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1. Introduction
The resource block (RB) selection for a PUCCH resource has been specified in [1, TS 38.213] based on the agreements reached at the RAN1#93 meeting. As agreements in earlier RAN1 meetings, there are several kinds of CRC length (i.e., 0, 6 and 11 bits) for PUCCH transmission. Moreover, the encoding process for PUCCH with the Polar code generates additional CRC length (i.e., 22 bits) since the Polar code performs code block segmentation depending on the UCI payload size and the total number of coded bits for the UCI payload in order to guarantee its performance. In this contribution, we discuss the number of CRC bits with regard to the RB selection of a PUCCH resource.
2. [bookmark: OLE_LINK1]Discussion on PUCCH structure
In the encoding process of the Polar code, UCI payload is divided into two parts, say code block segmentation, if following two conditions are fulfilled; 1) UCI payload size without CRC is equal or greater than 1013 bits or 2) UCI payload size without CRC is equal or greater than 360 bits and the total number of coded bits for the UCI payload is equal or greater than 1088 bits. This, code block segmentation, causes the ambiguity of the number of CRC bits as already mentioned in our companion contribution [2]. In the subsequent section, we describe the ambiguity problem of the number of CRC bits. 
2.1. CRC and rate matching output sequence for HARQ-ACK/SR
In dropping CSI, the number of CRC bits may vary since it depends on the UCI payload size. Consequently, the agreement reached at RAN1#92b [3] as follows:
	Agreements:
· To adopt the following TP to 9.2.5.2 of 38.213
· 






else, the UE selects  CSI report(s) for transmission together with HARQ-ACK/SR in ascending order of , where  is determined according to [6, TS 38.214]; the value of  satisfies  and  , where  is the number of CSI report bits for the  CSI report in ascending order of ,  is the number of CRC bits corresponding to  and  is the number of CRC bits corresponding to .


As mentioned in our companion contribution [4], the ambiguity of the number of CRC bits occurs based on both UCI payload size and rate matching output sequence length due to the code block segmentation. In the case of dropping CSI as shown in above agreements, the number of PRBs () is a configured value in the higher layer and can be considered as fixed in the physical layer, but the UCI payload size varies because of dropping. From this reason, it was essentially needed to clarify such an ambiguity, and consequently, above agreement has been reached. The purpose of this agreement is to distinguish the CRC size due to code block segmentation or the UCI payload dropping.
In a similar manner, it is also required to apply this agreement to determine the minimum PRBs of HARQ-ACK, HARQ-ACK/SR and multi-CSI PUCCH configuration because the variation of the number of PRBs affects to the rate matching output sequence length (EUCI) which has also influence on the code block segmentation. The method to determine the minimum number of PRBs has been specified for HARQ-ACK, HARQ-ACK or CSI and SR, and HARQ-ACK/SR and CSI as follows and shown in the section 9.2.3, the section 9.2.5.1 and the section 9.2.5.2, respectively [1]: 
	[bookmark: _Toc517265064][bookmark: _Ref500241945]9.2.3	UE procedure for reporting HARQ-ACK
<omitted>








If a UE transmits HARQ-ACK information bits and  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 of PUCCH-format2 or nrofPRBs of PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to [image: ] and, if [image: ], [image: ], where [image: ], [image: ], [image: ], and  are defined in Subclause 9.2.5.2. If , the UE transmits the PUCCH over  PRBs.



	9.2.5.1 UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
<omitted>
If a UE transmits [image: ]HARQ-ACK information bits, [image: ] SR bits, and [image: ] CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes [image: ] PRBs, the UE determines a number of PRBs [image: ] 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: ], [image: ], and [image: ] are defined in Subclause 9.2.5.2.




	[bookmark: _Ref500185963][bookmark: _Toc517265068]9.2.5.2 UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
<omitted>
If a UE has CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH



-	if the UE is provided by higher layer parameter pucch-CSI-ResourceList or by higher layer parameter multi-CSI-PUCCH-ResourceList with  PUCCH resources, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order , and configured code rate ;



-	if [image: ], the UE uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource ;



-	else if [image: ] and [image: ], , the UE transmits a PUCCH conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource; 



-	else the UE uses the PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK/SR, when any, in ascending priority order as described in [6, TS 38.214]. 



