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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
After RAN1 Meeting #93, most issues for NR Rel-15 physical uplink control channel are closed and the finalized Rel-15 specification is endorsed in the following RAN plenary.  However, due to the limited time, some issues are still not resolved and the specification needs to be further improved. In this contribution, remaining issues for physical uplink control channel are summarized and some solutions are discussed correspondingly. 
[bookmark: _Ref129681832]PUCCH structure in short-duration
“Dual long format PUCCHs” issue 
The overlapping between PUCCHs and PUSCHs is comprehensively discussed in the past few RAN1 meetings, and the procedures on   how to resolve the overlapping issued are also specified in the current specification. Simply, if a PUCCH carrying  HARQ-ACK information overlaps with a PUCCH conveying CSI within one slot, a new resource, selected from a resource set determined by the total payload of HARQ-ACK and CSI and indicated by the PUCCH resource indicator filed in the last DCI, is used to convey both of them [1]. The format of new resource may be different from that configured for HARQ-ACK initially, because the resource set may have changed due to the larger payload size. However, the format change may cause a “dual long format PUCCH” issue, which means two long format PUCCHs occurring within one slot after resolving the overlapping, and it is not allowed in Rel-15 specification. 
An example shown as Figure 1, PF2 is indicated for HARQ-ACK initially and CSI report 1 and 2 configured with PF2 and PF4 separately. PUCCHs for HARQ-ACK information and CSI report 1 are overlapped together. Through the procedure, new resource is decided to use PF3 to transmit both HARQ-ACK and CSI, thus two long format PUCCHs happen in one slot. 

[bookmark: _Ref519786580]Figure 1. Dual long formats after resolving overlapping
One simplest way to handle this “Dual long format PUCCH” issue is dropping the long format one for CSI, e.g. the CSI report 2 in Figure 1. However, the shortage of this method is also obvious: much more latency for CSI is introduced.
[bookmark: _Ref167612881]
[bookmark: _Ref519878749]Figure 2. Same PUCCH format with same resource ID
Another feasible way is once the “dual long format PUCCH” issue happens, let UE to find a new short format PUCCH resource in the determined resource set instead of using the resource indicated by ARI, and when the gNB senses two long format PUCCHs within this slot, gNB will automatically detect a short format PUCCH in this resource set. In order to make the gNB and UE to find a same short PUCCH, therefore, some common rules should be predefined between UE and gNB. 
Considering the coverage, the 2-symbol resource is preferred in the resource set. While, if there are multiple 2-symbol resources in the resource set, the resource starting earlier is considered. At last, if more than one resources that occupies 2 symbols in time domain and start at same time, the resource with the smallest resource ID should be chosen. Shown in Figure 3 as an example, the ARI indicates a PF2 resource in resource set 1 but a PF3 resource in resource set 2. If two long format PUCCHs occur in this slot, a short format resource in resource set 2 is selected.

Figure 3. A new resource determination
Proposal 1: After finishing the procedure to resolve the overlapping between HARQ-ACK and CSI, if the new determined resource results in more than one long format PUCCHs within a slot, a new short PUCCH format resource is selected in the determined resource set to replace ARI indicated resource to convey both HARQ-ACK and CSI.  The selection rule can be as following:
· Choose the PF2 resource with largest duration in determined resource 
· If there are multiple PF2 resources with same duration, choose the one  with earliest starting symbol
· If both duration and starting symbol are same for multiple PF2 resource, the one with smallest resource ID is selected.
· Otherwise, drop the long format resource for CSI
Correction #1 on short-duration PUCCH
In clause 6.3.2.2.1 & 6.3.2.2.2 of TS38.211-f20, group hopping and cyclic shift hopping of low PAPR sequences are described. The higher-layer parameter hoppingId is used to determine the hopping pattern. But when UE is operating on the initial access state and the hoppingId does not been configured, a default value should be defined, such as. What is more, the hoppingId is an optional parameter in TS38.331. If the hoppingId is not configured, the default value is also needed. Based on the previous analysis, the following TP is proposed.
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
6.3.2.2.1	Group and sequence hopping
The sequence group  and the sequence number  within the group depends on the higher-layer parameter pucch-GroupHopping:
-	if pucch-GroupHopping equals 'neither'

	where  is given by the higher-layer parameter hoppingId, if the higher-layer parameter hoppingId is configured; otherwise, .
-	if pucch-GroupHopping equals 'enable' 

