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1. Introduction
In RAN plenary meeting, NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 had been approved [1 – 4]. In this contribution, we address some corrections to the spec on UCI multiplexing, and provide the corresponding text proposals and remaining issues.

2. Correction to 38.212

2.1. RE mapping rule for UCI on PUSCH
During previous RAN1 meetings, it was a common understanding not to assign UCI REs in OFDM symbols used for DMRS for designing one unified RE mapping rule regardless of PUSCH waveform (e.g., CP-OFDM and DFT-s-OFDM). Furthermore, it may not be beneficial in terms of reliable UCI transmission since that UCI mapped in the remaining REs in OFDM symbols used for DMRS can be strongly affected by the DM-RS of the other (multiplexed) UEs. Therefore, for data and control multiplexing section in TS38.212 [2], we propose to correct the set of available REs for UCI mapping not to include whole REs in OFDM symbols used for DMRS. For the set, it should be also clarified that REs used for PTRS are not included in the set. To this end, we suggest corrections to define two sets of available REs for data mapping and UCI mapping, separately. In addition, we also propose the way to determine reserved REs for HARQ-ACK up to 2 bits almost same with the way to determine REs for HARQ-ACK for more than 2 bits. The following is the text proposal for the above corrections.

█ Text Proposal
[…]
[bookmark: _Toc500953289]6.2.7	Data and control multiplexing
Denote the coded bits for UL-SCH as .
Denote the coded bits for HARQ-ACK, if any, as .
Denote the coded bits for CSI part 1, if any, as .
Denote the coded bits for CSI part 2, if any, as .
Denote the multiplexed data and control coded bit sequence as .
Denote  as the OFDM symbol index of the scheduled PUSCH, starting from 0 to , where  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

Denote  as the subcarrier index of the scheduled PUSCH, starting from 0 to , where  is the scheduled bandwidth of the PUSCH, expressed as a number of subcarriers.


Denote  as the set of resource elements, in ascending order of indices , available for transmission of data or UCI in OFDM symbol , for . Denote  as the number of elements in set . Denote  as the -th element in .
Denote  as the set of resource elements, in ascending order of indices , available for transmission of UCI in OFDM symbol , for , where resource elements used for PTRS are not included in the  and  for all OFDM symbols used for DMRS. Denote  as the number of elements in set . Denote  as the -th element in .

If frequency hopping is configured for the PUSCH, 
· denote  as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS in the first hop;
· denote  as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS in the second hop. 
· denote  as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the first hop;
· denote  as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the second hop;
· if HARQ-ACK is present for transmission on the PUSCH, let  and ;
· if CSI is present for transmission on the PUSCH, let , , , and ;
· let , and denote ,  as the number of OFDM symbols of the PUSCH in the first and second hop, respectively;
·  is the number of transmission layers of the PUSCH;
·  is the modulation order of the PUSCH.
If frequency hopping is not configured for the PUSCH, 
· denote  as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS;
· denote  as the OFDM symbol index of the first OFDM symbol that does not carry DMRS;
· if HARQ-ACK is present for transmission on the PUSCH, let ;
· if CSI is present for transmission on the PUSCH, let  and ;
· let  and .

The multiplexed data and control coded bit sequence  is obtained according to the following:
Step 1:

Set  for ;
Set  for ;

Set  for ;
Set  for ;
if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is no more than 2


denote  as the set of reserved resource elements for potential HARQ-ACK transmission, in OFDM symbol , for ;
denote  as the number of elements in ;
Set ;
Set ;
Set ;
for  to 
	;
	while 
if 
	;
	;
if 
;
	;
end if
for j to 
	
	
end for
;
;
end while
end for
;
else

	 for ;

	 for ;
end if

Set  for ;
Set  for ;

Step 2:
if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is more than 2, 
Set ;
Set ;
Set ;
for  to 
	;
	while 
		if  
			;
			;
end if
if  
;
	;
end if
for  to 
;
for  to 
;
;
;
end for
end for
for  to 
		;
		;
end for
;
;
;
end while
end for
end if

Step 3:
if CSI is present for transmission on the PUSCH,
Set ;
Set ;
Set ;
for  to 
	;
	while 
		;
end while
	while 
		if  
			;
			;;
end if
if  
;
	;
end if
;
for  to 
;
for  to 
;
;
;
end for
end for
for  to 
		;
;
end for
;
;
;
end while
end for

