCH repetition, ;
-	for any OFDM symbol that does not carry DMRS of the actual PUSCH repetition, ;
-	 is configured by higher layer parameter scaling;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.
<unchanged part omitted>

[bookmark: _Toc19798749][bookmark: _Toc26467220][bookmark: _Toc29326577][bookmark: _Toc29327727]6.3.2.4.1.2	CSI part 1

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

-	 is the number of bits for CSI part 1;



-	if , ; otherwise  is the number of CRC bits for CSI part 1 determined according to Clause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block, =0; otherwise, is the -th code block size for UL-SCH of the PUSCH transmission;

-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;




-	 if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without CG-UCI, where  is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH as defined in clause 6.3.2.4.1.1 if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is no more than 2 bits, where  is the number of reserved resource elements for potential HARQ-ACK transmission in OFDM symbol , for , in the PUSCH transmission, defined in Clause 6.2.7; or
-	 if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH, where  is the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.5; or
-	 if CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK, where  is the number of coded modulation symbols per layer for CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.4;




-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;

-	 is configured by higher layer parameter scaling.
For CSI part 1 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part 1 transmission, denoted as , is determined as follows for PUSCH repetition type B: 
	
where
-	 is the number of bits for CSI part 1;
-	if , ; otherwise  is the number of CRC bits for CSI part 1 determined according to Clause 6.3.1.2.1;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the r-th code block, ; otherwise, is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the nominal PUSCH repetition assuming no segmentation;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the actual PUSCH repetition;
-	 if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without CG-UCI, where  is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH as defined in clause 6.3.2.4.1.1 if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is no more than 2 bits, where  is the number of reserved resource elements for potential HARQ-ACK transmission in OFDM symbol , for , in the actual PUSCH transmission, and  is the total number of OFDM symbols of the actual PUSCH repetition, defined in Clause 6.2.7; or
-	 if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH, where  is the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.5; or
-	 if CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK, where  is the number of coded modulation symbols per layer for CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.4;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the nominal PUSCH repetition assuming no segmentation and  is the total number of OFDM symbols of the nominal PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	for any OFDM symbol that does not carry DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the actual PUSCH repetition, and  is the total number of OFDM symbols of the actual PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the actual PUSCH repetition, ;
-	for any OFDM symbol that does not carry DMRS of the actual PUSCH repetition, ;
-	 is configured by higher layer parameter scaling.
<unchanged part omitted>
[bookmark: _Toc19798750][bookmark: _Toc26467221][bookmark: _Toc29326578][bookmark: _Toc29327728]6.3.2.4.1.3	CSI part 2

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

-	 is the number of bits for CSI part 2;



-	if , ; otherwise  is the number of CRC bits for CSI part 2 determined according to Clause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block, =0; otherwise, is the -th code block size for UL-SCH of the PUSCH transmission;

-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;

-	 if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without CG-UCI, where  is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH as defined in clause 6.3.2.4.1.1 if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits; or
-	 if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH, where  is the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.5; or
-	 if CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK, where  is the number of coded modulation symbols per layer for CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.4;

-	 is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH;




-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

-	for any OFDM symbol that does not carry DMRS of the PUSCH, .

-	 is configured by higher layer parameter scaling.

For CSI part 2 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as , is determined as follows for PUSCH repetition type B:
	
Where
-	 is the number of bits for CSI part 2;
-	if , ; otherwise  is the number of CRC bits for CSI part 2 determined according to Clause 6.3.1.2.1;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the r-th code block, ; otherwise, is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the nominal PUSCH repetition assuming no segmentation;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the actual PUSCH repetition;
-	 if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without CG-UCI, where  is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH as defined in clause 6.3.2.4.1.1 if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits; or
-	 if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH, where  is the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.5; or
-	 if CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK, where  is the number of coded modulation symbols per layer for CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.4;
-	 is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the nominal PUSCH repetition assuming no segmentation and  is the total number of OFDM symbols of the nominal PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	for any OFDM symbol that does not carry DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the actual PUSCH repetition, and  is the total number of OFDM symbols of the actual PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the actual PUSCH repetition, ;
-	for any OFDM symbol that does not carry DMRS of the actual PUSCH repetition, ;
-	 is configured by higher layer parameter scaling.
<unchanged part omitted>
[bookmark: _Toc29326579][bookmark: _Toc29327729]6.3.2.4.1.4	CG-UCI 
For CG-UCI transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CG-UCI transmission, denoted as , is determined as follows except for PUSCH repetition type B:
	