As an example, we define  and . In this case, UCI payload size ( or ) is a fixed value, but we should carefully treat X and Y in inequalities. Assuming that UCI payload is equal to or more than 360 bits,  and . The number of CRC bits in the inequality including X becomes 22 bits due to code block segmentation, however, it is 11 bits in the inequality including Y. In this situation, each  should be distinguished by using similar method as previous agreement. Also, we can obtain EUCI as EUCI = Etot = X / r for X, and EUCI = Etot = Y / r for Y, that is, it can be simply calculated compared to that of two parts CSI. Although the reference CRC of size 11 bits as agreed in RAN1 #93 can be applied to determine the minimum PRB for HARQ-ACK/SR, it may make different size from actual CRC size if code block segmentation is performed, so that it affects maximum code rate fluctuation. Therefore, we propose that the number of CRC bits should be a variable value according to each condition in inequalities in determination of the minimum number of PRBs for HARQ-ACK/SR.
In appendix 1, we attach aforementioned ambiguity cases throughout exhaustive search. Table A1 shows the ambiguity cases for PUCCH format 3 with QPSK and 2-symbol DMRS, and Table A2 shows the ambiguity cases for PUCCH format 3 with BPSK and 2-symbol DMRS. For example using elements in Table A1, assuming that UCI payload size is 393, code rate r = 0.35, ,  and , then we obtain X*r = 403.2 and Y*r = 302.4 which satisfy the inequalities in Subclause 9.2.3 or Subclause 9.2.5.1 of TS 38.213, and thus the rate matching output sequence length (EUCI = Etot) of X and Y are 1154 and 864, respectively. These values occur critical ambiguity on the number of CRC bits, that is, one inequality including X has code block segmentation, and therefore the number of CRC bits is 22, however, another inequality including Y has no code block segmentation, as a result the number of CRC bits is 11. It is noted that the number of symbols  in Table A1 and Table A2 excludes 2 symbols of DMRS. 
Proposal 1: 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.
	Text proposal #1
--------- beginning of text proposal for TS 38.213 
9.2.3  UE procedure for reporting HARQ-ACK
-------- Unchanged contents are omitted
If a UE transmits [image: ]HARQ-ACK information bits and [image: ] bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes [image: ] PRBs, the UE determines a number of PRBs [image: ] for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs [image: ] provided respectively by higher layer parameter nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to  and, if [image: ], , where [image: ], [image: ], [image: ], and [image: ] are defined in Subclause 9.2.5.2,.  is the number of CRC bits corresponding to  and , and  is the number of CRC bits corresponding to  and .
-------- Unchanged contents are omitted

9.2.5.1  UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
-------- Unchanged contents are omitted
If a UE transmits [image: ]HARQ-ACK information bits, [image: ] SR bits, and [image: ] CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes [image: ] PRBs, the UE determines a number of PRBs [image: ] 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   and, if [image: ], , where [image: ], [image: ], [image: ], and [image: ] are defined in Subclause 9.2.5.2,  . is the number of CRC bits corresponding to ,  and , and  is the number of CRC bits corresponding to  and .

-------- Unchanged contents are omitted
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
-------- Unchanged contents are omitted
If a UE has CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH
-	if the UE is provided by higher layer parameter pucch-CSI-ResourceList or by higher layer parameter multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ];
      
-	else if [image: ] and [image: ], [image: ], the UE transmits a PUCCH conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ], where 
- is the number of CRC bits corresponding to  and  defined according to subclause 6.3.1.2.1 [4, TS 38.212];
- is the number of CRC bits corresponding to  and  defined according to subclause 6.3.1.2.1 [4, TS 38.212];
;  [image: ] [image: ]
-	else the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK/SR, when any, in ascending priority order as described in [6, TS 38.214].