Set ;
Set ;
Set ;
for  to 
	;
	while 
		;
end while
	while 
		if  
			;
			;
end if
if  
;
	;
end if
for  to 
;
for  to 
;
;
;
end for
end for
for  to 
		;
;
end for
;
;
;
end while
end for
end if
[…]

2.2. Determination of the number of coded modulation symbols for UCI
For the determination of the number of coded modulation symbols for UCI in rate matching section (i.e., clause 6.3.2.4 in TS38.212 [2]), the set of available REs for UCI transmission “ should be also corrected not to include OFDM symbols used for DMRS and REs used for PTRS, as in the section 2.1. In addition, we propose formulas for the determination of the number of coded modulation symbols for CSI part 1 and CSI part 2 for PUSCH without UL-SCH case. For the former one (i.e., CSI part 1), if CSI part 2 exist, the number of modulation symbols can be determined based on the effective coding rate ratio between CSI part 1 and CSI part 2 similar to the case for HARQ-ACK transmission on PUSCH without UL-SCH. If CSI part 2 does not exist, all of the remaining REs for UCI mapping can be assigned for CSI part 1 transmission. For the latter one (i.e., CSI part 2), since REs for HARQ-ACK and CSI part 1 are already determined, all of the remaining REs for UCI mapping can be assigned for CSI part 2 transmission. The following is the text proposal for the above corrections.

[bookmark: _Toc500953317]█ Text Proposal
[…]
6.3.2.4	Rate matching
[bookmark: _Toc500953318]6.3.2.4.1	UCI encoded by Polar code
[bookmark: _Toc500953319]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:

where
-	 is the number of HARQ-ACK bits;
-	 is the number of CRC bits;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of OFDM symbols of the PUSCH transmission, excluding all OFDM symbols used for DMRS;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the -th code block size for UL-SCH of the PUSCH transmission;
-	 is the number of subcarriers in an OFDM/SC-FDMA symbol that carries PTRS, in the PUSCH transmission;
-	 is the number of OFDM symbols that carry PTRS, in the PUSCH transmission;
-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for , where resource elements used for PTRS are not included in the  and  for all OFDM symbols used for DMRS, and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

For HARQ-ACK transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as , is determined as follows:

where
-	 is the number of HARQ-ACK bits;
-	 is the number of CRC bits;
-	 is the number of bits for CSI part 1;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of OFDM symbols of the PUSCH transmission, excluding all OFDM/SC-FDMA symbols used for DMRS;
-	;
-	 is the number of subcarriers in an OFDM symbol that carries PTRS, in the PUSCH transmission;
-	 is the number of OFDM symbols that carry PTRS, in the PUSCH transmission;
-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for , where resource elements used for PTRS are not included in the  and  for all OFDM symbols used for DMRS, and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

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 . 
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;
-	 is the number of transmission layers of the PUSCH;
-	 is the modulation order of the PUSCH.
The output bit sequence after rate matching is denoted as  where  is the length of rate matching output sequence in code block number .

[bookmark: _Toc500953320]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:

where
-	 is the number of bits for CSI part 1;
-	 is the number of CRC bits;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of OFDM symbols of the PUSCH transmission, excluding all OFDM symbols used for DMRS;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the -th code block size for UL-SCH of the PUSCH transmission;
-	 is the number of subcarriers in an OFDM symbol that carries PTRS, in the PUSCH transmission;
-	 is the number of OFDM symbols that carry PTRS, in the PUSCH transmission;

-	 is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits, where  is the set of reserved resource elements for potential HARQ-ACK transmission in OFDM symbol , for  and  is the number of elements in ;
-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for , where resource elements used for PTRS are not included in the  and  for all OFDM symbols used for DMRS, and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

For CSI part 1 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI part 1 transmission, denoted as , is determined as follows:
if CSI part 2 transmission on PUSCH exists,

else

where
-	 is the number of bits for CSI part 1;
-	 is the number of CRC bits;
-	 is the possible maximum number of bits for CSI part 2 corresponding to the CSI part 1;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of OFDM symbols of the PUSCH transmission, excluding all OFDM symbols used for DMRS;
-	;
-	 is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits, where  is the set of reserved resource elements for potential HARQ-ACK transmission in OFDM symbol , for  and is the number of elements in ;
-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for , where resource elements used for PTRS are excluded from the  and  for all OFDM symbols used for DMRS, and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

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 . 
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;
-	 is the number of transmission layers of the PUSCH;
-	 is the modulation order of the PUSCH.
The output bit sequence after rate matching is denoted as  where  is the length of rate matching output sequence in code block number .