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId, if the higher-layer parameter hoppingId is configured; otherwise, ..
-	if pucch-GroupHopping equals 'disable'

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId, if the higher-layer parameter hoppingId is configured; otherwise, ..
The frequency hopping index [image: ] if intra-slot frequency hopping is disabled by the higher-layer parameter PUCCH-frequency-hopping. If frequency hopping is enabled by the higher-layer parameter PUCCH-frequency-hopping, [image: ] for the first hop and [image: ] for the second hop.
6.3.2.2.2	Cyclic shift hopping
The cyclic shift  varies as a function of the symbol and slot number according to

where
-	 is the slot number in the radio frame
-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]
-	 is given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in subclause 6.4.1.3.3.1
-	 except for PUCCH format 0 when it depends on the information to be transmitted according to subclause 9.2 of [5, TS 38.213].
The function  is given by
 
where the pseudo-random sequence  is defined by subclause 5.2.1. The pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter hoppingId, if the higher-layer parameter hoppingId is configured; otherwise, ..
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------

Correction #2 on short-duration PUCCH 
In RAN1#91 meeting, it was agreed that the PN sequence for PUCCH format 2 DMRS reuses that for CP-OFDM PUSCH DMRS. 
Agreements in RAN1 Meeting #91:
· For PUCCH format 2, the PN sequence for DMRS reuses that for CP-OFDM PUSCH DMRS. 
In the current specification, for CP-OFDM PUSCH DMRS, the pseudo-random sequence generator is initialized with the following value:
,
where  is the number of symbols within a slot, i.e. 14 for NCP and 12 for ECP.
The initialization value for DMRS of PUCCH format 2 in TS 38.211 Subcaluse 6.4.1.3.2.1 is only for the scenario of NCP, i.e.14 symbols in a slot. But PUCCH format 2 can be applied to both NCP and ECP. To support both NCP and ECP and align with the description of PUSCH DMRS, the initialization value for PUCCH format 2 DMRS should be revised to: 

Similarly, a same issue also exist in cyclic shift hopping part of TS38.211 Subclause 6.3.2.2.2, the cyclic shift  varies as a function of the symbol and slot number according to

where the function  is given by 
[3]
The cyclic shift hopping could be used for both NCP and ECP, but the function  is only considering 14 symbols NCP case. Therefore, the function should be changed to 
 
Furthermore, text proposals are applied as following:
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
6.4.1.3.2	Demodulation reference signal for PUCCH format 2
6.4.1.3.2.1	Sequence generation
The reference-signal sequence  shall be generated according to
.
where the pseudo-random sequence  is defined in clause 5.2 and  is given by clause 6.3.2.5.2. The pseudo-random sequence generator shall be initialized with

where  is the OFDM symbol number within the slot,  is the slot number within the radio frame, and  is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and by  otherwise.
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------

--------------------------------------- Start of Text Proposal ----------------------------------------------
[bookmark: _Toc516767288]< Unchanged parts are omitted >
6.3.2.2.2	Cyclic shift hopping
The cyclic shift  varies as a function of the symbol and slot number according to

where
-	 is the slot number in the radio frame
-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]
-	 is given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in subclause 6.4.1.3.3.1
-	 except for PUCCH format 0 when it depends on the information to be transmitted according to subclause 9.2 of [5, TS 38.213].
The function  is given by

where the pseudo-random sequence  is defined by subclause 5.2.1. The pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter hoppingId.
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------

