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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In this contribution, some remaining issues on PUCCH for NR R15 are discussed including,
· More than 2 non-overlapping PUCCHs within one slot (At least includes PUCCH for ACK and SR)
· Remaining issues before UE has a dedicated PUCCH resource configuration
· Remaining issues on multi-slot PUCCH
· [bookmark: OLE_LINK12]Remaining issues about multiple CSI reports in a slot
· Discussion about multi-slot PUSCH overlaps with single-slot PUCCH
· Correction on maximum payload o PUCCH format 4
· Correction on value of total DAI indicator
2. More than 2 non-overlapping PUCCHs within one slot
In the #93 meeting, it has discussed and acheived some agreements that when more than 2 non-overlapping PUCCHs which are all for CSI reports within one slot. 
Agreements [1]:
· 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.
So far, there are at most two CSI PUCCHs, one HARQ-ACK PUCCH and one SR PUCCH within one slot. Therefore, more than 2 non-overlapping PUCCHs including at least HARQ-ACK/SR within one slot should also be considered. The following alternatives can be considered :
· Alt 1: the UE selects at most two PUCCH resources with the highest priority UCI, 
· Priority is defined as follows: HARQ-ACK>SR>CSI with higher priority>CSI with lower priority
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
· Alt 2: the UE selects at most two PUCCH resources with the earliest starting symbol, 
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
· Alt 3: if there is one HARQ-ACK PUCCH in response to a PDSCH reception with a corresponding PDCCH, the UE multiplexes all the UCI in this slot to only one PUCCH determined based on total UCI bits and PRI value. Otherwise, Alt 1 or Alt 2 can be considered.
Alt 1 is similar to that of multiple non-overlapping CSI PUCCHs within one slot which can gurantee the highest priority UCI (especially HARQ-ACK and SR) can be transmitted. 
Alt 2 is simple but seems to be inappropriate in some cases. For example, considering two CSI PUCCHs with earlist starting symbol while HARQ-ACK PUCCH in the end of the slot, gNB maybe more desirable to receive dynamic scheduled HARQ-ACK PUCCH rather than periodic-CSI reports. 
Alt 3 can gurantee all the UCI to the transmitted if the configured PRB resources is permitted when there is a dynamic scheduled HARQ-ACK PUCCH, but it may increase the latency in the case that short SR PUCCH in the starting of the slot but the determined PUCCH in the end of the slot or with a very long duration. Base on the above analysis, we think that alt 1 is prefered.
Proposal 1 : If a UE is configured with more than two non-overlapping PUCCHs including at least HARQ-ACK/SR in a slot, the UE selects at most two PUCCH resources with the highest priority UCI.
· Priority is defined as follows: HARQ-ACK>SR>CSI with higher priority>-CSI with lower priority
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.

3. Remaining issues before UE has a dedicated PUCCH resource configuration
During and after last meeting, there were some discussions regarding the usage of DCI format 1_0 and 1_1 if the UE does not have a dedicated PUCCH resource configuration. So far, there were three PUCCH resources defined in the spec,
(1) Dedicated PUCCH resource, which is  provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config
(2) Common PUCCH resource in BWP configuration (dedicated signaling), which is provided by pucch-ConfigCommon
(3) Common PUCCH resource configured by SIB1, which is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1
The spec only defines when (1) is absence, UE shall use the resource provided by (3). However, (2) is still useful for EN-DC and handover case. And for EN-DC and handover case, (3) can be absence from the current signalling procedure. Therefore, the spec shall provide the UE behaviors for such case.
Furthermore, prior to establishing RRC connection, it is agreed that UE does not expect to generate more than one HARQ-ACK information bit. However, after establishing RRC connection and before UE has a dedicated PUCCH resource, the UE use either (2) or (3) as PUCCH resource. Both of them has a limitation of the HARQ-ACK payload size up to 2-bit. Therefore, it is proposed to add restriction for the HARQ-ACK information bits for such case.
Overall, the proposed text is as follows,
TS 38.213 section 9.2.1
------------------------------------------Start of Text Proposal -------------------------------------------
[bookmark: _Ref498101660][bookmark: _Toc525657948]9.2.1	PUCCH Resource Sets
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter either PUCCH-ResourceSet in PUCCH-Config or pucch-ConfigCommon, 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  PRBs provided by SystemInformationBlockType1. 
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, but does have dedicated PUCCH resource configuration provided by higher layer parameter pucch-ConfigCommon, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in PUCCH-ConfigCommon 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   PRBs provided by BWP-UplinkCommon. 
The PUCCH resource set 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. An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1. The UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. 
The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection as described in [12, TS38.331]. 
The UE does not expect to generate more than two HARQ-ACK information bit prior to having dedicated PUCCH resource configuration.


