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1. Introduction
In this contribution, we address the maintenance of PUCCH for Rel-15.
2. UCI multiplexing
2.1. Collision handling in a slot with insufficient UL symbol
[bookmark: _GoBack]The current specification 38.213 [1] describes PUCCH/PUSCH transmissions with insufficient number of available symbols in the slot as follows.
	[bookmark: _Toc517265065][bookmark: _Ref500831375][bookmark: _Toc517265075]9.2.4	UE procedure for reporting SR
[…]
If the UE determines that, for a SR transmission occasion in a PUCCH, the number of symbols available for the PUCCH transmission in a slot is smaller than the value provided by higher layer parameter nrofSymbols, the UE does not transmit the PUCCH in the slot.
[…]
11.1	Slot configuration
[…]
For a set of symbols of a slot that are indicated to a UE as downlink by higher layer parameters TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to the UE, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot.
[…]


That is, if the number of available symbols is not enough to transmit a PUCCH/PUSCH, especially periodic UL channel of SR, CSI, configured-grant PUSCH, HARQ-ACK for SPS, the PUCCH/PUSCH is not transmitted and dropped. Figure 1 (a) describes an example. SR periodicity is configured as 2 slot. SR can be transmitted in a UL slot, but cannot be transmitted in a D/U slot since the PUCCH is overlapped with DL symbols.
However, in collision case, whether contents in the PUCCH can be transmitted or dropped is unclear. Figure 1 (b) describes an example. In this case, PUCCH for HARQ-ACK feedback collides with a PUCCH resource for a SR transmission at a UL slot and a D/U slot. In UL slot, if the condition is met, the HARQ-ACK and the SR are multiplexed on a PUCCH. In D/U slot, the PUCCH resource for SR transmission is not transmitted according to the current spec captured in the above. On the other hand, there is no descriptions how to handle SR in the dropped PUCCH resource.
[image: ][image: ]
(a) Without PUCCH collision					(b) With PUCCH collision
Figure 1: UCI transmission issue in D/U slot
We consider that the following options can be considered and we prefer option 1.
- Option 1: UCI in the PUCCH with insufficient number of available symbols is dropped (Figure 2 (a))
- Option 2: UCI in the PUCCH with insufficient number of available symbols can be transmitted by using a collided PUCCH (Figure 2 (b))
In option2, the SR and collided HARQ-ACK are multiplexed on a PUCCH resource in this example. Here, we consider the payload size is more than 2 bits. If the PUCCH resource is determined based on the current procedure, the multiplexed PUCCH is determined by the payload size and PUCCH resource indicator field. It means that the PUCCH resource may be different from the original PUCCHs. The HARQ-ACK and the SR are multiplexed on the new PUCCH. Then, if the number of available symbols for the new PUCCH is insufficient , that is, the new PUCCH including the HARQ-ACK and the SR shall be dropped. As such, with option 2, UCI may be dropped more than with option 1. Although the new multiplexing rule can be considered further, at least as the Rel.15 maintenance, it is not suitable solution. Option 1 is the same procedure as that without collision, hence option 1 seems to be easier solution in implementation aspects.
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(a) Option 1						(b) Option 2
Figure 2: Solutions to solve issue
The current NR spec solve PUCCH collision case by using pseudo-code. If the pseudo-code does not include the PUCCH with insufficient UL symbols, it means option 1 is introduced. Thus, we propose the following:
Proposal 1:
· Apply the following TP to 38.213.
	[bookmark: _Toc517265066]9.2.5	UE procedure for reporting multiple UCI types
[…]

-	if the UE is not provided higher layer parameter simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set  if they overlap with any resource from the resources for transmission of HARQ-ACK information
-	if the UE is not provided higher layer parameter simultaneousHARQ-ACK-CSI and at least one of the resources for transmission of HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4

-	resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded from the set 

-	resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set  if they overlap with any resource from the resources for transmission of HARQ-ACK information

-	if the UE determines that, for transmission occasion of a SR or CSI or HARQ-ACK without a corresponding PDCCH in a PUCCH, the number of symbols available for the PUCCH transmission in a slot is smaller than the value provided by higher layer parameter nrofSymbols, the resource is excluded from the set  if it overlaps with any resource.


