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In this contribution, a summary of companies’ view on PUCCH remaining issues (focus on UCI multiplexing on PUSCH) is provided. 
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HARQ-ACK timeline
MTK identified an issue for HARQ-ACK as illustrated in Figure 1. In the figure, T1 provides enough UE processing time considering PDSCH in slot#n and PUCCH resource 1; T2 also provides enough UE processing time considering PDSCHs in slot#n and in slot#(n+1) and PUCCH resource 2. However, before successful decoding of DCI in slot#(n+1), UE does not know PUCCH resource 1 is to be replaced by PUCCH resource 2. UE would prepare PUCCH resource 1 and transmit it. In the example, it is not possible for UE to cancel PUCCH resource 1 and then to transmit PUCCH resource 2.
[image: ]
[bookmark: _Ref521573361]Figure 1. Example of the critical issue in case there is no any restriction on adaptation of PUCCH resource

Proposal 1 [MTK]: To adopt one of the below two alternatives to resolve issue of PUCCH resource adaptation considering UE processing time
•	Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.
•	Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.
o	Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.
UL collision
PUCCH overlap with short PUSCH (1/2/4 symbols)
Proposal 2 [CATT]: In case PUCCH overlaps with 1-symbol PUSCH or 2-symbol PUSCH with frequency hopping, or HARQ-ACK on PUCCH overlapped with 4-symbols PUSCH with DMRS on the last symbol, drop PUSCH if UCI on PUCCH include HARQ-ACK or SR, otherwise drop UCI.
SP-CSI on PUSCH without UL-SCH colliding with another PUSCH with UL-SCH
Proposal 3a [QC]: For SP-CSI on configured PUSCH without UL-SCH colliding with a PUSCH with UL-SCH with overlapped symbols in time, 
· when the starting symbol of SP-CSI is earlier than PUSCH with UL-SCH, it is an error case and how to handle it is up to UE.
· When the starting symbol of SP-CSI is later than PUSCH with UL-SCH, SP-CSI is dropped and PUSCH with UL-SCH is transmitted.    
Proposal 3b [Nokia]: Adopt the following TP in TS 38.214 Section 5.2.5
*************************** TS 38.214 – Start *********************************************
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE. 
*************************** TS 38.214 – End *********************************************
Proposal 3c, For SP-CSI on configured PUSCH without UL-SCH colliding with a PUSCH with UL-SCH with overlapped symbols in time,
· If the timeline requirement for handling overlapped UCI over PUSCH is satisfied, drop SP-CSI and transmit PUSCH
· Otherwise, it is an error case. It is up to UE implementation to handle the error case. 

Multi-slot PUSCH
Two issues identified by Samsung under this topic. 

The first issue is observed in the case of multiple HARQ-ACKs are multiplexed on different slot in PUSCH repetition. The problem here is that DAI in UL grant cannot indicate HARQ-ACK codebook sizes for more than one UL slot.

The second issue is that A-CSI multiplexing on a multi-slot PUSCH transmission is not yet specified. 



Proposal 4a [Samsung]: In case of A-CSI overlaps with PUSCH repetitions, a UE multiplexes A-CSI in all PUSCH repetitions. 
Other proposals
Proposal 5a [HW]: After finishing the procedure to resolve the overlapping between HARQ-ACK and CSI, if the new determined resource results in more than one long format PUCCHs within a slot, a new short PUCCH format resource is selected in the determined resource set to replace ARI indicated resource to convey both HARQ-ACK and CSI.  The selection rule can be as following:
1. Choose the PF2 resource with largest duration in determined resource 
· If there are multiple PF2 resources with same duration, choose the one with earliest starting symbol
· If both duration and starting symbol are same for multiple PF2 resource, the one with smallest resource ID is selected.
2. Otherwise, drop the long format resource for CSI
Proposal 5b [Intel]: After UCI multiplexing on PUCCH and PUSCH, if more than two non-overlapping PUCCH resources are determined, dropping rule is defined to multiplex two non-overlapping PUCCH resources in a slot and at least one of PUCCH resources is short PUCCH. More specifically, the priority order can be defined as dynamic HARQ-ACK feedback > CSI with higher priority > CSI with lower priority > SPS HARQ-ACK feedback