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 , where  is a number of CCEs in a control resource set of a PDCCH reception with DCI format 1_0 or DCI format 1_1, 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. 
------------------------------------------End of Text Proposal -------------------------------------------
Proposal 2: Endorse the TP in section 3 in R1-1810370
4. Remaining issues on multi-slot PUCCH
When it comes to multi-slot PUCCH repetition, it was intensively discussed the collision between multi-slot PUCCH and multi-slot PUCCH or single-slot PUCCH during the last meeting. And the following agreements were acheived.
Agreements [2]:
When multi-slot PUCCH with repetition overlap with multi-slot PUCCH with repetition in time within the same PUCCH group
· The UE is not expected to have two overlapped multi-slot PUCCH transmissions with the same starting slot carrying UCI with the same priority
· For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.
· For UCI with different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met. 
· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority >CSI with lower priority
· In overlapping slots, the de-prioritized UCI is dropped without any postponing of the transmission
· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots
· FFS: multi-slot PUCCH with repetition overlap with single-slot PUCCH in time
a) Collision between single-slot PUCCH and multi-slot PUCCH
The difference for multi-slot PUCCH and single-slot PUCCH is that if there are mulitple overlapping PUCCHs, a UE does not multiplex different UCI types in a PUCCH transmission with repetitions but a UE can multiplex different UCI types in single-slot PUCCHs. In the last meeting offline disscusion, for the overlapping between multi-slot PUCCH and single-slot PUCCH, two primary alternatives were proposed which can de described as followings:
Alt 1 : same as that of overlapping beteen multi-slot PUCCH with repetition.
Alt 2 : if any UCI in single-slot PUCCH takes higher priority over UCI in multi-slot PUCCHs, UE drops multi-slot PUCCHs in the overlapped slots without any postponing and transimits single-slot PUCCHs according to the multiplexing rules defined for single-slot PUCCH and single-slot PUCCH. Otherwise, UE drops all single-slot PUCCHs and transimits multi-slot PUCCH in the overlapped slots.
Following Figure 1 shows the difference beween the above two alternatives. That is, in the cases shown in the figure, a UE only transmits HARQ-ACK PUCCH in the overlapped slot in alt 1, but a UE can mulitplex HARQ-ACK and SR or transmit HARQ-ACK and SR seperately in alt 2. We do agree that in such cases alt 2 is some better in terms of symtem performance. However, note that it is the only cases that alt 2 is better, in other cases, alt 1 is good enough to transmit HARQ-ACK or SR. Therefore, considering the simplicity and unified sulotion for multi-slot PUCCH transmission, we make proposal as following.
[image: ]
Figure 1 Example for overlapping between multi-slot PUCCH and single-slot PUCCH
Proposal 3 : When multi-slot PUCCH with repetition overlap with single-slot PUCCH in time within the same PUCCH group
· The UE is not expected to have two overlapped multi-slot PUCCH transmissions with the same starting slot carrying UCI with the same priority
· For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.
· For UCI with different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met. 
· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority >CSI with lower priority
· In overlapping slots, the de-prioritized UCI is dropped without any postponing of the transmission
· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots

