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[bookmark: _Ref521334010]Introduction
Rel-16 URLLC work item was approved in RAN#83 in [1]. One of the objectives is to specify enhancements to scheduling/HARQ including the support of out-of-order HARQ and out-of-order PUSCH for different HARQ processes and the support of scenario 1 and scenario 3 as defined in TR38.825.
· [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 
This contribution discusses out-of-order scheduling and out-of-order HARQ taking the agreements made in study item phase into account.
Discussion
DL
Scenario 1 in [2] considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time and it is assumed that the later DL assignment has higher priority over the earlier DL assignment. This scenario is illustrated by two possible examples in Figure 1, where a first PDCCH schedules a PDSCH (PDSCH #1) that spans a slot, while a second PDCCH schedules a higher priority PDSCH (PDSCH #2) that overlaps in part with PDSCH #1. In Figure 1(a) the CORESET containing the second PDCCH overlaps with the RBs allocated to PDSCH #1, while in Figure 1(b) the CORESET containing the second PDCCH does not. A related case to Figure 1(a) was discussed at RAN1 #95 under the rate matching agenda and the conclusion was that it is a valid case and how to process both PDCCH and PDSCH is left to UE implementation. So in this contribution we will take Figure 1(a) as a generic example of Scenario 1.


[bookmark: _Ref532865065]Figure 1 Illustration of DL data/data resource conflicts in time scheduled by dynamic grant
It can be seen that this scenario is an out-of-order PDSCH scheduling for different HARQ process IDs, i.e. the UE is scheduled with a second PDSCH associated with HARQ process x starting earlier than the end of the first PDSCH associated with HARQ process y (x != y) with a PDCCH that ends later than the ending symbol of first scheduling PDCCH. Therefore, we propose to support out-of-order PDSCH scheduling associated with different HARQ process IDs to support scenario 1 in [2].
Proposal 1: Out-of-order PDSCH scheduling associated with different HARQ process IDs is supported to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain scheduled by dynamic DL assignments.
Scenario 1 in [2] only considers the case when the two PDSCHs overlap in time. If out-of-order PDSCH scheduling is supported, it needs to be discussed whether it is supported only when the two PDSCHs overlap in time or it is supported for non-overlapping PDSCHs in time as well as shown in Figure 2.


[bookmark: _Ref5002573]Figure 2: Out-of-order PDSCH scheduling for non-overlapping PDSCHs in time
Proposal 2: Discuss whether out-of-order PDSCH scheduling associated with different HARQ process IDs is supported for overlapping PDSCHs in time only or is supported for non-overlapping PDSCHs in time as well.
[bookmark: _GoBack]In contrast to the DL pre-emption case specified in Rel-15 for inter-UE DL multiplexing, a first consideration for scenario 1 is whether a UE can simultaneously process two PDSCHs. An illustration is shown in Figure 3, where we assume that PDSCH #1 (PDSCH #2) follows UE PDSCH processing capability 1 (2) respectively. It can be observed that out-of-order HARQ processing may be required if the HARQ-ACK PUCCH occasion for PDSCH2 occurs before that of PDSCH #1. 


[bookmark: _Ref532881848]Figure 3 Illustration of PDSCH processing time for overlapping PDSCHs
Out-of-order HARQ was discussed in study item phase with the following agreements.
Agreements:
For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. Specify based on the following solutions:
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.
· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first and second channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined. 
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first PDSCH.
· Alt1: The UE always drops the first PDSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.
· The UE behavior, e.g., decision on dropping the first channel and timing capability associated with the second channel, is determined, and is fixed, after decoding the PDCCH associated with the first and the second PDSCH. 
· When the UE drops the processing of the first channel, increasing the minimum PDSCH processing procedure time (N1) of the second PDSCH by d symbols can be considered.
· FFS the value of d. 
· Dropping the processing of the first PDSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first PDSCH on the same serving cell 
· Alt2: dropping the processing of a PDSCH(s) on the same cell or a different serving cell.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell when applicable
· FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.
Since the second PDSCH has higher priority, the UE shall at least process the second PDSCH. The remaining question is whether UE can also process the first PDSCH or UE terminates the processing of the first PDSCH.
It is desirable that UE can always process both PDSCHs but it may considerably increase the UE complexity. In the contrast, UE can always terminate the processing of the first PDSCH which will not increase the UE processing capability but may have the following disadvantages:
· waste of UE power if UE has already started the processing of PDSCH/PUSCH scheduled by the earlier DCI
· potential waste of physical resources scheduled by earlier DCI if the available REs are not re-scheduled to other UEs considering e.g. the probability of miss detection of the later DCI
· increased PDCCH overhead since gNB needs to send another DCI to re-schedule the canceled TB
A compromised solution is to define some scheduling conditions when UE can process both PDSCHs, i.e. solution 4 and alternative 2.
It is proposed in [3] that UE processes the second PDSCH and feeds back the corresponding HARQ-ACK if the time interval between the starting symbols of HARQ-ACK transmissions corresponding to the two PDSCHs is not shorter than the processing time for the first PDSCH as shown in Figure 4 where UE process the first PDSCH (PDSCH#1) in Figure 4(a) and UE terminates the processing of the first PDSCH (PDSCH#1) in Figure 4(b). For the case that UE terminates the processing of the first PDSCH, whether UE feeds back HARQ-ACK needs further discussion. If UE feeds back HARQ-ACK, only NACK can be reported since the decoding is terminated.