Proposal 6 [HW]: If single slot PUCCH(s) conveying CSI report(s) collide with a single/multiple slot(s) PUSCH with or without CSI, only one CSI report with the highest priority is multiplexed on the PUSCH within the overlapped slot. The CSI report priority is defined in TS 38.214 Subclause 5.2.5.
UCI multiplexing 
Encoded bits splitting between two hops when PUSCH freq hopping enabled
There are three issues identified by different companies on this topic. 
For the case of CSI part 1 and CSI part 2 (without HARQ-ACK) are on PUSCH without UL-SCH where frequency hopping is enabled for PUSCH, QC observed the current 212 spec did not cover this case. The following TP can be considered to complete the spec. 
Proposal 7: adopt the following TP in 38.212 Section 6.2.7.
-----------------------------------------------------------   Text Proposal Start ---------------------------------------------------
-	if only CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 
-     
-     ;
-     
-   
-----------------------------------------------------------   Text Proposal End  ----------------------------------------------------
Another issue is identified by both QC and HW, when HARQ-ACK, CSI part 1, and CSI part 2 are on PUSCH without UL-SCH where frequency hopping is enabled, the cap for the number of encoded CSI part 1 bits on first frequency should take care of both cases when HARQ-ACK is more than 2 bits and less than or equal to 2 bits. The proposals from QC and HW are slightly different in expression. But they are essentially equivalent mathematically. 
Proposal 8a: adopt the following TP in 38.212 Section 6.2.7.
-----------------------------------------------------------   Text Proposal Start ---------------------------------------------------
-	if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 

-	;

-	;

-	;
-	 if the number of HARQ-ACK information bits is more than 2, and
     otherwise; and

-	;


-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise; and


-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise;
-----------------------------------------------------------   Text Proposal End  ----------------------------------------------------
Proposal 8b [HW]: adopt the following TP in 38.212 Section 6.2.7.
-----------------------------------------------------------   Text Proposal Start ---------------------------------------------------
-	if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 

-	;

-	;

-	;
-	 

-	;


-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise; and


-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise;
-----------------------------------------------------------   Text Proposal End  ----------------------------------------------------
The third issue is observed by HW. For the case where CSI-part1, CSI-part2 and 0, 1 or 2 HARQ-ACK information bits are transmitted on UCI-only PUSCH with hopping, when the following 3 conditions are satisfied:
1) Hop1 and hop2 have equal number of data REs, i.e. [image: ];
2) [image: ] is not an integer multiple of [image: ], which makes [image: ];
3) [image: ], i.e. the non-reserved REs are fully occupied by CSI-part1;
it can be derived that there are at least two bad consequences: (1) CSI-part1 cannot be transmitted completely for the reason that [image: ], i.e. the non-reserved REs in hop2 is not enough for conveying CSI-part1 of hop2; and (2) some reserved REs of hop2 have no data to transmit. 

A few numerical examples are given in the Table (copy from HW contribution) below to illustrate the issue.
Table 1. Error case examples of UCI-only PUSCH with hopping
	Parameters
	Error case values

	
	Case1
	Case2
	Case3

	Layer number: [image: ]
	1
	1
	1

	Modulation order: [image: ]
	4
	6
	4

	[image: ]
	132
	162
	116

	[image: ]
	348
	414
	172

	[image: ]
	132
	162
	116

	hop1
	[image: ]
	60
	48
	36

	
	[image: ]
	64
	78
	56

	
	[image: ]
	172
	204
	84

	
	[image: ]
	68
	84
	60

	hop2
	[image: ]
	60
	48
	36

	
	[image: ]
	68
	84
	60

	
	Number of coded bits transmitted by non-reserved REs:
[image: ]
	172
	204
	84

	
	[image: ]
	176
	210
	88

	
	[image: ]
	64
	78
	56



The solution to fix the third issue is the following. 
Proposal 9 [HW]: Use rounding-up for , use rounding-down for , in TS38.212 Section 6.2.7.
Multiple groups of overlapping channels for non-slot based scheduling
In RAN1 #93, there was a discussion whether multiple groups of overlapping PUCCH/PUSCH channels should be supported per slot. There was no conclusion on this topic. In this section, this issue is addressed.
In case of non-slot/mini-slot based scheduling, allowing multiple groups of overlapping channels (where the groups are disjoint between each other) is necessary. As shown in Figure 2, in an example of 7-symbol mini-slot use case, it is very useful for eNB to schedule 2 groups of overlapping channels in one slot where each mini-slot has one group of overlapping channels. Regarding UE’s capability to support multiple groups of overlapping channels, since in agreed UE feature list, “Up to 7 PUSCHs per slot for different TBs” is “Optional with capability signalling”, “support more than 1 and up to 7 groups of overlapping PUCCH/PUSCH channels per slot” can also be  “Optional with capability signalling”.