b) Collsion between multi-slot PUCCH and single/multi-slot PUSCH
Regarding the collsion between multi-slot PUCCH and single/multi-slot PUSCH, the follwing agreements were acheived in #93 meeting.
Agreements [1]:
· At least for Dec drop, when multi-slot PUCCH repetition overlap with single/multi-slot PUSCH repetition in time, dropping PUSCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots
The main issue for the follow up design is that the agreement implies that regardless of what kind of UCI is carried on the PUCCH, UE selects to drop PUSCH and transmit PUCCH in the case that multi-slot PUCCH overlaps with PUSCH. However, in our view, it seems to be unreasonable to drop PUSCH but to transmit multi-slot PUCCH carrying periodic-CSI or semi-persistent CSI report. 
Firstly, it has agreed that when single-slot PUCCH carrying semi-persistent CSI report overlaps with PUSCH with UL-SCH, UE just drops semi-persistent CSI and transmits PUSCH only. But if the PUCCH carrying semi-persistent CSI report is multi-slot, when it overlaps with PUSCH, PUSCH is dropped and semi-persistent CSI PUCCH is transmitted. This is a little irrational in some way. 
Then, if multi-slot PUCCH is for CSI reports, it is semi-statically configured, and if the PUSCH is dynamically scheduled, it’s agreed that dynamically scheduled transmission takes higher priority over configured transmission. In addition, if gNB wants to receive the CSI reports, it will not perform such scheduling. Otherwise, gNB might think that the CSI reports are not important at all and data transmission is more important. If the PUSCH is configured grant, it’s more important to transmit configured grant PUSCH for latency reduction.
Furthermore, the usage case for multi-slot PUCCH mainly for power-limited or cell-edge UEs where periodic CSI reports may be not very useful because gNB can schedule PUSCH with lowest MCS and code rate. On the other hand, drop PUSCH will impact the gNB’s scheduling significantly and decrease the uplink throughput. Thus, we make the following proposal. 
Proposal 4: When multi-slot PUCCH repetition overlap with single/multi-slot PUSCH repetition in time, 
· If the PUCCH carrying HARQ-ACK, UE drops PUSCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots.
· Otherwise, UE drops PUCCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots

5. Remaining issues about multiple CSI reports in a slot
5.1. Correction #1 on selection of CSI reports


In clause 9.2.5.2. the procedure for UE to determine a PUCCH resource and a number of PRBs in the PUCCH resource is described. When a UE has determined a PUCCH to transmit CSI reports and zero or more HARQ-ACK/SR information bits, if the total UCI bits is beyond the maximum code rate with configured maximum number of PRBs, UE will drop some CSI reports according the CSI priority defined in TS 38.214. Moreover, in the clause of TS 38.214, it’s specified that a first CSI report is said to have priority over second CSI report if the associated  value is lower for the first report than for the second report, where  is a priority value associated with a CSI report. Therefore, when the UE select multiple CSI reports to transmit, UE should select the CSI reports with the highest priority level, in other words, with the lowest priority value. That is, UE selects multiple CSI reports to transmit in descending priority order rather than ascending order. Therefore, the following TP is proposed.
------------------------------------------Start of Text Proposal -------------------------------------------
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
< Unchanged parts are omitted >
If a UE has CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH




-	if the UE is provided by higher layer parameter multi-CSI-PUCCH-ResourceList with  PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, where for PUCCH format 4 the number of REs is , modulation order , and configured code rate ;




-	if , the UE uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource 






-	else if  and , , the UE transmits a PUCCH conveying HARQ-ACK information, SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  




-	else the UE uses the PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  and the UE selects  CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending descending priority order as described in [6, TS 38.214] 
-	else, the UE transmits the HARQ-ACK information, SR, and a CSI report as described in Subclause 9.2.5 
If a UE has HARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS38.214] to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 
-	the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-	the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for  UCI bits
and




