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[bookmark: DocumentFor]Introduction
We have identified few remaining open issues related to physical uplink channel and UCI transmission which are listed in the following:
· Overlapping multi-slot and single-slot PUCCHs
· Filler bits for UCI on PUSCH rate matching
· Ambiguity in specification for overlapping PUCCH/PUSCHs

In this contribution, we discuss our view and propose solutions to resolve the remaining open issues.
Discussion
Overlapping multi-slot and single-slot PUCCHs
Different overlapping cases for UL transmissions were identified and the corresponding UE behavior for determining the eventual transmission was specified. However, the UE behavior is still unspecified when a multi-slot PUCCH overlaps with a single-slot PUCCH. An overview of the overlapping cases is illustrated in Table 1 which clearly indicates that overlapping is resolved either based on multiplexing or dropping rules where in the latter case multi-slot PUCCH transmission is prioritized.

[bookmark: _Ref525891484]Table 1: Overview on UE behavior for overlapping PUCCH/PUSCH resources
	Overlapping PUCCH/PUSCH
	Drop or Mux?
	Overlapping PUCCH/PUCCH
	Drop or Mux?

	Multi-slot PUCCH/
Multi-slot PUSCH
	Drop PUSCH
	Multi-slot PUCCH/
Multi-slot PUCCH
	Drop one PUCCH

	Multi-slot PUCCH/
Single-slot PUSCH
	Drop PUSCH
	Multi-slot PUCCH/
Single-slot PUCCH
	FFS

	Single-slot PUCCH/ Single-slot PUSCH
	Multiplex UCI
	Single-slot PUCCH/
Single-slot PUCCH
	Multiplex UCI



From our perspective, we prefer to adopt a simple approach based on the dropping rules when a multi-slot PUCCH overlaps with a single slot PUCCH by prioritizing multi-slot PUCCH and consider the UCI multiplexing only when there is no additional complexity. If we consider the multiplexing approach in the overlapping slot, the aim should be to avoid dropping high priority UCI, that is HARQ-ACK information, if possible without increasing the complexity. 
In that light, the interesting scenario should include the case where one of the overlapping PUCCH transmissions include HARQ-ACK information corresponding to PDSCH scheduled by DCI. The HARQ-ACK PUCCH resource is determined by 1) the number of HARQ-ACK bits which determines the PUCCH resource set and 2) the PUCCH resource indicator field in DCI that indicates the PUCCH resource in set.
If the total number of UCI from the overlapping PUCCH resources and number of HARQ-ACK bits indicate to the same PUCCH resource set (Step 1 above), the PUCCH resource for UCI multiplexing would be the same as the PUCCH resource for HARQ-ACK only since both use the same DCI field for indicating a PUCCH resource in the same PUCCH resource set. Hence, one can simply conclude that in this case, the only by comparing the number of HARQ-ACK bits and total UCI bits, the UE can easily determine whether the HARQ-ACK PUCCH resource would be the PUCCH resource for UCI multiplexing. Since the complexity is quite limited, we can consider only this case for UCI multiplexing and use the dropping rules for other cases. 
Therefore, we propose the following:
Proposal:
· When a multi-slot PUCCH repetition overlaps with a single PUCCH in a slot, 
· if one of the PUCCH resources includes HARQ-ACK bits and its corresponding PUCCH resource set is the same as the PUCCH resource set for the total number of UCI corresponding to the overlapping PUCCH resources, the UE multiplexes the total UCI on the HARQ-ACK PUCCH resource.
· otherwise, the UE drops the single-slot PUCCH and transmits the PUCCH multi-slot PUCCH in the slot.

Filler bits for UCI on PUSCH rate matching
When UCI is multiplexed on PUSCH, since the TBS is determined from target rate in the MCS table, the beta factor is used to change rates due to multiplexing UCI on PUSCH as compared to the target rate obtained from MCS table. Hence, the number of bits in the formula should only include the information and CRC bits. We have noticed that in 38.212, section 6.3.2.4.1, the denominator sum_Kr includes the LDPC filler bits (according to definition of Kr in 5.2.2) which seems to be wrong. Therefore, we propose changes to include only information and CRC bits. 