UCI multiplexing
CSI report(s) piggy-back on PUSCH 
In NR Rel-15, a conclusion was reached that when PUCCH(s) and PUSCH collide within a slot, if the timeline requirements are satisfied, the UCI should be piggybacked on the PUSCH and PUCCH(s) would not be transmitted [1]. Furthermore, the agreement in Meeting #92bis gives details that the A-CSI and SP-CSI on PUSCH without UL-SCH overlaps with HARQ-ACK/SR, which HARQ-ACK/SR should be transmitted. 
Agreements in RAN1 Meeting #92bis:
· For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with SR/HARQ-ACK with the same starting symbol within the same CC, adopt the proposals in the table below 
	SP-CSI on PUSCH without UL-SCH
	A-CSI-only on PUSCH without UL-SCH
	HARQ-ACK
	SR
	Proposal

	
	*
		
	· 
	Drop A-CSI-only on PUSCH, transmit SR on PUCCH. (follow LTE approach)

	
	*
	*
	*
	Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK on PUCCH. (follow LTE approach) 

	*
	
	
	*
	Drop SP-CSI on PUSCH, transmit SR on PUCCH (follow LTE approach)

	*
	
	*
	*
	Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR on PUCCH (follow LTE approach)


· The symbol “*” in SR means when SR is positive
· FFS when the starting symbols among UL transmissions are different in the above scenarios
Based on the conclusion of MIMO, when two CSI reports collide in time, the one and only the one with higher priority CSI report is transmitted if multi-CSI resource is not configured. Therefore, shown as Table 1, if periodic/semi-persistent CSI overlaps with PUSCH conveys A-CSI or SP-CSI, is it still necessary to piggyback the P/SP CSI on PUSCH? 
Another scenario is multiple CSI reports collide with the same PUSCH, shown in Figure 4 for example. Whether all CSI reports are needed to piggyback on the PUSCH, or only the higher priority one is considered.
[bookmark: _Ref520196604][bookmark: OLE_LINK2]Table 1. PUCCH overlaps with PUSCH
	
	SR
	HARQ-ACK
	HARQ-ACK/SR
	CSI

	
	
	
	
	P-CSI
	SP-CSI

	UCI-only on PUSCH without UL-SCH
	A-CSI only
	PUCCH for SR is transmitted
	Piggyback
	PUCCH for HARQ-ACK/SR is transmitted

	Not clear
	Not clear

	
	SP-CSI only
	
	
	
	Not clear
	Not clear

	UCI on PUSCH with UL-SCH
	A-CSI with UL-SCH
	Not piggyback
	Piggyback
	SR is not piggybacked
	Not clear
	Not clear

	PUSCH with UL-SCH only
	Not piggyback
	Piggyback
	SR is not piggybacked
	Piggyback
	PUSCH is transmitted




[bookmark: _Ref520209220]Figure 4. Multiple CSI reports colliding with PUSCH
Considering the complexity of the realization, only one CSI report with higher priority is needed to piggyback on PUSCH. If there is a CSI with higher priority already carried on PUSCH, it is unnecessary to piggyback a new CSI on it, although PUCCH and PUSCH are overlapping in time. Similarly, if multiple CSI reports overlap with same PUSCH, only the CSI with higher priority could be carried on PUSCH, for example CSI report 1 in Figure 4. For better understanding the specification, following clarification should be applied: 
Proposal 2: If single slot PUCCH(s) conveying CSI report(s) collide with a single/multiple slot(s) PUSCH with or without CSI, only one CSI report with the highest priority is multiplexed on the PUSCH within the overlapped slot. The CSI report priority is defined in TS 38.214 Subclause 5.2.5.

Correction #1  on PUCCH multiplexing
In clause 9.2.5.1 of TS38.213-f20, multiplexing of periodic/semi-persistent CSI and SRs information in PF2/3/4 is described as previous. The previous two parts are used to describe a same case, and the only difference is the highlighted wording. Since the description of the first paragraph is more accurate, the second paragraph can be removed. Based on the previous analysis, the following TP is proposed.
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
9.2.5.1	UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
…
If a UE would transmit periodic/semi-persistent CSI in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot , [image: ] bits representing corresponding negative or positive SR, in ascending order of the values of schedulingRequestResourceId , are prepended to the periodic/semi-persistent CSI information bits as described in Subclause 9.2.5.2 and the UE transmits a PUCCH with the combined UCI bits in a resource using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 resource for CSI reporting. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs.
If a UE would transmit periodic/semi-persistent CSI in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, [image: ] bits representing corresponding negative or positive SR, in ascending order of the values of schedulingRequestResourceId , are prepended to the periodic/semi-persistent CSI information bits as described in Subclause 9.2.5.2 and the UE transmits a PUCCH with the combined UCI bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs. 
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------