where
-	 is the number of CG-UCI bits;
-	 is the number of CRC bits for CG-UCI determined according to Clause 6.3.1.2.1;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol l that carries PTRS, in the PUSCH transmission;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol l, for =0,1,2,…, , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PUSCH, ;
-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;
-	 is configured by higher layer parameter scaling;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.
For CG-UCI transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CG-UCI transmission, denoted as , is determined as follows for PUSCH repetition type B:
	
where
-	 is the number of CG-UCI bits;
-	 is the number of CRC bits for CG-UCI determined according to Clause 6.3.1.2.1;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the nominal PUSCH repetition assuming no segmentation;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the nominal PUSCH repetition assuming no segmentation and  is the total number of OFDM symbols of the nominal PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	for any OFDM symbol that does not carry DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the actual PUSCH repetition;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the actual PUSCH repetition, and  is the total number of OFDM symbols of the actual PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the actual PUSCH repetition, ;
-	for any OFDM symbol that does not carry DMRS of the actual PUSCH repetition, ;
-	 is configured by higher layer parameter scaling;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.
<unchanged part omitted>
[bookmark: _Toc29326580][bookmark: _Toc29327730]6.3.2.4.1.5	HARQ-ACK and CG-UCI
For HARQ-ACK and CG-UCI transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmission, denoted as , is determined as follows except for PUSCH repetition type B:
	
where
-	 is the number of HARQ-ACK bits;
-	 is the number of CG-UCI bits;
-	if , ; otherwise  is the number of CRC bits for HARQ-ACK and CG-UCI determined according to Clause 6.3.1.2.1;
-	; ]
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol l that carries PTRS, in the PUSCH transmission;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol l, for =0,1,2,…, , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PUSCH, ;
-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;
-	 is configured by higher layer parameter scaling;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.
For HARQ-ACK and CG-UCI transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmission, denoted as , is determined as follows for PUSCH repetition type B:
	
where
-	 is the number of HARQ-ACK bits;
-	 is the number of CG-UCI bits;
-	if , ; otherwise  is the number of CRC bits for HARQ-ACK and CG-UCI determined according to Clause 6.3.1.2.1;
-	; ]
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the nominal PUSCH repetition assuming no segmentation;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the nominal PUSCH repetition assuming no segmentation and  is the total number of OFDM symbols of the nominal PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	for any OFDM symbol that does not carry DMRS of the nominal PUSCH repetition assuming no segmentation, ;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the actual PUSCH repetition;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the actual PUSCH repetition, and  is the total number of OFDM symbols of the actual PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214], including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the actual PUSCH repetition, ;
-	for any OFDM symbol that does not carry DMRS of the actual PUSCH repetition, ;
-	 is configured by higher layer parameter scaling;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.
---------------------------------------------- End of text proposal for 38.212 --------------------------------------
4.2 TP2
---------------------------------------------- Start of text proposal for 38.214 ---------------------------------------
[bookmark: _Toc11352132][bookmark: _Toc20318022][bookmark: _Toc27299920][bookmark: _Toc29673191][bookmark: _Toc29673332][bookmark: _Toc29674325]5.2.3	CSI reporting using PUSCH
<unchanged part omitted>

[bookmark: _GoBack]When the UE is scheduled to transmit a transport block on PUSCH multiplexed with a CSI report(s) except for PUSCH repetition type B, Part 2 CSI is omitted only when [image: ] is larger than , where parameters [image: ], [image: ], [image: ], [image: ], [image: ], [image: ], [image: ], [image: ], [image: ] and [image: ]are defined in Clause 6.3.2.4 of [5, TS 38.212].

Part 2 CSI is omitted level by level, beginning with the lowest priority level until the lowest priority level is reached which causes the [image: ] to be less than or equal to 

When the UE is scheduled to transmit a transport block on PUSCH multiplexed with a CSI report(s) for PUSCH repetition type B, Part 2 CSI is omitted only when  is larger than  where parameters , , , , ,, , ,  , ,  and  are defined in Clause 6.3.2.4 of [5, TS 38.212].
Part 2 CSI is omitted level by level, beginning with the lowest priority level until the lowest priority level is reached which causes the  to be less than or equal to .
---------------------------------------------- End of text proposal for 38.214 --------------------------------------
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