[bookmark: _Toc500953321]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:

where
-	 is the number of bits for CSI part 2;
-	 is the number of CRC bits;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of OFDM symbols of the PUSCH transmission, excluding all OFDM/SC-FDMA symbols used for DMRS;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the -th code block size for UL-SCH of the PUSCH transmission;
-	 is the number of subcarriers in an OFDM/SC-FDMA symbol that carries PTRS, in the PUSCH transmission;
-	 is the number of OFDM symbols that carry PTRS, in the PUSCH transmission;
-	 is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits;
-	 is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH;
-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for , where resource elements used for PTRS are excluded from the  and  for all OFDM symbols used for DMRS, and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

For CSI part 2 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as , is determined as follows:

where
-	 is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits;
-	 is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH;
-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for , where resource elements used for PTRS are excluded from the  and  for all OFDM symbols used for DMRS, and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

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 . 
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;
-	 is the number of transmission layers of the PUSCH;
-	 is the modulation order of the PUSCH.
The output bit sequence after rate matching is denoted as  where  is the length of rate matching output sequence in code block number .
[…]

3. Remaining issues on UCI multiplexing

3.1. Determination of the number of coded modulation symbols for UCI
Considering UCI reporting mechanism in NR such CBG-based HARQ-ACK and enhanced CSI feedback (e.g., CSI part 2 for sub-band CSI reporting) may cause large payload size for UCI, there can be cases where UCI payload size is larger than data (e.g., UL-SCH) payload size. In such a case, all available REs in PUSCH may be allocated for UCI transmission only according to the current determination rule in TS38.212 [2]. For example, for HARQ-ACK transmission on PUSCH with UL-SCH, if UCI payload size “” is larger than data payload size “”, it would be very probable that all of the available REs on PUSCH are allocated for UCI only since “” is also larger than 1 in the formulation below.

Hence, it would be meaningless to schedule UL-SCH when UCI payload size is significantly larger than data payload size. To alleviate this problem, modification on the formula for determination of the number of coded modulation UCI symbols should be considered so that target coding rate for UL-SCH is guaranteed.
For the CSI part 2 omission rule, the following working assumption was made in the previous RAN1 #91 meeting and it was captured in the current specification.
	Working assumption:
· For partial CSI part 2 omission procedure at least when CSI is multiplexed with UL-SCH on PUSCH:
· CSI part 2 information bits are not omitted if UCI code rate is below threshold  
· Lower priority information bits are omitted until CSI Part 2 UCI code rate is below  
· For threshold code rate =, where  is the target code rate for PUSCH given from the MCS field and  is the associated beta_offset for CSI part 2:
· Note: The number of PUSCH REs for UCI with CSI Part 2 is given by  and PUSCH resource allocation according to UL control and maximum UCI payload size
· Note: Working assumption assuming LTE type UCI on PUSCH resource allocation is supported


However, effective coding rate of UL-SCH may be different from the target coding rate “” which is indicated from the UL grant. So, further consideration on the optimized CSI part 2 omission rule reflecting the actual coding rate of UL-SCH on PUSCH should be considered. For example,UE can determine the maximum payload size for CSI part 2 under the following condition and then can perform CSI part 2 omission for the payload size.

[bookmark: _GoBack]Furthermore, when the parameter “” is used for CSI part 2 omission rule, it may need to consider how to determine the value of “” for the cases such as PUSCH retransmission (e.g., IMCS = 28, 29, 30, and 31) and/or PUSCH without UL-SCH.

4. Reference
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[2] 3GPP TS38.212 V2.0.0 (2017-12): “NR; Multiplexing and channel coding”.
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[4] 3GPP TS38.214 V2.0.0 (2017-12): “NR; Physical layer procedures for data”.
[5] 3GPP TS38.331 V2.0.0 (2017-12): “NR; Radio Resource Control (RRC) Protocol specification”.
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