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Introduction
In this contribution we discuss the encoding issues related to multiplexing of CSI and HARQ-ACK/SR on PUCCH. Also, some updates for improved clarity of the UE behaviour when transmission long PUCCH over multiple slots is provided.
Discussion
We discussed in our companion contribution [1] that for encoding purposes of the AN/SR and CSI, since CSI Part 1 and Part 2 are differently encoded depending on the PUCCH format used in the CSI reporting configuration proper considerations should be taken into account to avoid additional complexity within a unified framework based on the previous agreements.
We also discussed that for multiplexing of the CSI and HARQ-ACK/SR, the total number of UCI bits should be used to determine a PUCCH resource set where a PUCCH configuration is determined by PUCCH resource indicator field in DCI.
· If CSI is configured with PUCCH format 2, it implies that CSI Part 1 and Part 2 are jointly encoded. Furthermore, we have already agreed that if CSI and AN/SR are simultaneously transmitted using PUCCH format 2, AN/SR and CSI are jointly encoded using the maximum configured code rate.  To have a unified frame work, we extend this procedure and propose that if CSI is configured with PUCCH format 2, and if the UE uses PUCCH format 3 (or 4) resource for simultaneous transmission of AN/SR and CSI as described previously, the CSI and AN/SR are jointly encoded based on the max code rate for PUCCH F3 (or F4) and the same RE mapping rule as for only AN transmission on a PUCCH format 3 (or 4) is applied.
· If CSI is configured with a PUCCH format 3 (or 4), it implies that CSI Part 1 and Part 2 are separately encoded and mapped separately to REs in a PUCCH resource. Furthermore, we have already agreed that if CSI and AN/SR are simultaneously transmitted on a PUCCH format 3 (or 4), AN/SR and CSI part 1 are jointly encoded using the maximum configured code rate. The remaining resources are used for encoding of CSI Part 2. To have a unified frame work and avoid introducing a new mapping scheme, we extend this procedure and propose that if CSI is configured with a PUCCH format 3 (or 4), and if the UE uses PUCCH format 2 resource for simultaneous transmission of AN/SR and CSI as described previously, the AN/SR and CSI part 1 are jointly encoded using the max code rate of PUCCH F2 and CSI part 2 is dropped. 

We summarize the above UE behavior with respect to encoding of the UCI bits in Table 1 based on the previous agreements and the following proposals:
Proposal:
· If the parameter PUCCH-F3/4-simultanoeus-HARQ-ACK-CSI is set to TRUE, and if CSI is configured with PUCCH format 2, and if the UE determines a PUCCH format 3/4 resource for simultaneous transmission of AN/SR and CSI, the CSI and AN/SR are jointly encoded based on the max code rate for PUCCH F3 (or F4) and the same RE mapping rule as for only AN transmission on a PUCCH format 3/4 is applied.
· If the parameter PUCCH-F2-simultanoeus-HARQ-ACK-CSI is set to TRUE, and if CSI is configured with PUCCH format 3/4, and if a UE determines a PUCCH format 2 resource for simultaneous transmission of AN/SR and CSI, CSI Part 2 is dropped and CSI Part 1 is jointly encoded with AN/SR using the configured max code rate for PUCCH format 2 and the same RE mapping rule as for only AN transmission on a PUCCH format 2 is applied.

[bookmark: _Ref503355795]Table 1: UCI encoding rules when AN/SR and CSI PUCCH resources collide
	
	PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE
Determined resource with AN/SR+CSI is F2
	PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE
Determined resource with AN/SR+CSI is F3
	PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE
Determined resource with AN/SR+CSI is F4

	CSI configured with F2
	Jointly encode A/N and CSI report at the configured max code rate using the A/N+CSI PUCCH resource

	CSI configured with F3
	Jointly encode A/N and CSI Part 1 report at the configured max code rate and drop CSI Part 2
	Jointly encode A/N and CSI Part 1 at the configured max code rate.  Separately encode CSI Part 2 using remaining resources (if any) of the PUCCH resource

	CSI configured with F4
	
	



Text proposal
· Text proposal Subclause 6.3.1.4 in TS 38.212
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
[bookmark: _Toc500953302]6.3.1.4	Rate matching







For PUCCH formats 2/3/4, the total rate matching output sequence length  is given by Table 6.3.2.4-1, where  , , and  are the number of symbols carrying UCI for PUCCH formats 2/3/4 respectively;  and  are the number of PRBs that are determined by the UE for PUCCH formats 2/3 transmission respectively according to section x.x of [5, TS38.213]; and  is the spreading factor for PUCCH format 4.
· 
Table 6.3.1.4-1: Total rate matching output sequence length 
	PUCCH format
	Modulation order

	
	QPSK
	π/2-BPSK

	PUCCH format 2
	

	N/A

	PUCCH format 3
	

	


	PUCCH format 4
	

	




[bookmark: _Toc500953303]6.3.1.4.1	UCI encoded by Polar code




The input bit sequence to rate matching is  where  is the code block number, and  is the number of coded bits in code block number . 
· 
 Table 6.3.1.4.1-1: Rate matching output sequence length 	Comment by Author: The encoding of UCI including CSI, depends on two factors:
If CSI is one part or two parts
The PUCCH format for transmission of ACK-NACK and CSI. This format is not necessary equal to the CSI format.
More explanations in R1-1800947 and R1-1800948 Table 1
	UCI(s) for transmission on a PUCCH
	UCI for encoding
	
Value of 

	HARQ-ACK 
	HARQ-ACK 
	


	HARQ-ACK, SR
	HARQ-ACK, SR
	


	CSI
(CSI not of two parts)
	CSI
	


	SR, CSI	Comment by Author: The case where SR collides with CSI and should be addressed similar to TS 38.213.
(CSI not of two parts)
	SR, CSI
	