--------- end of text proposal



2.2. CRC and rate matching output sequence for multi-CSI PUCCH resource
At the RAN1-AH1801 meeting, the following agreement was made [9]:
	Agreement:
Support configuring the UE with J>=1 PUCCH resource configuration per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate))
· In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped
· The number of included CSI reports is determined by the configured maximum code rate of the multi-CSI PUCCH resource 
· This applies to CSI only transmission on PUCCH, i.e. not multiplexed with HARQ-ACK
· The PUCCH resource for carrying multiple CSI reports does not need to be configured to a UE
· FFS if periodicity of multi-CSI resource needs to be defined
· FFS value of J
· Exact mechanism TBD in RAN1#92




In RAN1 Adhoc 1801 meeting, the agreement above was achieved. It says “In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped”. It should be clarified the case when the CSI contains two parts (i.e., CSI-part1 and CSI-part2). In current specification, we see that there is no priority between CSI-part1 and part2. Accordingly, both CSI-part1 and CSI-part2 might be dropped at the same time when a UE omits the CSI reports. We propose that the CSI reports on multi-CSI PUCCH configuration should be described in TS 38.213 as shown in text proposal #2.
Proposal 2: The CSI reports on multi-CSI PUCCH configuration should be described in TS 38.213 as shown in text proposal #2.

	Text proposal #2
--------- beginning of text proposal for TS 38.213 
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
If a UE has CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH
-	if the UE is provided by higher layer parameter pucch-CSI-ResourceList or by higher layer parameter multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ];
-	else if [image: ] and [image: ], [image: ], the UE transmits a PUCCH conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource; [image: ];
;  [image: ] [image: ]
-	else the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK/SR, when any, in ascending priority order as described in [6, TS 38.214],
If a UE has wideband or sub-band CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH resource with PUCCH format 2, or the UE has wideband CSI reports [6, TS38.214] and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH resource with PUCCH format 3 or PUCCH format 4 where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH, the value of  satisfies  and , where
- is the number of CRC bits corresponding to  and defined according to subclause 6.3.1.2.1 [4, TS 38.212];
- is the number of CRC bits corresponding to  and defined according to subclause 6.3.1.2.1 [4, TS 38.212];
else the value of  satisfies  and , where 
- , where  is the number of CRC bits corresponding to  and defined according to subclause 6.3.1.2.1 [4, TS 38.212].  is the number of CRC bits corresponding to  and defined according to subclause 6.3.1.2.1 [4, TS 38.212].
- , where  is the number of CRC bits corresponding to  and defined according to subclause 6.3.1.2.1 [4, TS 38.212].  is the number of CRC bits corresponding to  and defined according to subclause 6.3.1.2.1 [4, TS 38.212].

-------- Unchanged contents are omitted
--------- end of text proposal

	



2.3. Size assumption of partly dropped CSI reports on multi-CSI PUCCH 
[image: misunderstanding]
Fig. 1: both CSI-part1 and CSI-part2 might be dropped at the same time 
The procedure shown in the agreement in subsection 2.2 of this contribution may occur misunderstanding between UE and gNB. As shown in Fig.1, assuming that a UE drops report #4 and #5 of both CSI-part1 and CSI-part2 at the same time in multi-CSI PUCCH resource and transmits them. A gNB, however, may not be able to decode the CSI part1 reports due to the fact that the gNB cannot identify rate match output sequence length for the CSI part1 reports. Blind decoding in gNB side might be an alternative solution, but it would fall into exhaustive and redundant process.
Observation 1: When a UE drops two parts of CSI reports in multi-CSI PUCCH resource, a gNB may not be able to decode CSI part1 reports due to the fact that the gNB cannot identify rate match output sequence length for the CSI part1 reports.
In order to have the same understanding of the size of CSI reports between the gNB and UE on the multi-CSI PUCCH resource, both sides should have the same assumption on the CSI part2 size before dropping. As an example, the rank 1 or maximum rank assumption of CSI-part2 is shown in Fig.2 and Fig.3. It is noted that the assumption of both Fig.2 and Fig.3 is based on Fig.1. 
[image: rank1]
Fig. 2: rank 1 assumption 
[image: rank2]
Fig. 3: maximum rank assumption 
Example 1: rank 1 assumption of CSI-part2
As shown in Fig.2, a UE does NOT have to drop CSI-part1 and part2 if CSI-part2 is assumed by rank 1 since CSI-part1 and rank1 assumed CSI-part2 are fit into multi-CSI PUCCH resource. This example occurs that the actual code rate of CSI-part2 gets much higher than the maximum code rate.
Example 2: maximum rank assumption of CSI-part2
As shown in Fig.3, a UE has to drop CSI-part1 and part2 more than that of without assumption if CSI-part2 is assumed by maximum rank. This example, however, guarantees that the actual code rate of CSI-part2 gets lower than the maximum code rate.
From the view point of reliability, we prefer to assume maximum rank, and therefore we propose that the size of CSI-part2 for dropping in multi-CSI PUCCH resource should be assumed as maximum rank.
Proposal 3: For multi-CSI PUCCH resource, reference payload size to determine how many CSI reports are dropped is determined based on the maximum rank available for the CSI report. 
3. Discussion on UCI multiplexing
3.1. Missing agreement in TS 38.214
In RAN1 #93 meeting, there was an agreement for the threshold coding rate calculation method for CSI-Part2 on PUSCH ‘without UL-SCH’ as follows:
	Agreement: 