[bookmark: _Ref520452864][bookmark: _Ref520452859]Figure 2: multiple groups of UL overlapping channels with mini-slot based scheduling

Proposal 10a: adopt the following TP in 38.213 Section 9.2.5
-----------------------------------------------------------   Text Proposal Start ---------------------------------------------------	
A group of overlapping PUCCHs and/or PUSCH channels is a group of channels which cannot be further partitioned into disjoint multiple sub-groups of overlapping PUCCH and/or PUSCH channels.
If a UE would transmit multiple overlapping PUCCHs without repetitions in a slot or overlapping PUCCH(s) without repetitions and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. 




If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the a group of overlapping PUCCHs and/or PUSCHs in the slot, is not before symbol  after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before symbol  after a last symbol of any corresponding PDCCH where [image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PDSCH reception time for the UE PDSCH processing capability,[image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PUSCH preparation time for the UE PUSCH processing capability, where [image: ], [image: ], [image: ], [image: ], and [image: ] are defined in [6, TS 38.214]. A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions.
-----------------------------------------------------------   Text Proposal End  ----------------------------------------------------

Offline consensus: NR Rel-15 supports multiple groups of overlapping PUCCH/PUSCH channels in a slot. 

The next aspect needs to be address for more than one groups of overlapping PUCCH/PUSCH channels is how to do timeline requirement check for multiple groups. On high level, there are two options to resolve this issue. 
· Option 1: Define one common reference timing for multiple groups of overlapping channels and check timeline only once per slot, as shown in Figure 3. If any overlapping channel or any pair of overlapping channel(s) can not meet the timeline requirements, it is an error case for all groups. Effectively, option 1 lumps multiple groups into a single jumbo group.
· Option 2: Define one reference timing for each group individually. Perform timeline check for each group individually, as shown in Figure 4.
· Option 2a, if one group cannot meet the timeline requirement, it is an error case for all groups.
· Option 2b, if one group cannot meet the timeline requirement, it is an error case only for that group.
More discussion is needed to decide which option to take. 


[bookmark: _Ref520471657]Figure 3: timeline requirement check once per slot (option 1) for multiple groups of overlapping PUCCH/PUSCH channels per slot


[bookmark: _Ref520471674]Figure 4: timeline requirement check once per group (option 2) for multiple groups of overlapping PUCCH/PUSCH channels per slot
Update Pseudo code to align with agreement in RAN1 #93 
LG, Samsung, Spreadtrum Communication, and Nokia propose to update the pseudo code to fully match the agreement made in RAN1 #93. 

Offline Proposal: adopt the following TP in 38.213 Section 9.2.5.
-----------------------------------------------------------   Text Proposal Start ---------------------------------------------------


while  

if any of resources Q(j-o), Q(j-o+1),…,Q(j))  Q(j-o) overlaps with resource [image: ]  and 




else
-----------------------------------------------------------   Text Proposal End ---------------------------------------------------
Minimum code rate restriction for UCI on PUSCH without UL-SCH
In order to remove useless test cases such as high modulation order with extremely low code rate, ZTE and QC propose adding a minimum code rate restriction on CSI part1/2, when UCI is multiplexed on PUSCH without UL-SCH. 
Proposal 12a [QC]: For UCI on PUSCH without UL-SCH, it is an error case if the actual coding rate for CSI part 1 or CSI part 2 is smaller than a threshold T. It is up to UE implementation to handle the error case.
· T=30/(1024*20), if the new 64QAM MCS table is used for the PUSCH transmission.
· T=120/(1024*20), otherwise.


[bookmark: OLE_LINK3][bookmark: OLE_LINK27]Proposal 12b [ZTE]: UE is not expected to transmit A-CSI on PUSCH with or without UL-SCH, if the actual coding rate for CSI-part 1 or CSI-part 2 is smaller than T_m for a modulation order .
· 
For certain modulation order , T_m can be determined by the lowest data code rate from MCS table for that modulation order.

Timing conditions regarding to overlap of PUCCH/PUSCH


MTK identified was newly added in TS38.214 to capture agreements in RAN1 93. But  is not added on N2 accordingly to align 213 and 214 spec. Therefore, the following is proposed to align the two specs. 
Proposal 13 [MTK]: adopt the following TP in 38.213 Section 9.2.5.
****************************************** TEXT START *****************************************
< Unchanged parts are omitted >


If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol  after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before symbol  after a last symbol of any corresponding PDCCH where [image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PDSCH reception time for the UE PDSCH processing capability,[image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PUSCH preparation time for the UE PUSCH processing capability, where [image: ], [image: ], [image: ], [image: ], and [image: ] are defined in [6, TS 38.214]. A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions.