Correction #2 on PUCCH multiplexing
In clause 9.2.5 of TS38.213-f20, to select two TDMed PUCCHs from multiple overlapping PUCCH with periodic/semi-persistent CSI, the first resource for CSI with highest priority is chosen and if the first resource includes PF2, an addition non-overlapped resource can be used also. However, the description miss one case, which is the first resource includes PF3/4 and the second resource includes PF2. 
In the RAN1 Meeting #93, following agreement is reached:
Agreements in RAN1 Meeting #93:
· On a per PUCCH group basis:
· If a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot,
· If  a UE is configured with multi-CSI-PUCCH-Config, the UE multiplexes all the CSI reports corresponding to CSI only PUCCH resources (overlapping or not) in the slot on a single multi-CSI-PUCCH resource, following the agreed priority rules for CSI reporting.
· If a UE is not configured with multi-CSI-PUCCH-Config, among all the PUCCH resources for CSI reporting, the UE selects maximum two non-overlapping PUCCH resources for CSI reports with the highest priority.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2. 
· For CSI-only reporting in a slot, if a UE is configured with more than two non-overlapping CSI reports in a slot, the UE selects the maximum two PUCCH resources with the highest priority CSI repots.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
Following the agreement, if the multi-CSI-PUCCH resource is configured, all the CSI reports should be multiplexed on it, no matter overlapping or not. However, the description in clause 9.2.5 of TS38.213-f20, only these CSI reports with overlapping resource should multiplex on the multi-CSI resource, which is conflicted with the agreement in RAN1 Meeting #93. Therefore, to keep the integrity of specification and align with agreement, the following TP is proposed.
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
9.2.5	UE procedure for reporting multiple UCI types
A UE multiplexes HARQ-ACK/SR and periodic/semi-persistent CSI in a same PUCCH if the UE is provided higher layer parameter simultaneousHARQ-ACK-CSI; otherwise, the UE drops the periodic/semi-persistent CSI report(s) and includes only HARQ-ACK/SR in the PUCCH.
If a UE is configured with multiple PUCCH resources in a slot to transmit only semi-persistent or periodic CSI reports
-	if the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS38.214]. If the first resource includes PUCCH format 2, and if there are remaining resources that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting. If the first resource includes PUCCH format 3/4, and if there are remaining PUCCH format 2 resources that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining PUCCH format 2 resources, and a corresponding second resource as an additional resource for CSI reporting
-	if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE multiplexes all CSI reports with overlapping resources in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2 
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------

Correction #3 on multiplexing UCI on PUSCH
In subclause 6.2.7 of TS38.212-f20, the multiplexing of UL-SCH and UCI on PUSCH is described by pseudo code. The situation of UCI with/without UL-SCH, and combinations of HARQ-ACK/CSI-part1/CSI-part2 are all covered by this piece of universal pseudo code. However, there exists some tricky issues as described below. 
Issue 1:
For the case where CSI-part1, CSI-part2 and 0, 1 or 2 HARQ-ACK information bits are transmitted on UCI-only PUSCH with hopping, when the following 3 conditions are satisfied:
1) Hop1 and hop2 have equal number of data REs, i.e. ;
2)  is not an integer multiple of , which makes ;
3) , i.e. the non-reserved REs are fully occupied by CSI-part1;
it can be derived that there are at least two bad consequences: (1) CSI-part1 cannot be transmitted completely for the reason that , i.e. the non-reserved REs in hop2 is not enough for conveying CSI-part1 of hop2; and (2) some reserved REs of hop2 have no data to transmit, as illustrated by Figure 5, which means the uplink single-carrier characteristic may be destroyed if DFT-s-OFDM is used for PUSCH transmission. Detailed derivation process of these two consequences please see Appendix A.