-	if , the UE transmits the HARQ-ACK, SR, and periodic/semi-persistent CSI reports bits by selecting the minimum number  of the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1;








-	else, the UE selects  CSI report(s) for transmission together with HARQ-ACK and SR in ascending descending priority order, where  the value of  satisfies  and , where  is a number of CRC bits corresponding to  UCI bits, and  is a number of CRC bits corresponding to  UCI bits.
If a UE has HARQ-ACK, SR, and sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 
-	the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-	the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for  UCI bits
and




-	if [image: ], the UE transmits the HARQ-ACK, SR and the  periodic/semi-persistent CSI report bits by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1
-	else, 

-	if for  CSI part 2 report priority level(s), it is

 and 

, 










the UE selects the first  CSI part 2 report priority level(s), according to [6, TS 38.214], for transmission together with the HARQ-ACK, SR and  CSI part 1 reports , where  is the number of CSI part 1 report bits for the  CSI report and  is the number of CSI part 2 report bits for the  CSI report priority level,  is a number of CRC bits corresponding to , and  is a number of CRC bits corresponding to  








-	else, the UE drops all CSI part 2 reports and selects  CSI part 1 report(s), in ascending descending priority order, for transmission together with the HARQ-ACK and SR information bits where the value of  satisfies  and , where is a number of CRC bits corresponding to  UCI bits, and  is a number of CRC bits corresponding to  UCI bits
------------------------------------------ End of Text Proposal -------------------------------------------
5.2. Correction #2 on multi-CSI PUCCH resource
In RAN1 #93 meeting, it was agreed that
Agreements [1]:
· 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.

Table 1 Summary of UE procedures for multiple CSI reports in a slot
	
	Case 1
	Case 2
	Case 3
	Case 4

	Multi-CSI PUCCH resource
	√
	⨯
	√
	⨯

	Any overlapping PUCCHs in a slot
	√
	√
	⨯
	⨯

	Agreed UE procedure
	Multiplex all CSI reports on multi-CSI PUCCH 
	At most two CSI with the highest priority
	At most two CSI with the highest priority
	At most two CSI with the highest priority

	Whether captured in the spec
	√
	√
	⨯
	√


Note: ‘√’ and ‘⨯’ in the first two rows represents ‘UE is configured with’ and ‘UE is not configured with’ respectively.

[bookmark: OLE_LINK1][bookmark: OLE_LINK4]In clause 9.2.5 of TS38.213 15.3.0, UE procedures to cope with multiple semi-persistent or periodic CSI reports in a slot are described. However, the case that UE is configured with multi-CSI PUCCH resource and there is no any overlapping PUCCHs in a slot is missed. Since UE should transmit at most two CSI reports with the highest priority in this case as that in case 2 and case 4 shown in Table 1 according to the above agreements. To make the description more integrated, the following TP is proposed.

------------------------------------------Start of Text Proposal -------------------------------------------
9.2.5	UE procedure for reporting multiple UCI types
< Unchanged parts are omitted >
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, or there is no any of the multiple PUCCH resources overlap, 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 in the slot 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 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and 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 UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2 
------------------------------------------ End of Text Proposal -------------------------------------------
5.3. Discussion on multi-CSI PUCCH resource
As the above disscussion, in #93 meeting, we agreed that if a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot, and if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE multiplexes all CSI reports in a resource provided by multi-CSI-PUCCH-ResourceList. From our understanding, this agreement does not distinguish between periodic-CSI reports and semi-persistent CSI reports, which means if periodic-CSI PUCCH overlaps with semi-persistent CSI PUCCH in time and if UE is configured with multi-CSI-PUCCH-ResourceList, the UE would multiplex both of these two types CSI reports in one PUCCH resource (shown as case 1 in Figure 2).
At the same time, in the last meeting, an agreement in MIMO session was made as following.
	Agreement [2]:
Text proposal for TS38.214
5.2.5	Priority rules for CSI reports
< Unchanged parts are omitted >

A first CSI report is said to have priority over second CSI report if the associated  value is lower for the first report than for the second report.
Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, 
if y values are different between the two CSI reports, the following rules apply (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3; for CSI reports transmitted on PUCCH, as described in Subclause 5.2.4): 

-	The CSI report with higher  value shall not be sent by the UE,
otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Subclause 9.2.5.2 in 38.213.
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE.


