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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#92bis 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.
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CRC and rate matching output sequence
In the encoding process of the Polar code, UCI payload is divided into two parts 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 as agreement at #92bis RAN1 meeting [2] as follows:
	Agreement:


Polar code segmentation is applied if ( and ) or A >= 1013
Editor to capture this in Section 6.3.1.2.1 of TS 38.212



These agreements were captured in [3, TS38.212] section 6.3.1.2.1 as follows:
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If the payload size , code block segmentation and CRC attachment is performed according to Subclause 5.2.1. If ( and ) or if , ; otherwise , where  is the rate matching output sequence length as given in Subclause 6.3.1.4.1.



As shown in the captured agreements in above TS 38.212, the PUCCH resource has four kinds of CRC bit length as 0, 6, 11 and 22 bits. We see that the method to determine the number of CRC bits is depending on the condition. The number of CRC bits is determined by referring to only UCI payload size if UCI payload is below 360 bits or above 1013 bits. On the other hand, it is determined by referring to both UCI payload size and the rate matching output sequence length if the code block segmentation is performed. It is noteworthy that the code block segmentation is performed in only PUCCH format 3 as the maximum rate matching output sequence length is 512 for the PUCCH format 2 and only 1 PRB is required for the PUCCH format 4.

Fig.1: The code block segmentation falls into unstable loop.
The problem is, however, the code block segmentation process with current Specifications TS 38.212 and/or TS 38.213 falls into unstable loop (i.e., the chicken and egg problem) as shown in Fig.1. The reason for the unstable loop is the execution condition of the code block segmentation recursively refers to its output of rate matching sequence length. In order to describe ‘unstable loop’, we pick up the calculation method of the rate matching output sequence length for HARQ-ACK, SR and CSI of two parts from Table 6.3.1.4.1-1 in TS 38.212 given by following Table 1.
Table 1: the rate matching output sequence length calculation method from the Table 6.3.1.4.1-1 in TS 38.212
	HARQ-ACK, SR, CSI
(CSI of two parts)
	HARQ-ACK, SR, CSI part 1
	


	
	CSI part 2
	




The maximum code rate () and modulation order () are given by higher layer parameters, and OACK and OSR are deterministic values, respectively. On the other hand, there are two unknown values in the calculation of the rate matching output sequence length (EUCI), that is, L and Etot. Firstly, the number of CRC bits () is unknown since its size varies due to the code block segmentation. More precisely, in order to determine whether the code block segmentation applies to UCI payload or not, a UE should refer to the rate matching output sequence (EUCI). However, in the calculation of the rate matching output sequence length (EUCI) as shown in above Table 1, it requires the number of CRC bits (L) which is unknown value at this stage since it may vary if code block segmentation applies to UCI payload. Secondly, in the calculation process of the rate matching output sequence length (EUCI) as shown in Table 1, it also requires the total rate matching output sequence length (Etot) defined in TS 38.212 where it is calculated by using the number of PRBs ( or ) which are determined by TS 38.213 in terms of  given by Table 2. This process also falls into another ‘unstable loop’ since  is determined by using the number of CRC bits which is unknown.
Table 2: total rate matching output sequence length calculation method from the Table 6.3.1.4-1 in TS 38.212
	PUCCH format
	Modulation order

	
	QPSK
	π/2-BPSK

	PUCCH format 2
	

	N/A

	PUCCH format 3
	

	


	PUCCH format 4
	

	




Besides the loop to determine the CRC length and EUCI, in most cases, depending on the payload size and maximum coding rate, there may be an overlapping region of UCI payload that requires segmentation if CRC length is 22 bits, and no segmentation if CRC length is 11 bits. This may cause ambiguity if gNB and UE have different assumptions, as shown in the shaded region in Figure 2. A procedure should be defined to find a deterministic value for the CRC length.


Figure 2. Ambiguity in overlapping region with different CRC assumptions
Observation 1: In determination of the rate matching output sequence length , the unstable loop can be solved if there is a reference number of CRC bits. The actual CRC length can be determined based on the reference CRC length following a procedure.
For the sake of simple notation, we define , where  denotes a sum of payload size except CRC such as OACK, OSR, OCSI-part1, or OCSI-part2, if any, and  is the number of CRC bits corresponding to . As shown in Fig.1, the unstable loop can be broken if one block is clearly defined with known value of the number of CRC bits. As the simplest solution, it may be allowable to adopt the virtual (or reference) number of CRC bits  in the calculation of the rate matching output sequence length (EUCI). It is straightforward that the number of CRC bits is simply determined for the UCI payload of size  or . For the case of , on the other hand, the reference number of CRC bits  can be adopted to calculate the rate matching output sequence length . More precisely, assuming that a UE choose 11 bits of . Throughout the abovementioned procedure of calculating the corresponding rate matching output sequence length (), if it results to , then the actual number of CRC bits is same to that of the reference (i.e., ) as shown in Fig.3 (a). Otherwise, that is, if it results to , then the actual number of CRC bits should be 22 bits which is different from the assumption of  as shown in Fig.3 (b). For the assumption that a UE choose 22 bits of , we can apply same procedure to it. This procedure provides a deterministic actual CRC length. Depending on the reference CRC length, the overlapping region in Fig. 2 is included in only one side, as shown in Fig. 3. The candidates of reference CRC length can be 11 or 22 bits. Intuitively, however, a reference CRC length of 11 bits is more reasonable because it minimizes the polar code payload of UCI and CRC. 


