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Introduction
This contribution discusses open issues for UCI on PUSCH and analyses current specification text in 38.212 [1] and 38.213 [2]. Furthermore, several text proposals are made for specifications 38.212 and 38.213 and provide corrections 
Discussion
ACK/NACK mapping
In the last meeting the following working assumption has been reached w.r.t. reserved resources for ACK/NACK puncturing: 
Working assumption:
· Locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.

Proposal 1: Confirm working assumption that reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.
Partially overlapped PUCCH and PUSCH
Currently 38.213 [2] specifies that UCI is transmitted on PUSCH if PUCCH and PUSCH exactly overlap, i.e. share same start and stop symbol. No UE behaviour is yet defined when the two transmissions do not exactly coincide. 
In the last meeting proposals have been brought forward to drop PUCCH and multiplex UCI on PUSCH if both channels have the same starting symbol. If PUCCH starts earlier than PUSCH it has been proposed to drop PUSCH. While it makes sense to prioritize PUCCH carrying ACK/NACK over PUSCH it is less obvious PUCCH carrying only CSI and SR should be prioritized over PUSCH. 
Proposal 2: When PUCCH overlaps with PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, and if UCI contains ACK/NACK, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop PUCCH.
Proposal 3 (Proposal 11 from R1-1801263): When the starting the symbol of PUCCH and PUSCH is the same, UCI is multiplexed on PUSCH, while PUCCH is not transmitted.
An according text proposal is made in Section 4. 
Indication of CSI-only PUSCH
CSI reporting on PUSCH is supported in NR either multiplexed with UL-SCH or by itself according to the agreement below:
Agreements:
1. RAN1 supports aperiodic CSI report on PUSCH, including two cases: 
a. Case-1: CSI reports multiplexing with uplink data in PUSCH
b. Case-2: CSI reports only in PUSCH (no uplink data)
c. Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
2. FFS: aperiodic CSI report on PUCCH

Furthermore, modulation order determination for CSI-only PUSCH is determined using the same way as when PUSCH also contains UL-SCH data:
Agreements:
· For aperiodic CSI on PUSCH triggered by an UL grant without UL-SCH data, the modulation order for PUSCH is handled the same way as the case when PUSCH is with UL-SCH data

One remaining issue is how to indicate to the UE in the DCI that PUSCH should contain CSI only and not UL-SCH. In LTE, CSI-only on PUSCH without UL-SCH is also supported. To indicate that the UE shall transmit PUSCH as such, the DCI indicates that [image: ](which sets RV=1 and has a reserved state for modulation order and TBS in the jointly encoded MCS and RV field) in conjunction with that the number of PUSCH repetitions is set to N=1 as well as that the CSI request field indicates that a CSI report is triggered. As RV and MCS is jointly encoded in the MCS field, there is no possibility to set an MCS value in case of CSI-only PUSCH in LTE, and QPSK is always used in that case, which is a limitation. For NR, obviously a different approach must be used since MCS and RV are separately encoded in the DCI. 
[bookmark: _Toc503560242]Observation 1: LTE approach for indicating CSI only PUSCH cannot be used directly for NR since the DCI fields are different.
As A-CSI can be multiplexed with UL-SCH on PUSCH, for both initial and re-transmissions of an UL-SCH transport block, indicating that CSI only is transmitted should be done in such a fashion that it does not limit the scheduling flexibility of UL-SCH.

Since only modulation order and not coding rate needs to be indicated for CSI-only PUSCH (the CSI payload is known and the coding rate is given implicitly be the resource allocation), one way to differentiate a DCI scheduling a CSI-only PUSCH is by setting the MCS value to one of the reserved states () which only indicates a modulation order and not a coding rate / TBS. These states are normally used for indicating a retransmission of a UL-SCH TB and so only using this as a differentiation criterion is not enough. However, for a retransmission, the New Data Indicator (NDI) would have the same value as the previously received DCI (of the initial transmission), i.e. it would not be toggled to indicate that the UE should transmit new data.
[bookmark: _Toc503560243]Observation 2: The MCS field set to one of the reserved states and toggling of the NDI bit never occurs in a regular UL grant.

Thus,  and toggling of the NDI bit, together with the CSI request field indicating that a report is triggered could be used as criterion to indicate that no UL-SCH TB is present and UE shall transmit CSI only on the PUSCH. To further protect against possible error cases, one could additionally require that the RVid is set to 1, as toggling of the NDI bit would typically also be accompanied by RVid=0 in a regular UL grant.