Proposal:
· 
In TS 38.212, add a notation K’r = K’ for the number of bits for the code block number excluding filler bits in section 5.2.2. Change Kr to K’r in calculation of Q’ACK, Q’CSI-1, and Q’CSI-2 in sections 6.3.2.4.1.1, 6.3.2.4.1.2, and 6.3.2.4.1.3 respectively.
	----------------------------------	Start of text proposal	 to TS 38.212	------------------------------------------
5.2.2	Low density parity check coding
[unchanged parts omitted]




The bits output from code block segmentation are denoted by , where  is the code block number, and is the number of bits for the code block number and  is the number of bits excluding filler bits for the code block number .

The number of bits  in each code block is calculated as:

;
For LDPC base graph 1,

.
For LDPC base graph 2, 

if 

;

elseif 

;

elseif 

;
else

;
end if





find the minimum value of  in all sets of lifting sizes in Table 5.3.2-1, denoted as , such that , and set  for LDPC base graph 1 and  for LDPC base graph 2;
[unchanged parts omitted]
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;



-	if , ; otherwise  is the number of CRC bits for HARQ-ACK determined according to Subclause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block,   =0; otherwise,   is the -th code block size excluding filler bits for UL-SCH of the PUSCH transmission;
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;



-	if , ; otherwise  is the number of CRC bits for CSI part 1 determined according to Subclause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block,   =0; otherwise,   is the -th code block size excluding filler bits for UL-SCH of the PUSCH transmission;
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;



-	if , ; otherwise  is the number of CRC bits for CSI part 2 determined according to Subclause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block,   =0; otherwise,  is the -th code block size excluding filler bits for UL-SCH of the PUSCH transmission;
----------------------------------	End of text proposal	 to TS 38.212	------------------------------------------



Clarifications for overlapping PUSCH and PUCCH
Different scenarios for overlapping PUCCH and/or PUSCH resources are extensively discussed and agreements are made to resolve the overlapping. The corresponding UE behavior is captured in specifications TS 38.214 and TS 38.213. Due to the different overlapping scenarios, we have identified that the current arrangement in the specifications unintentionally result in a different behavior as expected as described below:

1. TS 38.214, section 5.2.5 addresses the overlapping CSI reports on the priority rules. As the outcome, there will not be CSI reports in a PUSCH resource that overlap with CSI report in a PUCCH resource. However, there could be CSI reports in overlapping PUCCH resources that are addressed to be resolved in TS 38.213 section 9.2.5.
0. Note that TS 38.213, section 9.2.5 addresses the overlapping PUCCH/PUSCH resources based on timeline check and multiplexing rules.
1. TS 38.213, Section 9, addresses the overlapping PUCCH/PUSCH resources and refers to section 9.2.5 of the same specification for resolving the overlapping. 
1. This means that it also includes the case when SR is overlapped with PUSCH without UL-SCH but with A-CSI (which is addressed in section 9.3). 
1. Hence, in this case, one follows all the timeline check and multiplexing procedures, instead of simply dropping PUSCH which results in the wrong behavior.

Hence, we suggest minor re-arrangements in TS 38.213 as the following to resolve ambiguity:
1. Section 9 starts with addressing the overlapping cases which are resolved by dropping 
0. PUCCH with SR and PUSCH without UL-SCH and A-CSI (move the relevant text from 9.3 to the beginning of section 9).
0. Overlapping of CSI reports resolved in TS 38.214, section 5.2.5  (Add a reference to 38.214, section 5.2.5)
1. Thereafter, the remaining overlapping cases in section 9 are resolved with multiplexing as described in section 9.2.5.
1.  Finally, remove the redundant text in section 9.3.

Therefore, we suggest simple re-arrangement for the text to make the specifications consistent with the intended behavior.



Proposal:
· Adopt the following changes in Subclause 9 and 9.3 of TS 38.213.