For omission of lower priority information bits for CSI part 2 on PUSCH without UL-SCH, the threshold coding rate is given by where R is the signaled code rate in DCI.


However, this agreement still remains without any reflection into the latest draft of TS 38.214. Therefore we proposed that the threshold coding rate for CSI-Part2 on PUSCH without UL-SCH which is agreed in RAN1 #93 meeting should be reflected into TS 38.214. The text proposal of this agreement is merged into Text proposal #3. 
Proposal 4: The threshold coding rate for CSI-Part2 on PUSCH without UL-SCH which is agreed in RAN1 #93 meeting should be reflected into TS 38.214.
3.2. Ambiguity on the precision of the fractional number in UCI on PUSCH without UL-SCH
The CSI-part2 report can be transmitted on a PUSCH, and if an actual code rate of CSI-part2 is higher than a threshold code rate, then it will be partly or totally dropped until the condition is satisfied as described in [7, TS 38.214] or shown in following equation:
	
	(1)


where  is the actual code rate for CSI-Part2 given by
,
 and are the number of CSI-Part2 reports before and after dropping, respectively, and therefore the number of the dropped CSI-Part2 reports can be expressed by .  is the threshold code rate for PUSCH given by

where  is the target PUSCH code rate from MCS table and  is the CSI offset values for CSI-part2. At this point, we have to carefully treat the fractional number, especially in inequality because the precision of the fractional number is strongly depending on the performance of devices. As a realistic example, assuming that , , , UCI payload = 59 and . From this assumption, we can obtain that  and . A UE which has the capability to calculate the fractional number up to , derives  and . Consequently, the UE determines that Eq.(1) is satisfied, and stop dropping of CSI-part2. On the other hand, a gNB which has the capability to calculate the fractional number up to , derives  and . At this time, the gNB assumes that Eq.(1) is not satisfied, and recalculate the size of UCI payload. As a result, the size of CSI-part2 would be different between UE and gNB so that a critical mismatch occurs which affects performance degradation.
Observation 2: The different precision of the fractional number between a UE and a gNB may cause mismatch the number of dropped CSI-part2 reports.
Actually, this is not a new issue that there was a similar problem in the Release 8 of LTE as described in [8]. In NR, we also have to deal with the precision issue. The simplest way is to use the integer instead of the fractional number. At first, we can start finding out solution from Eq.(1) as
.
Above inequality can be rewritten as 
.
We see that there is still a precision ambiguity in the above inequality due to the fractional number of  and . Since  is obtained from the value in Table 6.1.4.1-1 of TS 38.214 dividing by 1024, we can define . In other words,  is an integer value in Table 6.1.4.1-1 of TS 38.214 without dividing by 1024. Based on this definition, above inequality can be further rewritten by
.
Now, it is clear that both sides of inequality are all integer values. It is noteworthy that  becomes integer value for all listed values  in Table 9.3.2 of TS 38.213. Based on this fact, we propose that the condition of dropping CSI-part2 in UCI on PUSCH without UL-SCH should be an inequality by using an integer value in order to avoid the fractional precision ambiguity as following in text proposal #3 for TS 38.214 subclause 5.2.3.
Proposal 5: The condition of dropping CSI-part2 in UCI on PUSCH without UL-SCH should be an inequality by using an integer value in order to avoid the fractional precision ambiguity as following in text proposal #3 for TS 38.214 subclause 5.2.3.
	Text proposal #3
--------- beginning of text proposal for TS 38.214 subcluase 5.2.3 
5.2.3	CSI reporting using PUSCH 
-------- Unchanged contents are omitted