Figure 5. “Empty” reserved RE(s) in hop2
Several numeral examples of error case are listed in Table 2. From the green highlighted numbers, it can be seen that in hop2, the number of coded bits transmitted by non-reserved REs is smaller than  -- the number of CSI-part1 coded bits in hop2. Thus CSI-part1 cannot be transmitted completely, since there are not enough non-reserved REs for CSI-part1, and CSI-part1 cannot be mapped to the reserved REs for HARQ-ACK. And from the cyan highlighted numbers in Table 2, it can be inferred that there are not enough CSI-part2 coded bits to be mapped to hop2 reserved REs for transmission, and some of the reserved REs may be empty.
It is worth noting that it is easy to find many other error cases beyond Table 2.
Table 2. Error case examples of UCI-only PUSCH with hopping
	Parameters
	Error case values

	
	Case1
	Case2
	Case3

	Layer number: 
	1
	1
	1

	Modulation order: 
	4
	6
	4

	
	132
	162
	116

	
	348
	414
	172

	
	132
	162
	116

	hop1
	
	60
	48
	36

	
	
	64
	78
	56

	
	
	172
	204
	84

	
	
	68
	84
	60

	hop2
	
	60
	48
	36

	
	
	68
	84
	60

	
	Number of coded bits transmitted by non-reserved REs:

	172
	204
	84

	
	
	176
	210
	88

	
	
	64
	78
	56



The correction for Issue 1 is simple. Just by exchanging the rounding down and rounding up operations in the reserved coded bit number calculation for HARQ-ACK in each hop (yellow highlighted in Table 2) with each other, Issue 1 would be fixed. Three accompanying modifications are also needed for  calculation. Details please refer to the text proposal.
[bookmark: OLE_LINK5]Issue 2:
For the calculation of the number of encoded CSI-part1 bits in hop1, i.e. the equation

[bookmark: OLE_LINK6]quote from current specification is used, where the upper limit  can be inappropriate if there are only 0 or 1 HARQ-ACK information bits. 
Since  is calculated by setting, it makes  when the number of actual HARQ-ACK information bits is less than 2. Thus, which makes the upper limit  of CSI-part1 in hop1, larger than the number of mappable bits of non-reserved REs in hop1: .
The correction for Issue 2 is modifying the corresponding upper limit to

For the correction of Issue 1 and Issue 2, the following text proposal is proposed.
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
[bookmark: _Toc517077598]6.2.7	Data and control multiplexing
……
-	if HARQ-ACK is present for transmission on the PUSCH with UL-SCH, let 
-	  and ;
-	if CSI is present for transmission on the PUSCH with UL-SCH, let 
-	;
-	;
-	; and 
-	;
-	if only HARQ-ACK and CSI part 1 are present for transmission on the PUSCH without UL-SCH, let 
-	;
-	;
-	; and 
-	;
-	if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 
-	;
-	;
-	, where  is calculated by the method described within Step 1 below;
-	;
-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise; and
-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise;
……
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
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 

;
end for
end if
;
end while
end for
else
;
;
 for ;
end if
Denote  as the number of elements in .
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------
Resource allocation for PUCCH
Correction #1 on resource allocation for PUCCH
In clause 9.2.1 of TS38.213-f20, UE specific PUCCH resource sets is described as previous. For it belongs to the 3rd and the 4th PUCCH resource sets simultaneously, which will make confusion on HARQ-ACK feedback. Based on the definition of other sets, the following TP is proposed.
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
9.2.1	PUCCH Resource Sets
…
If the UE transmits  UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH resource set to be 
-	a first set of PUCCH resources with pucch-ResourceSetId = 0 if [image: ] including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK information and SR occurs simultaneously, or
-	a second set of PUCCH resources with pucch-ResourceSetId = 1, if provided by higher layers, if [image: ] where [image: ] is provided by higher layer parameter maxPayloadMinus1 for the PUCCH resource set with pucch-ResourceSetId = 1, or
-	a third set of PUCCH resources with pucch-ResourceSetId = 2, if provided by higher layers, if [image: ] where [image: ] is provided by higher layer parameter maxPayloadMinus1 for the PUCCH resource set with pucch-ResourceSetId = 2, or
-	a fourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if .
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------

