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1 Introduction
[bookmark: _Hlk521077063]In RAN1 #99 meeting, it was concluded that no support of out-of-order/overlap PDSCH/HARQ and out-of-order/overlap PUSCH operation in Rel-16. However, no consensus was reached on whether to support overlapping PUCCH scheduling which carries HARQ-ACK. Extensive discussion has been conducted via RAN1 #99 email discussion and still no conclusion is drawn. Therefore, in this contribution, we discuss the necessity on support of overlapping PUCCH scheduling carrying HARQ-ACK and the potential restrictions. In addition, the text proposals to the TS 38.214 is provided to capture the changes.
Conclusion:
· 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.
Possible Conclusion
· [bookmark: _Hlk31993096]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.
Email discussion/approval till 12/2 – Kianoush (QC)
2 Discussion on support of overlapping HARQ-ACK scheduling
In Rel-15, at most one PUCCH carrying HARQ-ACK can be transmitted in a slot and out-of-order HARQ is not supported which is described in TS 38.214 as follows:
“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”
It should be noted that in Rel-15, the prohibition of out-of-order HARQ doesn’t mean the UE cannot be scheduled with overlapping PUCCH resources. Instead, overlapping HARQ-ACK scheduling is supported and if UE is scheduled to transmit a first PUCCH carrying HARQ-ACK in slot n and then a second PUCCH carrying HARQ-ACK also in slot n, according to the overriding rule, the corresponding processing timeline would be checked and if the timeline is satisfied, multiplexing the two HARQ-ACK codebook into the latter PUCCH is supported. 
The case is different in Rel-16, in order to reduce the HARQ feedback latency for URLLC traffic, sub-slot based HARQ-ACK is supported. Moreover, for a UE, at least two HARQ-ACK codebooks can be simultaneously constructed with different priorities in Rel-16 and either one of the two HARQ-ACK codebooks can be slot-based and sub-slot-based. Therefore, the potential restrictions for overlapped/non-overlapped HARQ-ACK scheduling in Rel-16 can be concluded to the following four cases:
1 For HARQ-ACK with the same priority:
1.1 The scheduled HARQ-ACKs are not overlap：
As out-of-order HARQ is not supported in Rel-16, R15 restrictions can be applied to R16 sub-slot HARQ feedback with “slot” replaced by “sub-slot”. That is, 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 or sub-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 or sub-slot before sub-slot j.
1.2 [bookmark: _Hlk32498162]The scheduled HARQ-ACKs are overlapped：
R15 overriding rule can be easily applied to R16 sub-slot based HARQ feedback, that is, if UE is scheduled to transmit a first PUCCH and a second PUCCH carrying HARQ-ACK codebook with the same priority in slot n or sub-slot n and the corresponding processing timeline is satisfied, UE would multiplexing the two HARQ-ACK codebooks into the latter scheduled PUCCH.
2 For HARQ-ACK with the different priorities:
2.1 The scheduled HARQ-ACKs are not overlap：
Similar with 1.1, out-of-order HARQ is not supported among HARQ-ACK codebooks with different priorities, that is, if UE is scheduled with a first PDSCH and the second PDSCH, which is starting later than the first PDSCH, the PUCCH carrying HARQ-ACK codebook for the second PDSCH cannot transmit before the PUCCH carrying HARQ-ACK codebook for the first PDSCH.
2.2 The scheduled HARQ-ACKs are overlapped：
The introduction of two HARQ-ACK codebooks with different priorities and sub-slot based HARQ feedback in Rel-16 increase the possibility for overlapping HARQ-ACK scheduling since that the following case would appear frequently for the users with both eMBB service and URLLC service: the UE is scheduled a first PDSCH and a second PDSCH, which is starting later than the first PDSCH, the HARQ-ACK codebook corresponding to the first PDSCH is slot-based HARQ feedback with low priority and the HARQ-ACK codebook corresponding to the second PDSCH is sub-slot-based HARQ feedback with high priority. Then the PUCCH carrying HARQ-ACK for the first PUCCH occupy the whole UL slot and the PUCCH carrying HARQ-ACK for the second PUCCH occupy only 7 symbols with the sub-slot configuration “7 symbols in a sub-slot and there are 2 sub-slots in one slot”. Naturally and easily, the two PUCCHs are scheduled overlapped and according to the intra-UE UL collision handling rule which is agreed in UCI agenda, the first PUCCH is dropped. 
The possible conclusion to prohibit two overlapping PUCCHs carrying HARQ-ACK with different priorities would impose additional scheduling restrictions and is contradictory with the intention to reduce the HARQ-ACK feedback latency for URLLC. Moreover, enable two overlapping PUCCHs carrying HARQ-ACK with different priorities seems to bring no additional specification impact and the solution which is agreed for UL transmission collision handling can be easily applied.


Figure 1: Overlapped HARQ-ACK scheduling
Proposal 1: 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 or sub-slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK which is the same priority index with the first HARQ-ACK assigned to be transmitted in a slot before slot j or a sub-slot before sub-slot j.
Proposal 2: In a given scheduled cell, the UE is not expected to be scheduled with a first PDSCH and the 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 in time domain, and if the PUCCH carrying HARQ-ACK for the second PDSCH is transmitted earlier than that of the first PDSCH.

[bookmark: _Hlk32500139][bookmark: _Hlk31993154]Proposal 3: The UE can 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.
3 Conclusion
In this contribution, we discuss the remaining issues on overlapping HARQ-ACK scheduling and the following proposals are made:
Proposal 1: 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 or sub-slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK which is the same priority index with the first HARQ-ACK assigned to be transmitted in a slot before slot j or a sub-slot before sub-slot j.
Proposal 2: In a given scheduled cell, the UE is not expected to be scheduled with a first PDSCH and the 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 in time domain, and if the PUCCH carrying HARQ-ACK for the second PDSCH is transmitted earlier than that of the first PDSCH.

Proposal 3: The UE can 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.
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5 Text proposals 
-------------------------<Start of text proposal for TS 38.214>--------------------------

5.1	UE procedure for receiving the physical downlink shared channel
……
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 or sub-slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK, which is the same priority index with the first HARQ-ACK, assigned to be transmitted in a slot before slot j or a sub-slot before sub-slot j. The UE is not expected to be scheduled with a first PDSCH and the 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 in time domain, and if the PUCCH carrying HARQ-ACK for the second PDSCH is transmitted earlier than that of the first PDSCH.

-------------------------<End of text proposal for TS 38.213>--------------------------
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