[bookmark: _Hlk506540999][bookmark: _Toc503560241]Proposal 4: An UL grant scheduling CSI only on PUSCH without UL-SCH is identified by toggling of the NDI, , RVid=1 and CSI request field triggering a CSI report.
An according text proposal is provided in Section 3.1.
UCI mapping to serving cell
In case a UE is configured with UL carrier aggregation no agreement has been reached so far on which carrier to piggyback the UCI. In the last meeting it has been proposed to reuse the behaviour from LTE.
Proposal 5 (same as Proposal 11a from R1-1801263): In scenario of CA, UCI is piggybacked on a single CC based on the follow rule (same as LTE). 
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10, of the associated PUCCH group
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe
An according text proposal is made in Section 4. 
[bookmark: _Ref506558158][bookmark: _Ref503445120]Text proposals 38.212
[bookmark: _Ref506541444]Text proposal 38.212, Indication of CSI-only PUSCH
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
[bookmark: _Toc501048218]6.1.4.2	Transport block size determination
For the PUSCH is assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI,
if

-	and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM', or

-	 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to '256QAM', or

-	 and transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM', or 

-	 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM', the UE shall first determine the TBS as specified below:
The UE shall first determine the number of REs (NRE)within the slot: 

-	A UE first determines the number of REs allocated for PUSCH within a PRB  by 





-	, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of scheduled OFDM symbols in a slot,   is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 0_0/0_1, and  is the overhead configured by higher layer parameter Xoh-PUSCH. If the Xoh-PUSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0.



-	A UE determines the total number of REs allocated for PUSCH  by where  is the total number of allocated PRBs for the UE.
-	Next, proceed with steps 2-5 as defined in Subclause 5.1.3.2
else if	Comment by Author: Proposal 4.

-	 and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM', or

-	 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to '256QAM', or

-	 and transform precoding is disabled and MCS-Table-PUSCH- transform-precoding is not set to '256QAM', or

-	 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is not set to '256QAM', and
-	the redundancy version rv=1, the NDI bit is toggled and the CSI request field is present and indicates that a CSI report is triggered
-	then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. 
else if

-	 and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM', or

-	 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to '256QAM', or

-	 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is not set to '256QAM', or


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using , and if the initial PUSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent configured scheduling PDCCH.
else


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using , and if the initial PUSCH for the same transport block is transmitted with configured grant, the TBS shall be determined from the most recent configured scheduling PDCCH.
-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
Text proposal 38.212, UCI on PUSCH
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
[bookmark: _Toc505960250]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 expressed as a number of subcarriers.









Denote  as the set of resource elements, in ascending order of indices , available for transmission of data 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 . Denote  as the number of elements in set . Denote  as the -th element in . For any OFDM symbol that carriers DMRS of the PUSCH, . For any OFDM symbol that does not carry DMRS of the PUSCH, .


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 the number of HARQ-ACK information bits to be transmitted on PUSCH is 0, 1 or 2 bits	Comment by Author: No resources need to be reserved for 0 bit.

the number of reserved resource elements for potential HARQ-ACK transmission is calculated according to Subclause 6.3.2.4.1.1, by setting ;

denote  as the number of coded bits for potential HARQ-ACK transmission using the reserved resource elements;


if frequency hopping is configured for the PUSCH, let  and ;

if frequency hopping is not configured for the PUSCH, let ;



denote  as the set of reserved resource elements for potential HARQ-ACK transmission, in OFDM symbol , for ;

Set ;

Set ;


 for ;


	for  to 

		;

		while 

if 

				if 

					;

					;
end if

if 

;

;
end if


for  to 

;

;	Comment by Author: Per RE, N_L*Q_m bts are mapped.
end for
			end if

;
end while
	end for
else


	 for ;
end if


Denote  as the number of elements in .

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 

				if   

					;

					;
end if

if 

;

;
end if


for  to 

;


for  to 

;

;

;
end for
end for


for  to 

	;	

;

;
end for

;

;
end if

;
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 

if  

					;

					;
end if

if  

;

;
end if

;


for  to 

;


for  to 

;

;

;
end for
end for


for  to 

			;

			
end for

;

;
end if

;
end while
	end for


Set ;

Set ;

Set ;


	for  to 

		;

		while 

			;
end while

		while 

			if 

if 

					;

					;
end if

if 

;

;
end if


for  to 

;


for  to 

;

;

;
end for
end for


for  to 

			


;	
end for

;

;
end if

;
end while
	end for
end if

Step 4:

Set ;


for  to 

	if 


		for  to 

			;


for  to 

		;

;
end for
end for
end if
end for

Step 5:
if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is no more than 2, 

Set ;

Set ;

Set ;


	for  to 

		;

		while  

			if 

				if 

					;

					;
end if

if 

;

;
end if


for  to 

;


for  to 


;;

;
end for
end for
end if

;
end while
	end for
end if

Step 6:

Set ;


for  to 


	for  to  	Comment by Author: The reordering needs to be done over UL-SCH and UCI subcarriers.
	     

