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1. [bookmark: _GoBack]Overview
After RAN1 #91 meeting and RAN Plenary #78 meeting, 1st version of NR specification documents are endorsed and approved. In this contribution, we suggest two corrections to Section 6.3 of TS 38.212 [1] for the two aspects:
· UCI codeword size on PUCCH
· UCI segmentation issue with odd UCI codeword size



2. UCI Codeword Size on PUCCH
In Section 6.3.1.6, Multiplexing of coded UCI bits to PUCCH, of TS 38.212 [1], the principle is assigning UCI to an integer number of modulated REs. On the other hand, in Table 6.3.1.4.1-1, the UCI codeword size  may not be a multiple of PUCCH modulation order . This can cause undesired dummy processing, as discussed in the following observation.

Observation 1: The UCI codeword size on PUCCH  in Table 6.3.1.4.1-1 of TS 38.212 [1] may not be a multiple of PUCCH modulation order , as illustrated in Table 1:
Table 1: Example of odd UCI codeword size on PUCCH with QPSK
	Consider PUCCH format 3, , , (QPSK) ,  (from Table 9.2.5.2-1 in 38.213), and CRC size . If there are 2 UCI bit streams to be transmitted, where
· Bit stream #1 has 384 bits of HARQ-ACK + CSI-part1, i.e.,  
· Bit stream #2 has 72 bits CSI-part2, i.e., 
one can have  = 24*12*5 = 1440 , , and, by Table 6.3.1.4.1-1,
·  for bit stream #1 = min(1440, 1129) = 1129 (odd number)
·  for bit stream #2 = 1440 – 1129 = 311 (odd number)



When such case happens, gNode needs to drop one unspecified bit in the boundary QPSK RE for correctly decoding the UCI. For UE UL processing, there will also require inserting a dummy bit before performing the modulation. 
To eliminate the unnecessary processing as well as to utilize every bit in a modulated RE, we propose to slightly adjust Table 6.3.1.4.1-1 so that  is always a multiple of PUCCH modulation order:
 
Proposal 1: Table 6.3.1.4.1-1 of TS 38.212 [1] should ensure  to be a multiple of PUCCH modulation order, as revised in Table 2:
Table 2: Revision for UCI codeword size on PUCCH
	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
	


	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
	


	HARQ-ACK, CSI
(CSI of two parts)
	HARQ-ACK, CSI part 1
	


	
	CSI part 2
	


	HARQ-ACK, SR, CSI
(CSI of two parts)
	HARQ-ACK, SR, CSI part 1
	


	
	CSI part 2
	






3. UCI Segmentation Issue with Odd UCI Codeword Size
For large UCI codewords, there can be segmentation to remedy the performance loss due to excessive bit repetition. According to Section 5.2.1, there can be up to two segments. When the UCI coded bit length before segmentation is an odd number, there will be codeword size difference in the segmentation outputs. For the bit stream #1 in Table 1, the segment codeword sizes will be 564 bits and 565 bits. If proposal 1 is adopted, Table 1 setting is no longer an issue. Yet, the issue can still happen when -BPSK is utilized.

Observation 2: A UCI codeword size before segmentation may be an odd value, as illustrated in Table 3:




Table 3: Example of odd UCI codeword size on PUCCH with -BPSK
	Consider PUCCH format 3, , , (-BPSK)  ,  (from Table 9.2.5.2-1 in 38.213), and CRC size . If there are 2 UCI bit streams to be transmitted, where
· Bit stream #1 has 384 bits of HARQ-ACK + CSI-part1, i.e.,  
· Bit stream #2 has 72 bits CSI-part2, i.e., 
one can have  = 12*12*10 = 1440 , . By Table 6.3.1.4.1-1,
·  for bit stream #1 = min(1440, 1129) = 1129 (odd number and to be segmented)
·  for bit stream #2 = 1440 – 1129 = 311



When such case happens,  will not be an integer number. Note that, odd UCI codeword size is also possible for UCI on PUSCH with -BPSK.