Figure 3. Actual CRC length is deterministic based on a given reference CRC length

Proposal 1: In determination of the CRC length, the EUCI and the number of PRBs for a PUCCH resource, the number of CRC bits is determined by EUCI derived based on a virtual CRC length of 11 bits for 360  UCI payload <1013 as described in the text proposal #1 for TS 38.212 subclause 6.3.1.4.1.
	Text proposal #1
The updated contents are colored with yellow.
--------- beginning of text proposal for TS 38.212
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-------- Unchanged contents are omitted

-	 is the number of bits for CSI part 1 for transmission on the current PUCCH;

-	 is the number of bits for CSI part 2 for transmission on the current PUCCH;

-	 is the number of CRC bits where L = 11 if the number of bits of HARQ-ACK, SR and/or CSI-part1 is larger or equal to 360 and smaller than 1013 otherwise  is defined by CSI-part1 and/or HARQ-ACK/SR according to subclause 6.3.1.2.1;

-	 is the configured maximum PUCCH coding rate;

-	 is given by Table 6.3.1.4-1.
-------- Unchanged contents are omitted
--------- end of text proposal



Observation 2: In determination of the total rate matching output sequence length , the unstable loop can be solved if there is a reference number of CRC bits. The actual CRC length can be determined based on similar procedure as described in proposal 1.
The total rate matching output sequence length  is calculated by using the number of PRBs ( or ) which are determined in TS 38.213 in terms of  given by Table 2. In dropping CSI-part1 and or CSI-part2, the number of PRBs  is equal to  which is provided by higher layer parameter, and therefore  can be easily calculated. On the other hand, if there is no dropping of CSI, a UE should determine the minimum number of PRBs . In this situation, however, the process to determine  falls into unstable loop since it requires the number of CRC bits and again, the number of CRC bits may vary due to the code block segmentation. As an example, we pick up a method to determine  from TS 38.213 given in Table. 3.


Table 3: Method to determine the minimum number of PRBs from TS 38.212
	TS 38.213
	9.2.5.2 UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH










if  for the  periodic/semi-persistent CSI reports, where  and , where  is the number of CRC bits for encoding HARQ-ACK/SR and CSI part 1 and  is the number of CRC bits for encoding CSI part 2, the UE transmits the HARQ-ACK/SR and the  periodic/semi-persistent CSI report bits using either PUCCH format 3 or PUCCH format 4 by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1;   


We can see that the number of minimum PRBs  varies when a UE attempts to find the minimum of  , and therefore the total rate matching output sequence length  also varies as shown in Table 2. Consequently, the rate matching output sequence length EUCI is changed depending on the number of minimum PRBs . From this fact, the UE cannot determine the number of CRC bits due to the code block segmentation which is similar problem in Observation 1 and Proposal 1. This problem can be solved by applying the solution in Proposal 1.
Proposal 2: In determination of the minimum number of PRBs for PUCCH, the number of CRC bits is determined by EUCI derived based on a virtual CRC length of 11 bits for 360  UCI payload <1013 as described in the text proposal #2 for TS 38.213 subclause 9.2.5.2.
	Text proposal #2
The updated contents are colored with yellow.
--------- beginning of text proposal for TS 38.213 subclause 9.2.5.2
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-------- Unchanged contents are omitted









if  for the  periodic/semi-persistent CSI reports, where  and , where  is  is the number of CRC bits for encoding HARQ-ACK/SR and CSI part 1 where  for  otherwise  is defined by  according to subclause 6.3.1.2.1 in [5, TS 38.212], and and  is the number of CRC bits for encoding CSI part 2 where  for  otherwise  is defined by  according to subclause 6.3.1.2.1 in [5, TS 38.212], the UE transmits the HARQ-ACK/SR and the  periodic/semi-persistent CSI report bits using either PUCCH format 3 or PUCCH format 4 by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1;   

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



Minor Updates for TS 38.213
3.1 Minor update 1
As different from CSI-part2, the number of CRC bits for CSI-part1 should consider HARQ-ACK/SR due to the joint coding if HARQ-ACK/SR is present. In current Specification (TS 38.213), however, it is not appropriately captured. Therefore, we carefully suggest the definition of the number of CRC bits for CSI-part1 as shown in Text proposal #3.
Proposal 3: Change the definition of the number of CRC bits for CSI-part1. The details are described in the text proposal #3 for TS 38.213, Subclause 9.2.5.2.
	Text proposal #3
The updated contents are colored with yellow. 
--------- beginning of text proposal for TS 38.213
9.2.5.2. UE procedure for multiplexing HARQ-ACK/SR and CSI
------ Omitted for unchanged contents ------


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 using either in PUCCH format 3 or in PUCCH format 4 where the value of  satisfies
 and      




, where  is the number of CSI report bits for the  CSI part 1 report in ascending priority order, is a number of CRC bits corresponding to , and  is a number of CRC bits corresponding to .
-------- end of text proposal --------




Conclusion
In this contribution, we propose
Proposal 1: In determination of the CRC length, the EUCI and the number of PRBs for a PUCCH resource, the number of CRC bits is determined by EUCI derived based on a virtual CRC length of 11 bits for 360  UCI payload <1013 as described in the text proposal #1 for TS 38.212 subclause 6.3.1.4.1.
Proposal 2: In determination of the minimum number of PRBs for PUCCH, the number of CRC bits is determined by EUCI derived based on a virtual CRC length of 11 bits for 360  UCI payload <1013 as described in the text proposal #2 for TS 38.213 subclause 9.2.5.2.
Proposal 3: Change the definition of the number of CRC bits for CSI-part1. The details are described in the text proposal #3 for TS 38.213, Subclause 9.2.5.2.
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