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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 last 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]. Section 2.2 discusses out-of-order operation in multi-TRP and its implication to single-TRP scheduling/HARQ.
[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 based on a slot basis, and this is also true in Release-15.
Further, Release-15 allows only one HARQ-ACK transmission in a slot, whereas in Releas-16, more than one HARQ-ACK based transmission can be carried out within a slot. 
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. 
[image: ]
Figure 1: Overlapping PUCCHs carrying HARQ-ACKs within a slot.

Moreover, 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: UCI Collision Resolution
	PUCCHs within a slot
	Overlap in time
	Non-overlap

	Same priority
	Multiplexed
	Transmitted independently

	Different priority
	Low priority PUCCH dropped
	Transmitted independently


HARQ-ACK is one of the possible UCI types. Hence 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.
[bookmark: _Toc32621483]In Release-16, the overlapping of two PUCCHs carrying HARQ-ACKs  is fully supported.
1. [bookmark: _Toc32621564]No additional restrictions should be introduced that prohibits the overlapping of two PUCCHs carrying HARQ-ACKs with different priorities.


2.2 	Downlink scheduling in multi-TRP
In Release-16 multi-TRP [38.214], a UE can be configured by higher layer parameters to receive two DCI scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The overlap is only possible if these two PDSCHs are associated with different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. Also, there are some restrictions on DMRS configuration, etc. For example, the UE is not expected to assume different DMRS configuration between the two TRPs. The relevant specification text is shown below.

	TS 38.214 V16.0.0
[bookmark: _Toc29674267][bookmark: _Toc29673274][bookmark: _Toc29673133][bookmark: _Toc27299868][bookmark: _Toc20317970][bookmark: _Toc11352080]5.1	UE procedure for receiving the physical downlink shared channel
…
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
-	For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i. 
-	In a given scheduled cell, the UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH associated with a value of CORESETpoolindex different from that of the first PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.




This overlapping behavior in multi-TRP mimics the out-of-order operation in downlink. The downlink out-of-order operation includes out-of-order PDSCH scheduling and out-of-order HARQ-ACK, as shown in the specification text. Therefore, if a UE reports the capability of multi-TRP processing, the UE can support two different values of CORESETPoolIndex, and the downlink out-of-order operation is also possible with single transmission point. 

[bookmark: _Toc32621484]In Release-16, multi-TRP allows downlink out-of-order operation, which includes out-of-order PDSCH scheduling and out-of-order HARQ-ACK.
1. [bookmark: _Toc32621565]If UE reports the capability of supporting two different values of CORESETPoolIndex, then downlink out-of-order operation is allowed.
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.
Observation 2	In Release-16, multi-TRP allows downlink out-of-order operation, which includes out-of-order PDSCH scheduling and out-of-order HARQ-ACK.

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	If UE reports the capability of supporting two different values of CORESETPoolIndex, then downlink out-of-order operation is allowed.
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