To resolve the above issue, the following proposals are suggested:

Proposal 2: If different UCI segment codeword sizes are allowed, the difference of the two segments should be up to 1 bit. In particular, if  is the UCI codeword size before segmentation and UCI segmentation is applied, the first segment is of codeword size , and the other segment is of codeword size .

Proposal 3: If a common UCI segment codeword size is targeted for applying the same rate-matching and bit interleaving configurations, UCI codeword size on PUCCH or PUSCH before segmentation should be an even number irrelevant to the modulation order.

Proposal 4: If a common UCI segment codeword size is targeted for applying the same rate-matching and bit interleaving configurations, PUCCH UCI codeword size before segmentation can be computed by Table 4 with .

Proposal 5: If a common UCI segment codeword size is targeted for applying the same rate-matching and bit interleaving configurations and each UCI segmentation is to occupy an integer number of REs, PUCCH UCI codeword size before segmentation can be computed by Table 4 with  .

Proposal 6 If a common UCI segment codeword size is targeted for applying the same rate-matching and bit interleaving configurations and each UCI segmentation is to occupy an integer number of REs, PUSCH UCI RE numbers, i.e.,  in section 6.3.2.4 of TS 38.212 [1] can be adjusted to even numbers no smaller than their original values.


Table 4: Revision for UCI codeword size on PUCCH to ensure equal-sized segmentation
	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
	


	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
	


	HARQ-ACK, CSI
(CSI of two parts)
	HARQ-ACK, CSI part 1
	


	
	CSI part 2
	


	HARQ-ACK, SR, CSI
(CSI of two parts)
	HARQ-ACK, SR, CSI part 1
	


	
	CSI part 2
	






4. Summary
In this contribution, corrections to UCI encoding chain are suggested. In particular, we have 

Observation 1: The UCI codeword size on PUCCH  in Table 6.3.1.4.1-1 of TS 38.212 [1] may not be a multiple of PUCCH modulation order , as illustrated in Table 1. When such case happens, gNode needs to drop one unspecified bit in the boundary QPSK RE for correctly decoding the UCI. For UE UL processing, there will also require inserting a dummy bit before performing the modulation.

Proposal 1: Table 6.3.1.4.1-1 of TS 38.212 [1] should ensure  to be a multiple of PUCCH modulation order, as revised in Table 2.

Observation 2: A UCI codeword size before segmentation may be an odd value, as illustrated in Table 3. When such case happens,  will not be an integer number. Note that, odd UCI codeword size is also possible for UCI on PUSCH with -BPSK.

Proposal 2: If different UCI segment codeword sizes are allowed, the difference of the two segments should be up to 1 bit. In particular, if  is the UCI codeword size before segmentation and UCI segmentation is applied, the first segment is of codeword size , and the other segment is of codeword size .

Proposal 3: If a common UCI segment codeword size is targeted for applying the same rate-matching and bit interleaving configurations, UCI codeword size on PUCCH or PUSCH before segmentation should be an even number irrelevant to the modulation order.

Proposal 4: If a common UCI segment codeword size is targeted for applying the same rate-matching and bit interleaving configurations, PUCCH UCI codeword size before segmentation can be computed by Table 4 with .

Proposal 5: If a common UCI segment codeword size is targeted for applying the same rate-matching and bit interleaving configurations and each UCI segmentation is to occupy an integer number of REs, PUCCH UCI codeword size before segmentation can be computed by Table 4 with  .

Proposal 6 If a common UCI segment codeword size is targeted for applying the same rate-matching and bit interleaving configurations and each UCI segmentation is to occupy an integer number of REs, PUSCH UCI RE numbers, i.e.,  in section 6.3.2.4 of TS 38.212 [1] can be adjusted to even numbers no smaller than their original values.



References
[1] TS 38.212 v15.0.0, “Multiplexing and channel coding (Release 15).” On-line available: 
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3214
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