Since y=2 for semi-persistent CSI reports to be carried on PUCCH and y=3 for periodic CSI reports to be carried on PUCCH, when semi-persistent CSI report on PUCCH overlaps with periodic CSI, whatever UE is configured with multi-CSI-PUCCH-ResourceList or not, UE shall drop periodic-CSI (shown as case 1 in Figure 1). This goes against with the agreements made in #93 meeting, where UE transmits all CSI reports in this case, regardless of CSI reports types.
Moreover, as the case 2 in Figure 1 shows, there are four CSI PUCCHs including one SP-CSI and three P-CSI within one slot, assuming the priority order is SP-CSI>P-CSI 1>P-CSI 2>P-CSI 3. Since P-CSI 1 overlaps with SP-CSI on PUCCH, UE shall drop P-CSI 1 according to the above TP for TS38.214, and then there are still three CSI PUCCHs left, since P-CSI 2 and P-CSI 3 overlapped with each other and UE is configured with multi-CSI-PUCCH-ResourceList, UE would multiplex these three CSI reports in one PUCCH resource. Note that P-CSI 1 has higher priority over P-CSI 2 and P-CSI 3 and UE has enough resource to transmit P-CSI 1 (multi-CSI-PUCCH-ResourceList), but UE drops P-CSI 1 and transmit P-CSI 2 and P-CSI 3, which seems to be some irrational. 
[image: ]
Figure 2 Overlapping of P-CSI and SP-CSI on PUCCH
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In our view, if we stick to the agreements before this TP, when a UE is configured to transmit two colliding CSI reports, if the two CSI reported are configured to transmit on PUCCHs, and if UE is configured with multi-CSI-PUCCH-ResourceList, the two CSI reports are multiplexed (regardless of y value), as described in Subclause 9.2.5.2 in 38.213; if UE is not configured with multi-CSI-PUCCH-ResourceList, either is dropped based on the priority values, as described in Subclause 9.2.5.2 in 38.213 (In Subclause 9.2.5.2 in 38.213, it described the both cases that UE is not configured with multi-CSI-PUCCH-ResourceList or not). Otherwise, it means the colliding is between two CSI reports configured to transmit on PUCCH and PUSCH or PUSCHs. In these cases, y values are definitely different between the two CSI reports. Then, the CSI report with higher PriiCSI (y,k,c,s) value shall not be sent by the UE.
Based on the above analysis, we make the following text proposal.
------------------------------------------Start of Text Proposal -------------------------------------------
5.2.5 Priority rules for CSI reports
< Unchanged parts are omitted >
A first CSI report is said to have priority over second CSI report if the associated [image: C:\Users\vivo\Evernote\TEMP\enhtmlclip\Image(4).png]value is lower for the first report than for the second report.
Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports,
if y values are different between the two CSI reports, the following rules apply except for the case when one of the y value is 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3; for CSI reports transmitted on PUCCH, as described in Subclause 5.2.4): 

-	The CSI report with higher  value shall not be sent by the UE,
otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Subclause 9.2.5.2 in 38.213.
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE.
< Unchanged parts are omitted >
------------------------------------------ End of Text Proposal -------------------------------------------
6. Discussion about multi-slot PUSCH overlaps with single-slot PUCCH
In clause 9 of TS 38.213, the overlapping between multi-slot PUSCH repetition and single-slot PUCCH is described as following. 
	If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Subclause 9.2.5 for multiplexing the HARQ-ACK information, the UE multiplexes the HARQ-ACK information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK information in the PUSCH transmission in a slot from the multiple slots if, in case the PUSCH transmission was absent, the UE would not transmit a single-slot PUCCH with HARQ-ACK information in the slot.


