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Introduction
The following agreements with respect to UCI on PUSCH are made in the previous meetings:
RAN1 #90
Agreements: (referred to as Agreement C later in the text)
· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform
· At least for periodic CSI report configured by RRC and aperiodic CSI report triggered by UL grant, the UL data is rate-matched around the UCI
Working assumptions:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
· Note: NR ensures sufficiently reliable common understanding on HARQ-ACK bits between gNB and UE. 
RAN1 NR AdHoc #3
Agreements:
· Confirm the working assumption:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
RAN1 #90bis
Agreements:
· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs 
· Details FFS
Agreements:
· For CSI piggybacked on PUSCH, map CSI to distributed REs across PUSCH allocated RBs 
· Details FFS
Agreements:
· For CSI piggybacked on PUSCH, support splitting CSI mapping (at least for some CSI) into two parts, where the two parts are mapped differently 
· FFS details (e.g., grouping of different CSI types and map them into different REs, which types of CSI, etc.)
· FFS impact of frequency hopping (if any)
Agreements (email):
· When HARQ-ACK piggyback on PUSCH, the same rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH. 
· HARQ-ACK avoids puncturing PT-RS.
· Down select to one from the following two alternatives
· MAP HARQ-ACK to REs around DMRS symbol(s)
· Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.

Agreements:
· If freq hop is disabled for PUSCH, CSI piggybacked on PUSCH follows freq first mapping rule
· FFS details
· FFS the case when hopping is enabled
RAN1 #91
Agreements:
· If frequency hopping for PUSCH is enabled, the N1 modulation symbols of HARQ-ACK are partitioned into HARQ-ACK part A and HARQ-ACK part B, where part A has floor(N1/2) and part B has ceiling(N1/2) modulation symbols. HARQ-ACK part A is mapped to the first hop. HARQ-ACK part B is mapped to the second hop.
· If frequency hopping for PUSCH is enabled, the N2 modulation symbols of CSI part 1 are partitioned into CSI part 1A and CSI part 1B, where part 1A has floor(N2/2) and part 1B has ceiling(N2/2) modulation symbols. CSI part 1A is mapped to the first hop. CSI part 1B is mapped to the second hop.
· If frequency hopping for PUSCH is enabled, the N3 modulation symbols of CSI part 2 are partitioned into CSI part 2A and CSI part 2B, where part 2A has floor(N3/2) and part 2B has ceiling(N3/2) modulation symbols. CSI part 2A is mapped to the first hop. CSI part 2B is mapped to the second hop.

Agreements: (referred to as Agreement A later in the text)
· Detail UCI mapping rule on PUSCH is as follows:
· Map HARQ-ACK to REs around DMRS symbol(s)
· If PUSCH punctured by HARQ-ACK,
· Map CSI part 1 starting after certain amount of reserved HARQ-ACK REs. 
· FFS reserved HARQ-ACK REs 
· PUSCH can be mapped to reserved REs
· If PUSCH rate matched by HARQ-ACK,
· map HARQ-ACK first, followed by CSI part1. 
· FFS: how to map CSI part 2, e.g.,
· Map CSI part 2 after CSI part 1
· Map CSI part 2 after UL_SCH

Agreements:
· In Rel-15, both HARQ-ACK and CSI are mapped to all layers of the TB on PUSCH. 

Agreements: (referred to as Agreement B later in the text)
· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.
· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH
· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.
· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· CSI part 2 is not mapped on the CSI part 1 REs.
Working assumption:
· UCI mapping in frequency domain follows the rules below:
· Given a UCI type, on i-th OFDM symbol, modulated UCI symbols are mapped to REs in a distributed manner with distance d determined as following:
· d =1, if the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.
· d = floor(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i) 

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
Discussion
ACK/NACK mapping
Subclause 6.2.7 in [1] maps ACK/NACK to symbols beginning with the first symbol after the DM-RS. For large ACK/NACK codebooks and small PUSCH bandwidth the coded ACK/NACK mapping may continue until an OFDM symbol carrying the next DM-RS. The current mapping maps ACK/NACK coded bits to available RE in DM-RS carrying symbols, since the iterator l in Step 2 runs across all OFDM symbols. According to Agreement A ACK/NACK should be mapped to non-DM-RS symbols (Map HARQ-ACK to REs around DMRS symbol(s)).
CSI mapping
The mapping of CSI in Subclause 6.2.7 of [1] maps CSI to the first available non-DM-RS symbol, since the iterator l in Step 3 is initialized with the first non-DM-RS symbol. While Agreement B alone could suggest such mapping, the combination of Agreement A and B states that CSI is mapped after first DM-RS symbol(s): From Agreement A follows that CSI is mapped after ACK/NACK (map HARQ-ACK first, followed by CSI part1; FFS: how to map CSI part 2, e.g., Map CSI part 2 after CSI part 1, Map CSI part 2 after UL_SCH). From Agreement B follows that ACK/NACK is mapped after first DM-RS symbol(s) (Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s)). From combining these two agreements follows that CSI mapping starts after ACK/NACK mapping (this does not preclude CSI mapping to last OFDM symbol carrying ACK/NACK if RE are available). 
The combination of Agreements A and B alone does not preclude the mapping of CSI onto later DM-RS symbols and the current CSI mapping also maps CSI to DM-RS symbols (iterator l in Step 3 runs across all OFDM symbols). However, this is not the intention of Agreement A and B, it needs to be considered with Agreement C (For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform): For OFDM, mapping of CSI to empty RE in DM-RS symbols is possible, for DFTS-OFDM not, thus mapping of CSI to DM-RS symbols violates Agreement C.
Proposal 1:
Update Subclause 6.2.7 of [1] to 
1. Map ACK/NACK only to non-DM-RS symbols
2. CSI mapping starts in last (or next non-DM-RS symbol, depending on RE availability) OFDM symbol carrying ACK/NACK
3. CSI is not mapped to DM-RS symbols