	HARQ-ACK, CSI
(CSI not of two parts)
	HARQ-ACK, CSI
	


	HARQ-ACK, SR, CSI
(CSI not of two parts)
	HARQ-ACK, SR, CSI
	


	CSI
(CSI of two parts)
	CSI part 1
	


	
	CSI part 2
	


	SR, CSI
(CSI of two parts)
	SR, CSI part 1
	


		Comment by Author: 	Comment by Author: 
	CSI part 2
	


	HARQ-ACK, CSI
(CSI of two parts)
PUCCH format 3/4 for UCI
	HARQ-ACK, CSI part 1
	


	
	CSI part 2
	


	HARQ-ACK, CSI
(CSI of two parts)
PUCCH format 2 for UCI
	HARQ-ACK, CSI part 1
	


	HARQ-ACK, SR, CSI
(CSI of two parts)
PUCCH format 3/4 for UCI
	HARQ-ACK, SR, CSI part 1
	


	
	CSI part 2
	


	HARQ-ACK, SR, CSI	Comment by Author: When A/N is multiplexed with CSI, the encoding  depends if CSI is two parts and if PUCCH format can support separate encoding.
More explanations in R1-1800947 and R1-1800948 Table 1

(CSI of two parts)
PUCCH format 2 for UCI
	HARQ-ACK, SR, CSI part 1
	








Rate matching is performed according to Section 5.4.1 by setting  and the rate matching output sequence length to , where  is the number of code blocks for UCI determined according to Section 5.2.1 and the value of  is given by Table 6.3.1.4.1-1:

-	 is the number of bits for HARQ-ACK for transmission on the current PUCCH;

-	 is the number of bits for SR for transmission on the current PUCCH;

-	 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;

-	 is the configured maximum PUCCH coding rate;

-	 is given by Table 6.3.1.4-1.



The output bit sequence after rate matching is denoted as  where  is the length of rate matching output sequence in code block number . 

[bookmark: _Toc500953304][bookmark: _GoBack]6.3.1.4.2	UCI encoded by channel coding of small block lengths

The input bit sequence to rate matching is .


The value of  is determined according to Table 6.3.1.4.1-1 by setting .

Rate matching is performed according to Section 5.4.3 by setting the rate matching output sequence length . 

The output bit sequence after rate matching is denoted as . 
--------------------------------<Start of Text Proposal>-------------------------------------------------------------

Text proposal for Subclause 9.2.6 TS 38.213
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
[bookmark: _Toc500947744]9.2.6	UCI repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for a PUCCH transmission by respective higher layer parameters PUCCH-F1-number-of-slots , PUCCH-F3-number-of-slots, or PUCCH-F4-number-of-slots. 

For , 
· 
the UE transmit the UCI as described in Subclause 9.2.1 in the first slot of the slots.	Comment by Author: The first step assumed to be implicitly understood from the next bullet but it is important to be added to make sure that the UE behavior is the same with respect to determining the PUCCH resource using the UCI payload size and the ARI field in DCI. Otherwise it could be misunderstood that for PUCCH repetition, a PUCCH resources are semi-statically configured similarly to CSI reporting.

· 

the UE repeats the UCI in the PUCCH transmission in the first slot of the  slots in the PUCCH transmission in each of the remaining  slots;
· 
a PUCCH transmission has the same number of consecutive symbols, as provided by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols, in each of the  slots; 	Comment by Author: EDIT: Should be an ”s” here
· 
a PUCCH transmission has a same first symbol, as provided by higher layer parameter PUCCH-F1-F3-F4-starting-symbol, in each of the  slots; 
· the UE is configured by higher layer parameter PUCCH-F1-F3-F4-interslot-FH whether or not to perform frequency hopping for PUCCH transmissions in different slots. If PUCCH-F1-F3-F4-interslot-FH = ON, a first PRB for PUCCH transmission is provided by higher layer parameter PUCCH-starting-PRB and a second PRB for PUCCH transmission is provided by higher layer parameter PUCCH-2nd-hop-PRB.
· If the UE is configured to perform frequency hopping for PUCCH transmissions in different slots, 
· the UE performs frequency hopping per slot;
· the UE is expected to repeat the frequency resources used in the first and second slot, in the same order, until all repetitions are complete;	Comment by Author: To specify which frequency resources are used for inter slot hopping after the second slot
· the UE is not expected to be configured to perform frequency hopping for a PUCCH transmission within a slot.

If a UE is provided higher layer parameter UL-DL-configuration-common or is additionally provided higher layer parameter UL-DL-configuration-dedicated for the slot format per slot over the number of slots, as described in Subclause 11.1, the UE determines the  slots for a PUCCH transmission as the first slots starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
· an UL symbol for a symbol provided by higher layer parameter PUCCH-F1-F3-F4-starting-symbol is an UL symbol, and
· consecutive UL symbols, starting from the symbol, equal to the number of symbols provided by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols.	Comment by Author: EDIT: a -> the	Comment by Author: EDIT: Provided ”by” higher layer


If a UE is not provided higher layer parameter UL-DL-configuration-common, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3. 
--------------------------------<Start of Text Proposal>-------------------------------------------------------------

Conclusion
In this contribution two text proposals resolving some issues for long PUCCH are provided. Hence, we propose:
Proposal:
· Endorse the text proposal in Section 3 in R1-1800948 for Subclauses 6.3.1.4 of TS 38.212 V2.0.0.
· Endorse the text proposal in Section 3 in R1-1800948 for Subclauses 9.2.6 of TS 38.213 V2.0.0.
References
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