Set  to the cardinality of 
[…]



2.2. Order of collision handling rule
The current specification 38.213 [1] describes collision handling rules as follows.
	[bookmark: _Toc517265052]9	UE procedure for reporting control information
[…]
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. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective higher layer parameters ConfiguredGrantConfig, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot.
[…]


In brief, the above three paragraphs can be understood as follows:
Rule A: Collision between a PUSCH including A/SP-CSI and a PUCCH including HARQ-ACK  HARQ-ACK is piggybacked on the PUSCH
Rule B: Collision of a PUCCH to grant-based PUSCH(s) and grant-free PUSCH(s)  UCI in the PUCCH is piggybacked on one of the grant-based PUSCH(s)
Rule C: Collision between PUSCH(s) without A/SP-CSI and a PUCCH  UCI in the PUCCH is piggybacked on the PUSCH with smallest ServCellIndex
Then, depending on the order to apply the three rules, the consequence could be different as follows. Hence, clarification is needed.
Option 1: Apply the rules in the order of BAC; that is,
if a PUCCH collides with grant-based PUSCH(s) only or both of grant-based PUSCH(s) and grant-free PUSCH(s), UCI is piggybacked on one of the grant-based PUSCH(s)
- if a grant-based PUSCH includes A/SP-CSI, HARQ-ACK is piggybacked on the PUSCH
- otherwise, UCI is piggybacked on the PUSCH with smallest ServCellIndex
if a PUCCH collides with grant-free PUSCH(s) only, UCI is piggybacked on the PUSCH with smallest ServCellIndex
Option 2: Apply the rules in the order of BCA; that is,
if a PUCCH collides with grant-based PUSCH(s) only or both of grant-based PUSCH(s) and grant-free PUSCH(s), UCI is piggybacked on one of the grant-based PUSCH(s)
- UCI is piggybacked on the PUSCH with smallest ServCellIndex. If a grant-based PUSCH includes A/SP-CSI, HARQ-ACK is piggybacked on the PUSCH and CSI is dropped
if a PUCCH collides with grant-free PUSCH(s) only, UCI is piggybacked on the PUSCH with smallest ServCellIndex
The system can work with either option. We slightly prefer option1 since UCI multiplexing on only one PUSCH makes system easier.
Proposal 2:
· Apply the following TP to 38.213.
	9	UE procedure for reporting control information
[…]
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. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective higher layer parameters ConfiguredGrantConfig, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and 
if the UE does not multiplex aperiodic/semi-persistent CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot.
if the UE multiplexes aperiodic/semi-persistent CSI in one of the multiple PUSCHs, the UE multiplexes HARQ-ACK in the UCI in the PUSCH subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled.
[…]



2.3. Collision between A/SP-CSI on a PUSCH and UL-SCH on other PUSCH
The current specification 38.214 [2] describes collision handling between PUSCH containing SP-CSI and PUSCH including UL-SCH as follows.
	[bookmark: _Toc517439496]5.2.5	Priority rules for CSI reports
[…]
If a semi-persistent CSI report to be carried on PUSCH overlaps in time with PUSCH data transmission in one or more symbols, and if the earliest symbol of these PUSCH channels starts no earlier than N2+d2,1 symbols after the last symbol of the DCI scheduling the PUSCH, the CSI report shall not be transmitted by the UE.  Otherwise, if the timeline requirement is not satisfied this is an error case.
If a UE would transmit a first PUSCH that includes semi-persistent CSI reports and a second PUSCH that includes an UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the first or second PUSCH transmissions is in response to a DCI format detection by the UE.


