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1 Introduction
In RAN1 #92bis, the issue of PUCCH partial overlap was discussed with the following working assumption:

Working assumption:

· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,

· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n

· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 

· The definition of N1 and N2 follows the same definition in current NR spec. 

· X and Y are non-negative integer values.

· FFS on values of X and Y 

· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 

· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.

· FFS: how to handle HARQ-ACK for semi-static PDSCH.

· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.

· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.

· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 

· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.

In this contribution, we further discuss the partial overlap between PUCCH and PUCCH/PUSCH.
2 Discussion
2.1 With at least one DCI scheduling UL transmission for slot n
The working assumption is aimed to provide a simple and unique solution for PUCCH partial overlap. However, in our opinion, the working assumption needs to be modified based on the following cases:

· Case 1: ACK/NACK for dynamic PDSCH + PUSCH/PUCCH
The working assumption is applicable for this case, as shown in Figure 1 and 2. If the ACK/NACK overlaps with a PUSCH, the ACK/NACK bits are piggybacked on the PUSCH. If the ACK/NACK overlaps with a PUCCH, all UCIs are multiplexed on the PUCCH indicated by ARI.
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Figure 1: ACK/NACK for dynamic PDSCH + dynamic PUSCH
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Figure 2: ACK/NACK for dynamic PDSCH + P-CSI/SP-CSI/SR

· Case 2: ACK/NACK for SPS PDSCH + dynamic PUSCH

The working assumption is also applicable for case 2, as shown in Figure 3. The ACK/NACK bits are piggybacked on the PUSCH. 
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Figure 3: ACK/NACK for SPS PDSCH + dynamic PUSCH
· Case 3: P-CSI/SP-CSI/SR + dynamic PUSCH
For case 3, the first original condition cannot be satisfied, since there is no PDSCH used to determine T1. As shown in Figure 4, P-CSI/SP-CSI/SR should be piggybacked on the dynamic PUSCH, if following condition is satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including PUSCH for slot n.
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Figure 4: P-CSI/SP-CSI/SR + dynamic PUSCH
For the above cases, if at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified.
Proposal 1: When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group with the PDCCH(s) scheduling UL transmission including HARQ-ACK (if any) and PUSCH (if applicable) for slot n,

· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) (if any)

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of the PDCCH(s).
2.2 Without DCI scheduling UL transmission for slot n
The above principle for partial overleap with dynamic DCI scheduling UL transmission for slot n should be reused as much as possible.
· Case A: ACK/NACK for SPS PDSCH + SPS-PUSCH/SP-CSI/P-CSI/SR
ACK/NACK for SPS PDSCH is multiplexed with SPS-PUSCH/SP-CSI/P-CSI/SR in slot n, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of SPS-PDSCH 

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of SPS-PDSCH.
Otherwise, UE behavior in slot n is not specified.
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Figure 5: ACK/NACK for SPS PDSCH + semi-statically configured PUCCH or PUSCH
Proposal 2: When ACK/NACK for SPS PDSCH overlaps with SPS-PUSCH/SP-CSI/P-CSI/SR in slot n,
· ACK/NACK for SPS PDSCH is multiplexed with other UCIs or UL data, using the existing UCI multiplexing rule, if following conditions are satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of SPS-PDSCH(s)
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of SPS-PDSCH.
· Otherwise, UE behavior in slot n is not specified.
· Case B: Overlap between any combination of SR, SPS-PUSCH, SP-CSI and P-CSI

As shown in Figure 6, the UCIs/UL data are multiplexed in one PUCCH or PUSCH in slot n, using the existing UCI multiplexing rule, if following condition is satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of the last PUCCH(s)/PUSCH(s) among all the overlapping channels in the last transmission.
Otherwise, UE behavior in slot n is not specified.
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Figure 6: SR + SPS-PUSCH/SP-CSI/P-CSI or SPS-PUSCH + SP-CSI/P-CSI
Proposal 3: When SR overlaps with SPS-PUSCH/SP-CSI/P-CSI, or SP-CSI/P-CSI overlaps with SPS-PUSCH in slot n, 
· The UCIs/UL data are multiplexed in one PUCCH or PUSCH, using the existing UCI multiplexing rule, if following condition is satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of the last PUCCH(s)/PUSCH(s) among all the overlapping channels in the last transmission.
· Otherwise, UE behavior in slot n is not specified.
2.3 Others
(1). The values of X and Y

For PDSCH processing procedure time, the ACK/NACK bits are transmitted no earlier than symbol 
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 after the last symbol of PDSCH(s).