When part 2 CSI is transmitted on PUSCH with no transport block, the number oflower priority bits are omitted until Part 2 CSI reports  code rate is the maximum number of Part 2 CSI reports satisfying  below a threshold code rate lower than one, where 
· 

 and  are is the CSI offset value from Table 9.3-2 of [6, TS 38.213]. 
·  is the rate matching output sequence length obtained from subclause 6.3.2.4.1.3 of [5, TS 38.212];
·  is the integer value of target code rate R x [1024] from Table 6.1.4.1-1;
·  is the number of n-th CSI-part2 bits;
·  is the number of CRC bits for CSI-part2 defined according to Subclause 6.3.1.2.1 of [5, TS 38.212];
· is the number of CSI-Part2 reports after omission;

-	[ is based on the code rate calculated at UE or signaled in DCI.] 

--------- end of text proposal


4. Conclusion
In this contribution, we propose
[bookmark: _References]Proposal 1: 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.
Proposal 2: The CSI reports on multi-CSI PUCCH configuration should be described in TS 38.213 as shown in text proposal #2.
Proposal 3: For multi-CSI PUCCH resource, reference payload size to determine how many CSI reports are dropped is determined based on the maximum rank available for the CSI report. 
Proposal 4: The threshold coding rate for CSI-Part2 on PUSCH without UL-SCH which is agreed in RAN1 #93 meeting should be reflected into TS 38.214.
Proposal 5: The condition of dropping CSI-part2 in UCI on PUSCH without UL-SCH should be an inequality by using an integer value in order to avoid the fractional precision ambiguity as following in text proposal #3 for TS 38.214 subclause 5.2.3.
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6. Appendix. 1
Table A1 shows the ambiguity cases for PUCCH format 3 with QPSK and 2-symbol DMRS described in subclause 2.1 of this contribution. For simplicity, we define  and . For example using elements in Table A1, assuming that UCI payload size is 393, code rate r = 0.35, ,  and , then we obtain X=403.2 and Y=302.4 which satisfy the inequalities in Subclause 9.2.3 or Subclause 9.2.5.1 of TS 38.213, and thus the rate matching output sequence length (EUCI = Etot) of X and Y are 1154 and 864, respectively. These values occur critical ambiguity on the number of CRC bits, that is, one inequality including X has code block segmentation, and therefore the number of CRC bits is 22, however, another inequality including Y has no code block segmentation, as a results the number of CRC bits is 11. It is noted that the number of symbols  in Table A1 and Table A2 excludes 2 symbols of DMRS.
Table A1: Ambiguity of the number of CRC bits with  and 2-symbol DMRS for PUCCH format 3
	Code
rate
(r)
	Number of  Symbols

	 Number of 
PRBs

	UCI payload size ( or )

	0.35
	3
	16
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403

	
	4
	12
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403

	
	5
	10
	410
	411
	412
	413
	414
	415
	416
	417
	418
	419
	420

	
	6
	8
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403

	
	7
	7
	401
	402
	403
	404
	405
	406
	407
	408
	409
	410
	411

	
	8
	6
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403

	
	9
	6
	443
	444
	445
	446
	447
	448
	449
	450
	451
	452
	453

	
	10
	5
	410
	411
	412
	413
	414
	415
	416
	417
	418
	419
	420

	
	11
	5
	451
	452
	453
	454
	455
	456
	457
	458
	459
	460
	461

	
	12
	4
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	0.45
	3
	16
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518