SP-CSI on PUSCH is dropped when the PUSCH is overlapped with a PUSCH including UL-SCH. However, the ‘skip’ rule should be applied to only the collision on a serving cell. When SP-CSI on PUSCH is transmitted on serving cell A and UL-SCH on PUSCH is transmitted on serving cell B, then both PUSCHs can be transmitted even if they are collided. 
Additionally, for A-CSI report, such collision handling is not captured. It seems that A-CSI does not need such ‘drop’ function since both are granted by DCI dynamically. However, A-CSI requires so long time to calculate. If scheduling UL-SCH transmission is demanded after A-CSI report triggering, the UL-SCH may have high latency. To reduce latency, A-CSI on PUSCH should be dropped when the PUSCH is overlapped with PUSCH including UL-SCH.
[image: ]
Figure 3: Collision between A-CSI on PUSCH and UL-SCH on another PUSCH
Proposal 3:
· Apply the following TP to 38.214.
	5.2.5	Priority rules for CSI reports
[…]
If an aperiodic/semi-persistent CSI report to be carried on PUSCH overlaps in time with PUSCH data transmission in one or more symbols on the same serving cell, and if the earliest symbol of these PUSCH channels starts no earlier than N2+d2,1 symbols after the last symbol of the DCI scheduling the PUSCH, the CSI report shall not be transmitted by the UE.  Otherwise, if the timeline requirement is not satisfied this is an error case.
If a UE would transmit a first PUSCH that includes aperiodic/semi-persistent CSI reports and a second PUSCH that includes an UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission on the same serving cell, the UE does not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the first or second PUSCH transmissions is in response to a DCI format detection by the UE.



2.4. Clarification of collision between multi-PUSCH and single-slot CSI on PUCCH
The current specification 38.213 [1] describes collision handling between multi-slot PUSCH and single-slot HARQ-ACK on PUCCH. However, we cannot find handling rule for collision between multi-slot PUSCH and single-slot CSI on PUCCH. We have agreed that both HARQ-ACK and CSI in single-slot PUCCH colliding multi-slot PUSCH is piggybacked on the PUSCH in the collision slot. Additionally, it seems that the section has unnecessary sentence, which should be removed.
Proposal 4:
· Apply the following TP to 38.213.
	9	UE procedure for reporting control information
[…]
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK information and/or CSI report 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 and/or CSI, the UE multiplexes the HARQ-ACK information and/or CSI report in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK information and/or CSI report 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 and/or CSI report in the slot.
[…]



2.5. Collision between multi-slot PUCCH and single-slot PUCCH
At the last RAN1#94 meeting, following agreements have been achieved [3].
	Agreements:
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 proirity
· 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-priortized UCI in the remaining non-overlapping slots
· FFS: multi-slot PUCCH with repetition overlap with single-slot PUCCH in time


Still we have FFS point: collision handling between multi-slot PUCCH and single-slot PUCCH. We can consider the following options:
Option 1: The same rule as that for collision between multi-slot PUCCHs
Option 2: Single-slot PUCCH(s) is(are) transmitted and multi-slot PUCCH is dropped
Option 3: Multi-slot PUCCH is transmitted and single-slot PUCCH(s) is(are) dropped
It seems that any option works system and the collision is quite corner case. If option 1 is adopted, implementation can be easy. Then, we prefer option 1.
Proposal 5:
· Apply the following TP to 38.213.
	[bookmark: _Toc517265069]9.2.6	PUCCH repetition procedure
[…]


If a UE would transmit a first PUCCH over a first number  of slots and a second PUCCH with one slot or over a second number of  slots and the transmissions of the first PUCCH and the second PUCCH would overlap in a third number of slots then, for the third number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority,
-	the UE does not expect the first PUCCH and the second PUCCH to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and the second PUCCH include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and the second PUCCH do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that includes the UCI type with lower priority  
[…]



2.6. Rule clarification of UCI multiplexing on PUSCH
The current specification 38.212 [4] describes UCI and UL-SCH multiplexing rule. The REs for UL-SCH are defined as follows.
	[bookmark: _Toc517077598]6.2.7	Data and control multiplexing
[…]




