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1	Introduction

During the eURLLC study item phase the out-of-order HARQ has been recognized as potential enhancements for critical service. Moreover, scenarios of intra UE prioritization/multiplexing have been discussed during eURLLC SI and IIoT SI, where out-of-order HARQ is a special case of some intra UE prioritization scenarios. In the end, the following were included in eURLLC WI [1]:
· [bookmark: OLE_LINK1]Specification of enhancements to scheduling/HARQ [RAN1]
· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments.
In the RAN1 #99 meeting (detailed summary in [2]), the following conclusion was reached:
· For Rel. 16 URLLC, no support of out-of-order/overlap PDSCH/HARQ and out-of-order/overlap PUSCH operation. 
· In Rel. 16 URLLC: The UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier.

Besides that, a remaining issue was examined by the email discussion thread [99-NR-13], on the potential conclusion of:
· The UE is not expected to be scheduled with two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier overlapping in the time domain.
Unfortunately, the email discussion ended without reaching any conclusion.

This contribution discusses two issues related to scheduling/HARQ. Section 2.1 is dedicated to the potential conclusion (see above) covered by email discussion thread [99-NR-13]. 

[bookmark: _Ref178064866]2	Discussion
2.1 	Overlapping PUCCHs carrying HARQ-ACK
In Release-16, under downlink scheduling, the following restriction has been specified – 
“In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.”
According to the above, out-of-order HARQ-ACK is not expected on a slot basis, the same restriction as that of Release-15.
Further, Release-15 allows only one HARQ-ACK transmission in a slot, whereas in Releas-16, more than one PUCCH carrying HARQ-ACK can be transmitted within a slot using sub-slot configuration. Hence, given no restrictions laid out on symbol basis within a slot for PUCCHs allocations carrying HARQ-ACKs, these PUCCHs carrying HARQ-ACK can overlap within a slot, see Fig. 1.  This scenario is allowed due to the existence of multiplexing/prioritization procedure.
[image: ]
Figure 1: Overlapping PUCCHs carrying HARQ-ACKs within a slot.

Specifically, in Release-16 [38.213 V16.0.0, Section 9], it is stated
· “ If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit 
· a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH”,
· “In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or the PUSCH.”

The above statement reflects that the physical layer specification has provided mechanisms to handle two overlapping PUCCHs in time, with same or different priorities. Specifically, based on the factors – the priority, and PUCCH resource overlapping, four cases are supported in Rel-16 physical layer specification, as summarized in Table 1. 
Table 1: HARQ-ACK Collision Resolution
	PUCCHs within a slot
	Overlap in the same time unit for HARQ-ACK
	Non-overlap but in-order

	Same priority
	‘Overlapping’ HARQ-ACK bits are built into a same HARQ-ACK codebook before mapping to the PUCCH resource
	Transmitted independently

	Different priority
	· PUCCH carrying lower priority HARQ-ACK codebook is dropped
· PUCCH carrying higher priority HARQ-ACK codebook is transmitted
	Transmitted independently


It is clear that overlapping PUCCH carrying HARQ-ACK with different priorities is fully supported. Therefore, it is unnecessary and inconsistent to prohibit two PUCCHs from overlapping in the time domain, when the PUCCHs carry HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier. That is, the potential conclusion as copied in Section 1 should not be approved.
The only clarification needed in the specification is, it should not be allowed to have two PUCCH carrying HARQ-ACK which are non-overlapping and out-of-order. 
In summary, for out-of-order HARQ-ACK and overlapping PUCCH operation, the following should be concluded:
· In a given scheduled cell, the UE is not expected to be scheduled with a first PDSCH and a second PDSCH, which is starting later than the first PDSCH, if the PUCCH carrying HARQ-ACK for the first and second PDSCHs do not overlap, and if the PUCCH carrying HARQ-ACK for the second PDSCH is transmitted earlier than that of the first PDSCH.  This should be captured by a TP to TS 38.214 section 5.1.
· If two HARQ-ACK bits mapped to the same time-unit for HARQ-ACK transmission (either slot-based or sub-slot based), the HARQ-ACK bits are built into a same HARQ-ACK codebook.  This is already captured by existing specification.
· For two PUCCHs carrying two HARQ-ACK codebooks with different priorities, respectively, if the two PUCCHs overlap in time, the multiplexing/prioritization procedure is applied.  This is already captured by existing specification.

[bookmark: _Toc37457130]In Release-16, the overlapping of two PUCCHs carrying HARQ-ACKs is fully supported.
1. [bookmark: _Toc37457135]No additional restrictions should be introduced that prohibits the overlapping of two PUCCHs carrying HARQ-ACKs with different priorities.
1. [bookmark: _Toc37457136]Adopt a text proposal to prevent out-of-order PUCCH carrying HARQ-ACK, which belong to the same slot but do not overlap.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In Release-16, the overlapping of two PUCCHs carrying HARQ-ACKs is fully supported.
[bookmark: _GoBack]
Based on the discussion in the previous sections we propose the following:
Proposal 1	No additional restrictions should be introduced that prohibits the overlapping of two PUCCHs carrying HARQ-ACKs with different priorities.
Proposal 2	Adopt a text proposal to prevent out-of-order PUCCH carrying HARQ-ACK, which belong to the same slot but do not overlap.
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