The description marked in yellow said that in case the PUSCH transmission was absent, UE does not multiplex HARQ-ACK information in the PUSCH transmission in a slot from the multiple slots, and the UE would not transmit a single-slot PUCCH with HARQ-ACK information in the slot. 
Moreover, 
1) It is unclear that “the PUSCH transmission was absent”? Is it due to the TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated, PUSCH is not confined within uplink/flexible symbols? Or others? 
2) If the PUSCH transmission is absent, why are there still overlapping between PUCCH and PUSCH in the slot? From our understanding, if the PUSCH is absent, there will be no overlapping between PUCCH and PSUCH.
3) Since the PUSCH is absent, it is obviously that UE cannot multiplex HARQ-ACK information in the PUSCH transmission, but UE can transmit the HARQ-ACK on PUCCH
In clause 11.1 of TS 38.213, it’s specified that the transmission of multi-slot PUSCH must be confined within flexible and/or uplink symbols, otherwise, PUSCH in that slot is cancelled. 
	If a UE is scheduled by a DCI format 0_1 to transmit PUSCH over multiple slots, and if higher layer parameter TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to a UE, indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit the PUSCH in the slot.


In addition, the following agreements was achieved in RAN1 #90bis meeting,
	Agreements:
· The UE is not expected to have conflict on link (DL or UL) direction between that of dynamic SFI and that of UE specific data (UE specific DCI triggered PDSCH, PUSCH (grant-based), and PUCCH with A/N for a PDSCH) in Rel-15
· Note: a link direction denoted as “unknown” in dynamic SFI is not deemed as in conflict with DL or UL


 From the above agreements, we can conclude that if a UE is scheduled with a PUSCH to transmit in a slot, gNB won’t schedule a dynamic SFI that has conflict on link with the PUSCH after this UL grant.
Given the above, if the PUSCH was absent because of TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, the parameter of TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated must be received before the UL grant scheduling the absent PUSCH. In addition, the PDCCH scheduling HARQ-ACK in the slot of PSUCH must be before the UL grant for this PUSCH. Therefore, UE is aware of the absence of PUSCH before it determines to multiplex HARQ-ACK information on PUSCH. UE can prepare to transmit HARQ-ACK on PUCCH in the slot that PUSCH was absent.
If the PUSCH is configured grant, the followings are captured in TS 38.213 11.1
	If a UE is configured by higher layers to transmit periodic SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 

-	the UE does not expect to cancel the transmission in symbols from the subset of symbols that occur, relative to a last symbol of a control resource set where the UE detects the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time  for the corresponding UE processing capability [6, TS 38.214]
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the periodic SRS transmission in remaining symbols from the subset of symbols 



Where .