Based on the discussion here, Subclause 6.2.7 in 38.212 is proposed to be modified. An according TP can be found in Section 3.
Determination of number of reserved RE for punctured ACK/NACK
So far no agreement has been reached how to determine the amount of reserved resources for punctured ACK/NACK. In principal a very similar(same) formula can be used as with rate-matched AN, i.e.


The number of ACK/NACK bits follows from the DAI in the UL grant. 
In the fallback DCI no UL DAI is included. Here,  can be derived from the detected number of DL assignments. If UE misses a DL assignment, it will determine a wrong number of . The fallback DCI is likely to be used for small ACK/NACK payloads and up to 2 bit ACK/NACK is punctured, which should give robustness towards missed DL assignments. For more than 2 bit ACK/NACK is rate matched and a wrong  results in wrong rate matching and lost PUSCH. Given that fallback DCI is mainly used with small ACK/NACK payloads (puncturing) this issue is not so severe.
However, even for small (punctured) ACK/NACK payloads missed DL assignments can lead to lost PUSCH: Depending on  the number of reserved resources is determined. If the UE uses a different  than the gNB the number of reserved resources is different. Since CSI1 is not to mapped to reserved resources gNB and UE assume different CSI1 mapping resulting in lost CSI1. Since PUSCH is rate matched around CSI1, even PUSCH is lost. A simple remedy would be to drop CSI1 in a PUSCH scheduled with fallback DCI. Note, the fallback DCI does not include a CSI request field and the only CSI that could be included in a PUSCH scheduled by the fallback DCI is periodic CSI piggybacked to PUSCH.
Proposal 2: 
	For PUSCH transmissions scheduled by fallback DCI (Format 0_0), UE does not include a CSI1 report.
[bookmark: _Ref503445120]Text proposal
-----------------------------------------<Start of 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 number of subcarriers contained in the scheduled PUSCHscheduled bandwidth of the PUSCH, expressed as a number of subcarriers.	Comment by Author: Not really bandwidth, if non-contiguous allocation is made. This is simply the number of subcarriers in the PUSCH resource allocation.









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 .
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;	Comment by Author: CSI is mapped after ACK/NACK, the symbol iterator l can therefore be initialized with l^(i).

-	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 ;
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 ;
else


	 for ;


	 for ;
end if

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

;

;
while OFDM symbol(l) contains DM-RS	Comment by Author: To map ACK/NACK only to non-DM-RS symbols.
	
end while
end while
	end for
end if

Step 3:
if CSI is present for transmission on the PUSCH,

Set ;

Set ;

Set ;


	for  to 

	;	Comment by Author: CSI mapping starts the earliest at last ACK/NACK OFDM symbol. 


	while or OFDM symbol(l) contains DM-RS	Comment by Author: To map CSI only to non-DM-RS symbols

		;
end while

	while 

		if  

			;

			;
end if

if  

;

;
end if

;


for  to 

;


for  to 

;

;

;
end for
end for


for  to 

	;
end for

;

;
while OFDM symbol(l) contains DM-RS	Comment by Author: To map CSI only to non-DM-RS symbols.
	
end while
end while
	end for


Set ;

Set ;

Set ;


	for  to 

	;	Comment by Author: CSI mapping starts the earliest at last ACK/NACK OFDM symbol. 

 


	while  or OFDM symbol(l) contains DM-RS

		;
end while

	while 

	if  

		;

		;
end if

if  

;

;
end if


for  to 

;


for  to 

;

;

;
end for
end for


for  to 

	;
end for

;

;
while OFDM symbol(l) contains DM-RS	Comment by Author: To map CSI only to non-DM-RS symbols.
	
end while
end while
	end for
end if

Step 4:

Set ;


for  to 


	for  to 

	;


for  to 

	;

;
end for
end for
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  

		;

		;
end if

if  

;

;
end if


for  to 

;


for  to 

;

;

;
end for
end for

;
while OFDM symbol(l) contains DM-RS	Comment by Author: To map ACK/NACK only to non-DM-RS symbols.
	
end while
end while
	end for
end if

Step 6:

Set ;


for  to 


	for  to 

	;


for  to 

	;

;
	end for
end
end for


-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
[bookmark: _GoBack]Conclusion
In this contribution we address UCI on PUSCH multiplexing and analyse the current text in Section 6.2.7 of 38.212. The following proposals are made and a text proposal for Proposal 1 is included in Section 3.
Proposal 1:
Update Subclause 6.2.7 of [1] to 
4. Map ACK/NACK only to non-DM-RS symbols
5. CSI mapping starts in last (or next non-DM-RS symbol, depending on RE availability) OFDM symbol carrying ACK/NACK
6. CSI is not mapped to DM-RS symbols

Proposal 2: 
	For PUSCH transmissions scheduled by fallback DCI (Format 0_0), UE does not include a CSI1 report.
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