If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK/SR and CSI and PUCCHs with HARQ-ACK satisfies the above  and  timing conditions and does not overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions, the UE multiplexes HARQ-ACK/SR and CSI and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code.
< Unchanged parts are omitted >

For each PUCCH resource in the set  that satisfies the aforementioned  and  timing conditions
******************************************* TEXT END ******************************************
CRC length in 213
As shown in the following figure, there was a “chicken and egg” issue identified between Polar encoding and PUCCH resource determination. In last meeting RAN1 93, the issue was fixed in 212. But the fix was not adopted in 213. To make 212 consistent with 213, the same fixed can be adopted in 213. 
[image: chickenegg]
Proposal 14a [QC, E///]: When the UCI payload size is >=360 bits, 11 bits CRC is used as a reference for determining the number of RBs for transmission using PUCCH format 2 or PUCCH format 3. Adopt the following text proposals in 38.213 to be consistent with the corrections introduced to 38.212.

Offline proposal: For the determination of the number of PRBs in 38.213 section 9.2.5.1 and 9.2.5.2,  if the number of UCI bits is larger than or equal to 360; otherwise  is the number of CRC bits calculated based on the number of UCI bits, as determined in 38.212.
[bookmark: _GoBack]

-------------------------------------------------Begin text proposal----------------------------------------------------
[bookmark: _Ref500749986][bookmark: _Toc517265067]9.2.5.1	UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
>>>>Unchanged text omitted<<<<









If a UE transmits HARQ-ACK information bits,  SR bits, and  associated CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter nrofPRBs in PUCCH-format2  or nrofPRBs in PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to [image: ] and, if [image: ], [image: ], where [image: ], [image: ], , and  are defined in Subclause 9.2.5. 2 and  if ; otherwise  is the number of CRC bits. If , the UE transmits the PUCCH over the  PRBs.
-------------------------------------------------End text proposal----------------------------------------------------

-------------------------------------------------Begin text proposal----------------------------------------------------
[bookmark: _Ref500185963][bookmark: _Toc517265068]9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
>>>>Unchanged text omitted<<<<
If a UE transmits periodic/semi-persistent CSI reports that include Part 2 CSI reports, the UE determines a PUCCH resource and a number of PRBs in the PUCCH resource assuming that each of the periodic/semi-persistent CSI reports indicates rank 1. Let [image: ] be a total number of UCI bits and [image: ] be a total number of CRC bits a UE transmits in a PUCCH, where
-	[image: ] is a total number of HARQ-ACK bits, if any
-	[image: ] if there is no scheduling request bit; otherwise, [image: ] as described in Subclause 9.2.5.1
-	[image: ], [image: ] is a number of Part 1 CSI report bits for CSI report with priority level [image: ], [image: ] is a number of Part 2 CSI report bits, if any, for CSI report with priority level [image: ] [6, TS 38.214], and [image: ] is a number of periodic/semi-persistent CSI reports
-	[image: ], [image: ] 11 if , otherwise, the a number of CRC bits, if any, for encoding HARQ-ACK/SR and Part 1 of a CSI report, and [image: ] is 11 if , otherwise the a number of CRC bits, if any, for encoding Part 2 of the CSI report
>>>>Unchanged text omitted<<<<
and
-	if [image: ], the UE transmits the HARQ-ACK/SR and periodic/semi-persistent CSI reports bits by selecting the minimum number [image: ] of the [image: ] PRBs satisfying [image: ] as described in Subclauses 9.2.3 and 9.2.5.1, where  is 11 if , otherwise it is the CRC length corresponding to ;
-	else, the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK/SR in ascending priority order, where  the value of [image: ] satisfies [image: ] and [image: ], where  [image: ] is 11 if  and the a number of CRC bits corresponding to [image: ] UCI bits otherwise, and [image: ] is 11 if  and the a number of CRC bits corresponding to [image: ] UCI bits otherwise.
>>>>Unchanged text omitted<<<<
-	else, 

-	if for  CSI part 2 report priority level(s), it is
[image: ] and 
[image: ], 






the UE selects the first  CSI part 2 report priority level(s), according to [6, TS 38.214], for transmission together with the HARQ-ACK/SR and  CSI part 1 reports , where  is the number of CSI part 1 report bits for the  CSI report and  is the number of CSI part 2 report bits for the  CSI report priority level, [image: ]is 11 if  and the a number of CRC bits corresponding to [image: ] otherwise, and [image: ] is 11 if  and the a number of CRC bits corresponding to [image: ] otherwise; 

