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1 Introduction

This contribution considers remaining aspects on PUCCH transmissions, including:

a) Overlapping PUCCH and PUCCH/PUSCH transmissions 

b) UE behavior with respect to other transmissions when the UE is transmitting PUCCH repetitions
2 Remaining Aspects for PUCCH Transmissions
PUCCH and PUCCH/PUSCH overlapping
The following were agreed (as a working assumption) in RAN1#92bis.

	Working assumption (RAN1#92bis):

· 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.


Regarding the FFS points, the following are considered:

a) When defining UE processing time requirements for different types or transmissions/receptions with respect to PDSCH processing capability 1, reference has always been the case with additional DM-RS configured [2] as this provides a conservative estimate that can be generally applicable. This was probably an oversight in the working assumption and should be included. Further, to allow a safety margin for UE implementations, the value of X or Y can be 2 symbols.

b) For UCI multiplexing in a PUSCH, whether or not the PUSCH includes A-CSI is irrelevant to determining the required UE processing time as, for this purpose, the separately encoded A-CSI can be viewed as data.

c) When multiple PUSCHs satisfy the timeline requirement, the earliest PUSCH satisfying the timeline requirement for a PUCCH can be selected. Then, for UCI in the PUCCH, the multiplexing is same as for the case that there are no later overlapping PUSCHs.

d) HARQ-ACK for SPS PDSCH and dynamic PUSCH can be handled in a same manner as a dynamically scheduled PDSCH. There is no PDCCH scheduling to SPS PDSCH but this does not matter for N1. For HARQ-ACK for SPS PDSCH and semi-static PUSCH/PUCCH, N2 can correspond to the last symbol prior to the first symbol of the SPS PDSCH – this can mimic existence of an UL grant and dynamic PUSCH.  

e) When HARQ-ACK transmission using PUCCH format 1 overlaps with SR transmission using PUCCH format 0, the UE drops the latter transmission (this is already agreed for same starting symbol – an earlier starting symbol for PUCCH format 1 only makes the same conclusion stronger).

f) The only realistic scenario where a semi-statically configured PUCCH can overlap with a semi-statically configured PUCCH or PUSCH is that the former PUCCH uses format 0 for SR. For PUCCH with CSI, the SR multiplexing has been resolved. For HARQ-ACK using PUCCH format 1, the SR multiplexing is resolved (also considering the previous FFS). For HARQ-ACK using PUCCH format 0, the SR multiplexing is also resolved (assuming same starting symbol – otherwise, this can be practically viewed as a gNB misconfiguration and the earlier transmission can be prioritized). For PUSCH with/out UL-SCH, the later transmission can be dropped.
Proposal 1: Confirm the WA by considering the PDSCH processing time for PDSCH processing capability 1 with additional PDSCH DM-RS configured. X=Y=2 symbols.
Proposal 2: When a PUCCH overlaps with multiple PUSCHs, the corresponding UCI is multiplexed in the earlier of the PUSCHs.

Proposal 3: When a semi-statically configured PUCCH overlaps with a semi-statically configured PUCCH or PUSCH and multiplexing is not otherwise already supported, the UE transmits the earlier PUCCH or PUSCH.
UE behavior for additional transmissions during repetitions of a PUCCH transmission
The issues are the same as in LTE. Assuming a higher priority for HARQ-ACK than for data, a UE can disregard UL grants resulting to PUSCH transmissions in slots where the UE repeats a PUCCH transmission (the likely cause if a false CRC check as the gNB scheduler would otherwise have no reason to schedule PUSCH). Further, the UE should not multiplex other UCI in the repetitions of the PUCCH transmission as this will degrade the reception reliability (
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 is semi-statically configured). Also, the UE can disregard DL assignments indicating a respective HARQ-ACK transmission in a slot where the UE is transmitting repetitions for a PUCCH conveying HARQ-ACK.

There are two issues associated with NR features that may not allow direct re-use of the LTE functionality:

a) potential for partial overlapping with PUSCH or other PUCCH transmissions with the PUSCH or the other PUCCH being earlier and do not meet the timeline requirements for cancellarion 

b) existence of an overlapping (grant-free) PUSCH transmission that requires low latency or existence of a positive SR transmission associated with a low latency service 

Based on the WA from RAN1#92bis, the case that a PUSCH or another PUCCH transmission overlaps with a first repetition of PUCCH with HARQ-ACK and the UE cannot cancel the respective transmission can be considered to be an error case. 
The second issue is of no particular practical interest as a (coverage limited) UE requiring PUCCH repetitions will require even more repetitions for PUSCH or for information types requiring higher reception reliability. Moreover, a UE cannot immediately cancel an ongoing transmission. Therefore, UE and gNB operation need not be affected by dropped PUCCH repetitions blind detection for whether PUSCH or PUCCH is received in a slot which can be difficult to implement for coverage limited UEs. 

Consequently, a single UE and gNB operation with respect to repetitions of a PUCCH transmission is sufficient and LTE operation can be re-used.

LTE specifies the following:

For a non-BL/CE UE, for FDD or for FDD-TDD and primary cell frame structure type 1, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response in subframe n. If HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which HARQ-ACK response shall be provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe [image: image2.wmf]n

 corresponding to a PDSCH transmission in subframes [image: image3.wmf]3

ANRep

-

-

N

n

, … , [image: image4.wmf]5

-

n

, the UE:
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shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in subframe [image: image5.wmf]4
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shall not transmit any other signal/channel in subframes [image: image9.wmf]n
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shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in subframes [image: image12.wmf]3
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A simplified corresponding text for [1] can be as in Proposal 4.
Proposal 4: A UE configured with repetitions over 
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 slots for a PUCCH transmission with HARQ-ACK, and if the UE is not transmitting a PUCCH with a different HARQ-ACK in the first of the 
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 slots:

-
shall transmit only the HARQ-ACK on PUCCH in the 
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 slots; and

-
shall not transmit any other signal/channel in the 
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3 Conclusions

This contribution considered remaining aspects for CA operation in NR. In particular, the following are proposed. 
Proposal 1: Confirm the WA by considering the PDSCH processing time for PDSCH processing capability 1 with additional PDSCH DM-RS configured. X=Y=2 symbols.
Proposal 2: When a PUCCH overlaps with multiple PUSCHs, the corresponding UCI is multiplexed in the earlier of the PUSCHs.

Proposal 3: When a semi-statically configured PUCCH overlaps with a semi-statically configured PUCCH or PUSCH and multiplexing is not otherwise already supported, the UE transmits the earlier PUCCH or PUSCH.

Proposal 4: A UE configured with repetitions over 
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 slots for a PUCCH transmission with HARQ-ACK, and if the UE is not transmitting a PUCCH with a different HARQ-ACK in the first of the 
[image: image19.wmf]repeat

PUCCH

N

 slots:

-
shall transmit only the HARQ-ACK on PUCCH in the 
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shall not transmit any other signal/channel in the 
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