-
If HARQ-ACK is transmitted on PUCCH, then d1,1 = 0,
-
If HARQ-ACK is transmitted on PUSCH, then d1,1 = 1.
-
If the PDSCH is mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211], and the last symbol of PDSCH is on the ith symbol of the slot where i<7, then 
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-
If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], and
-
if the number of PDSCH symbols allocated is 4, then 
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-
if the number of PDSCH symbols allocated is 2, then 
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+ the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-
otherwise d1,2 = 0.
For PUSCH processing procedure time, the first symbol of PUSCH is no earlier than symbol 
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 after the last symbol of PDCCH carrying the DCI scheduling the PUSCH.
-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1=0, otherwise d2,1=1. 
In order to guarantee there is enough time to multiplex UCI(s) in one channel, we propose that X = 1+d1,2 and Y = 1.
Proposal 4: The value of X equals to 1+ d1,2, where d1,2 is defined in Subclause 5.3 of TS 38.214. The value of Y equals to 1.
(2). How to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.

If multiple PUSCHs coincide with a PUCCH, and the multiplexing condition(s) are satisfied, the following steps should be supported for selecting a PUSCH to for piggybacking UCI [2]:

· Step 1: Selecting PUSCH(s) based on the following priority order: Grant-based PUSCH > Grant-free PUSCH

· Step 2: Selecting PUSCH(s) with the earliest starting symbol among the PUSCHs selected after step 1.

· Step 3: Selecting the PUSCH with the smallest ServCellIndex among the PUSCHs selected after step 2.
One example is shown in Figure 7, GF-PUSCH 1, PUSCH 2 and PUSCH 3 satisfy the two conditions (i.e. T1 and T2). PUSCH 3 is the earliest grant-based PUSCH, therefore UCI is piggybacked on the PUSCH 3.
Proposal 5: If multiple PUSCHs coincide with a PUCCH, and the multiplexing condition(s) are satisfied, UCI is piggybacked on the PUSCH selected by
· Step 1: Selecting PUSCH(s) based on the following priority order: Grant-based PUSCH > Grant-free PUSCH

· Step 2: Selecting PUSCH(s) with the earliest starting symbol among the PUSCHs selected after step 1.

· Step 3: Selecting the PUSCH with the smallest ServCellIndex among the PUSCHs selected after step 2.
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Figure 7: One PUCCH overlap with multiple PUSCHs
3 Conclusions
In this contribution, we show our views on the transmission when one PUCCH partially overlaps with at least one PUCCH or PUSCH with following proposals:
Proposal 1: When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group with the PDCCH(s) scheduling UL transmission including HARQ-ACK (if any) and PUSCH (if applicable) for slot n,

· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if following conditions are satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) (if any)

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of the PDCCH(s).
Proposal 2: When ACK/NACK for SPS PDSCH overlaps with SPS-PUSCH/SP-CSI/P-CSI/SR in slot n,
· ACK/NACK for SPS PDSCH is multiplexed with other UCIs or UL data, using the existing UCI multiplexing rule, if following conditions are satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of SPS-PDSCH(s)
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of SPS-PDSCH.
· Otherwise, UE behavior in slot n is not specified.
Proposal 3: When SR overlaps with SPS-PUSCH/SP-CSI/P-CSI, or SP-CSI/P-CSI overlaps with SPS-PUSCH in slot n, 

· The UCIs/UL data are multiplexed in one PUCCH or PUSCH, using the existing UCI multiplexing rule, if following condition is satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of the last PUCCH(s)/PUSCH(s) among all the overlapping channels in the last transmission.

· Otherwise, UE behavior in slot n is not specified.
Proposal 4: The value of X equals to 1+ d1,2, where d1,2 is defined in Subclause 5.3 of TS 38.214. The value of Y equals to 1.

Proposal 5: If multiple PUSCHs coincide with a PUCCH, and the multiplexing condition(s) are satisfied, UCI is piggybacked on the PUSCH selected by

· Step 1: Selecting PUSCH(s) based on the following priority order: Grant-based PUSCH > Grant-free PUSCH

· Step 2: Selecting PUSCH(s) with the earliest starting symbol among the PUSCHs selected after step 1.

· Step 3: Selecting the PUSCH with the smallest ServCellIndex among the PUSCHs selected after step 2.
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