Denote  as the set of resource elements, in ascending order of indices , available for transmission of data in OFDM symbol , for . 
[…]


UL-SCH can be FDMed with DMRS in some cases, and cannot be FDMed with DMRS in some cases. The case descriptions are included in 38.211 and 38.214. However, the above paragraph does not refer the details (just ‘available’). To avoid misunderstanding, adding references is desirable.
Proposal 6:
· Apply the following TP to 38.212.
	6.2.7	Data and control multiplexing
[…]




Denote  as the set of resource elements, in ascending order of indices , available for transmission of data in OFDM symbol , for , which are described in Subclauses X of [x, 38.211] and Y of [y, 38.214].
[…]




3. Conclusion
In this contribution, we discussed the remaining issues on NR-Rel-15 PUCCH and proposed the following:
Proposal 1:
· Apply the following TP to 38.213.
	9.2.5	UE procedure for reporting multiple UCI types
[…]

-	if the UE is not provided higher layer parameter simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set  if they overlap with any resource from the resources for transmission of HARQ-ACK information
-	if the UE is not provided higher layer parameter simultaneousHARQ-ACK-CSI and at least one of the resources for transmission of HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4

-	resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded from the set 

-	resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set  if they overlap with any resource from the resources for transmission of HARQ-ACK information

-	if the UE determines that, for transmission occasion of a SR or CSI or HARQ-ACK without a corresponding PDCCH in a PUCCH, the number of symbols available for the PUCCH transmission in a slot is smaller than the value provided by higher layer parameter nrofSymbols, the resource is excluded from the set  if it overlaps with any resource.


Set  to the cardinality of 
[…]


Proposal 2:
· Apply the following TP to 38.213.
	9	UE procedure for reporting control information
[…]
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. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective higher layer parameters ConfiguredGrantConfig, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and 
if the UE does not multiplex aperiodic/semi-persistent CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot.
if the UE multiplexes aperiodic/semi-persistent CSI in one of the multiple PUSCHs, the UE multiplexes HARQ-ACK in the UCI in the PUSCH subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled.
[…]


Proposal 3:
· Apply the following TP to 38.214.
	5.2.5	Priority rules for CSI reports
[…]
If an aperiodic/semi-persistent CSI report to be carried on PUSCH overlaps in time with PUSCH data transmission in one or more symbols on the same serving cell, and if the earliest symbol of these PUSCH channels starts no earlier than N2+d2,1 symbols after the last symbol of the DCI scheduling the PUSCH, the CSI report shall not be transmitted by the UE.  Otherwise, if the timeline requirement is not satisfied this is an error case.
If a UE would transmit a first PUSCH that includes aperiodic/semi-persistent CSI reports and a second PUSCH that includes an UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission on the same serving cell, the UE does not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the first or second PUSCH transmissions is in response to a DCI format detection by the UE.


Proposal 4:
· Apply the following TP to 38.213.
	9	UE procedure for reporting control information
[…]
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK information and/or CSI report 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 and/or CSI, the UE multiplexes the HARQ-ACK information and/or CSI report in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK information and/or CSI report 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 and/or CSI report in the slot.
[…]


Proposal 5:
· Apply the following TP to 38.213.
	9.2.6	PUCCH repetition procedure
[…]


If a UE would transmit a first PUCCH over a first number  of slots and a second PUCCH with one slot or over a second number of  slots and the transmissions of the first PUCCH and the second PUCCH would overlap in a third number of slots then, for the third number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority,
-	the UE does not expect the first PUCCH and the second PUCCH to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and the second PUCCH include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and the second PUCCH do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that includes the UCI type with lower priority  
[…]


Proposal 6:
· Apply the following TP to 38.212.
	6.2.7	Data and control multiplexing
[…]




Denote  as the set of resource elements, in ascending order of indices , available for transmission of data in OFDM symbol , for , which are described in Subclauses X of [x, 38.211] and Y of [y, 38.214].
[…]
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