	
	4
	12
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518

	
	5
	10
	530
	531
	532
	533
	534
	535
	536
	537
	538
	539
	540

	
	6
	8
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518

	
	7
	7
	519
	520
	521
	522
	523
	524
	525
	526
	527
	528
	529

	
	8
	6
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518

	
	9
	6
	573
	574
	575
	576
	577
	578
	579
	580
	581
	582
	583

	
	10
	5
	530
	531
	532
	533
	534
	535
	536
	537
	538
	539
	540

	
	11
	5
	584
	585
	586
	587
	588
	589
	590
	591
	592
	593
	594

	
	12
	4
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	0.6
	3
	16
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691

	
	4
	12
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691

	
	5
	10
	710
	711
	712
	713
	714
	715
	716
	717
	718
	719
	720

	
	6
	8
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691

	
	7
	7
	695
	696
	697
	698
	699
	700
	701
	702
	703
	704
	705

	
	8
	6
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691

	
	9
	6
	767
	768
	769
	770
	771
	772
	773
	774
	775
	776
	777

	
	10
	5
	710
	711
	712
	713
	714
	715
	716
	717
	718
	719
	720

	
	11
	5
	782
	783
	784
	785
	786
	787
	788
	789
	790
	791
	792

	
	12
	4
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	0.8
	3
	16
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921

	
	4
	12
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921

	
	5
	10
	950
	951
	952
	953
	954
	955
	956
	957
	958
	959
	960

	
	6
	8
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921

	
	7
	7
	930
	931
	932
	933
	934
	935
	936
	937
	938
	939
	940

	
	8
	6
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921

	
	10
	5
	950
	951
	952
	953
	954
	955
	956
	957
	958
	959
	960

	
	12
	4
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921


Table A2 shows the ambiguity cases for PUCCH format 3 with BPSK and 2-symbol DMRS described in subclause 2.1 of this contribution.
Table A2: Ambiguity of the number of CRC bits with  and 2-symbol DMRS for PUCCH format 3
	Code
rate
(r)
	Number of  Symbols

	 Number of 
PRBs

	UCI payload size ( or )

	0.35
	6
	16
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403

	
	7
	13
	372
	373
	374
	375
	376
	377
	378
	379
	380
	381
	382

	
	8
	12
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403

	
	9
	11
	405
	406
	407
	408
	409
	410
	411
	412
	413
	414
	415

	
	10
	10
	410
	411
	412
	413
	414
	415
	416
	417
	418
	419
	420

	
	11
	9
	405
	406
	407
	408
	409
	410
	411
	412
	413
	414
	415

	
	12
	8
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	0.45
	6
	16
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518

	
	7
	13
	481
	482
	483
	484
	485
	486
	487
	488
	489
	490
	491

	
	8
	12
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518

	
	9
	11
	524
	525
	526
	527
	528
	529
	530
	531
	532
	533
	534

	
	10
	10
	530
	531
	532
	533
	534
	535
	536
	537
	538
	539
	540

	
	11
	9
	524
	525
	526
	527
	528
	529
	530
	531
	532
	533
	534

	
	12
	8
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	0.6
	6
	16
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691

	
	7
	13
	645
	646
	647
	648
	649
	650
	651
	652
	653
	654
	655

	
	8
	12
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691

	
	9
	11
	702
	703
	704
	705
	706
	707
	708
	709
	710
	711
	712

	
	10
	10
	710
	711
	712
	713
	714
	715
	716
	717
	718
	719
	720

	
	11
	9
	702
	703
	704
	705
	706
	707
	708
	709
	710
	711
	712

	
	12
	8
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	0.8
	6
	16
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921

	
	7
	13
	863
	864
	865
	866
	867
	868
	869
	870
	871
	872
	873

	
	8
	12
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921

	
	9
	11
	940
	941
	942
	943
	944
	945
	946
	947
	948
	949
	950

	
	10
	10
	950
	951
	952
	953
	954
	955
	956
	957
	958
	959
	960

	
	11
	9
	940
	941
	942
	943
	944
	945
	946
	947
	948
	949
	950

	
	12
	8
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921
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