Since the overlapped PUSCH is configured grant, the multiplexing timeline is defined as . It’ hard to determine which value is bigger between and . If is bigger than , it is same as that of grant-based PUSCH, where UE can transmit PUCCH in the slot if the PUSCH is absent. Otherwise, if is smaller than, the UE would start to prepare to multiplex HARQ-ACK information in PUSCH and then UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols of PUSCH transmission in the slot. UE have to cancel the preparation of PUSCH and HARQ-ACK, UE won’t transmit HARQ-ACK information on PUCCH. In general, for configured grant PUSCH transmission, to simplify UE procedure, in case the PUSCH transmission was absent, the UE would not transmit a single-slot PUCCH with HARQ-ACK information in the slot.
Based on the above analysis, we make the following text proposal.
------------------------------------------Start of Text Proposal -------------------------------------------
9	UE procedure for reporting control information
< Unchanged parts are omitted >
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Subclause 9.2.5 for multiplexing the HARQ-ACK information, the UE multiplexes the HARQ-ACK information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK information in the PUSCH transmission in a slot from the multiple slots if, in case the PUSCH transmission was absent and the PUSCH was configured transmission, the UE would not transmit a single-slot PUCCH with HARQ-ACK information in the slot. And in case the PUSCH transmission was absent and the PUSCH was scheduled transmission, the UE would transmit a single-slot PUCCH with HARQ-ACK information in the slot.
------------------------------------------ End of Text Proposal -------------------------------------------
7. Correction #3 on maximum payload of PUCCH format 4
In clause 9.2.5.2 of TS38.213 15.3.0, it’s described that UE multiplexes HARQ-ACK, SR, and periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 4, the maximum payload is 115 bits, where 115bits is calculated based on the assumption that the maxCodeRate is 0.8, spread factor is 2, and duration is 14-symbol with two DRMS symbols. Here, the 115bits should also include CRC bits. Therefore, the following TP is proposed.
------------------------------------------Start of Text Proposal -------------------------------------------
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
< Unchanged parts are omitted >
A UE is configured by higher layer parameter maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4. If the PUCCH transmission uses PUCCH format 4 and if the total number of UCI bits (including CRC for CSI part 1 and part 2, if any) is more than 115, the UE drops CSI reports as described in [6, TS38.214] until the total number of UCI bits (including CRC for CSI part 1 and part 2, if any) is smaller than or equal to 115.
------------------------------------------ End of Text Proposal -------------------------------------------
8. Correction #4 on value of total DAI indicator


In clause 9.1.2.2 of TS38.213 15.3.0, it is described that if a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook based on a value of the DAI field in DCI format 0_1. But the definition of is missed. To make the description more integrated, the following TP is proposed.
------------------------------------------Start of Text Proposal -------------------------------------------
9.1.2.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
< Unchanged parts are omitted >



If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 when a value of the DAI field in DCI format 0_1 is  according to Table 9.1.2-1 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when  unless the UE receives only a SPS PDSCH release or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the  occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in Subclause 9.1.2.


Table 9.1.2-1: Value of DAI DCI format 0_1
	DAI
	


	0
	0

	1
	1


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]------------------------------------------ End of Text Proposal -------------------------------------------

9. Conclusion
In this contribution, some remaining issues are discussed including
· More than 2 non-overlapping PUCCH within one slot (At least includes PUCCH for ACK and SR)
· Remaining issues before UE has a dedicated PUCCH resource configuration
· Remaining issues on multi-slot PUCCH
· Remaining issues about multiple CSI reports in a slot
· Discussion about multi-slot PUSCH overlaps with single-slot PUCCH
· Correction on maximum payload o PUCCH format 4
· Correction on value of total DAI indicator
And it is proposed that
Proposal 1 : If a UE is configured with more than two non-overlapping PUCCH including at least HARQ-ACK/SR in a slot, the UE selects at most two PUCCH resources with the highest priority UCI.
· UCI priority order can be : HARQ-ACK>SR>P-CSI>-SP-CSI
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
Proposal 2: Endore the TP in section 3 in R1-1810370
Proposal 3 : When multi-slot PUCCH with repetition overlap with single-slot PUCCH in time within the same PUCCH group
· The UE is not expected to have two overlapped multi-slot PUCCH transmissions with the same starting slot carrying UCI with the same priority
· For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.
· For UCI with different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met. 
· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority >CSI with lower priority
· In overlapping slots, the de-prioritized UCI is dropped without any postponing of the transmission
· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots
Proposal 4: When multi-slot PUCCH repetition overlap with single/multi-slot PUSCH repetition in time, 
· If the PUCCH carrying HARQ-ACK, UE drops PUSCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots.
· Otherwise, UE drops PUCCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots
Proposal 5: When periodic-CSI PUCCH overlaps semi-persistent CSI PUCCH, and UE is configured with multi-CSI-PUCCH-ResourceList, the UE procedure to cope with the overlapping needs further discussion.
[bookmark: _GoBack]Proposal 6: Endorse the TP in section 5, section 6, section 7 and section 8 in R1-1810370
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