     		; 


for  to 

	;

;
		end for
end
end for

-----------------------------------------<End of Text Proposal>--------------------------------------------------------------	
Text proposal for Uplink control information on PUSCH
-----------------------------------------<Start of Text Proposal>------------------------------------------------------------
[bookmark: _Toc505960280]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 for CSI part 1;

	-	;

	-	 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 scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


	-	 is the number of subcarriers in OFDM symbol  that carries 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 number of reserved resource elements for potential HARQ-ACK transmission in OFDM symbol , for , in the PUSCH transmission, defined in Subclause 6.2.7;




-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

	-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;

-	  is configured by higher layer parameter xxx.





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 Subclause 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 Subclause 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 .
0. 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 for CSI part 2;

	-	;

	-	 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 scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


-	 is the number of subcarriers in OFDM symbol  that carries 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 resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

	-	for any OFDM symbol that does not carry DMRS of the PUSCH, .

-	  is configured by higher layer parameter xxx.





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 Subclause 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 Subclause 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 .
-----------------------------------------<End of Text Proposal>--------------------------------------------------------------	


[bookmark: _Ref506538583][bookmark: _Ref506558162]Text proposal 38.213
[bookmark: _Toc505848916]-----------------------------------------<Start of Text Proposal>------------------------------------------------------------
9  UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and SCG.
-	When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.
If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.
If a UE would transmit a PUCCH that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH. 	Comment by Author: Proposal 2, 3, and 5.
If a UE would transmit PUSCH that has a later starting symbol than a PUCCH transmission carrying HARQ-ACK and the PUSCH and PUCCH transmissions overlap with at least one symbol, the UE does not transmit the PUSCH. If a UE would transmit PUCCH not carrying HARQ-ACK that has an earlier starting symbol than a PUSCH transmission and the PUSCH and PUCCH transmissions overlap with at least one symbol, the UE drops the PUCCH. If a UE would transmit PUCCH that has a same starting symbol as a PUSCH transmission, the UE does not transmit the PUCCH and multiplexes UCI in the PUSCH transmission. If a UE would transmit PUCCH that has a later starting symbol than a PUSCH transmission and the PUSCH and PUCCH transmissions overlap with at least one symbol, the UE does not transmit the PUCCH.
If a UE has valid UL grants for more than one serving cell, and UCI is multiplexed on a PUSCH, UCI is transmitted
· on PUSCH of the serving cell indicated by an UL grant requesting aperiodic CSI
· on primary cell PUSCH if the UCI consists of periodic/semi-persistent CSI and/or HARQ-ACK and if the UE has a valid grant on the primary cell PUSCH
· on PUSCH of the secondary cell with smallest SCellIndex if the UCI consists of periodic/semi-persistent CSI and/or HARQ-ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one secondary cell
-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
Conclusion
In this contribution we address UCI on PUSCH multiplexing and analyse the current specification. The following observations and proposals are made. Several text proposals addressing the proposals are made in Section 3 and 4.
Observation 1: LTE approach for indicating CSI only PUSCH cannot be used directly for NR since the DCI fields are different.
Observation 2: The MCS field set to one of the reserved states and toggling of the NDI bit never occurs in a regular UL grant.

Proposal 4: An UL grant scheduling CSI only on PUSCH without UL-SCH is identified by toggling of the NDI, , RVid=1 and CSI request field triggering a CSI report.
Proposal 1: Confirm working assumption that reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.
Proposal 2: When PUCCH overlaps with PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, and if UCI contains ACK/NACK, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop PUCCH.
Proposal 3 (Proposal 11 from R1-1801263): When the starting the symbol of PUCCH and PUSCH is the same, UCI is multiplexed on PUSCH, while PUCCH is not transmitted.
Proposal 5 (same as Proposal 11a from R1-1801263): In scenario of CA, UCI is piggybacked on a single CC based on the follow rule (same as LTE). 
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10, of the associated PUCCH group
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe
References
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