Correction #2 on resource allocation for PUCCH
In clause 9.2.1 of TS38.213-f20, common PUCCH resource sets is described as previous. For PUCCH resource set 3 to set 15, PUCCH format 1 is used, while time/frequency resource and CS index are both defined. But the definition of OCC index is missed. Since the multiplexing based on Time domain OCC is not used, OCC index 0 (All elements are 1) should be applied. To make the description more integrated, the following TP is proposed.
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >

9.2.1	PUCCH Resource Sets
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: ] PRBs provided by SystemInformationBlockType1. The PUCCH resource set is provided by higher layer parameter PUCCH-Resource-Common and includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset [image: ], and a cyclic shift index set for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping. The UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. 
The UE is not expected to generate more than one HARQ-ACK information bit. 
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: ],  [image: ], as [image: ], where [image: ] is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0, as described in Subclause 10.1, [image: ] is the index of a first CCE for the PDCCH reception, and [image: ] is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
If 
-	the UE determines the PRB index of the PUCCH transmission in the first hop as [image: ] and the PRB index of the PUCCH transmission in the second hop as , where [image: ] is the total number of cyclic shift indexes in the cyclic shift index set
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
If 
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as [image: ]
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
-	the UE determines the Orthogonal sequences of PUCCH format 1 as in Table 6.3.2.4.1-2 of [4, TS 38.211]
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}


< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------

Conclusions
Based on above discussions, the following proposals are given: 
Proposal 1: After finishing the procedure to resolve the overlapping between HARQ-ACK and CSI, if the new determined resource results in more than one long format PUCCHs within a slot, a new short PUCCH format resource is selected in the determined resource set to replace ARI indicated resource to convey both HARQ-ACK and CSI.  The selection rule can be as following:
· Choose the PF2 resource with largest duration in determined resource 
· If there are multiple PF2 resources with same duration, choose the one  with earliest starting symbol
· If both duration and starting symbol are same for multiple PF2 resource, the one with smallest resource ID is selected.
· Otherwise, drop the long format resource for CSI
Proposal 2: If single slot PUCCH(s) conveying CSI report(s) collide with a single/multiple slot(s) PUSCH with or without CSI, only one CSI report with the highest priority is multiplexed on the PUSCH within the overlapped slot. The CSI report priority is defined in TS 38.214 Subclause 5.2.5.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]

References
[bookmark: _Ref520131490][bookmark: _Ref519705558][bookmark: _Ref167612671]TS 38.213 f-20 Clause 9
[bookmark: _Ref520206715]TS 38.214 f-20 Subclause 5.2.5
[bookmark: _Ref521506339]TS 38.211 f-20 Subclause 6.3.2.2.2
Appendix A. The derivation of the error from subsection 3.4
Firstly, the split of number of CSI-part1&part2 coded bit for each hop is extracted from current TS38.212-f20 and listed below:
                      (1)
                             (2)
                               (3)
                              (4)
The three conditions listed in subclause 3.4.2 is 
1) Hop1 and hop2 have equal number of data REs, 
                       (5)
2)  is not an integer multiple of , from Equation (1) it is inferred
                       (6)
3)                            (7)
From Equation (3)(4)(5)(6), it is inferred
                      (8)
By adding Equation (3) and (4), it can get
                     (9)
With Equation (7) and (9), 
                     (10)
With Equation (8) and (10), we know
                          (11)
The number of coded bit transmitted by reserved REs is (also extracted from current TS38.212-f20):
                           (12)
                          (13)
Equation (12) and (13) derive that
                         (14)
Then Equation (11) and (14) mean
                          (15)
i.e. , thus , which means in hop2, CSI-part1 cannot be transmitted completely.
In addition, Equation (15) indicates some reserved REs of hop2 have no data to transmit.
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