-	else, the UE drops all CSI part 2 reports and selects  CSI part 1 report(s), in ascending priority order, for transmission together with the HARQ-ACK/SR bits where the value of [image: ] satisfies [image: ] and [image: ], where [image: ]is 11 if  and the a number of CRC bits corresponding to [image: ] UCI bits otherwise, and [image: ] is 11 if  and the a number of CRC bits corresponding to [image: ] UCI bits otherwise.
>>>>Unchanged text omitted<<<<
-------------------------------------------------End text proposal----------------------------------------------------
CATT has a slightly different proposal than the above. 
Proposal 14b [CATT]: When the UCI payload is from 360 to 1012 bits, 11 bits CRC is used as a reference for determining the number of RBs for transmission using PUCCH format 2 or PUCCH format 3.
Sharp has another proposal.
Proposal 14c [Sharp]: In determination of the minimum number of PRBs for HARQ-ACK/SR, the number of CRC bits should be a variable value according to each condition in inequalities as following text proposal #1 for TS 38.213, Subclause 9.2.3, Subclause 9.2.5.1, and Subclause 9.2.5.2.
Other proposals
Proposal 15 [Fujitsu]: Clarify that in TS 38.212 subclause 6.2.7, Step 1 refers to the number of HARQ-ACK bits to be multiplexed on PUSCH, and the case corresponding to “0 bits HARQ-ACK” does not apply when semi-static HARQ-ACK codebook is configured.
Another issue observed by Panasonic is that the meaning of ‘CSI request’ = “zero” and ‘UL-SCH indicator’ = “0” is DCI need to be clarified.
Table 1 Relation between ‘UL-SCH indicator’ and ‘CSI request’
	
	‘CSI request’ = “non-zero”
Activate / deactivate SP-SCI
Trigger A-CSI
	‘CSI request’ = “zero”
No CSI request

	‘UL-SCH indicator’ = “1”
UL-SCH shall be transmitted on the PUSCH.
	PUSCH contains both UL-SCH and UCI.
	PUSCH contains UL-SCH and no CSI.

	‘UL-SCH indicator’ = “0”
UL-SCH shall not be transmitted on the PUSCH.
	PUSCH contains only UCI.
	FFS



Proposal 16 [PANASONIC]: The relation between ‘UL-SCH indicator’ and ‘CSI request’ should be specified completely. Following alternatives could be considered.
· Alternative 1: UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” in DCI format 0-1.
· Alternative 2: The indication of ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” is supported to transmit HARQ-ACK (or P/SP-CSI) in PUSCH without UL-SCH.
· If PUSCH with such setting overlap with PUCCH that includes HARQ-ACK and/or P/SP-CSI information, UE multiplexes the HARQ-ACK and/or P/SP-CSI in the PUSCH.
· If there is only PUSCH with such setting, UE does not transmit anything.

Another clarification is suggested by CATT, as in the following proposal.
Proposal 17 [CATT]: For Rel-15, the higher layer parameter scaling provided in UCI-onPUSCH in the PUSCH-Config IE is also applied when multiplexing UCI with UL-SCH data on a configured PUSCH transmission. Note that no change may be needed for 38.212. Consider separate scaling parameters for scheduled and configured PUSCH in Rel-16.

There is a proposal from E/// to fixed a bug in due to filler bits in Polar codes.
Proposal 18 [E///]: Adopt the following TP in TS38.212 section 5.2.2, 6.3.2.4.1.1, 6.3.2.4.1.2, and 6.3.2.4.1.3 respectively. 

[bookmark: _Toc517077569]5.2.2	Low density parity check coding
[unchanged parts omitted]




The bits output from code block segmentation are denoted by , where  is the code block number, and is the number of bits for the code block number and  is the number of bits excluding filler bits for the code block number .

The number of bits  in each code block is calculated as:

;
For LDPC base graph 1,

.
For LDPC base graph 2, 

if 

;

elseif 

;

elseif 

;
else

;
end if





find the minimum value of  in all sets of lifting sizes in Table 5.3.2-1, denoted as , such that , and set  for LDPC base graph 1 and  for LDPC base graph 2;
[unchanged parts omitted]

[bookmark: _Toc517077628]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:


	
[unchanged parts omitted]




-	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 excluding filler bits for UL-SCH of the PUSCH transmission;
[unchanged parts omitted]
[bookmark: _Toc517077629]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:

	


[unchanged parts omitted]




-	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 excluding filler bits for UL-SCH of the PUSCH transmission;
[unchanged parts omitted]
[bookmark: _Toc517077630]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:




[unchanged parts omitted]




-	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 excluding filler bits for UL-SCH of the PUSCH transmission;
[unchanged parts omitted]
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