[bookmark: _Ref5006189]Figure 4
Proposal 3: For out-of-order HARQ-ACK feedback, if the time interval between the two HARQ-ACK feedbacks is not shorter than the PDSCH processing time of the first PDSCH, UE processes the first PDSCH; otherwise, UE terminates the processing of the first PDSCH.
UL
Out-of-order PUSCH scheduling was discussed in the study item phase with the following agreements which covers both overlapping PUSCHs (scenario 3 in [2]) and non-overlapping PUSCHs in time.
Agreements:
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]For a Rel. 16 UE, on the active BWP of a given serving cell, the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH.  Specify based on the following solutions:
· Solution 1: The UE always processes the second scheduled PUSCH. The UE may or may not drop the processing of the first scheduled PUSCH.
· If the first scheduled and second scheduled PUSCHs are not colliding in the time domain:
· Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability.
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first scheduled PUSCH.
· Alt1: The UE always drops the first scheduled PUSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and the second PUSCHs, etc.
· The UE behavior, e.g., decision on dropping the first scheduled PUSCH and timing capability associated with the second scheduled PUSCH, is determined, and is fixed, after decoding the PDCCH associated with first and the second scheduled PUSCHs. 
· When the UE drops the processing of the first scheduled PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the second PUSCH by d symbols can be  considered.
· FFS the value of d. 
· Dropping the processing of the first scheduled PUSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first scheduled PUSCH on the same serving cell 
· Alt2: dropping the processing of a PUSCH(s) on the same cell or different serving cell.
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell when applicable.
· FFS whether or not out-of-order operation is allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE drops the processing and the transmission of the first scheduled PUSCH.
· For dropping, the scheduling limitations do not apply. The UE always drops the first scheduled PUSCH.
· Other details of dropping are as those of the solution 4. 
Similar as out-of-order HARQ, as proposed in [3], UE can process the first PUSCH if the time interval between the end of the second PUSCH and the start of the first PUSCH is not shorter than the preparation time of the first PUSCH.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 4: For out-of-order PUSCＨ scheduling, if the time interval between the end of the second PUSCH and the start of the first PUSCH is not shorter than the preparation time of the first PUSCH, UE processes the first PUSCH; otherwise, UE terminates the processing of the first PUSCH.
Conclusion
This contribution discussed out-of-order scheduling and out-of-order HARQ. A few proposals are as follows:
Proposal 1: Out-of-order PDSCH scheduling associated with different HARQ process IDs is supported to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain scheduled by dynamic DL assignments.
Proposal 2: Discuss whether out-of-order PDSCH scheduling associated with different HARQ process IDs is supported for overlapping PDSCHs in time only or is supported for non-overlapping PDSCHs in time as well.
Proposal 3: For out-of-order HARQ-ACK feedback, if the time interval between the two HARQ-ACK feedbacks is not shorter than the PDSCH processing time of the first PDSCH, UE processes the first PDSCH; otherwise, UE terminates the processing of the first PDSCH.
Proposal 4: For out-of-order PUSCＨ scheduling, if the time interval between the end of the second PUSCH and the start of the first PUSCH is not shorter than the preparation time of the first PUSCH, UE processes the first PUSCH; otherwise, UE terminates the processing of the first PUSCH.
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