	----------------------------------	End of text proposal	 to TS 38.213	------------------------------------------
9	UE procedure for reporting control information
[unchanged parts omitted]
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
If a UE would transmit CSI reports on the physical channels that overlap, the UE applies the priority rules for CSI reports in Subclause 5.2.5 in TS 38 .214.
If a UE would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE multiplexes aperiodic CSI or semi-persistent CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Subclause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
 [unchanged parts omitted]
9.3   UCI reporting in physical uplink shared channel
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
If a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information and/or semi-persistent/periodic CSI reports and the conditions in Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI reports in the PUSCH. 
Offset values are defined for a UE to determine a number of resources for multiplexing HARQ-ACK information and for multiplexing CSI reports in a PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the PUSCH transmission or by higher layers.
 [unchanged parts omitted]
----------------------------------	End of text proposal	 to TS 38.213	------------------------------------------



Conclusion
In this contribution, we proposed the following to resolve few open issues related to physical uplink channel and UCI transmission. 

Proposal 1:
· When a multi-slot PUCCH repetition overlaps with a single PUCCH in a slot, 
· if one of the PUCCH resources includes HARQ-ACK bits and its corresponding PUCCH resource set is the same as the PUCCH resource set for the total number of UCI corresponding to the overlapping PUCCH resources, the UE multiplexes the total UCI on the HARQ-ACK PUCCH resource.
· otherwise, the UE drops the single-slot PUCCH and transmits the PUCCH multi-slot PUCCH in the slot.

Proposal 2:
· 
In TS 38.212, add a notation K’r = K’ for the number of bits for the code block number excluding filler bits in section 5.2.2. Change Kr to K’r in calculation of Q’ACK, Q’CSI-1, and Q’CSI-2 in sections 6.3.2.4.1.1, 6.3.2.4.1.2, and 6.3.2.4.1.3 respectively.
	----------------------------------	Start of text proposal	 to TS 38.212	------------------------------------------
5.2.2	Low density parity check coding
[unchanged parts omitted]




The bits output from code block segmentation are denoted by , where  is the code block number, and is the number of bits for the code block number and  is the number of bits excluding filler bits for the code block number .

The number of bits  in each code block is calculated as:

;
For LDPC base graph 1,

.
For LDPC base graph 2, 

if 

;

elseif 

;

elseif 

;
else

;
end if





find the minimum value of  in all sets of lifting sizes in Table 5.3.2-1, denoted as , such that , and set  for LDPC base graph 1 and  for LDPC base graph 2;
[unchanged parts omitted]
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;



-	if , ; otherwise  is the number of CRC bits for HARQ-ACK determined according to Subclause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block,   =0; otherwise,   is the -th code block size excluding filler bits for UL-SCH of the PUSCH transmission;
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;



-	if , ; otherwise  is the number of CRC bits for CSI part 1 determined according to Subclause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block,   =0; otherwise,   is the -th code block size excluding filler bits for UL-SCH of the PUSCH transmission;
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;



-	if , ; otherwise  is the number of CRC bits for CSI part 2 determined according to Subclause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block,   =0; otherwise,  is the -th code block size excluding filler bits for UL-SCH of the PUSCH transmission;
----------------------------------	End of text proposal	 to TS 38.212	------------------------------------------



[bookmark: _GoBack]
Proposal 3:
· Adopt the following changes in Subclause 9 and 9.3 of TS 38.213.

	----------------------------------	End of text proposal	 to TS 38.213	------------------------------------------
9	UE procedure for reporting control information
[unchanged parts omitted]
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
If a UE would transmit CSI reports on the physical channels that overlap, the UE applies the priority rules for CSI reports in Subclause 5.2.5 in TS 38 .214.
If a UE would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE multiplexes aperiodic CSI or semi-persistent CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Subclause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
 [unchanged parts omitted]
9.3   UCI reporting in physical uplink shared channel
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
If a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information and/or semi-persistent/periodic CSI reports and the conditions in Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI reports in the PUSCH. 
Offset values are defined for a UE to determine a number of resources for multiplexing HARQ-ACK information and for multiplexing CSI reports in a PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the PUSCH transmission or by higher layers.
 [unchanged parts omitted]
----------------------------------	End of text proposal	 to TS 38.213	------------------------------------------
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