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1
Introduction
In RAN#80, the URLLC L1 study item was approved [1]. The following UCI enhancements was included as part of the objectives:

URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

In this contribution, we discuss the out-of-order HARQ-ACK support for URLLC, which is related to the UE processing timeline.
2
Out-of-Order HARQ-ACK
In RAN1#92, it was agreed that the baseline capability of a UE does not support out-of-order HARQ-ACK, meaning that it is not allowed to schedule a later PDSCH but requesting HARQ-ACK feedback to come back earlier.

Agreements:

· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE is not expected to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B

· Note: this does not preclude a future capability for UEs to support out-of-order HARQ-ACK.

· Send LS to RAN2 to address this capability (R1-1803509, which is approved by removing the 2nd subbullet, final LS is R1-1803538)
This is acceptable for eMBB, but for the UE with a mix of eMBB and URLLC traffic, the question is whether there is a practical use case that may require out-of-order HARQ-ACK, or where out-of-order HARQ-ACK may provide benefit.

There was argument suggesting that if the UE is able to provide HARQ-ACK earlier, there is no reason that the gNB should schedule HARQ-ACK for the first HARQ process so late. However, let us consider a UE with mixed eMBB and URLLC services. For serving eMBB traffic, the gNB may want to use a DL/UL pattern that does not have frequent DL/UL switch, so the HARQ-ACK delay may be relatively large depending on when UL symbols become available. If there is URLLC data arriving, the gNB would want to schedule it right away and also request the HARQ-ACK to be reported back as soon as possible, so that the retransmission, if needed, can still be scheduled in time. This could result in creating dynamically an additional, earlier, HARQ-ACK/PUCCH transmission opportunity into the DL/UL pattern, which would also result in out-of-order HARQ-ACK. As described, it can improve the URLLC latency as it does not have to wait after the first HARQ-ACK is sent. So it is beneficial for URLLC lantency to support out-of-order HARQ-ACK.
Given that Rel-15 UEs currently do not support out-of-order HARQ-ACK, for Rel-16 UEs to support it, a new UE capability would need to be introduced. But it would be good for all Rel-16 UEs to support it instead of being optional. The support of out-of-order HARQ-ACK can be achieved with different levels of UE complexity. The UEs with the full processing capability would be able to decode both PDSCHs properly and provide HARQ-ACK accordingly. If this is considered as too complicated/costly for some UEs, one simple or compromised way is to allow these UEs to stop decoding the earlier PDSCH and simply report NACK for that PDSCH. Such UEs simply stops the processing of the earlier packet and the processors can be used for the later packet decoding. So this approach should have minimal impact on UE complexity/cost. Given these two levels of UE complexity to support out-of-order HARQ-ACK, it can be further considered whether to have an additional capability indication to differentiate these two.
Proposal: All Rel-16 UEs support out-of-order HARQ-ACK. FFS whether to have additional capability indication to differentiate the following two types of UEs:

· UEs that has the full processing capability for both PDSCHs in case of out-of-order HARQ-ACK

· UEs that stop decoding the earlier PDSCH and report NACK for it.

(Note: Out-of-order HARQ-ACK means that for any two HARQ process IDs A and B for a given cell, the scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, while the HARQ-ACK for B is expected to be transmitted earlier than the HARQ-ACK for A.)
5
Conclusion
In this contribution we propose to support out-of-order HARQ-ACK for PDSCH:

Proposal: All Rel-16 UEs support out-of-order HARQ-ACK. FFS whether to have additional capability indication to differentiate the following two types of UEs:

· UEs that has the full processing capability for both PDSCHs in case of out-of-order HARQ-ACK

· UEs that stop decoding the earlier PDSCH and report NACK for it.

(Note: Out-of-order HARQ-ACK means that for any two HARQ process IDs A and B for a given cell, the scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, while the HARQ-ACK for B is expected to be transmitted earlier than the HARQ-ACK for A.)

